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Current DTTB system In Japan

ISDB-T Is
* the DTTB system in Japan.

 the robust system.

— OFDM
— Frequency and Time-interleaving, etc

* the flexible system.

— Hierarchical transmission by segmented OFDM
« HDTV / multi-SDTYV service for fixed and mobile
* One-Seg service for handheld

)

ATSC Symposium on NGBT, Feb 15,2011



Features of ISDB-T system
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Example of hierarchical transmission
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Shipments of ISDB-T receivers
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93.7 millons One-Seg receivers were shipped.
97.2 millions fixed receivers were shipped. W) 7
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Targets of NGBT
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Super Hi-Vision
| Superivision | HiVision

Number of pixels 4320% 7680 <3 1080 x 1920
X 16
Aspect ratio 16:9 16:9
Standard viewing distance
(H:Height of the screen) 0.75H SH
Standard angle of view 100deg.

(horizontal plane)

Sound system 22.2ch
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MIMO for Fixed reception

» Ultra-multilevel OFDM Technology
— 1024QAM

64QAM(6bit) 1024QAM(10bit)
ISDB-T In current use

* Dual Polarized MIMO Technology
— Dual Polarized Antenna
— MIMO Channel Estimation

Horizontal

Signaﬁ —ﬁ_’—_’ z MIMO

OFDM
Demo-

S Z dulation
Signal(V) Vertical
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MISO for handheld/mobile reception I

« Handheld/mobile reception

— Reception environments and conditions are
always changing during movement.

« MISO(Multiple-Input Single-Output)
— 2 transmission antennas
— 1 receiving antenna
 The same data Is sent from 2 Tx antennas.

IXx#1

57 \ Ry
Video, Audio S Carrie.r Ty #2/ ? _
Data Modulation j Receiver
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Modulation Data | >{-X"| X2 |-X1"| Xo TX#Z/i
—-| X3 | X2 | X1 | Xo > >} V Recelver

STBC(Space Time Block Code)

e STBC s

— a kind of transmission data encoding method.

— replacing and encoding two modulation data
(Alamouti) in the time division.

STBC
Encoder Txy#l

—tume | Ly xo* | x3 | Xo* | x1

X " tlme 0 hlx T h X
2n 2n+1
th X2n+1]_)|:X2n+1 X;nJ tlme 1 th + h X
X*. complex conjugate of x
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Apply STBC to OFDM

s Data before STBC encoding ~N
frequency

% S0,0 S02 | S03 | S04 | So5 | So6 | So0,7 | S0,8 | S0,9
S10 | S11 | S12 | S13 | S14 | S15 | S16 | S1,7 | S18 | S1,9

EStHne,ﬂequench/

~N

Data of Tx#1 after STBC encoding
N , S02 | S03 | S04 | So5 | So06 | S0,7 | S0,8 | S0,9
-S1,0% 1 -S1,1* | -S1,2*% [ -S1,3*% | -S1,4* | -S1,5% | -S1,6* | -S1,7* | -S1,8% | -S1,9*
I . I Data of Tx#2 after STBC encoding
Si10 | S11 | S12 | S13 | S14 | S15 | S16 | S1,7 | S18 | S1,9
9
kS0,0* So0,2* | S0,3* | S0,4* | So,5* | So0,6* | S0,7* | So0,8* So,9*/
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STBC decoding

STBC of OFDM encodes two data of the symbol data and
the following symbol data of the same frequency.

STBC decoding uses as the channel characteristics of hl of the
symbol and h1l of the following symbol, which are the same.

RX
_ ime—o =X +HA)X,
Receter | @ 6

In the ISDB-T, the length of the OFDM symbol is 1008 usec.

The channel characteristic of change in handheld/mobile
reception during 1008 usec.

The hl of time=0 and the hlof time=1 are not the same.
So, STBC decoding is very difficult.

[ We have been examining the SFBC in the frequency division. ]6

SN N
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SFBC(Space Frequency Block Code) I

* Replace and encode two modulation data in the frequency
division.

« Tx#1 antenna sends the modulation data as it Is.

« Tx#2 antenna sends the encoded data.

I SFBC ]_\
Encoder
Modulation Data Tx #1

frequency > S0,0 So.2 | So0,3 V \K RX
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SFBC decoding

 Transmitter side
TX #1

frequengy |
(¢}

<
él akbircXdie)f
aABAY OLe X

, Receiver side

%
Tx #2 Y _ V1= hia+h2b* ---@(freq=0)
Y Receiver( v, —hib—h:a* --.@freq=1)
h1l and h2 have already been estimated @-@* N
@xhu - h*yi=|h{'a-+ h*hah* ...@ LN Tl D
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* * ] @_l_@
2—|h1| b—hi*hza +®) b — hayi*+hi* y2
hzy = hi*hoa*+hd’b ---® hi* +jhd* @@ 1s
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Channel estimation

* Need to estimate the channel response before SFBC
decoding.

e The h1i and the h2 are not the same. So, two channel
responses must be calcutated.

« Estimate the channel response from the scattered pilot
(SP: reference signal) .

frequency  POsItion of Scattered Pilot (ISDB-T)

| [ Z5fent 1 ]
£ —
SN |
[ ] L
4 stefs
v L |

SP Data
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SP pattern of MISO

« Tx#1 and Tx #2 of the SP position are the same.
 Tx#2 SP of sign is the reverse of Tx #1 SP.

SP pattern of Tx #1(same as ISDB-T)

[ H a ] H a
il | - ] | - =
mmm= mmm
.SP pattern of Tx #2 H -
L u |
]
. .

B sp

Data

. Same as Tx#1 SP
Reversing sign of Tx#1 SP

@) 20

ATSC Symposium on NGBT, Feb 15,2011



Three types of Channel estimation

* h1 and h2 are estimated using both Tx #1 SP and Tx #2
SP.

 There are 3 types of channel estimation.

— Type A : paired with SP in the frequency domain
— Type B : paired with SP in the time domain
— Type C : paired with SP in the frequency and time domain

SP pattern of Tx

A T anaaat
o NEN | | ]
Type C

_ i A strong in time fluctuation weak in frequency

| fluctuation

TYp.e B H strong in frequency weak in time fluctuation
fluctuation
C  between of Aand B between of Aand B
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Conditions of laboratory experiments

ettt _Transmitter side ;- - - - - - - - - - - .
I
| PN | FEC L Carrier SFBC |»| OFDM IFET :
:_Gen. Encoding | |Modulation| |Encoding>{Modulation ]
Multipath/Fading
_________ Simulator
B . ' Receiver side |- - — - - ___ i ¥
TR ' . | Add AWGN
Cal |, FEC Carrier L SFBC Channel JEET K |
BER | 1| Decoding | |Demodulation| |Decoding| |Estimation :
| J |

Transmission parameters

Length of OFDM signal 504 pusec
Number of carriers 2809
Guard interval ratio 1/8
Modulation method 16QAM
FEC, rate Turbo code, 1/2
Time interleaving 430msec
Transmission encode SFBC @@x; 23
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Result #1 of laboratory experiments
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Result #2 of laboratory experiments
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Conclusion

 |ntroduced the two technologies of MISO for
handheld/mobile reception.
— SFBC
— Channel estimation

* Fixed and mobile reception were examined
separately.

 The most desirable system is one that can transmit
data for both fixed and mobile reception in one
channel as well as ISDB-T.

* In the future, we will study hierarchical transmission.
(w)wix) 26
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Thank you for your attention!
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