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Abstract

In a single frequency network (SFN) for Advanced Television Systems Committee (ATSC) terrestrial digital television
(DTV) system, the interferences induced by the multiple transmitters and/or repeaters using the same frequency are
inevitable. Since the presence of interferences results in performance degradation of the SFN, it is crucial to manipulate
the interferences by adjusting the transmit power and timing of each transmitter and repeater. In the ATSC terrestrial
DTV system, in order to facilitate the interference manipulation process, a transmitter identification (TxID) signal which is
uniquely embedded in the signal to be transmitted from each transmitter and repeater is recommended. Even though the
injection level of the TxXID signal is much lower than the DTV signal, the TxID signal injection infects the DTV signal.
Hence, the effect of the TxID signal on the DTV signal must be investigated before deployment. In this paper, the effect
of the TxID signal on the performance of legacy DTV receivers under additive white Gaussian noise and multipath
channel environments is investigated not only with computer simulation but also with laboratory and field tests. The test
results show that the average threshold of visibility degradation of the legacy DTV receivers due to the TXID signal
injection is less than 0.2 dB at the TxID injection level of -30 dB.
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Smali set of Kasami sequence generator

8 1. Kasami &€ AAi7|

Fig. 1. Kasami sequences generator.
FEC Encoder 8-Level TN R-VSB
(DTV Signal) \L/ |Modulator
TxID Signal 2-Level | Iniecti
{Kasami Sequence) hd !njé::;lﬁ::el
Generator

a8 2. Kasami 7€ el 7=
Fig. 2. Block diagram of Kasami sequence injection.
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Fig. 3. Two types of Kasami sequence injection,
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E 1. BRol w2 4kel 2
Table 1. Injection levels for various BRs.

BR [dB] Injection level [Amplitude}
~21 0.40842248371983
~24 0.28914097913688
-7 0.20469613727266
~30 0.14491376746189
-33 0.10259109077337
~36 0.07262893022873
-39 0.05141734497976
Off 0
s Before TXID signal injection After TXID signa) byjection
© L - "
‘g K % £l
% o g o
£, £,

8 4. Kasami ¥ M9 HFojael ME M
BR=-21 dB

Fig. 4. Signal constellations before and after TxID signal
injection, BR=-21 dB.
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TxID A 54 Aol He] A5 e 19 49 2o,

IOI. TxID d=e] HE2eky &AM

1. ®Ha A

£ Ao 1% ARta P2 AAYE TxID A%
o] d3IAE #A37] Y8kl AWGN Ade7 s o
7% Ad Brazil A AEFANA A AEE F
g5ttt Brazil A 92 line of sight’} FREHE 4
Al Ad Feg vehdin, Ad 2259 ¥ 29
207 ABYTAAE TXD A5 BRel B 712
URE TV 2719 44 Ay dis pasigu)
TxID %2 AME-EE truncated Kasami +8& o)
7F 64896011, & Hzo 4714 A=Ak A A
oA Fabp gl glo]®) Frle ehsitia sHgskgith
A7) H2AEHE (pulse shaping filter)$t 217
A3 (matched filter) 2% Zh2F 481 #3} 121 %<1
square root raised cosine (SRRC) HEE AM-3}% 1,

E 2 Brazl A Mgl e =zael
Table 2. Channel profile of Brazil A channel.

Delay [s] Amplitude [dB] | Phase [degree]
0.0 0.0 0
+0.15 -13.8 0
+2.22 -16.2 0
+3.05 ~-14.9 0
+5.86 -146 0
+593 -16.4 0

| —¥—BR Off
W —8—PrR=39a8
10"k «-©-=BR=-36dB
| —9—BR =-33d8
H —%—BR=-308
10" | —&—BR =-27 dB
| ——BR=-24 B
| —<—BR=-21B ;
12 13 14 15 15 7 18 19
CNR [dB]

BER after RS decoding
=

a8 5 TxD &lse| BRol @& RS 53712 BER A

O

Fig. 5. BER curves of RS decoder for various BRs.
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|

-50 dBm § § 4aed A
DTXR #2 DTXR #1
(Echo) (Main)

y 328 g

Step 3/ ‘f
Attenuator ANV

J_EDA Noise Generator

Spectrum * (On/Off)
Analyzer| g\
-50 dBm
=HTA} [=87TB] [FH2TC)] [#489TD
04y (05) ('08) (08)

7 6. AE4A H2E PHE

Fig. 6. Laboratory test configuration.

