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Claims 

/ 

Laaim I] A transmission apparatus for transmitting a block of data over a plum 	y of 

transmission channels, the transmission apparatus comprising: 
a modulator operable to generate one of a plurality of rotated co steliation 

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

a transmitter operable to transmit each component of the 	aerated rotated 

constellation point over a different one of the plurality of trart.mission channels, 
wherein 

the plurality of rotated constellation points are obt 	ned by applying an 
orthogonal transformation to each of a plurality of initial co 	tellati on points that has 
N components, 

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

with absolute values of all elements on a main ding 	al equal to a first value, and with 
absolute values of all elements not on the main 	agonal equal to a non-zero second 
value, and (ii) a matrix representation obtain 	by permuting either or both of rows 
and columns in the N-by7N matrix representa. On, and 

when 

R ---- 

the N-by-N matrix represent' ton is 

's1 	a 	s1,2 b 	• • • 	b ' i , 

	

s 21b 	s 2,2a  

denoted by R, 

a arid 

• sN-1N b 

r ,S'N l b 	••• 	, 	_lb 	s N,N a i , 

b denote real parameters;  
each sign value s j,. satisfies 

	

1 	i,±1}, s
1,J 
.• 	e i 

and 

the real parameters a and b satisfy 

a 2 ± (N — 1)13 2 
= 1. . 

[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 
1,0a4asraissi on -channels ; and 
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a demodulator operable to select one of a plurality of rotated co 	fellation 

points in accordance with the plurality of received N component signals, w erein 

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 	atrix representation 

with absolute values of all elements on a main diagonal equal i. a first value, and with 

absolute values of all elements not on the main diagonal e 	la]. to a non-zero second 

value, and (ii) a matrix representation obtained by pernuy(ing either or both of rows 

and columns in the N-by-N matrix representation, and 

when the N-by-N matrix representation is den 	ed. by R, 

/- 	 • - - 	slNb s1,1a 	s17b 

R= s2 1 b 	s22a 	 • 
. 

• sN- 	I 

vsN,I b 	• • - 	SNN-lh 	s 	a 

a and b denote real parameters 

each sign value sii  satisfies 

s • • c { — 1 +1 
1, J 	

j
, and 

the real parameters cy 	d b satisfy 

a2  + CAT 	-1 

i 
[Claim 3] A transi *fmion method for transmitting a block of data over a plurality of 

transmission chat 	els, the transmission method comprising the steps of: 

gencr 	ing one of a plurality of rotated constellation points in accordance 

with the bloc 	of data to be transmitted, each of the plurality of rotated constellation 

points havi g N components; and 	 . 
r': =lining each component of the generated rotated constellation point over 

a diffe • It one of the plurality of transmission channels, wherein 

the plurality of rotated constellation points are obtained by applying an 

or 	ogonal transformation to each of a plurality of initial constellation points that has 

)4i-components: 	— 



N is a multiple of four, and 
the orthogonal transformation has one of (i) an N-by-N matrix repro, - ltation 

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

absolute values of all elements not on the main diagonal equal to a not zero second 

value, and (ii) a matrix representation obtained by permuting either 	both of rows 

and columns in the N-by-N matrix representation, and 
when 

R= 

the N-by-N matrix representation is 

	

( sioa 	si2b 	''' 	s 1N b '\ 

	

s21
b 	s 2,2 a 

' 	
• 

denoted by R, 

- : 	 -. 	s N-1N b 

sNlb 	• - - 	smi\T A b 	sNN a 1 

a and b denote real parameters, 
each sign value si j  satisfies 

S . • E {— 1 +1} 
, and 

the real parameters a and b satial 

a 2 +(N-1)b2 = 1  

[Claim 4] A reception method for receiving a block of data over a plurality of 

transmission channels, the rec .ition method comprising the steps of: 

receiving N conipo,  ent signals over the plurality of transmission channels; 
and 

selecting one o 	a plurality of rotated constellation points in accordance with 

the plurality of receiviii N component signals, wherein 

the plurali 	of rotated constellation points arc obtained by applying an 

orthogonal trans.f, 	ation to each of a plurality of initial constellation points that has 
N components 

