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Abstract

This paper presents and analyzes laboratory test results of Equalization Digital On-Channel Repeater (EDOCR) using
ATSC(Advanced Television Systems Committee) terrestrial digital TV broadcasting system. The EDOCR laboratory test, which is
done at CRC(Communications Research Centre) Canada, is classified to receiver test, transmitter test, and synchronization test be-
tween transmission and reception frequencies. The receiver part includes feedback signal, random noise, single echo, multi-path en-
semble, and NTSC/DTV interference test. The transmitter part includes out-of channel emission, quality of transmitting signal, and
phase noise test. By the field test results, the receiver part of the EDOCR eliminates average 5.5 dB of feedback or single echo
signal in range of 0 to 11 us and has average 18.6 dB at TOV(Threshold of Visibility) under random noise environment. Also,
the transmitter part of the EDOCR satisfies the specification of US FCC(Federal Communications Commission), and frequency dif-
ference between transmitter and receiver is zero.
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Fig. 1. Structure of EDOCR
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Fig. 2. Equipments set-up for faboratory test

I EDOCR AHE4 HAEE #8t 74

EDOCRY] Ad4A HAEE 93 Ay AL
A, FARZ FRED 9 29 72

1. AEA HAEE 28t SARel 74

£A15= EDOCR 948 N5 2 AH-HE A E 8-VSB
AsAGR} T D AH Ad 7S Z AHEHE of
927 NTSC A3 AARZ FAPC 8-VSB Ai+e
MPEG(Motion Picture Experts Group)-2 2E@ AA71E
A3 o2 AME-3ln], R&S(Rohde & Schwarz) A+ T]X]
g TV HI2E £417]9 SFQE |43t Ak NTSC

AZE HTL ¥ QT2 HAE A3 AA/E AFTYo
2 AHEElE, R&S A obEE I TV HAE £417]91

SFME °l&-3td A€t
2. AEA HAEE A5t AgRel 7
AdHe b5 2ol +4En

=

o OIF A ZHY AEZ ARBEl= CIXIY 8-vSB AlS MM

e EDOCR 4172 i Z30] Chsh Z0I8te HAES}| 9fst 2
o g dNE

* EDOCR F4I122| CIF Z= 450 o5t Z

gt xid Al230/E

HE ASol 7|8 ZHSP| st LM

SR ASe} 7K A, B2 AT, OF 42 MS, Y& AMS

S8 =gsby| st =8|

EDOCR

oI A 2 LS =2 ARBE|E= 8-VSB AlSE SFQE S5l A

5|04, SFQ L{52| PRBS(Pseudo Random Binary Sequence) Al

SE MSHoR ASfiC| =5 Y ESE MAMSP| g8l

Micronetics NOD-5250 &S AIAM7|2} CIE 2 MG E AMAMSH |

2loll TAS 4500 FLEX &l AIZ2{C|EIE Ztzt ARZSIC) HED|

S8 AF(SAR U MYRREQ| AS)= EDOCRO| HZE|H,

EDOCR SHQZRE9| & AlSE Z7I1E S5l Qe (|2 5

ECH

QIEtE HIAES17| ¢

3. Maid BIAEE gigh SAIRe] Y

EDOCR &3 A3S = ATSC FA7)49 42518, TOV
(Threshold of Visibility) #'l-& 24 3}7] 918l MPEG &
371 €9 As+ vYe 2yE d4€n) =38 EDOCR
£3 359 RF F2E& &437] 98 Tektronix AH]
RFA-300AE AHE-3lH, DTV, NTSC, T4 2 A3, 9y



of
ofr
ol
o
ﬂ‘.
r~{n
2
]
5
™
2
=)
)
2
™o
fol

4. MEAM HAEE 3t =

EDOCR H¥84 "HAEE 93 679 2'3(788-794 MHz)
S AHESH, TOV i Z2Ash7] fakd 42207] 289 4|
e A5 E A AR A59 ONg 43 9
3o, o3 4159 Mo| XA P2, F FH7] AT
AYekE ARG =9, A9 Feol §1S 9, TAS 4500
FLEX A'd A1E#9/EE 33dBS} CONS 71 434 H
2E= og3 722 "Without Signal Re- acquisition(w/o.
re-acq.)" 3 "With Signal Re-acquisition (w. re-acq.)"¢] &
7AE Ttk

e Without Signal Re-acquisition (w/o. re-acq.): RF A152| Ao
0| gie AgollM, Zoi Zhd ¥ F30IMe 47| TOVE B8F

» With Signal Re-acquisition (w. re-acq.): RF A& X748l C}
Al MoAgsr AEollA, 2|CH 7 W ES0IMe FA17] TOVE
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EDOCR £Al1Y-£ Tektronix A¢] RFA-300A S A}-&3}
o HAEHE, e 2L $5S Y