E 4 BR Hso| w2 HE CIXE TV $£47|9
TOV B7t2k

Table 4. TOV increments of legacy DTV receivers for

various BRs.
BR TOVA A CNR [dB] (TOV =7} [dB])
| TUT] RV TR 5201 4171
dB

A (04 | B (05 | C (08) | D (03) Bt

Off 1563 ( -){162 (-)|152 (- )151 ( - )|1620 ( ~)
-39 1153 (0.0){15.2 (0.0)]152 (0.0)|15.1 (0.0)} 1520 (0.0)
-36 {163 (0.00{152 (0.0)|152 (0.0)[15.1 (0.0){ 15.20 (0.0)
-33 155 (0.2){152 (0.0){152 (0.0)[15.1 (0.0)|15.25 (0.05)
=30 1165 (0.2){15.3 (0.1){153 (0.1)|15.2 (0.1){15.33 (0.13)
=27 1157 (0.4){155 (0.3)]155 (0.3)]15.2 (0.1)[15.48 (0.28)
-24 1159 (0.6){16.8 (0.6)|158 (0.6)|156 (0.5)|15.78 (0.58)

-21 1168 (15)[166 (1.4){163 (1.1)]16.2 (1.1)]16.48 (1.28)

(Doppler)7F A= ),

3 4= AWGN AdeA 4% BR Wl w& 4
& HA" TV $21719] TOV F7hake Uehdch ¥ 4
of ¢J8tel, BR=-30 dBo|¥ A& 417]9] TOV7) %
o 013 dB Z7Fetd 2, BR=-21 dBo] #Hi 1.28 dB
F7ketArt o= ¢ Aol At Ad Axte} i #A
3, BR=-30 dB °]&lel¥l & t]XE TV 4=417]9)
U A E % %Ol uo)ghe Hojfr

a8 72 FEol gl BEA -30 dBY) TxID Al
SAYe we FA719 53 AE vehdd 3y 7
o 9atd, -30 dB TxID A13A4He)el WE #1719 5
3} 4% €3 02 dBRT ), 1Y 89 9= CNR =
0 dBY &S &AM -30 dB 2 -33 dB TxID A
AU dE #4719 3 A5E vEehdnh 19 8

a3

Fig.
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FHUZB(OS) |
A7l CCogy |
S4A DB

>z 0
Echo Delay [us]

20! gl #dolM -30 dBel T™XID dzaed
of e S5 M5

Equalizer performance with -30 dB TxID signal
injection under noiseless environment.

Echo Power [dB]

247 aco |14\
O BUNBCOS) |
O gy

—,

* SA7ADCoR!

-20 0 20

52| é*;
Equalizer performance with -30 dB TxID signal
injection and CNR=20 dB.

60 60
Echo De]ay [us}
CNR‘20 dBel &2 -30 dBel TxD &&ut

ho Power {dB]

‘ | ==-BR=33a8 |
,,,,,,,, K SUUUEY SURNRN B w B b FXQ S B

; ; O FBCEY)

0 = NPT NS B o ' B o2 @1y 8 B

b e * =Dyt

-20 0 20

60 80
Echo Delay [us]
O3 9. CNR=20 dB¢! Z#< -33 dBS TxID Al dtelof

Fig. 9. Equalizer performance with -33 dB TxID signal
injection and CNR=20 dB.
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WA e 2 AR 2ANE B & 4
247 QLM T8 FA7)9 TxID A& 4@
whg A4 A" TV $4719 TOV 2738 =
gt 2elx & o dos AdRAe =y
o 4 AHE FolA T8 FA7) Az ¥ okt
B 5o BB FA7) A7 B $AHE 127
AHENA B3 DAY FA7E A £ TxID A&
Aol we A4 txd TV $417]¢ TOV %7}

3
B
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L %o 2 & o
o 2 M
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Table 5. Specifications of transmitter and repeaters.
zo] | 4l | 4 | $&
Py ™ o] %
sEAE A SECIETIEE
34°50'12.64" (N
g gz | AW o
127°50'48.80" (W)
= 34°44'18.80" (N
e ) NV s | w2 low
BAEA7) | 127°42°27.90" (W)
i 34°47'15.00" (N)
, 265 | 4 32 |20 W
FAEA17] | 127°3714.20" (W)
=7 34°45'39.76" (N)
, 360 | 44 | 32 [10W
BAS A7) 1127°41°41.30" (W)

(746)

b=
Fig.

