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Broadcasting for Mobile∗
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Abstract

In next generation digital terrestrial television broadcasting DTTB , 4K
and 8K broadcasting will be provided, which is exceeding the full high vision
image quality. To design high data rate, signals are considered to use MIMO
Multi-Input Multi-Output , high-order modulation and LDM Layered Divi-

sion Multiplexing technologies. On the other hand, the RoF Radio over Fiber
is currently being operated as a repeater system for broadcasting radio signal
of the ISDB-T Integrated Services Digital Broadcasting-Terrestrial standard
to radio blind areas. This paper evaluates the signal quality of relaying next
generation DTTB signals for mobile using current RoF system using computer
simulation.
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1

1.1

NHK
[1]-[8]

4K 8K
1.1 FHD:Full-High Definition TV 4K
8KTV FHD 1920 × 1080 207

4K 3840 × 2160 830 8K
7680 × 4320 3300

4 16
ISDB-T 20Mbps

MPEG2 FHD
8K

H.265/HEVC High Efficiency Video Coding
100Mbps

ISDB-T
400kbps H265/HEVC

FHD 4 8Mbps
[1]

MIMO Multiple-Input Multiple-Output 1

LDM Layered Division Multiplexing

RoF:Radio over Fiber [11] RoF

OFDM Orthogonal

1



Frequency Division Multiplexing

RoF
MIMO

RoF
LDM ISDB-T

8K : 7680×4320 px

4K : 3840×2160 px

FHD : 1920×1080 px

1.1 4K 8K

1.2

RoF
LDM 2

2



1.3

5
1

2

3

4 LDM

5

3



2

2.1 ISDB-T

ARIB
ISDB-T [9, 10] ISDB-T OFDM

2.1

MPEG2 Systems
TS:Transport Stream TS

188
TS 1 TS

IFFT Inverse Fast Fourier Transform
1 OFDM

TS

,
,

,

I
F
F
T

TS

TS

TS OFDM

2.1 ISDB-T

2.2 1
6MHz 14 OFDM 13

OFDM OFDM OFDM
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ISDB-T 3 1 3.968kHz
2 1.984kHz 3 0.992kHz NHK

3 12
1

No.
11

No.
9

No.
7

No.
5

No.
3

No.
1

No.
0

No.
2

No.
4

No.
6

No.
8

No.
10

No.
12

(1 )

(12 )

2.2 OFDM

2.2

RoF
[12]–[14]

RoF
2.3 RoF

MZM:Mach-Zehnder Modulator MZM RoF
2.4

RF
V π

OMI:Optical Modulation Index
Pamp/Pave MZM

5



RF
IMD:Intermodulation Distortion

RF PD:Photodetector

RF RF
MZM

LD

PD

LD : Laser Diode MZM : Mach-Zehnder Modulator PD : Photodetector

2.3 RoF

2.4

6



2.3 RoF

RoF
[11, 12]

2007

2.5

RoF
RF

RoF

2.5 RoF

7



2.4 RoF

RoF RF

[15]
OFDM

2 2.6

3
2.4.1 f1 f2 f3 3

f1 f2 2f1 2f2

2f1 -f2

f2 –f1

2f2 –f1

f1 +f2

2
3

3f1 3f2

2f1 +f2 f1 +2f2

2.6

fi 2.4.2

s = A cos 2πf1t + B cos 2πf2t + C cos 2πf3t (2.4.1)

8



fi = |lf1 ± mf2 ± nf3| (l m n ) (2.4.2)

l + m + n

4
2.4.3 a1

a2

e = a1s + a2s2 + a3s3 (2.4.3)

2.4.1 2.4.3 3 IM3 2.4.4

IM3 = a3(A cos 2πf1t + B cos 2πf2t + C cos 2πf3t)2

=
a3
4

(A3 cos 6πf1t + B3 cos 6πf2t + C3 cos 6πf3t)

+
3
4

a3A2B[cos 2π(2f1 + f2)t + cos 2π(2f1 − f2)]

+
3
4

a3A2C[cos 2π(2f1 + f3)t + cos 2π(2f1 − f3)]

+
3
4

a3B2A[cos 2π(2f2 + f1)t + cos 2π(2f2 − f1)]

+
3
4

a3B2C[cos 2π(2f2 + f3)t + cos 2π(2f2 − f3)]

+
3
4

a3C2A[cos 2π(2f3 + f1)t + cos 2π(2f3 − f1)]

