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� � �� � ) 
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UUT + σ2IN

)−1
w�

βN − βiid = βN − 1

N
trace

(
UUT + σ2IN

)−1

︸ ︷︷ ︸
θN

+
1

N
trace

(
UUT + σ2IN
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[
1

N
trace

(
UUT + σ2IN

)−1
]

︸ ︷︷ ︸
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+ E

[
1

N
trace

(
UUT + σ2IN

)−1
]
− βiid

︸ ︷︷ ︸
.

= O(1/N)

√
NθN

D−→ N
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0, η

(
α, σ2, E

[
[W]

4
1,1
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 � [W]ij = vij/
√

N � � E [v11] = 0, E
[
v2
11

]
= 1, E

[
v4
11

]
< ∞�

•" � �� � � � 
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 � � � &! �� � � UUT = QΛQT

• � �" & [y1, . . . , yN ]T = QTw � & zN (t) =

√
N

2
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(
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k − 1

N

)

� � � ! t ∈ [0, 1]�

• ( 
 � � & � �" & � � )" $ + + %
 �" & � � �" � � �! 
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(
E
[
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]
− 1
)
/2
)
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 �
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% �� ) &" )� � &# � # �! �� � )� � � � � 
 & � ! F (x)�

θN√
2

=

∫
f(x)dzN (FN (x))

D−→
∫

f(x) (dW o (F (x)) + A dF (x))

! � ) � �! � � ) � � � ) #" 
 &!" �� &" � ) # � θN � �! 
 � ) � � � � 
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�$ � & � # �# � √

N(βN − β) � � � ! # �
 � � # �� �
 # � &! � )
 �" 
 
" � ) �� � 
 ! � ��" 
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βN = wH
1

(
K∑

k=2

H−1
1 Hkwkw

H
k HH

k H−H
1 + σ2H−1

1 H−H
1

)−1

w1

= wH
1

(
K∑

k=2

ξkξ
H
k + σ2H−1

1 H−H
1

)−1

w1

• W = [w1, . . . ,wK ] � �� � � � ) & 
" " # �

• � �
 � � � & �� ! 
 {ξk}
 � ) &" )# � � � )# � ) & 
 �

• � � � ! N �! � )# *" � 
 �� �� � �� � βN ' β
∑M

m=0 |h1,m|2� �

β =
1

1
N

∑K
k=1

∑
M
m=0

|hk,m|2

1+β
∑

M
m=0

|hk,m|2
+ σ2

(Evans et Tse′00)
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 &" � �� &" � ) �! � � � �� � # � )
 � � �� 
 � � W �
 & � �� � � � ) & 
 � � � 
 
" � )
 �! � 
 � � & � & 
 # �

� � � & �& # � # � ) � �� � �� ���$ �� � � # � �" ! � �$ + + �� �
 �" ) #$ � � � � & � �
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 � ! {hk(z)}�
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H H(1) (2)

.

�" � ) �� y(n)! �  � � �! � � � � �" � � � & � � �� βN � ) 
 �! &" � # � ! � � � � & �� ! �

y(n) = H(1)W(1)
√

P(1)s(1)(n)︸ ︷︷ ︸ + H(2)W(2)
√

P(2)s(2)(n)︸ ︷︷ ︸ + v(n)

Signal utile Interf. entre cellules

βN = wH
(
U(1)P(1)U(1)H + H(1)−1

H(2)W(2)P(2)W(2)HH(2)H
H(1)−H

+ σ2H(1)−1
H(1)−H

)−1

w

• �! � � � �" �" & � 
 �" �! �
 +� � � � & � �
 �
 
 � ! W(1) � & W(2) � �� ) � �! � � ) � �# � βN � 
 
 � ! � ��
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Exemple de modèle : y(n) = s1(n)w + U
√

Qs2,K(n) + v(n)︸ ︷︷ ︸
x(n)

• � � � � � & �� ! # �� " � ) �! � � � ! s(n) � ŝ(n) = γwHR−1
x

y(n)� � Rx = E
[
xxH

]

�

• � ) � �! 
" � ) # �� � � � &!" � � Rx �� � & �� 
 � � ) & �� �
 # � ��� �� � � � � ! N �! � )# �

• � � � � � & �� ! � �� � )) �" �� # � # � �! � M − 1� � � � M � N �

ŝM (n) = wH
M−1∑

m=0

amRm
x y(n) = aT

MKH
My(n)

� � KM =
[
w,Rxw, . . . ,RM−1

x
w
] � & aT

M = [a0, . . . , aM−1]�
•
 � � & �� ! # �
 �� � � �" � ) & 
 aM � �" )" �" 
 � E

[
|ŝM (n) − s(n)|2

]

�
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wHRm

x
w
}

m=0,...,2M+1
�

� � & �� �
 # � ��� �� � �! � � �
 
 �� ! # � � � � � � & �� ! �
 & �! � )# �� � ) & ! � # �" & 
" � �
 �� � ) &" & � 
 
 � ) &

! �� �� � �� �
 � �! � �� ! 
 �" �" & �
 � � 
 � �� � )# N → ∞�

� ��� � � ��� � �� �
 � � � � N → ∞ ��� � � � � � � �� � � � � � � M


� ) 
 � � � � 
 � �� � � � � ! & � � & k ∈� *

wHRk
xw

p.s.−→
∫ ∞

0

tkdµ(t)

� � µ �
 & � ) � � �
 � ! �# � �! � � � �" �" & � � 
 � � � �! & �� � � � � & [δ1, δ2] ⊂ (0,∞)� �
 �� � � � ) &

�� ) &" )� ��
� � � � �� # � ! � ) �! � # �" & # � #" � � )
" � ) M & � )# � �! 
 � � � � �� # � ! � � � � & �� ! # �� " � ) �! % �

+! � ) � �� �" ) + & � � � � ) � ) &" �� � �� � ) & � ) M�

�� 
 &" � �� &" � ) � �! � � & � � �!" �# �
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 �! & � � � � ) � � � �
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.

H

K antennes

Emetteur Récepteur

N antennes

.

# � # �� �# � 
" � ) �� ! �  � �

y(n) = Hs(n) + v(n)

H � � � &!" � � N × K ��" ! � �! � 
 � ) & �� � �� ) �� �

• �� ! �� � �
 ! �� � ��" 
 
 � ) & �
 *#" � � 
 �� ! 
 * � � �

• H � � � # �� �# � � � &!" � � �� � � & �" ! ��

v(n) ∼ N (0, σ2IN )�
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[
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P

σ2
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N
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)
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• � � � )# N → ∞ � & K/N → α * CN �� ) � �! � � � � 
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∑
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