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Bq−p = F′WE
[
spsH

q

]
WF′H q − p ≧ 0

Bq−p (32, 33)
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yk = F′Wrk (16)

F′ Ib, Ib + 1, . . . , Ib +
Nf − 1

α = exp(2πj/Nseg) (17)

F′ =




α0 αIb · · · αIb(Nseg−1)

α0 αIb+1 · · · α(Ib+1)(Nseg−1)

...
...

. . .
...

α0 αIb+Nf −1 · · · α(Ib+Nf −1)(Nseg−1)




(17)

E
[
yyH
]

(18)

E
[
yyH
]

==




E
[
y0yH

0
]

E
[
y0yH

1
]

· · · E
[
y0yH

Nt−1
]

E
[
y1yH

0
]

E
[
y1yH

1
]

· · · E
[
y1yH

Nt−1
]

...
...

. . .
...

E
[
yNt−1yH

0
]

E
[
yNt−1yH

1
]

· · · E
[
yNt−1yH

Nt−1
]




(18)
E
[
ypyH

q

]
p q

(16)
(19)

E
[
ypyH

q

]
= E
[
(F′Wrp)(F′Wrq)H

]
= F′WE

[
rprH

q

]
WF′H

(19)
r z s (r = z +s)

p rp = zp + sp

(20)
F′WE

[
rprH

q

]
WF′H 1

2

F′WE
[
rprH

q

]
WF′H = F′WE

[
zpzH

q

]
WF′H

+ F′WE
[
spsH

q

]
WF′H

(20)

1 z i.i.d.
2 s

4. 2
4. 3

4. 2
E
[
zpzH

q

]
i.i.d. CN (0, σ2

N)
δk(δk = 1 (k = 0), δk = 0 (k |= 0))

(21)

E
[
zpzH

q

]
= fsσ

2
N




δD δD+1 · · · δD+Nseg−1

δD−1 δD · · · δD+Nseg−2

...
...

. . .
...

δD−Nseg+1 δD−Nseg+2 · · · δD




(21)
D = (q − p)(1 − γ)Nseg

Aq−p = F′WE
[
zpzH

q

]
WF′H q − p = 0

Aq−p E
[
zpzH

q

]
= σ2

NI (I ) (22)

Aq−p = F′Wσ2
NIWF′H = σ2

NF′W2F′H (22)

F′W2F′H (23, 24)

F′W2F′H = {τm,n}Nf ×Nf
(23)

τm,n =
Nseg−1∑

k=0

w2
kα

(m−n)k (24)

q − p > 0 Aq−p (25, 26)

Aq−p = FWE
[
zpzH

q

]
WFH = {γm,n}Nf ×Nf

(25)

γm,n =
Nseg−D−1∑

k=0

wkα
(Ib+m−1)kwk+Dα−(Ib+n−1)(k+D)

(26)
q − p < 0 F′WE

[
zpzH

q

]
WF′H =

(F′WE
[
zqzH

p

]
WF′H)H Aq−p = AH

p−q

4. 3
s i.i.d. (CN (0, σ2

S))
x(k) (k ∈ Z) (27)

x1(k) NFFT

x1(k) =

(
L∑

l=−L

x(Mdk − l)waa(l)

)
exp
(

2πj fos
fs

k

)
(27)

L waa(l)
Mu : Md fs : fch

waa(l) (28,29)

waa(l) =

√
Md/Mu∑L

k=−L
(h(l))2

h(l) (28)

h(l) =




sinc
(

l
Mu

) I0
(

β
√

1−(l/L)2
)

I0(β) (|l| ≦ L)

0 (otherwise)
(29)

sinc(x) = sin(πx)/(πx) I0(β
√

1 − (l/L)2)/I0(β)
β I0(·)

1 0
E
[
spsH

q

]
(30)

ρk (31)

E
[
spsH

q

]
= σ2

S




ρD ρD+1 · · · ρD+Nseg−1

ρD−1 ρD · · · ρD+Nseg−2

...
...

. . .
...

ρD−Nseg+1 ρD−Nseg+2 · · · ρD




(30)

ρk =σ2
S

[
L∑

l=−L

waa(l)waa(Mdk + l)

]

× exp
(

−2πj fos
fs

k

) (31)

Bq−p = F′WE
[
spsH

q

]
WF′H q − p ≧ 0

Bq−p (32, 33)
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Bq−p = FWE
[
spsH

q

]
WFH = σ2

S {κm,n}Nf ×Nf
(32)

κm,n =
Nseg−1∑

k=0

Nseg−1∑
l=0

wkα
(Ib+m−1)kwlα

−(Ib+n−1)lρD+l−k (33)

q − p < 0 F′WE
[
spsH

q

]
WF′H =

(F′WE
[
sqsH

p

]
WF′H)H Bq−p = BH

p−q

4. 4
4. 2 4. 3

E
[
yyH
]

(34)
E
[
yyH
]

λi (i = 1, . . . , Nave)(λi )
T Nave

λi (i = 1, . . . , Nave)
[14]
µ µ2

E [T ] var [T ] (35 36)

E
[
yyH
]

= σ2
N




A0 A1 · · · ANseg−1

AH
1 A0 · · · ANseg−2

...
...

. . .
...

AH
Nseg−1 AH

Nseg−2 · · · A0




+ σ2
S




B0 B1 · · · BNseg−1

BH
1 B0 · · · BNseg−2

...
...

. . .
...

BH
Nseg−1 BH

Nseg−2 · · · B0




(34)

E [T ] = 1
Nave

Nave∑
i=1

λi (35)

var [T ] = 1
Nave

Nave∑
i=1

λ2
i (36)

(34) σ2
S = 0(H0)

E [T ; H0] var [T ; H0] σ2
S > 0(H1)

E [T ; H1] var [T ; H1]

5.

3: Nseg, NFFT, BCH

TO,min 50[µsec]
FCH [−3 3]t[MHz]

fc 0[MHz]
fs 12.5[MHz]
γ 0.5
w hamming window
˙PFA 0.01

3
Rt = 1/8, 1/4 2

8 Nseg SNR(= σ2
S/σ

2
N)-

PD

9 PD

(DC)m Nseg

PD Nseg 10
SNR-PD

PD (DC)m
PD

11 Rt = 1/8, 1/4 PD

Duty Cycle
Rt = 1/4 SNR Duty

Cycle SNR
Rt = 1/8

12 Rt = 1/8, 1/4 PD

(DC)m
(DC)m
1/100

13 14 LTE(band19) Uplink
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9: Nseg

-10 -5 0 5

SNR[dB]

10
-8

10
-6

10
-4

10
-2

10
0

1
-P

D

empirical PD

modified DC

analytical PD

(a) Rt = 1/8

-12 -10 -8 -6 -4 -2 0 2

SNR[dB]

10
-8

10
-6

10
-4

10
-2

10
0

1
-P

D

empirical PD

modified DC

analytical PD

(b) Rt = 1/4

10: PD

— 7 —
− 40 − − 41 −



-10 -5 0 5 10

SNR[dB]

0

0.1

0.2

0.3

0.4

0.5

D
u
ty

 C
y
cl

e

true value

Rt=1/8

Rt=1/4

11: Rt Duty Cycle
Rt=1/8 Rt=1/4

10-2

100

102

p
ro

ce
ss

in
g
 t

im
e[

se
c]

modified DC

Analytical PD

12:

Spectrogram
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Detection Result
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