+
3
4

a3C2B[cos 2π(2f3 + f2)t + cos 2π(2f3 − f2)]

+
3
2

a3ABC[cos 2π(f1 + f2 + f3)t + cos 2π(f1 + f2 − f3)t

+ cos 2π(f1 − f2 + f3)t + cos 2π(f1 − f2 − f3)t] (2.4.4)

3 2f1 −f2 2f1 −f3

2f2 − f1 2f2 − f3 2f3 − f1 2f3 − f2 f1 ± f2 ∓ f3( )
2 2 3 3

n
2 3 r

9



2.4.5 2.4.6 [16]

N2 =
n

2
− 1 −

{
1 − (−1)n

}
(−1)r

4
(2.4.5)

N3 =
r(n − r + 1)

2
+

(n − 3)2 − 5
4

−
{

1 − (−1)n
}

(−1)n+r

2
(2.4.6)

2.4.1 A=B=C=m r
Pr 2.4.7

Pr ∝
(

3
4

a3m3N2 +
3
2

a3m3N3

)2
(2.4.7)

a3

2.5

NHK 2015 8 [1] 2020 8K
2.7

1 6MHz
2020 2025

8K ( 4K)
OFDM 4096QAM

MIMO 4
91.8Mbps 2014

[2] 27km
8K

4K 8K
[8] 2014 2015

10



(HD)
( 16Mbps)

QVGA
( 400kbps)

8K+Hybridcast
(50 70Mbps)

HD/4K+Hybridcast
(4 8Mbps)

1ch (6MHz)

|   |   |   |   |

(Hybridcast) (Hybridcast)

2.7

4K 8K

NHK 2016 8 [3] ISDB-T

ISDB-T 2.1 SISO
Single-Input Single-Output

• OFDM ISDB-T 5
• FFT ISDB-T 4
• 13 35
•

11



2.1 (SISO )

ISDB-T( 3)

FFT [MHz] 512/63=8.13 512/81=6.32
FFT 8,192 8,192 16,384 32,768

13 35
[kHz] 429 167

[MHz] 5.57 5.83
5,617 7,561 15,121 30,241

SP [ ] 8.3 8.3, 4.2, 2.1
QPSK,(16,64)QAM QPSK,(16,64,256,1024,4096)QAM

[ms] 1.008 1.296 2.592 5.184
1/4,1/8,1/16,1/32 1/4,1/8,1/16,1/32,1/64,1/128

[ms] 231
292 363

(GI )
LDPC

RS BCH

ISDB-T 1 6MHz
5.57MHz 5.83MHz

6MHz 36 35 5

ISDB-T 13
1

FFT
OFDM

ISDB-T
7

4096QAM

12



RoF 2 1

ISDB-T 5.38
2 CN

CN
RoF CN

13



3 OFDM

3.1

3.1 RoF

OFDM
OFDM

E/O E/O RF
E/O

O/E O/E
RF

RF

3.2 OFDM

3.2.1

64QAM
QPSK 1

6 2
NHK

1024QAM 4096QAM 1
10 12

CN

4Mbps
OFDM

14



OFDM

E/O

O/E

RoF

3.1

3.2.2

OFDM 3.1
6 NHK

NHK 6
1 ISDB-T 5.572MHz
1 13 1 432kHz

[2] ISDB-T 1ms

15



4ms 1ms
ISDB-T 4ms

1/4 4 1ms

4Mbps
432kHz 1024QAM 1

10 4Mbps

=
× 1

× (3.2.1)

1ms =
432 × 103 × 10

0.992 × 103 × 1.008 × 10−3 = 4.32Mbps (3.2.2)

4ms =
432 × 103 × 10

0.248 × 103 × 4 × 10−3
= 4.35Mbps (3.2.3)

1/16 1ms 4ms

1ms

4ms 1/64 1ms
5

3.3

MER:Modulation Error
Ratio MER 3.3.1

2
2

CN MER

MER = 10 log10 E

[
I2 + Q2

(I − I ′) + (Q − Q′)

]
dB (3.3.1)

16



3.1 OFDM

[MHz] 473, 479, 485, 491, 497, 539
[MHz/Ch] 5.572

[kHz/Ch] 432
[ms] 1.008, 4
[kHz] 0.992, 0.248

/Ch 5616, 22282
/Ch 432, 1714

1024QAM
[Mbps] 4.32, 4.35

1/16

E[ ]
I, Q:

