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ry
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-
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tio
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p
o
ra

l
w

h
ite

o
b
serva

tio
n

n
o
ise:

S
o
lid

sig
n
ed

cu
rve-o

u
r

co
d
es

fo
r

K
=

3
2
,

T
=

4
,

M
=

1
,
d
a
sh

ed
sig

n
ed

cu
rve-B

o
rra

n
’s

co
d
es

fo
r

K
=

3
2
,

T
=

4
,

M
=

2
,

so
lid

circled
cu

rve-o
u
r
co

d
es

fo
r

K
=

1
6
,
T

=
3
,
M

=
1
,
d
a
sh

ed
circled

cu
rve-B

o
rra

n
’s

co
d
es

fo
r

K
=

1
6
,
T

=
3
,
M

=
2
.
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:
C
o
n
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lla
tio

n
s

w
ith

u
n
e
q
u
a
l
p
rio

rs

2
4

6
8

10
12

14
16

18
20

22
10

−
3

10
−

2

10
−

1

10
0

N
 (N

um
ber of receive antennas)

SER

T
 =

 2, P
 =

 0.5, rate =
 1 b/s/H

z

M
A

P
 receiver, our 5−

point constellation, single beam
, rank(K

t) =
 1, M

 =
 3

M
A

P
 receiver, S

rinivasan’s 5−
point constellation, single beam

, rank(K
t) =

 1, M
 =

 3
M

A
P

 receiver, our 5−
point constellation, single beam

, K
t =

 eye(M
), M

 =
 3

M
A

P
 receiver, S

rinivasan’s 5−
point constellation, single beam

, K
t =

 eye(M
), M

 =
 3

G
LR

T
 receiver, our 4−

point constellation, M
 =

 1

F
igu

re
6:

K
r

=
I

N
.

C
o
rrela

ted
R
ayleig

h
fa

d
in

g
:

so
lid

cu
rve-o

u
r

5
p
o
in

t
sin

g
le

b
ea

m

co
n
stella

tio
n

w
ith

u
n
eq

u
a
l
p
rio

rs
fo

r
M

=
3

a
n
d

ra
n
k
(K

t )=
1
,

so
lid

circled
cu

rve-S
rin

iva
sa

n
’s

5

p
o
in

t
sin

g
le

b
ea

m
co

n
stella

tio
n

w
ith

u
n
eq

u
a
l
p
rio

rs
[2

]
fo

r
M

=
3

a
n
d

ra
n
k
(K

t )=
1
.

U
n
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ted

R
ayleig

h
fa

d
in

g
:

d
a
sh

ed
cu

rve-o
u
r
5

p
o
in

t
sin

g
le

b
ea

m
co

n
stella

tio
n

w
ith

u
n
eq

u
a
l
p
rio

rs
fo

r
M

=
3

a
n
d

K
t

=
I

M
,
d
a
sh

ed
circled

cu
rve-S

rin
iva

sa
n
’s

5
p
o
in

t
sin

g
le

b
ea

m
co

n
stella

tio
n

w
ith

u
n
eq

u
a
l

p
rio

rs
fo

r
M

=
3

a
n
d

K
t

=
I

M
.

D
a
sh

-d
o
tted

cu
rve-o

u
r

4
p
o
in

t
co

n
stella

tio
n

fo
r

M
=

1
.
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4
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10
−

4
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3
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−

2

10
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1

10
0

SER

N
 (N

um
ber of receive antennas)

T
 =

 8, K
 =

 67, S
N

R
 =

 −
10 dB

, ρ =
 [ 1; 0.85; 0.6; 0.35; 0.10; zeros(3,1) ]

G
LR

T
 receiver, M

 =
 1, codes adapted to ρ =

 [ 1; 0.85; 0.6; 0.35; 0.10; zeros(3,1) ]
G

LR
T

 receiver, M
 =

 2, codes adapted to ρ =
 [ 1; 0.85; 0.6; 0.35; 0.10; zeros(3,1) ]

G
LR

T
 receiver, M

 =
 1, codes adapted to ρ =

 [ 1; zeros(7,1) ]
G

LR
T

 receiver, M
 =

 2, codes adapted to ρ =
 [ 1; zeros(7,1) ]
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-
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w
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ite
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p
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ra

lly
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red

:
T

=
8
,

K
=

6
7
,

S
N

R
=

-1
0

d
B

,
ρ
=

[
1
;
0
.8

5
;
0
.6

;
0
.3

5
;
0
.1

;
zero

s(3
,1

)
].

