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V. HedE

8 %

B =RoMe 84 A7 MNEHI Sle Fiber-
to-the-curb / Very high-rate digital subscriber line
(FTTC/VDSL) Al2H¥¢] DAVIC EF 714AF A
4 7124l 5184 Mb/s 16-CAP (Carrierless
AM/PM) AH$A12H" (downstream)# 162 Mb/s
QPSK burst-mode TDMA A4$A| 2% (upstream)
2 eloly B3 Fo 2 98 ¢ FRE T
g3l 71edtt. 2 =582 FTTC/VDSLA$A]
28 Jfag Y3 dAA L] 29E #7, F
Ade) diale sled F FoR Ade Ay
down-streamA A 2y 431dF 2 +E 49
sdged, ol B4 A2dE /&3
FTTC/VDSLAI 292 YEHZY 3 7o $44
274 A9A 9 o 709 set-top box & Hlo
HE Fade d o oA (point-to-multipoint) +
22 o]RAA deoH, metA o W (upstream)
Ad dold AES 3 QPSK AFAI =YL o
EYIAZY QPSK FAF7L 79z Huje] o
79l QPSK $ARE AMul2¥ + UAE AEY

034 949 burst-mode TDMAR S0 g
FEE%d. FTTC/VDSL A4A 28L& DAVIC
o] N2d" AHF 972 AL BEI AAEHUL
o, RE 7% UAEE FEH%U2 ] FEE
98t 7t 7159 VLSI A2 melve £2 3
233 45 NPE AAET

L A&

A et ARGFA APAMulL F
asymmetrical digital subscriber line (ADSL) A%
&, 71E RA(HUEE 56 kb/s) e tEA dA)
AHEFR Astdol A7 E a2 AMEEEA
% H o 10 Mb/s ¢ 24 Hlo]HEANC] 7H5d
¥ oojuet glojg A dWHAZE FA &
g & de Aol EAold [12]. H2ode dioH
A$ESE HY 5184 Mb/s7kA] Y F de L
& A4 A2"l very-high rate digital subscriber
line (VDSL) A|28of @3 A7 BE3 2ol
s AP gl [34]. VDSL Al2¥e A3t
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=3 714A7e] Azt 232 kA7 2938 A
do AMulAsy, goz BHUZE fiber-to-the-
curb (FTTC) F&o|A ADSL A2 tia g
A 24 A4 Al2dolth

B =RoAe #4 dF M= e Fiber-
to-the-curb / Very high-rate digital subscriber lne
(FTTC/VDSL) A&A2de AMFZE Q%3
2, down-stream t]o]E Ao AHEE 5184 Mb/s
16-CAP A4A|2~€3}  upstream Ho|E Aol
A2 162 Mb/s QPSK A$A 25 B, go|d &
432, AFolE A3z T F3F d8 £ 7
z2& 71&8%th FTTC/VDSL A4S tAd®
2837 9sirE DAVIC Al2" A% 8724
& BEsle A$A 299 A/D, D/A bt FE F
£33t FYo] By, oo wa YAYE F7A
Rol Al2g 2wyt AA €} [1]. Downstream
Aol 4% 16-CAP A3 &34 AFol5
AolZZ (AGC)E AA B3 dYez FZd
% glo|y Egslzz Ag¥n FTTC/VDSL A
2de) w2 gug e F7E THAAE
o glo]y EY7 % oo FAE 16-CAP A
FeRg 22dr) 2 =FdMe AGC 329
ojy 29329 HAHo|T A&T FHE AT
gz A" fEdesE FE3T A5HY
& ANEY 29E Fu5E AEE N3
A3 A/D bite2 FA3E F UAE EIl=
23718 AN A9 gd= A2€. DAVIC
A FA$ FTTC/VDSL A2"H& 78 Al 16-
CAP A&A 2" ONUY SlE 16-CAP A%
7b & 7R due] o8 vHrE AMEjAE
AAE point-to-multipoint F+EZ AAHALH
[56], QPSK H&A|28& ONU ¢ QPSK A+
7k 7hizk dule] o 7l QPSK $AIF-E AMH|
28 & QAT NEE 9FHE FA4Y burst-
mode TDMARE9AS Agsgct gehA,
QPSK Al2"le £AR7E g3® Az Yol e
o) QPSKAIE S wgs 2 Eold $718 243
gole g FA & UAF burst-modeE F2
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(E 1. xDSLAIAWE] HElA ) BY)
(87 AIEE0| AL WSl Al2H)