1. EDOCR FAIR HAE

EDOCR F41% HAEE 9% DIV RF 48 A% &4
2 50 dBmlE ZAFUL =38 thEAE e ®
13 28 Bad A H2e AHgatgch

E 1. 22 A sy ==nl
Table 1. Brazil A channel profile

Delay (us) Attenuation (dB) Phase (degrees)
0 0 ’ 0
0.15 13.8 0
222 16.2 0
3.05 14.9 0
5.86 13.6 0
593 - S 164 0
1.1 A& AT H2E

2 H2ES] 242 AY o] FANA B A3
A BEAR el 9 399 dE A5, S
e R HAEE Q3 obld AV AE
EDOCR FA%-9] 7R1gE AAst= Aotk TOV &
g8 71A] A A5 AW S7HES, TOVA Y
HA2 439 Y¥(D/U: Desired to Undesired)©] 7] &5,
I AFE K29 2tk B 20A, OEAZ Bl gle

B2 A& AME HAE #o .
Table 2. Feedback signal test results

gl AME
us au | cEnz ane el & AlS Y, DU (dB)
w/o. re-acq w. re-acq.
None 45 ~55 45 ~55
-50 dBm
Brazil A 98 9.8




214 a3 9

o D/U7} 45914 5.5dBQI ol A& 4139 EDOCR
A 259 Y4 Aol7t AH3}y] WFo|th THeF 19 34
¥ gd3le] Ynul)d =Fe] AU (EDOCR ¥ 21359
AR A5 A &)zt 02 A9, 18 4XH Y
o] Y] &4 Y& Z-HEDOCR U8 N5} A A3
A2 Zol7t 180%8] e -0.5dBS] A ASE AA
g 4 Qi

E3h EDOCR Al2®] AHE 2] 93 A% A5
7} EA)8H= AFgol A EDOCR 48lAe] U2 S92
ZAs9en, 1 23 19 59 2t I9 59 939,
EDOCR Al&® AL 5.5us0]th,

Atten 10 B

Szl 3, melzio] def ojRg| Q= AElofAe] EDOCR ¢lg&] AHEY
Fig. 3. EDOCR input spectrum when the pilot is located at the peak
of null

FAtten 1o dR

VEH X bHz

T2 4, mio] do| 3o U= AEofAMe] EDOCR 23 AZIEH
Fig. 4. EDOCR input spectrum when pilot is located at the valley of
null
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Fig. 5. Impulse response of the EDOCR with the feedback loop
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2 Eﬂ_/_‘:E«] EHE AE A5t dE A9 e AS

AR PEEl S ‘: A9 gle AfAAY 94 F
<ol @3 EDOCR F415-9] 7RIS AR st Ao|th
HAEES 938 A% A3= DTV A% ddug 6 2 10
dB A ZAHANT TOVel =288 H7iA] s dd2

Z7HE 2, TOVIAM S ON 3tol 71280, 1 A3 8
,)r At} & 39 o3P, A ol i HF ON e
18.6dBE 7HXIth. TOVe+1¢] EDOCR 4% C/N ko]
gubx 9l $A1719] 15dBs} thE o]+ FEC(Forward
Error Correction) %3718 7FA) 9 Ti4l, S3817) ol
TBD(Trellis Back Depth)7} 12] E&g)x 37|18 A3}
7] W Eojrisl,

3 48 M3 HAE 2
Table 3. Random noise test results

A A CHE AS =7z , D/U (dB)
= deldBm) | 2AE BRI wio. re-acq | w. re-acq.
No Feedback | e 18.2 18.2
Sign
No Feedback | 5 i A 187 187
Sign
-50 dBm -6dB None 18.6 18.6
- 10 dB None 184 18.4
- 10 dB Brazil A 191 | 191
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1.3 T 02 E|lAE

2 H2E BAL Ay F2o] gle AHCON = 33dB)
qx12) o3 A H(delay) H3ol W Gd HH o Fol T
& EDOCR FA1#9] 7S 243 A3 99 &S
o] gl Z-H(C/N = 25dB)*1A419] 0.2, 1, SHzS} Doppler
H&E 7HE @9 54 929 tlg EDOCR F41+%-¢]
73A0%E AAse Aotk &Y AF o Tl hd
E7b oz 94 #istel FAsA 87] 9814 02 HzY
L@ Doppler7t A YV B3 AA o729 9J4to] 0=
2 180%Q] 5o g HAET FPFct TOVAA Y
N3Z AH 9 Doppler ] &0 @& ¢+ AF & =4 o
Z9 Ho| 71EHY, I A E 49 2t} X 49 9
3, EDOCR FA%-E 0 ~ 11s ¥ W H7F 5.5dB
9 B o NEE AAFH, Sus9] AAH} SHz
Doppler H[ &< 7IAlE 7.5dBY £4 A IZ% A As