S
o
lid

cu
rve-o

u
r

co
d
es

fo
r

M
=

1
a
d
a
p
ted

to
ρ
=

[
1
;

0
.8

5
;
0
.6

;
0
.3

5
;
0
.1

;
zero

s(3
,1

)
],

so
lid
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rve-o
u
r
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d
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fo
r

M
=

2
a
d
a
p
ted

to
ρ
=

[
1
;
0
.8

5
;

0
.6

;
0
.3

5
;

0
.1

;
zero

s(3
,1

)
],

d
a
sh

ed
cu

rve-o
u
r
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d
es

fo
r

M
=

1
a
d
a
p
ted

to
ρ
=

[
1
;
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s(7

,1
)

],

d
a
sh

ed
-circled

cu
rve-o

u
r
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d
es

fo
r

M
=

2
a
d
a
p
ted

to
ρ
=

[
1
;
zero

s(7
,1

)
].
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⊗

Σ
(ρ

)

0
2

4
6

8
10

12
14

10
−

5

10
−

4

10
−

3

10
−

2

10
−

1

10
0

T
 =

 8, K
 =

 32, S
N

R
 =

 −
10 dB

, ρ =
 [ 1; 0.8; 0.5; 0.15; zeros(4,1) ]

N
 (N

um
ber of receive antennas)

SER

G
LR

T
 receiver, M

 =
 1, codes adapted to ρ =

 [ 1; 0.8; 0.5; 0.15; zeros(4,1) ]
G

LR
T

 receiver, M
 =

 2, codes adapted to ρ =
 [ 1; 0.8; 0.5; 0.15; zeros(4,1) ]

G
LR

T
 receiver, M

 =
 1, codes adapted to ρ =

 [ 1; zeros(7,1) ]
G

LR
T

 receiver, M
 =

 2, codes adapted to ρ =
 [ 1; zeros(7,1) ]
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3
2
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S
N

R
=

-1
0

d
B

,
ρ
=

[
1
;
0
.8

;
0
.5

;
0
.1

5
;
zero

s(4
,1

)
].

S
o
lid
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rve-o
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r
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fo
r
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=

1
a
d
a
p
ted

to
ρ
=

[
1
;
0
.8

;
0
.5

;
0
.1

5
;
zero

s(4
,1

)
],

so
lid
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rve-o
u
r
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d
es

fo
r

M
=

2
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d
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p
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to
ρ
=

[
1
;
0
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;
0
.5

;
0
.1

5
;
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s(4
,1

)
],
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r
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r

M
=

1
a
d
a
p
ted

to
ρ
=

[
1
;
zero

s(7
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)
],

d
a
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ed
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rve-o

u
r
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d
es
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r

M
=

2
a
d
a
p
ted

to
ρ
=

[
1
;
zero

s(7
,1

)
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1
2

3
4

5
6

7
8

9
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−
4

10
−

3

10
−

2

10
−

1

10
0

T
 =

 6, S
N

R
 =

 −
6 dB

, ρ =
 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ]

N
 (N

um
ber of receive antennas)

SER

G
LR

T
 receiver, K

=
8, M

=
1, codes adapted to ρ =

 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ]
G

LR
T

 receiver, K
=

8, M
=

2, codes adapted to ρ =
 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ]

G
LR

T
 receiver, K

=
8, M

=
3, codes adapted to ρ =

 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ]
M

A
P

 receiver, K
=

17, M
=

1, codes adapted to ρ =
 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ]

G
LR

T
 receiver, K

=
8, M

=
1, codes adapted to ρ =

 [ 1; zeros(5,1) ]
M

A
P

 receiver, K
=

17, M
=

1, codes adapted to ρ =
 [ 1; zeros( 5,1) ]
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T
=

6,
S
N

R
=

-6d
B

,
ρ
=

[
1;

0.85;
0.6;

0.35;
0.1;

0
].
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4
6

8
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16
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−
3

10
−

2

10
−

1

10
0

P
 =

 0.1, T
 =

 6, rate =
 0.5 b/s/H

z, ρ =
 [ 1; 0.85; 0.6; 0.35; 0.1; 0 ], M

A
P

 receiver

N
 (N

um
ber of receive antennas)

SER

M
 =

 3, single beam
, 8−

point codes adapted to ρ, equal priors, K
t =

 eye(M
)

M
 =

 3, single beam
, 17−

point codes adapted to ρ, unequal priors, K
t =

 eye(M
)

M
 =

 3, single beam
, 8−

point codes adapted to ρ, equal priors, rank(K
t) =

 1
M

 =
 3, single beam

, 17−
point codes adapted to ρ, unequal priors, rank(K

t) =
 1
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R
ayleig

h
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d
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g
:

d
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tted

p
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u
r

1
7

p
o
in
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b
ea

m
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n
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n

w
ith

u
n
eq

u
a
l

p
rio

rs
fo

r
M

=
3

a
n
d

ra
n
k
(K

t )=
1
,

d
a
sh

-d
o
tted

cu
rve-o

u
r

8
p
o
in

t

sin
g
le

b
ea

m
co

n
stella

tio
n

w
ith

eq
u
a
l
p
rio

rs
fo

r
M

=
3

a
n
d

ra
n
k
(K

t )=
1
.