xDSL Modulation S/A DS(Mb/s) Reach
HDSL | 2BIQ/CAP | symm. 1.544/2.048 | upto 12kft
SDSL CAP symm. | 0.384-2.048 | upto 18 kft
IDSL 2B1Q symm. 0.128 & up | upto 18 kft
ADSL | DMT/CAP | asymm. |1.544-6.144 | 18& 12kft
PIEADSL CAPDMT | asymm. | 0.384t0 8.0 | upto 18kft
VDSL CAP/DMT | sym/asym 52/26/13 1/3/4.5 kft

st B =FolA 7dT CAP A$71¢e ATM
Forum 5184 Mb/s (7] 2 15552 Mb/s [8]
ATM-LAN #ZA$4oln] FTTC FX4A4
DAVIC ©] A3 5184/2592/129% Mb/s & 7t
Azt Mgy (5] 224 F 1 oAet o] xDSL
Hofo|d 714 HHHog AMgSHAAE 7HYzt
A%71Eoltt [1234). 53 CAP AFHALE
QAM A3 vwated A28 A5e FYUst
Ak CAP A4S AMgER FAR9 F3}7]
FZ7F v W oohy) wkgn B4 7)o I8
A de 5Y olHoR H2 <A A%
3 xDSL HgEopo A de] o] 53 Ut
H&oj oo, A} 2 oM FTTC/VDSL A&
o $7 2 Ao #sA 71Esta, Al 3 el
He A2de AATEE AFsta, Al 4 FAA
= downstream dlo]8 H4E $& 16-CAP A&
Y 7z $7EL A9Ea, A 5 FAMe 8ol
0 ¥z Aysiy A 6 Fo)M QPSK A&
o] AAFZE 71&sty, A TRAMe dAL
FTTC/VDSL A$A 289 ZHEE, & 5184 Mb/s
16-CAP, 162 Mb/s QPSK burst-mode TDMA ¥
Ago|SA B2 o elo|y EHdIR] YL
AAE 495z, A 8% 28L& Pett

~ A
ZAe

2 A

AeN29E AA, Agsr) Afe A2
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£98 874, & Ade] F AAG A7 Ay
sojol &u, olojr FF3 Y3 Tl R
A& AEE uEsle ¢ EA, 2 A4 &
zdol FEA ) ALY EJEE ZEE ALY
geldel & F&se FAo] YrFHet. &
Ao e FTTC/VDSL Al&He] 73L& 7+es]
298 F ApA Aol FAY A2 B 7]
Ehis=d

a8 1. FTTC $=E8 JIRIA Y

Orop Cable

gyl iy 5 _

2¥ 19] FTTCF RN, A= FoZHH
optical network unit (ONU)7HA] 3 #Ajo]Eo] 47
5, ONUoJA 7tgA7tA e 71€9] A7t
AR 3 AolEE Tt ASEX F AT
t ONU9AM A7jAE2 HEE §F 7+ 7HYA=E
2R 98t o gFsE, & 49 ONUe
o ¢4 7HAE Mu|agd. B ONUe 7HY
AZRE FAZ HoHE WEHIZ H43]
A3t oF3e § NI E HBdlE VTR &
&t ONUMAM 7192 A45+E downstream
channel @ 7FYAoIA ONUZ 445+ upstream
channel?] A$&EE 742 5184 Mb/s (STS-1)
2 162 Mb/s °|d, DAVICAM #A% 16-CAP
2 QPSK A$WA S A4zt o] &gt F Ad B
T ATM cel® A48 downstream channel &
SONET frame2 AHg-#Hc} Downstream channel ¥
upstream channel® A2 4 & Fo¢ g & AL
&7) wjFol A37rel 7+ Znear-end crosstalk
(NEXT)7} gleu}, downstream channel A3 7+3
upstream channel A3 7t & far-end crosstalk
(FEXT)e] &A%t} [6].