10.
10.

af XX
x |

&/IFA 7|2 2l
Location of transmitter, repeaters and
measurement points.

X

A A2 [us)
a8 1, FEI B SAZ MEIE SAlo fAlEE
gt &3 XHoMe ®d Z2alelel o
Fig. 11. A snapshot of channel profle on the
measurement point receiving the signals from
both repeaters at Gubong and Munsu.
E 6 3671% AR sHEM ds| godez ot
BR giztol mwe A8 CXE TV 7|9 &
™ TOV &7
Table 6. Average TOV increments of legacy DTV
receivers for various BRs with 36 measurement
cases.
Fa TOV 57+ [dB]
BR [dB] | A7) | 4171 | 271 | 471 | 471
A (04 |B (05 | C (08 | D(08) | it
-39 0.05 0.04 0.05 0.05 0.05
-36 0.08 0.05 0109 0.06 0.07
-33 0.14 0.12 0.16 0.11 0.13
-30 0.15 0.14 0.18 0.12 0.15
-27 0.33 0.27 0.35 0.27 0.30
-24 0.66 0.61 0.69 0.60 0.64
-21 1.48 1.41 1.49 1.36 1.43
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B 7. 197tx ZSel H¥dl hsl HaHeg P
BR wzlof ulE AME CiX|g TV $47|9) ¥
™ TOV 3712 AWGN =i

Table 7. Average TOV increments of legacy DTV
receivers for various BRs with 18 measurerment
cases, AWGN channel,

#Hit TOV 7+ [dB]

BR [dB] | 5471 | #9471 | =407 | F4l7) | 4247
A(04) | B (05 | C (08| D08 #HT

-39 0.00 0.00 0.00 000 0.00
-36 0.06 0.02 0.06 0.00 0.4
-33 0.11 0.06 0.11 0.04 0.08
~-30 0.12 0.11 0.14 0.10 0.12
27 0.18 0.12 0.20 0.12 0.15
-24 055 0.49 0.56 051 053
-21 1.26 1.20 1.29 1.18 1.23

¥ 8 177k Z=e FHol ds) HIHer S
BR tisfo] w2 é!% CIXE TV =019 ¥
o TOV 8712 o5z 2 xd

Table 8. Average TOV increments of legacy DTV
receivers for various BRs with 17 measurement
cases, multipath channel.

Ht TOV %71 [dB)

BR [dB] | 9371 | 417] | 4171 | ¢Al7] | 40

A (04| B (05 | C (08| D08 | #A

-39 0.05 0.04 0.05 0.05 0.05

-36 0.08 0.05 0109 0.06 0.07.

-33 0.14 0.12 0.16 0.11 0.13

-30 0.15 0.14 0.18 0.12 0.15

-27 0.33 0.27 0.35 0.27 0.30

-24 0.66 0.61 0.69 0.60 0.64

-21 148 141 1.49 1.36 143
F$ ZAs B, Y UA ARSI BF

36712 A$-e) ZAo) Ohﬂoi s1=8

9 11 T80 &5 FAY] A0 §Ae) #A1E
£ @ 24 ARelA XD AEFN7)E B9 49
Agd =S Jehdy, TxID A&e go)d A%

A& FAE HF (ensemble average) 3=k A
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42 gdE s 17 499 £33 A ds) 48

o

Azd

=4

.__.-

B

e

2
72

co
rlo

}_

©

(747)
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OAE TV 24719 dd TOV $744% 242 ved

ot ¥ 6~8 sy, At A Aol kst
TxID Abglel o] ¥&45E 42 AdRE ddse
oA HA4E g dAE TV $4171¢9 §7 TOV
Z7hEE AWGN Alde] 7Mtvta stdse 347 v
<atAY Ao o 05 dB 1 ¥t} A%, BR=-30
dB o]dlldE AWGN ¥ UFZE A=z fduse
37 BToA #WF TOV Z7heo] 02 dB olsto]7]
oo, TxID A1349le] 71& ATSC HAE TV A&
o plAE 94T wuFd Ao wohdrt

v.d g

2 RF #l{vta Feje] TxID A Z & A}
45& Kasami 29 A4 R o]g dAL TV ¥$
Azl Adshs Wl dise] A3 H ks, AWGN
Hed s Aol TxID A& qxade A
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