I ′, Q′:

OFDM ISDB-T 1024QAM
3.2 32 × 32

1024QAM
CN 37dB MER37dB

3.4

3.3 3.2 a
a b RoF b c

ITU-R Fix outdoor[17]
3.3

17



3.2 1024QAM

11.4dB
300K

AWGN:Additive White Gaussian Noise
E/O

MZM
1mW

3.2 [18] V π φb

V 50 RF
V MZM

RF
O/E 0.9A/W RoF RF

1mW

100m

18



ITU-R
Pedestrian Indoor[17] 3.4

OFDM
(Fix Outdoor)

LDE/O

(b)

… RF
―

(Pedestrian 
Indoor)

(c)

FFT

1mW/Ch

&

(a)

11dB

3.3

3.2

Fix outdoor[17]
Pedestrian Indoor[17]

AWGN T=300
MZM V π[V] 5

LD [mW] 1
1
2

[
1 + cos

(
π V

V π + φb

) ]
O/E [A/W] 0.9

[dB] 66 100m

OFDM
MER a E/O

19



3.3 Fix outdoor

[μs] [dB] [rad]
1 0 0 0
2 0.475 -16.71 0.363
3 0.645 -18.49 2.739
4 1.933 -18.64 -0.156
5 2.754 -21.01 -2.239
6 3.216 -19.74 -0.103

3.4 Pedestrian Indoor

[μs] [dB] Fd[Hz]
1 0 0 1.69
2 0.1 -6.4 1.69
3 0.2 -10.4 1.69
4 0.4 -13.0 1.69
5 0.6 -13.3 1.69
6 0.8 -13.7 1.69
7 1.0 -16.2 1.69
8 1.6 -15.2 1.69
9 8.1 -14.9 1.69
10 8.8 -16.2 1.69
11 9.0 -11.1 1.69
12 9.2 -11.1 1.69

20



3.5

3.5.1

OFDM
3.4 470MHz 542MHz 1

5.572MH 6

3.5 3.6 3.5 3.6
-60dBm 4ms

22282/Ch 1714/Ch

+ 20dB
23dB

21



I ch

Q
 c

h

3.4 3.3 OFDM OFDM

I ch

Q
 c

h

3.5 3.3 c OFDM
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I ch

Q
 c

h

3.6 3.3 c OFDM

3.5.2 MER

E/O RF NOMI Normalized Optical
Modulation Index 3.7 NOMI RF

E/O E/O
50Ω RF s t v

RF p =
1
T

∫ T

0
|s(t)|2dt (3.5.1)

v =
√

pR R = 50Ω (3.5.2)

NOMI 3.5.3

NOMI =
RF v

V π/2
(3.5.3)

a RF
E/O

23



−90 −80 −70 −60 −50 −40 −30
10

−3

10
−2

10
−1

10
0

Received Power at (a) [dBm/Ch]

N
O

M
I/C

h

3.7 RF NOMI

3.3 a -90dBm -30dBm
RoF b c MER 3.3.1

3.8 4ms 3.3 b
MER RoF -75 -55dBm

37dB -80 -50dBm 37dB
MER
10dB

1
2 -65

-30dBm
OFDM

1/13
3.9 4ms

3.3 c MER
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37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 
RoF output w/o cutout
RoF output w/ cutout

Received Power at (a) [dBm/Ch]

3.8 3.3 b MER 4ms

MER -75 -55dBm
37dB

RoF
3.10 3.11

4ms 1ms 3.3 b MER 3.10
-90 -70dBm

-70dBm 4ms
-50dBm 5dB

3.11
OFDM

4ms 22282 1714 /Ch 1ms 5616
432 /Ch 4ms RoF

MER
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37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 
mobile input w/o cutout
mobile input w/ cutout

Received Power at (a) [dBm/Ch]

3.9 3.3 c MER 4ms

3.12 3.13 4ms 1ms 3.3 c
MER 3.12

3.13
4ms 1ms -75 -55dBm

4ms MER 3.11 RoF

4ms
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37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 
RoF output w/o cutout (symbol length 4ms)
RoF output w/o cutout (symbol length 1ms)

Received Power at (a) [dBm/Ch]

3.10 3.3 b MER

37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 

RoF output w/ cutout (symbol length 4ms)
RoF output w/ cutout (symbol length 1ms)

Received Power at (a) [dBm/Ch]

