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m
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ruF = PtFB(dBm)− PLu,FB(dB) +Xu,FB ,

P tFB F PLu,FB
uth F Xu,FB
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σ dB
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d

L d

vu
ru

d L
μ

d

d

GM(n̄, m̄) n̄
m̄

GM(1, 1)
GM(1, 1)

u

r(0)u =
(
r(0)u (1) , r

(0)
u (2) , r

(0)
u (3) , . . . , r

(0)
u (n)

)
, ∀n ≥ 4.

r
(1)
u

r(1)u =
(
r(1)u (1) , r

(1)
u (2) , r

(1)
u (3) , . . . , r

(1)
u (n)

)
, ∀n ≥ 4

r(1)u (k) =

k∑
i=1

r(0)u (i), k = 1, 2, 3, . . . , n,

dr
(1)
u (t)

dt
+ ar(1)u (t) = b.

a b

[a, b]T =
(
BTB

)
−1
BTY,
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Y =
[
r(0)u (2) , r

(0)
u (3) , . . . , r

(0)
u (n)

]T
,

B =

⎡
⎢⎢⎢⎢⎣

−z(1)(2) 1
−z(1)(3) 1
. .
. .

−z(1)(n) 1

⎤
⎥⎥⎥⎥⎦ ,

z(1)(k) = αr
(1)
u (k)+(1− α) r

(1)
u (k − 1) , k = 2, 3, . . . , n,

α
a b

ru
k + 1 r

(1)
u (t) k+1

r̂(1)u (k + 1) =

[
r(0)u (1)−

b

a

]
e−ak +

b

a
, k = 0, 1, . . .

(k + 1)

r̂(0)u (k + 1) =

[
r(0)u (1)−

b

a

]
e−ak (1− ea)

uth r
(0)
u

r
(0)
u

ξ(0)u =
(
ξ(0)u (2), ξ

(0)
u (3), . . . , ξ

(0)
u (n)

)
,

ξ(0)u (k) = r
(0)
u (k)− r̂

(0)
u (k),∀k = 2, 3, . . . , n.

ξ(0)u (k) ≈
1

2
a0+

V∑
i=1

[
ai cos

(
2πi

T
k

)
+bi sin

(
2πi

T
k

)]
,

∀k = 2, 3, . . . , n T = n−1 V = �n−12 �−1.

ξ(0)u ≈ QC,

Q=

⎡
⎢⎣
0.5 cos

(
2
2π

T

)
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(
2
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)
cos

(
2
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. . . cos

(
2
2πV
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3
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3
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)
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(
3
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T

)
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(
3
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T

)
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(
3
2πV

T

)
. . . . . . . . . . . . . . . . . . . . . . . .

0.5 cos

(
n
2π

T

)
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(
n
2π

T

)
cos

(
n
2π2

T

)
sin

(
n
2π2

T

)
. . . cos

(
n
2πV

T

)
sin

(
n
2πV

T

)

⎤
⎥⎦

and C =
[
a0 a1 b1 a2 b2 . . . an bn

]T
C

C =
(
QTQ

)
−1
QT ξ(0)u .

ˆ̂r(0)u (k) = r̂
(0)
u (k)− ξ̂

(0)
u (k),∀ k = 2, 3, . . . , n+ 1

10 dBm
46 dBm
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2− 12 dB
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α 0.5
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(0)
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(0)
u (k + 1)

u

vu = r̂
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u (k+1) ≈ ˆ̂r

(0)
u (k+1) > ru−Δ Δ
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1 d
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1 u,

vu ≈ r̂
(0)
u (k+1) ≈ ˆ̂r

(0)
u (k+1) >

ru i1 1

d
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ivu uth

(d) ovu ovu > ivu
i1 1 i2
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12 dB

0.1 s
M = 100

1000

σ=2, 6 10dB

3(/100m × 100m)

σ
σ

μ
(/100m × 100m) σ = 6 dB

μ = 0.5

d
d

μ > 0.67
d

N
σ = 2, 6 12dB 3(/100m× 100m)

(N = 4)

N
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