2 HoMg, FTTC/VDSL 714AA g9
propagation loss, FEXT, RFI interference, impulse
noise, bridged-tap%-¢] channel impairmente] 3}
71& gt

T8 2. 718]AHM=222] propagation foss (d=1kft)

PROPAGATION LOSS (d9)

W
FRFQUINCY (MH2)

ag 2¢ NMYAMEE o845 BKMA, 26-
gauge, ¥ 24-gauge AlolE 52l propagation lossE
B2ttt 29 2904 He ubel 7o} 24-gauge
distribution #}o]E<9 BKMA #H olE9] propagation
losss= TIA/EIA-568-A¥ &([78]d TA &
category-5 ¢ propagation loss$} Bl&EtH &3}
o] EAET
LP(f)=3.597\/7+0.043f+0.0914/ﬁ

(1)

ol = dBE ¥ A]¥ propagation losso]|d, F3}
v MHzZ Jehjgig

FEXT interferer= power-sum 2 2 Jeh}s 50-
parAol 3 A4 tEAoz EAY F Ut

1%l 3. EL-FEXT power-sum loss(BKMA cable)

€28 LEVEL FEST POMER SLKLOSS
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49/my°®
EL - FEXT = B

w/fod

4, & AolE9 Zolo|y = coupling Aol
. FuE MHzE, ZolE kiofeet® Z+zb e}l
9 ot
Y 32 11 FEXT interfererd wW¢] EL-FEXT
power-sum loss& BHFH, 600-ft o] UTP Alol&
o} FA dolA A o] U E Z=rh 4 (2)
o] FEXT 249 489 FEXT power-sum loss
£ vlay 249 gho] f 3dB VJEE & 4 Q.

HDSL/ADSL 373dAM e, A$A 2] 441

g AAG 7i5E FIHFLEN bridged-tap o
A2 Ao 713 S 43d &
itk ol= HDSL/ADSLY ¥z F3<7} VDSL
Bk R loop W9 bridged-tapo] Z7] W&ol 7t
Fattk. 28y, VDSL #74e A& short bridged-
tapsell o}& FaFo] 433 AA3NERE (& S0,
bridged-tape] ZHol7} < 10 - 100 2 7% loop
loss7F ¢F 30 dB AX F71§), VDSL A2 AZA
Alel= loop We] bridged-tapS 7H5dt AlAZ}=
o MAg Fo7t gttt [9].
1) 4. Bridged Tap 2| ¥

39 4+ 1 kft 24-gauge 7 o)Eo) bridged tapo]
AAHAUE W9 propagation lossE RHFT Ju}
29 4914 loss nul Fage g H ol y
e AUk

164

dﬁ (3)
olff, & feetZ EAIE bridged tape| Ho|o]ni,

J0

Fire MHzE EA) &9

AM radio, amateur HAM radio, ¥ short-wave
radio 522 918 RF interference (RFI)+
downstream channel 3% upstream channel®] 4 &9l
A7E 9L 73T APAH o3 giiE
o] RFI] &g @& drop cable oy} #HolEg
HAREANM F72 FAs8 UTP distnibution #) 9
Boe & 7NAA et oA
downstream channel @ upstream channel F3<
ngS AT g FTTC/VDSL AlA"o] o3
< Fv HAM F3 di9 [3]& 2&sfof g

ojate] 7tYAt HE WellA coaxial cable &,

unbalanced cableg AFEE 749 light dimmerit
hair dryerd] 98] W& impulse noise= &
1-2 MHz®] F3ab¢ i G71A] AFA|2do) Azhg
ggg 713t} o]t 72+e impulse noiseS A A3}7]
3l downstream channel®} upstream channel &
ol convolutional-interleaved Reed-Solomon code &
AHE- e},

FGe

3 ALY Fx

FTTC/VDSL A$:A2€e] AMFRE 29 5
9} 7} AAMAAHL down-stream % up-stream
dojg A42 A% 5184 Mb/s 16-CAP A$A| 2
g 9 162 Mb/s QPSK A%A| 263, Elo|y B9
32, AFol5 Aoz Fog AN, 7 A&
g 3@ Ao DAVICAA #A3 dxAMee 78

%) 5. FTTC/VDSL MEAIAH MM RX
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FTTC/VDSL 71QIA} ®a7|s « 1 731