3.11 3.3 b MER
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37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 
mobile input w/o cutout (symbol length 4ms)
mobile input w/o cutout (symbol length 1ms)

Received Power at (a) [dBm/Ch]

3.12 3.3 c MER

37dB

−90 −80 −70 −60 −50 −40 −30
0

10

20

30

40

50

60

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 
mobile input w/ cutout (symbol length 4ms)
mobile input w/ cutout (symbol length 1ms)

Received Power at (a) [dBm/Ch]

3.13 3.3 c MER
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3.5.3

RoF

5616/Ch 1ms 22282/Ch 4ms
RoF

1
2808 11141

2 3 2.4.5 2.4.6

D1N2 = 2807 5616 2 (3.5.4)

D1N3 ≈ 1.58 × 107 5616 3 (3.5.5)
D4N2 = 11140 22282 2 (3.5.6)

D4N3 ≈ 2.48 × 108 22282 3 (3.5.7)

5616/Ch 4 22282/Ch
22282/Ch 5616/Ch

1/4 2.4.7

C1
ND1

=
1

( 3
4 D1N2 + 3

2 D1N3)2 1
5616

≈ 1
9.97 × 1010 (3.5.8)

C4
ND4

=
1
4

( 3
4 ( 1

2 )3D4N2 + 3
2 ( 1

2 )3D4N3)2 1
22282

≈ 1
3.88 × 1011 (3.5.9)

3.5.8 3.5.9 5616/Ch 3.89
5616/Ch

5.9dB CN MER
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5.9dB 6

RoF

30



4 LDM-OFDM

4.1 LDM-OFDM

4.1.1 LDM

LDM Layered Division Multiplexing
ATSC3.0 [19]

4.1 LDM
LDM UL:Upper Layer

LL:Lower Layer 2
IL:Injection Level

LDM

LDM-OFDM

IL
IL

CN IL
CN

4.1.2

LDM OFDM LDM 4.1
4.2

OFDM
ISDB-T

QPSK 64QAM IL

31



Injection Level

4.1 LDM

LDPC QPSK CN [2] 5dB
5dB 6dB LDM

IL
OFDM

4.1 LDM-OFDM

[MHz] 473, 479, 485, 491, 497, 539
[MHz/Ch] 5.572

[ms] 1.008, 4
[kHz] 0.992, 0.248

/Ch 5616, 22282
IL[dB] 5, 6

UL:QPSK, LL:64QAM
[Mbps] UL:11.1, LL:33.4

1/16

32



Injection
Level

(UL)

(LL)

OFDM

4.2 LDM

4.2

LDM-OFDM OFDM
MER IL 5dB LDM-OFDM

4.3 UL+LL
UL

QPSK 64QAM
MER 3.3.1

+

MER LDPC QPSK
CN 5dB 5dB

4.3

4.4 OFDM
OFDM LDM

IL 5 6dB 2
1ms 4ms 2 4

33



I ch

Q
 c

h

4.3 LDM-OFDM IL=5dB

3.2

4.4

4.4.1

LDM-OFDM
4.5

4.6
-60dBm 4ms

22282 /Ch IL=5dB OFDM
470 542MHz
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OFDM
(Fix Outdoor)

LDE/O

(a)

(b)

… RF
―

(Pedestrian 
Indoor)

(c)

FFT &

LDM

4.4

8 × 8

I ch

Q
 c

h

4.5 4.4 OFDM OFDM
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I ch

Q
 c

h
4.6 4.4 c OFDM IL=5dB

4.4.2 MER

3.3
a -90dBm -30dBm RoF

b c MER 3.3.1
4.7 4ms 4.4 b MER

RoF IL 5dB 6dB
MER IL

4.6
64QAM

64QAM
IL

MER IL
MER 4.8

4ms 4.4 c MER
-90 -50dBm RoF

IL RoF -50dBm
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5dB

−90 −80 −70 −60 −50 −40 −30
0

1

2

3

4

5

6

7

Received Power at (a) [dBm]

M
E

R
 [d

B
]

 

 

RoF output, IL=5dB
RoF output, IL=6dB

Received Power at (a) [dBm/Ch]

4.7 4.4 b MER LDM 4ms

-40 -30dBm MER

4.9 4ms
1ms 4.4 b MER -90 -40dBm

4ms 1ms
-40 -30dBm 4ms

MER OFDM
RoF 3.10

4ms
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