N is • multiple of four, and  

th 	orthogonal transformation has one of (i) an N-by-N matrix representation 

with absf ute values of all elements on a main diagonal equal to a first value, and with 

absolu -. 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 

al .. columns in the N-by-N matrix representation, and 

- -wirer-the-N-by=N Matrix 1 c4n.e-nerri. 	titicatis-lien-R-7. 
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b 

s2 	s2,,c2  l b 
R = :  

- • 	s N1  N b 

,S N,l b 	 S NN-t b 	s 	a NN 	) 

a and b denote real parameters, 

each sign value s;,;  satisfies 

s • - E {- I +1} , and 

the real parameters a and b satisfy 

a 2 
+ (N - 1)b2  =1 

I 
[Claim 5] A generation method for gene ding an N-dimensional rotated constellation 

for a digital modulation scheme in 	data communication system, the generation 

method comprising the steps of: 

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

obtaining constellati(4 points of the N-dimensional rotated constellation by 

applying an orthogonal trans,f6rinatioli to the plurality of vectors received, wherein 

the orthogonal trapisformation is adapted for increasing a minimum number of 

different values in corrip6n.ents of any two distinct N-dimensional rotated constellation 

points relative t.o a Inininium number of different values in components of any two 
distinct vectors rec 'wed, and 

the ortb . gotta] transformation has one of (i) an N-by-N matrix representation, 

N being a inul'tiple 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 «) a non-zero second value, and (ii) a matrix representation obtained by 

peinititing either or both of rows and columns in the N-by-N matrix representation, 

and. 

when the N.-by-ICJ inatrix-representation is denoted by-R, 



.., 

_R 	.----- 

s , t  a 	,s' i  ,b 	• - • 	, " 1,N 

s 2.:b 	s 2,2 a 
: 

ly 

• - 	S N 4 ,N,  b 

a and 

k.- N,kb 	• - ' 	SN N -1 -) 	SN 

b denote real parameters, 

ON  Ci 

each sign value sii  satisfies 

s • .1 • E {— 	+1} , and 4 

the real parameters a and b satisfy 

a
2 

+ (N — 1)1)
2 =1 
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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, 

la 	SI.2 b 	 s 	b IN 

R = 
S).1b 	s22a, 	 • -. 	 . 

• • 	sN-INb 

'[..sNJb .. • 	sNOlb 	,S' NNa ) 

a and b denote real parameters, 

each sign value s,,i  satisfies sio  E {-1,+1}, and 

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

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 

R = 

-N matrix R representation, 

	

( sii a 	s 12 b 	 s ... 	1Nb 

	

s
2:'

b 	s22 a 

s 	b N-1,N 

• 

. b • • • 	SN,N-1 b 	sNNa 

a and b denote real parameters, 

each sign value sij  satisfies Si.)  E {-1,-1-1}, and 

the real parameters a and b satisfy a2  + (A/ —1)b 2  =- 1 

3. 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 



39 

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 

R , 

-N matrix R representation, 

	

c's11a 	S1,2 b 	• • - 	sINb 	.' 

	

s21b 	S22a 
• • 	s 	b • N-1,N 

• 
s RI b 	- - - 	sN,N-1b 	sN.Na ) 

a and b denote real parameters, 

each sign value si.j  satisfies si j  e {-1,--1-1}, and 

the real parameters a and b satisfy a2  4- (N — 1)b 2  = 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 

plurality of received component signals, wherein 

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

N is a multiple 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, 

, 
S1 1a 	s12 b 	— - 	s I N b \ 

R .,„ 
s21b: 	s22a.  

_  

- 	sN-1.Nb 

s N,1b 	• • • 	sN.N-I b 	sN.N a  

a and b denote real parameters, 

each sign value siJ  satisfies sii  E {-1,+1} , and 

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

orthogonal 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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( S1,1a  S, ,i) 	• 	• 	s, 	,b) 

s, i l.) 
• 

S 2  a 
R = 

sNINb 

SNIb .S.N 	

i 

N-1 b 	sN 14 a 

a and b denote real parameters, 

each sign value sij  satisfies si. 	E {-1,+1}, and 

the real parameters a and b satisfy a2  + (N-1)b2  = 1. 