39t 16-CAP A$AAHL ONUY Y= 16-
CAP FAIR7} & 7192 duie] oy dUr7&

M| A% 4 AT point-to-multipoint FEZ A

A=RLH, QPSK AFA YL ONUS QPSK
FARE A4 dule] o7 i QPSK £41%
£ MH28 ¢ JAFE AR dFHE 42 A
B3l webs, 16-CAP 287 AAZ start-
u® F AAF BRI= H 53 WA e g
Hom, QPSK FAHE 83dE A7 Jo) g9
QPSKAIZ. 9| carrier 2 Efo|¥ $71& B3y 4
ole]§ F4AE & JUAEF bust-modeZ F 23k
HAA 25 7718t O3 7o o|FojY,
ONU®| $]X8 16-CAP A4:%9 cdocke YEH
A2RH FFHY HAAAN2YY 71F dock 7T
g @k JHdAe 4A¢ 16-CAP A%

QPSK $A%8 9% cdocke FA1E 16-CAP A
32HE EY=9 QPSK FAlRE 16-CAP A4
Hol TS 71FE dockE AHEEH AEE O5H
2082 FAHE QPSK XS ZXH camer®} Elojny
B471%& 89€ A7 do vy wHE g
7tdAre] £AE downstream AZE AFO|E A
o}7], elo]y 2932 A/D9 tAE 16-CAP &
AFE AFAA 7HIAY F9AFZLE dolgrt
Ag@th 7ty upstream A3 E 16-CAP $41
B9 255 Aoj7]e HRE olgdtd HA3
%Z o] ONUZ $4ldch Down-stream channel
9 uypstream channeld A$AZE Hd26-gauge
25 kfte] 4 DAVIC o #% dg £
(downstream)$}  (upstream) & TE3EE A4

A& AASR (5]
4, 16-CAP A$A| =¥

2 AoA &, downstream channel H 0|8 A4 of
AHE-E 16-CAP HAFA|2d9] 71892 E 73]
8% Fo] 2 A7 HEE decision-feedback
equalizer (DFE) #+%& 7|%3% 3, point-to-
multipoint 87X F2316-CAP FARS &

A= F87) dxdFe 49 ¥
3 6. 16-CAP-HSALH (a)SLY () AI%

a2y 69 16-CAP $A1%9 28A3E g9
2oz vehjolic [71.
s(D= Y la,p(t-nT)-b,F(t-nT)] (4)

o, T & 48 F7o|2 & A& F7 nT 4
B discrete multilevel A &-0]9, = Z}Z} in-phase,
quadrature shaping ¥Zo|t} oj} passhand B
¢l & baseband B2 & o|&3dld t}gA o2 HE
4& F Ut

p)=gWMcos2aft)  p(t) = g(O)sin(27f 1)

(5)

o]t} + passband shaping ¥ 29 center
frequency©|™, + Hibert parg ©]&th 28 69
CAP #4% &= A/D W#7¢ F/19 H$ YAY
g2 749 A/D w9 XY "EY §
Z Faee CAP 2159 D/A ¥Er|d A48
Foheet FYs g CAP #4149 34 d
A"d YEE fractionally-spaced linear equalizer 7]%
& 3. B dFoAE RFIY glo]d BHA75 §
& 2338l 1296 MHz9 center frequency & o] &
909 38 % 9 excess bandwidth® A3 Th
4.1 DFE £=

QNN A5 s} o] RFIE FTTC/VDSL
A& F3 87 AM AF DAEE impairment
ojlm} ol AAH37| s 16-CAP FAIHd
DFEE AM&sfof st} [3], &4 o8 A$a|2H
2 storage B9 AH8E 2 U+ DFE 7R+ 197
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2 7}o] conventional (&L intersymbol-predictive)
DFE (ISI-DFE)$} noise-predictive (NPDFE) +%
2 78 F oy, 2 M F DFE +29]
Ao AL e e

