
Claims 

[Claim Il A transmission apparatus for transmitting a block of data over a plur ity of 

transmission channels, the transmission apparatus comprising: 

a modulator operable to generate one of a plurality of rotated c nstellation 

points in accordance with the block of data to be transmitted, each of t e 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 tr 	smission channels, 
wherein 

the plurality of rotated constellation points are o 	wined 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 (1) 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 mai, diagonal equal to a non-zero second 
value, and (ii) a matrix representation obtaii 	d by permuting either or both of rows 

and columns in the N-by-N matrix represei • tion, and 

when the N-by-N matrix represe • ation is denoted by R, 

R= 

	

islla 	s12 b 	-•• 	slN b 

	

s21b 	s 22 a 	
• 

sN-1,N b 

	

s N,l b 	••• 	SN N-1 b 	s N,N a  

a and b denote r 	I parameters, 

each sign vale 	si j  satisfies 

S . E 	+1 , 	} , and 

Si i 'ij = —s1 	/) ./ s 	• 	for all i # j , and I  1 
tlie real parameters a and b satisfy 

/ a2  ± (AT 	1)11
2

----  =1 /- 	. 
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[Claim 2] A reception apparatus for receiving a block of data over a ) minty of 

transmission channels, the reception apparatus comprising: 

a receiver operable to receive N component signals over t 	plurality of 

transmission channels; and 

a demodulator operable to select one of a plurality of r ta.ted constellation 

points in accordance with the plurality of received N component 	gnals, 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 

R = 

the N-by-N matrix representation is 

	

( s
l,l a 	s12 b 	• - • 	s1 N b 

	

s21 b 	s22a 	 • 

denoted by R, 

. 	 sN-1,Nb 

\_ s N lb 	• • • 	s 	b 	s N,N a j - N, N1  

a and b denote real parameters, 

each sign value s,,, satisfies 

S..1.----  1,±1} 
,.1 	 , and 

s 
1
- 5  -c•• 	= —s

151 
• s 

15.I 
• 	for all i # j , and 1' L 	51   

the real parameters a and b satisfy 

• 2 	
2  Fa + (N -- Oh = 1 
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[Claim 3] A transmission method for transmitting a block of data o ea-  a plurality of 

transmission channels, the transmission method comprising the step 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, \4erein 

the plurality of rotated constellation points 	'i-e obtained by applying an 

orthogonal transformation to each of a plurality of inidal 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 	s12b 	• • - 	slN b 

denoted by R, 

R = 
s 	b 	s22a 21 • 

S N-1,N b 

s Nlb 	• - • 	,  s N Ni b 	s NN a 

, / 
a and b denote real parameters, 

each sign value i, j  satisfies 

s 1•,.1• 	e 	-- 1,+1{7 	} 
, and 

S1,1 • -S1,/ - - = —S
./,/ -S.i,J 

- 	for all i # j , and 

the real parameters a and b satisfy 

2 a2 
+ {N 	1)1 
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[Claim 4] A reception method for receiving a block of data over 	plurality of 

transmission channels, the reception method comprising the steps of: 

receiving N component signals over the plurality of trans nssion channels; 

and 

selecting one of a plurality of rotated constellation poi is 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 	an N-by-N matrix representation 

with absolute values of all elements on a main d gonal equal to a first value, and with 

absolute values of all elements not on the m 	11 diagonal equal to a non-zero second 

value, and (ii) a matrix representation obta 	ed by permuting either or both of rows 

and columns in the N-by-N matrix represe 	ation, and 

when 

R= 
 

the N-by-N matrix represe tation is 

i s 	a 	s1,2 b Li 	 - • - 	sl,N b \ 

	

s 21 b 	s22a 

denoted by R, 

S N-1N b 

ks
s N o b 	• • • 	S N,N-1 b 	s NN a 

a and b denote re 	parameters, 

each sign valu 	s ,; satisfies 

s.. 1,+l} 
., and 

Si / l j = —S 	1  - -s 	
/ 	

for all i # J 	,. 	 , and 

t4real parameters a and b satisfy 

2 --i - ( Al — 11/3r2-77-2-1 
• 



[Claim 5] A generation method for generating an N-dimensional rotated c 	stellation 

for a digital modulation scheme in a data communication system, 11 • generation 

method comprising the steps of: 

receiving a plurality of vectors of an N-dimensional vector sp , cc; and 

obtaining constellation points of the N-dimensional rotat,  d constellation by 

applying an orthogonal transformation to the plurality of vectors 	ceived, wherein 

the orthogonal transformation is adapted for increasin:, a minimum number of 

different values in components of any two distinct N-dimens Anal rotated constellation 

points relative to a minimum number of different values n components of any two 

distinct vectors received, and 

the orthogonal transformation has one of (i) a 	N-by-N matrix representation, 

N being a multiple of four, with absolute values o all elements on a main diagonal 

equal to a first value, and with absolute values of a 	elements not on the main diagonal 

equal to a non-zero second value, and (ii) 	matrix representation obtained by 

permuting either or both of rows and colum s in the N-by-N matrix representation, 

and 	 , 
when the N-by-N matrix representation is denoted by R, 

/ 
/ s1 2 b 	/., 	siN b 

R = 
S2

1  l
b 	S2,2a 	 • 

sN-1,N b 

s N l b 	• • - N,N-l b 	s N,N a 

a and b denote real )arameters, 
each sign value s j  satisfies 

S . E 	± 1 } 
j-,3 	, 	, and 

S i, i S  i./ 	—s1 / • s1 i 	for all i # j , and , 

the rhl parameters a and b satisfy 

2  
a 2 + (N -1)b= I. 