4. ¢ o2 HAE H3
Table 4. Single echo test results

N HZ X | D HE | C/N | o2 =¥
b g oz e | O O | DoPRETEIE | B O B
-1.0 0.2 33 | -225
0.5 0.2 33 | -250
1.0 0.2 33 5.5
3.0 0.2 33 55
5.0 0.2 33 6.0
7.0 0.2 33 6.0
Static 9.0 0.2 33 55
50 dBm 11.0 0.2 33 5.0
12.0 02 33 | 170
13.0 0.2 33 | 170
15.0 0.2 33 | 175
5 Phase = 0° 33 -2.5
5 Phase = 180°| 33 05
5 0.2 25 6
Dynamic 5 1 25 -7
5 5 25 75
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1.4 NTSC % DTV AI59] DTV AlZR9| 7 HAE

B HXE E32 NTSC Q% (lower, upper) Mg 2
TY A 74, DTV I A2 7+l digk EDOCR 44
59 74Q%E AAsh= Aotk NTSC ¥ DTV A Ad
7] HIAEE RF W99 BPF(Band Pass Filter)7} SlE
7349 gl A2 FEH TOValA ) NTSC 7] %
DTV 74 #dD/U)e] 7185w, 1 A3+= &5 2 634
2t £ F 59} 691= TOVAIA Y 2001320 A2
244 41719 NTSC 2 DTV 2159 7+ dde] EDOCR

H 5 NTSC 4139 DTV AE=29 7MY
Table 5. NTSC signal interference to DTV signal

_ N D/U (dB)
k= LHoIK|st _ ARR2A|7
NS H;; Sk, NTSC 7H A% A2
2 Ze wio. w. D/U (dB)
re-acq. |re-acq.
N/A Co-channel 8.1 8.1 1.81
Upper Adjacent )
ouT (N+1) 5.9 5.9
-48.71
Upper Adjacent
IN (N+1) 6.9 -6.9
-50dBm ouT Lower Adjacent 6.3 6.3
(N-1)
-47.73
Lower Adjacent
IN (N-1) -188 | -15.3
ouT N-2 -5.8 -5.8
-62.54
IN N-2 423 | 423

F 6. 21 DTV 59 DTV AlZ=9| 71
Table 6. Adjacent DTV signal interference to DTV signal

R TS 7 Als oM (B 4247
e OE Y2 | wio. w. D/U (dB)
re-acq. | re-acq.
Upper Adjacent
ouT (N+1) -11.0 -8.5
5 . : -43.17
Ay Upper Adjacent | -
IN (N+1) 14.5 125
Lower Adjacent
ouT (N+1) -11.5 -8.0
-41.98
Lower Adjacent
IN (N+1) -14.5 -11.0
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FARge] v E A3 Btk & 5 ¥ 69l 98k, EDOCR
TAFE comb BEE AH-3HE A4 417180 NTSC 5¢
#'d(co-channel) 7H 413 AA FHo| Rdon IF thg9
SAW(Surface Acoustic Filter) 2B & AME-3l= A4 F417)
HoNTSC % DTV 94 A2 AIA Fgo] E23tth. EDOCR
dXT F4 SNRO| TR ol G v]A7) de] 15
Adol &, % SNR 4t A IF 9] SAW ZHE AH-3}
E o] oy,

DIV $417] 2 274171
Ake] RFA 300A S
2 HAES RF AN %ﬁ% A EERA
7 8-VSB 259 BxE %
A3 #& 5422 ¥R7d
SNR (Signal to Noise Ratio), MER(Modulus Error Ratio),
EVM(Error Vector Magnitude), 3+ 3% R 15 A4
F3 & Fd

St &8
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D3 XY Y A2 FA7] Part 114¥A H2E A%

2.1 THel diA} =X
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2 gode] WAl vpAa E S 9|13 3t 1Y 69
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Fig. 7. FCC mask test resuit
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Fig. 6. Out-of channel emission mask
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$47) 29 A3 #4E 47dB, 6MHz Foj2 Rol A9 i
110dBZ 1A%tk 18 72 EDOCR £33 9] YAt
HAE Z3E veldd 1¥ 79 HXE A o8,
EDOCR $41% 29 A5= FCC vt2dg W&

D2l 8. EDOCR &8 Al39| Ma
Fig. 8. Constellation of the EDOCR output signal

$24% £2 542 SNR, MER, EVM, F35 &
IF AQ 4 A, SNR, MER, EVM9] 39|

_ Power(Ideal I signal)
Power(Ideal I signal - Actual I signal)