Zero-forcng #A)A E uj ISI-DFE ¢
DFE ¥ #8802 §d¢ ol uehr
HoB FUF HFE Zer FAE A3 MY
2~H E YL spectral factorizationsta A&
minimum-phase (causal) flerE A(z)E HA|8HH,
% DFE F#&9 feedback filter &4e Alz)-12
ehfjolA . oluf slicer YA EE ISI7F ZF A
AE AE @ Feo ABATI AAE WAZ
S oz FANEY I23Y minimum mean-
square-error (MMSE) 34 olA 2 o (LMS &3

%% A43e W), ¥ DFE 72+ "% g
E4E Zed o9& Eo] RFIZF E4¥ o |
MMSE-NP-DFE+ ZF-NP-DFE¥Y MMSE-ISI-
DFERT #4 dA4g H%5e BIY o A%
MMSE-NP-DFE®] feed-forward $-#-& RFIE A
A8l7] 98t notch-fiter FENE Zton ulabr
28A39 ISI7} Alztsta olE 2¥ 79 noise-
I8 7. DFE X

NP-
°o|&

FSLE

predictive feedback 722+ A &30 2 AAY &
Q7] W Eoitt dutde g MMSE-ISI-DFEE XY
Jdo] geotdte] 1SI7F AZEAY, narrowband
interference’t EAE o AFso| +43132, MMSE-
NP-DFE+ broadband noise (9 & o]
NEXT/FEXT)7} AZt& o 3 45& Hel
t}, w2}A, HDSL/ADSL #7234 Zo] loop7t A X
NEXT $9¢ broadband noise® narrowband
interference7} 417+8t A¥o M+ Hybrid-DFE 7}

=4

=

2374

AL o) 21T} [10].
42 gERIE 37| Yu2|E

DAVICOlA #4388 FTTC #+&+& ONUS 714
2k 7v) 7hiAE %ol point-to-multipoint  FERE
o] it} ONUY 16-CAP A$HE FdF#
downstream Elo|E1 & 7FQlAt il o s
AR d&Hog Afdid, 7tz Gy o
Mol ©u7lF dejel & 77t power on HH,
& ©WE oln dolgH4Al Fo glenz 54
3k downstream H|oJE]E o] &3 AAZ blind
start-up dtjop gtk wHHoO| up-stream channel
< 7HA ddje] o3 QPSK #4187 FR3t2
2 7} QPSK $A12 burst-mode® o] FojA|0, %
7] start-upg& 938l preemblec] 2= training signal
£ ojggth ¥ HoMe 16-CAP FAlR A&
#l Reduced Constellation Algorithm (RCA),
Constant Modulus Algorithm (CMA), Multi
T8l 8. @elRIE ¥T2|E (a) RCA (b) CMA (c) MMA

- >~
L . L 3 e L] - E . > e /7 -
. N
\
\
. . . . . . . 5
. \ » N

; ;
. . e L] . . .. .; . e 4+

. L] . » . . .. . . e

@)
Modulus Algorithm (MMA) &9
¢ "l EA%Y (29 8). BRE
g FL 7} cost function & A
7193 5317 AF Hg dxeElES
RCA W42 CMAY MMA HT} AjAy B
Aol A bR gk @A Al Aol FHon,
CMA ¥4 A2do] 7H4 EZSAT TyHA 9
Ag) el 43t &3 CMA W42 53719
%9 constellation®] 3AHo] Vehis o]§ uiz
A7 48 camier E9327} Wgsith MMA
A AlAY By, £EAIY A4 oA
HRA 2% A5E Zet 41 HoA Jed
ISI-DFE9| M+ feedforward9}t feedback $3}7]9
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AFAE GLeFo LT AHAZE A8,
feedbackel] o2 A Eo] WA o] oAz}
propagation ¥lo] feedforward$} feedback §3}7] &
FE AU detA SI-DFEY E2E Wy
£ A&7 A8 F3719 Y AFE 6t
2A TH3IEE 27 ¥ Ao HAEY start-up
Azk 8 7Y

5 Elol] E4 3=

FTTC/VDSL A2 F7|3le d&3 7o
°l$—°173u}. ONU9 $1A& 16-CAP $AIRe
dock & YEYIAZRH FFHY AN 2"
7% clock 71%E ¥} 7igAte] YA F 16-CAP
FA59} QPSK $45E A% clock & loop-
timing, & FAI® 16-CAP AZZHyg B4
DAVICHIM #A33% ule] ojsl®, ONUZ, Y EY
A clock ¢ Ho) A= 50 ppmeol™, ONU $} 7}
AAZe Hd glo]d ¥ (maximum peak-to-
peak jitter) + Ztz} 15, 20 nsec o]t} [5].

