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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 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 

R = 

the N-by-N matrix representation is 

	

i slla 	s12 b 	• • - 	s1N b .\ 
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• . 	
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denoted by R, 

.k s N, 1 b 	• • • 	sN,Nl b 	s NN a  

a and b denote real parameters, 

each sign value sij  satisfies 

S •1 E {--- 1 +1} 
,J 	 , and 

Si,i Sij = —S
L 

 . sij 	for all i # j , and i  

the real parameters a and b satisfy 

a 2  + (N — 1)b2 
=1 • 
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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 

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 

( sl  1 a 	s12 b 	••• 	s1N b 

denoted by R, 

R = 
s21b 	s22 a 

. 	. 
• . 	s N-1,N b 

k,
sNlb 	••• 	s NN-l b 	sN,N a  1 

a and b denote real parameters, 

each sign value sail  satisfies 

S • • E {— 1 +1} 1 ,J 	 , and 

Si,i Sij  = —S Lis jj 	for all i # j , and 

the real parameters a and b satisfy 

a 2  + (N — 1)b2 
=1 • 
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[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, 

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 

( s11 a 	s12b 	• • • 	sl,N b 

denoted by R, 

R . 
s21b 	s22 a 

• . 	sN-1,N b 
s Nlb 	• • • 	sNN-lb 	s NN a  ) 

a and b denote real parameters, 

each sign value si j  satisfies 

S• • E {— 1 +1 1 ,j 	
}, and 

S • • S • 	= —S 	S • • 	for all i # j 1,7 	i 	Li 	.1,.1 	 , and 

the real parameters a and b satisfy 

a 2  + (N —1)b2 
=1 • 
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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 

	

i s
11 a 	s12 b 	••• 	slN b 

	

s 2,1b 	s 	a 	 . 

denoted by R, 
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a and b denote real parameters, 
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a 2 ± (N —1)b 2 =1 • 
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[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 transformation 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 

R = 

the N-by-N matrix representation is 

	

( sl  I a 	s12 b 	• • • 	slN b ' 
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'
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a and b denote real parameters, 
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S - • E {--- 1 ± 1 i d 	 , and 

Si,i Sij = —S 1• ,1  •S 
 J,J 	for all i # j , and 

the real parameters a and b satisfy 

a 2  ± (N —1)b2 
=1 • 
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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 constellat' 4 n points 

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

plurality of constellation points having a plurality of co,  ponents; and 

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

stellation point over a different one of the plurality of transmission 

channels, wherein 

the plurality of constellation points are defin 	by positions thereof 

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

applying an orthogonal transformation t a subset of 

Al  Z 

, which is an N-dimensional it eger lattice, 

N is a multiple of four, and 

the orthogonal transform 	ton 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 2] The transmissi p 1 apparatus according to claim 1, wherein 

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

formation tas a matrix representation obtained by permuting rows and/ 

or cola, ns in the N-by-N matrix representation. 

[Claim 3] The 	ansmission apparatus according to claim 1, further comprising 

a t • apper operable to map each component of the selected constellation 

point to the corresponding one of the plurality of transmission channels 

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

of 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. 

[Cl 	m 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 di 	erent 

symbols in an orthogonal frequency-division multiplexing se erne. 

[Claim 7] A reception apparatus for receiving a block of data over a 	urality of 

transmission channels, the reception apparatus comprisi ,  g: 

a receiver operable to receive a plurality of compone 	signals over the 

plurality of transmission channels; and 

a demodulator operable to select one of a plural 	of constellation 

points in accordance with the plurality of rec 	ved component signals, 

wherein 

the plurality of constellation points are d fined by positions thereof 

within an N-dimensional space, the p 	'lions being obtained by 

applying an orthogonal transforma 	a to a subset of 

N z 

, which is an N-dimensio .1 integer lattice, 

N is a multiple of four, , nd 

the orthogonal trans • rmation has an N-by-N matrix representation 

with absolute will .s of all elements on a main diagonal equal to a first 

value, and with 	bsolute values of all elements not on the main 

diagonal equ 	to a non-zero second value. 

[Claim 8] The recep on apparatus according to claim 7, wherein 

instead .f the N-by-N matrix representation, the orthogonal trans- 

form 	ion has a matrix representation obtained by pennuting rows and/ 

or •olunins in the N-by-N matrix representation. 

[Claim 9] ' le reception apparatus according to claim 7, wherein 

the plurality of transmission channels comprise a plurality of different 

carriers 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 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 ove a 

different one of the plurality of transmission channels, wherein 

the plurality of constellation points are defined by positions t , reof 

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

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-b 	matrix representation 

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

value, and with absolute values of al 	lements not on the main 

diagonal equal to a non-zero seco 	value. 

[Claim 12] The transmission method accor 	rig to claim 11, wherein 

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

formation has a matrix rep sentation obtained by permuting rows and/ 

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

[Claim 13] The transmission me . od according to claim 11, further comprising the 

step of 

mapping each c 	.ponent of the selected constellation point to the cor- 

responding o 	of the plurality of transmission channels over which the 

component s to be transmitted, such that fading of each of the plurality 

of trans 	sion channels is uncorrelated with fading of any other one of 

the pl 	ality of transmission channels. 

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

II 	plurality of transmission channels comprise a plurality of different 

carriers 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  

[Claim 17] 

, which is an N-dimensional integer lattice, 

N is a multiple of four, and 

the orthogonal transformation has an N-by-N ma 	x representation 

with absolute values of all elements on a main • lagonal equal to a first 

value, and with absolute values of all eleme,  is not on the main 

diagonal equal to a non-zero second vain, 

The reception method according to cla n 16, wherein 

instead of the N-by-N matrix repres> tation, the orthogonal trans-

formation has a matrix representa on obtained by permuting rows and/ 

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

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

the plurality of transinissi• 	channels comprise a plurality of different 

carriers in an orthogon 	frequency-division multiplexing scheme. 

[Claim 19] The reception metho 	according to claim 16, wherein 

the plurality of Era ,  smission channels comprise a plurality of different 

symbols in an o hogonal frequency-division multiplexing scheme. 

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

for a digit 	modulation scheme in a data communication system, the 

generatii n method comprising the steps of: 

receiv ng a plurality of vectors of a multi-dimensional vector space; 

an 

• taming constellation points of the multi-dimensional constellation by 

applying an orthogonal transformation 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 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 ro 	and/ 

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

[Claim 22] The generation method according to claim 20, further corn p sing the 

steps of: 

selecting a rotation factor r as a real number between $ quid 1; 

calculating the first value, a, by evaluating an cxpre sion 

r (N — 1) 
1 

N 

calculating the second value, b, by - valuating an expression 

b= 
1

1 r 

N 
; and 

determining the 	iogonal transformation by selecting a sign value sij  

for each e1erne r t (i, j) of a matrix representation 

	

( si,la 	s12b 	 s N b 
• 

	

s21b 	s22a 
. 	 . 
• . 
• • 	SN-1,Nb  

\ sN,I b 	- - • 	s N ,N - lb 	SN,N a  
, 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. 

EC aim 24] 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. 