U
n
co

rrela
ted

R
ayleig

h

fa
d
in

g
:

d
a
sh

ed
cu

rve-o
u
r

1
7

p
o
in

t
sin

g
le

b
ea

m
co

n
stella

tio
n

w
ith

u
n
eq

u
a
l
p
rio

rs
fo

r
M

=
3

a
n
d

K
t

=
I

M
,

so
lid

cu
rve-o

u
r

8
p
o
in

t
sin

g
le

b
ea

m
co

n
stella

tio
n

w
ith

eq
u
a
l
p
rio

rs
fo

r
M

=
3

a
n
d

K
t

=
I

M
.

A
ll

co
d
es

u
se

M
A

P
receiver.
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−
14

−
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−
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−
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−
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−
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−
2

0
2
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−

4
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−

3
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−

2

10
−

1

10
0

S
N

R
 (dB

)

SER

T
=

8,N
=

2,K
=

32,s=
[1;0.7;0.4;0.15;zeros(4,1)],ρ=

[1;0.8;0.5;0.15;zeros(4,1)],α
 =

 [−
1.146+

1.189i;1.191−
0.038i]

M
 =

 2, codes adapted to colored noise, G
LR

T
 receiver

M
 =

 1, codes adapted to colored noise, G
LR

T
 receiver

M
 =

 1, codes adapted to w
hite noise, G

LR
T

 receiver

F
igu

re
11:

T
=

8
,

N
=

2
,

K
=

3
2
,

s
=

[1
;0

.7
;0

.4
;0

.1
5
;zero

s(4
,1

)],
ρ

=
[1

;0
.8

;0
.5

;0
.1

5
;ze-

ro
s(4

,1
)],

α
=

[-1
.1

4
6

+
1
.1

8
9
i;1

.1
9
1
-

0
.0

3
8
i].

S
o
lid
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u
r
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d
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r

M
=

2
a
d
a
p
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n
o
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d
a
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cu

rve-o
u
r

co
d
es

fo
r

M
=

1
a
d
a
p
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co
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n
o
ise,

d
a
sh

-d
o
tted
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u
r
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d
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fo
r

M
=

1
a
d
a
p
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w

h
ite

n
o
ise.
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d
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se

G
L
R
T

receiver.
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5
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20
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−
5

10
−

4

10
−

3
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−

2
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−

1

10
0

S
N

R
 (dB

)

SER

                                                                                                                 
T

 =
 4, N

 =
 2, K

 =
 16, s=

[1;0.7;0.4;0], ρ=
[1;0.8;0.5;0], α

 =
 [−

0.433 +
 0.125i;−

1.665 +
 0.288i]            

M
 =

 2, codes adapted to colored noise, G
LR

T
 receiver 

M
 =

 1, codes adapted to colored noise, G
LR

T
 receiver

M
 =

 1, codes adapted to w
hite noise, G

LR
T

 receiver
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T
=

4
,

N
=

2
,

K
=

1
6
,

s
=

[1
;0

.7
;0

.4
;0

],
ρ

=
[1

;0
.8

;0
.5

;0
],

α
=

[-0
.4

3
3

+
0
.1

2
5
i;-1

.6
6
5

+
0
.2

8
8
i].

S
o
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r
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d
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r
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=
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a
d
a
p
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red

n
o
ise,

d
a
sh
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rve-o

u
r
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d
es

fo
r

M
=

1
a
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a
p
ted

to
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lo
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ise,

d
a
sh

-d
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tted
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1
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S
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 (dB

)

SER

T
 =

 4, M
 =

 1,N
 =

 2, s=
[1;0.7;0.4;0], ρ=

[1;0.8;0.5;0], α
=

[−
0.4326 +

 0.1253i;−
1.6656 +

 0.2877i]

K
 =

 17, codes adapted to colored noise, M
A

P
 receiver

K
 =

 8, codes adapted to colored noise, M
L receiver

K
 =

 8, codes adapted to colored noise, G
LR

T
 receiver

K
 =

 17, codes adapted to w
hite noise, M

A
P

 receiver
K

 =
 8, codes adapted to w

hite noise, M
L receiver

K
 =

 8, codes adapted to w
hite noise, G

LR
T

 receiver
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L
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r
8

p
o
in

t
co

d
es

w
ith
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a
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G
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receiver).
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