• 
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Claims 

1. 	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 	 .7' 	„ 

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 
a 

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, 

R = 

	

( N u r, 	s , .21) 	s ob 	s, Ab ) 

	

s , i b 	.s. „a 	s , 31; 	s 24b 
- 	-- 

	

s31/, 	s3.2  b 	s 3.3 a 	s ; ,b 

s 	b 	s 	b 	s 	b 	c 	a ,,, 	41 	4.2 	43 	' 	4.4 

a and b denote real parameters, 

• 
( •v1.1 	AI., 	51.3 	51.4 

	

,+1 	-1 	-1 	-1 

	

+1 	+1 	-1 	+11  .S.1.1 	C.1.1 	S).; 	.V1.4 
= 

each sign value s,, satisfies s3.1 	s3 -) 	s33 	s34 +1 	+1 	+1 	-1 , and 

-s4.1 	541 	54.3 	54.4, , +1 	-1 	+1 	. 

the real parameters a and b satisfy (1' + ( A' - I )/2:.  = I 
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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 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, 
1. 

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, 

( sua 	.s.121) 	s1.31) 	.s.i.,b' 

R= 
.52,11) 	.v,-,(1 	s2,3b 	s24b 

sl.ib 	53212 	S33 (1 	s34b 

,11) 	s 42b 	s;,1) 	s44a 

a and b denote real parameters, 

	

(s1,1 	S1.1  

	

S2 1 	s1.1  

S1.3 	S1,4 

S1,1 	69,4 

	

r +1 	—1 	—1 	—11 

	

+1 	+1 	—1 	+1 

each sign value s,1  satisfies .53.1 	S3.2 S.3,3 	S3 ,4 — +1 	+1 	+1 	—1 , and 

2 .64,1 	S4.n  64.3 	S4.4. \+I 	—1 	+1 	+1  

the real parameters a and b satisfy 11 2  + (N —Ob' =1. 

3.  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 

R= 

matrix R representation, 

	

' sl., a 	s ob 	s ob 	s, 41)'` 

	

s 2.i b 	s ,., a 	s23b 	s241, 

	

s, ;1, 	s3.,1) 	s ,.,a 	.s• 3.41) 

	

\ S4.I b 	S4.213 	S4.1b 	s 44a 

a and b denote real parameters, 

.51.1 	1,2  si3 	Si AI  +1 	—1 	—I 	—1 

52,1 	.-.),,, .5'13 	.51,4 +1 	+1 	-1 	+1 
' 

each sign value si,;  satisfies sit 	s32 s33 	s34 +1 	+1 	+1 	— 1 , and 

.'4.1 	s4,1 54,3 	S44) +1 	-1 	+1 	+1 

the real parameters a and b satisfy a' + ( N —1)b' = 1 .  

4. 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 
.1. , 

N-by-N matrix R representation, 

('c L, l a 	SI2i) 	s131) 	S141,  

s , .1) 	s 2,2a 	S,16, 	s 2.41)  , R= ' 
s' 1  ; b 	.S_ ,b 	S 31(7 	s ,,b 

s „ L b 	s4 ,12 	s 4.3b 	s 4,3a 1  .2 

a and b denote real parameters, 

r , 

	

-1.1 	.1.2 	s1,3 	S1,4\ 

	

S1.1 	.S'1,1 	S0,3 	.V.),4 

+1 	—1 	—1 	—0 
+1 	+I 	—1 	+I 

each sign value s,;  satisfies sit 	S3.1 	S3.3 	S3,4 — +1 	-P1 	+I 	—1 , and 

.5.4,1 	S4.) 	S4,3 	S4,4, , +1 	—1 	+1 	+1/  

the real parameters a and b satisfy a '  + (N — 1)b 2  = 1 

5. 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-dimesional space; and 

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

orthogonal transformation to the plurality of vectors received, 



41 

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 alt 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 

R = 

-N matrix representation, 

	

si.i a 	s1.2b 	sob 	s ;.412) 

	

s2.11' 	si,2a 	s2,313 	82.4b 

	

s 3.,b 	s32b 	3 3.3a 	s 3.4b 

	

k.,. 541b 	.5421' 	S43b 	S44 a 

• 

, f 

, 

a and b denote real parameters, 

1
si,1 	sl2 	S1,3 	' S1,4.\  +1  —1 	—1  — 1. 

s01 	SI.." 	S7),3 	• 
=. 

+1 +1 	—1 +1 
d  

each sign value si,i  satisfies s3,1 	S3,1 	S 3,3 	s3.4 [ +1 +1 	+1 —1 , and 

54,1 	s4,1 	4.3 	S4,4) k+1 —1 	+1 +11 .1 

the real parameters a and b satisfy a 2  + (N —1)b 2  = 1. 