R= Power(Ideal I and Q signal)
Power(Ideal I and Q signal - Actual I and Q signal)

pung RMS(ldeal T and Qssignal) x 100%
S

max

o714, SmE 8VSB AlZ AJAK(constellation)| A 713
2 -2 9n)sid, +70]t}. FCColAE 8VSB 41 Al&H]
2% SNRS 27dB ooz At 13 83 9=
EDOCR £ 239 44 2 ¥ 2 Y eye-diagram)S 5.9
Z9, EDOCR €98 239 FFL ¥ 7% 2ok 19 8,
99} % 79| ©}51%, EDOCR 29 459 2L FCC 7%

& HEFS & QT
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721 9. EDOCR &8 459 & 2%
Fig. 9. Eye diagramof the EDOCR output signal
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SOABE M5 4
AU g T ]
_%ﬂm ""u ) FEEEER
2! 10. EDOCR &3 459 Fut¢ 8¢ 4 1F XY HAE Hi
Fig. 10. Frequency response and group delay test results of the
EDOCR output signal

E 7. EDOCR &3 13529 E3
Table 7. Quality of the EDOCR output signal

=3 g= 28 7
SNR . 32~35 dB
MER 30~33 dB
EVM 2~3 %




218 g9 9 1 588 dAY $Y Ad FA7] Part 1AF4Y H2E 43

Fog 5% LA RRC(root raised cosine) WEE 7]4t AsE A A H4e 9EE
E ¢ o] 8VSB 2159 AA AT Alol9] For $H

20|12 9u)ale, 18 XA L3p= o]AH9l §VSB AF g} A 3. EDOCR &4l A159] Fup AR| ofF HAE

A AE Abold Fu4 Hold] 27 A7 A 2ol L

Th ATSC Al64oAE Z0H5 S92 18 Al 33 EDOCR &541 A28l o5 A o2z S50 A%
: A3 E 7IA+= EDOCR %1'?4 A3

83 2e #4¢ A0 19 10& EDOCR ¢ g 7H WAL, S AR AR
Zys o9 2 I8 Ad HAE A4S dghad 13 100 SHEHS B8 G A1 0ok 29 e AR A
9l3}d, EDOCR 28 A3E ATSC A/64914 Agksie & ‘

83} 2 14 < wEar R oo 16 o

E 8. 705 S8 ¥ 12 X|gof Tt 0jA3
Table 8. Mask of frequency response and group delay

oL (MHz) ]
T 8¢ 0ja3 -2.69 ~ +2.69 -0.5 ~ +0.5 dB
g X9 a3 -2.69 ~ +2.69 - 25 ~ +25 ns

23 9N FS £

A ol UAE ¥z fAoA AMHE Fag
33719 9173 dstoltk A Feo) BoW Fu 2 ﬂ — .
SNRo] Zadte] w4 79 £49th ATSC A/64 %H o AlBo| AHEY

M= -?f]"o"é}%ﬂ 20KHz) Al 104dBc/Hz K.t} ve RS Fig. 12. Spectrum of t.he.EDOCR |nput.51gna| when freq.uency differ-
: ence between transmission and reception frequencies is zero.

FASAH 19 112 EDOCR 23 4159 A e
H2AE AL vepdd 19 119 ¢34, EDOCR £

Ftren 10 dB

% RFA 30U - Phase Noise |
55‘0 Edt Miew Senp Buo/Stopt Jools Widow Hep

- BES] SR s [ T1 Q)

integrated Phase dJitter 4.8 mrad
Phase Noise Mask Test Pass

\,.r‘r“““n’ it e gy

. ! \r.”.;l;"r\;\’l’%i‘m-..,i

ise Par £

I N

{1 J0a32 ooz | e | -
16432 1007 § = | owp 3 - s
000 000 B

Sﬁﬁ e ] 72 13. EDOCR 441 4159 FI47} T2 Z20Me| EDOCR 22

AlEo ATIER]
%! 11. EDOCR &9 A3l gAl 8 HIAE A} Fig. 13. Spectrum of the EDOCR input signal when frequency differ-
Fig. 11. Phase noise test results of the EDOCR output signal ence between transmission and reception frequencies is not zero.
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37t EA8= A-olA19] EDOCR 948 A& th3h A9
Edo]d, 0.18MHz 7H4 <] do| &Rttt 7ek, EDOCR
TTA A5 Fagrt 4] YA $oH, 9 13
¥ EDOCR 98 41359 AHEH = do] EAI3A] &
Ttk 19 129 132 100 Had AHEZer, I9 12
€ %3] EDOCR 454l 2159 Fups $3] XS
& 4 Aok

V. 4§ ¥ g% 3

BI2E, $A% H2E, 71837 EDOCR $541 A
g 4R 7 HAER FEHRD FAR HX
g A3 Ay FS, e oI OEAE GAE, NTSC
DTV 7H] HAE 58 X3l o, 218 H2EE O
oo WAL $AANEY £, A4 AL HAE 55 s
Aok =3 EDOCR 4741 A58 Fap g3 J2E
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