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x(t)

x[n]

Rxx≃E{ x [n] x
H
[n]}

x[n]

d1[n]

ω1

d1[n]≃ ω1
H
x [n]

d1[n]

â1 [n]

a1[n]



i j

S ( θ ij)≃ S ij≃[ S ij1 ,S ij2 ,...,S ijN]
T=e

- j r
T
k ij

r= [ r 1 , ..., r N ] k ij=
2π
λ
u ij

rk k

u ij=[ cosθ ij cos φ ij, sinθ ijcosφ ij, sinφ ij ]
T

(θ ij, φ ij)

λ = c/F c c

i ci

2N c×2N c J

0l l Il l×l

c i≃[α i[0],α i [1],...,α i [N c-1], 0
T
N c
]T

J≃












0 T2Nc-1 0

I 2Nc-1 02Nc-1

i j

xⓧy x,y

hij≃ Sijⓧ( J
l ij
c i)

l ij

[ H 1 ,..., HM]

N c Hi i

H i,prev , H i,next Hi

H i,prev≃( INⓧ( J
T
)
Nc) Hi  

H i,next≃( INⓧ J
Nc
) Hi

x [n] = ∑
M

i=1
[ H i,prev βi , Hi βi , H i,next βi]

*












a i[n-1]
a i[n]
a i[n+1]

+ n [n]

βi n [n]

E{ n [n] n
H
[n]}=2σ2 I2NNc

x [n]= H⋅ B⋅ a [n]+ n [n]



SNIRout≃
E{∣ ω1

H
D [n]∣2}

E{∣ ω1
H
I ISI [n]∣

2}+E{∣ ω1
H
IMAI [n]∣

2}+E{∣ ω1
H
n [n]∣2}

B≃ I 3ⓧdiag( β 1 ,..., βM)

H≃[ H 1,prev ,..., H M,prev , H i ,..., HM ,

H 1,next ,..., H M,next ]

a [ n]≃ [a 1 [n-1],... , a M[n-1],a 1 [n],...,aM [n],

a 1[n+1],... , aM[n+1]]

P in≃E{∥ x [n]∥
2}

x[n]

x [n]= D [n]+ I ISI [n]+ IMAI [n]+ n [n]

D [n]≃ H1 β1a1[n]

I ISI≃[ H i,prev β1 , H i,next β1][ ]a1[n-1]
a1[n+1]

IMAI [n]≃ ∑
M

i=2
[ H i,prev β i , H i, β i , H i,next β i]

*












a i[n-1]
a i[n]
a i[n+1]

x[n]

SNIR in≃
E{∥ D [n]∥2}

E{∥ I ISI [n]∥
2}+E{∥ IMAI [n]∥

2}+E{∥ n [n]∥2}

ω 1,Std (θ,l)= S (θ)ⓧ( J
l
c1)

(θ,l)

x[n] ω1, Std (θ,l)

P Std(θ,l)≃ E{∣ ω 1,

H
(θ,l) x [n]∣2}

= ω 1, Std

H
(θ,l)⋅ Rxx⋅ ω 1, Std (θ,l)

ω1

ω 1,MV (θ,l)= arg  
min

ω
{ ω

H
Rxx ω}

∣ ω
H
( S (θ)ⓧ( J

l

c1
))∣=1



ω 1.MV=
Rxx

-1
⋅ ω 1, Std (θ, l)

ω
H

1,Std (θ,l)⋅ Rxx
-1
⋅ ω 1, Std (θ,l)

PMV≃E{∣ ω
H
1,MV (θ,l) x [n]∣

2}

 =
1

ω
H

1,MV (θ,l)⋅ Rxx
-1
⋅ ω 1,MV (θ,l)

ζ(θ,l)≃
1

h1
H
(θ,l) Ên Ên

H
h1 (θ,l)

E n̂ h1(θ,l)

S (θ)ⓧ( J
l
c1)

∥ βi∥=1 for  i

n0

R̂ xx, L≃
1
L ∑

n0

n=n 0-L+1
x [ n] x

H
[n]

i j θ ij l ij β ij
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