£ ZojMe xDSL &80k F2 A8H oA
t Hold B4 dxnydFL &3,
FTTC/VDSL Al2¥lo] #HL&® envelope-based E}
oy E A2dg AAH F ASE vz B4
g} xDSL Al2d9] gloly 24 715¢ Y3y
envelope-based, band-edge, ¥ equalizer-based €lo]
9 B9 d3gde] 32 AHEHoj A Envelope-
based Efol® B4 71%& ¢AAl X, Al2H
o] 7hetain, AHEY excess bandwidth 7} &
Alzde] £2 AMgEHAAY, AE2 7 DA AV
dotsl A S Aol YA = ‘4%.:10] Aok A4
27t 4 A% #AE 2HEYY g2 Fo5 Y
9 roll-off Aol FAHE 743, oo wa
tone-to-jitter A7} LA 7] o Fojr}
HDSL/ADSL $§& oA H4ge Zolt
oF 10-12 kft ALZ ZAEZ tone-to-jitter A% &
MAE7 Y8ty jitter AE S AAT F Ude
band-edge ElolW 2 Y37 Fo| A4 AT

o]9} Zto], band-edge Efol® EY ¥xFL, A
4271 2AU, AHERY excess bandwidth 7} A
& &Eokol o] &5 oA, envelope-based E}ol
B B JleEY Al2ge] 3% @] U
(111,

xDSL  @7o) M bridged-tap, splitter Fol &
A, 42 Aggael bridged-tap o 2T =
HEY null of TG [9]. ol9} Z& nulle] F
Ag 2HEH roll-off o YN A
envelope-based Y band-edge E}o]® &9 ¢y
F& A FAIE N3y HE FH5E F
8 4 ik Equalizer-based Elo|d B9 43y E
g, FAE A5 2HEY FAglel 8719
e § @E o83 HE FIFE FEIe ¥
WO 2 bridged- tap splitter o «lﬂ AHEY &
A4 7Y #HAA S48 HFE Yedg. 53
53171 ¥¢ €9 center of grawtyE o] &
equalizer—based gloly E& Wy [12] & HE
B4E F283 A9 F31719 man-tap 9
-LE’?_} F den, geA F3h719 -r7}
7% main-tap A7} F X FY @&
8 WAg + AU
T8 9. 16-CAP EHO|Y MHEE

A&
7—’]

8]
i3
__7]_._
2
=
% A

» S8

16-CAP
L]

» AD » ABS » BPF

3
51.84MHz

CLOCK 12.96 MHz CLOCK

s } >
B &4

. , 2nd-order
VX0 DiA 1 pigipr, [©

a9 9o FTTC/VDSL A$A2Ho] L d g
ol RH32E Uehlidth +41€ 16-CAP A%
£ A/D & AXRA HAoigtg A3 ¥ AH 52 A
As7] 948 BPFE E34gt) oolA 23 TR
g PLL 3% D/AE AAAM VCX0d Agdt
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VCXO0 ¢ 294 cock & 5184 MHz A/D A1 &3
3 58719 282 1296 MHzE MEst=d Al
21

6, QPSK Al &¥] +x

QPSK Al&He] AArze 29 1034 2o F
TR 10. QPSK AlAW FH X

Sliding
* Integrator

1.62Mb/s

Al QPSK Al3E oldEZ 2 bandpass BEHE A

% Hard-limiterel] 984 2592 MHzE2 A Zg
et olojA, £z7], siding A &7], A3 A& 7,
e 3 goly B2 §9 EE 71Tl yxdg
2 FE5AUY. 53] Hard-lmiter ¢ 23 o] 1-bit
°o]BR, QPSK A2d¥le] RE 7% multipler §
o} shift and add F2to 2 HA#HY}

-
2

T AsAE

29 112 AAE 5184 Mb/s CAP A4A| 28
8 11, SR §319] 16-CAP constellaton

o] FARNM B HE constellationd BRAF T

At old loope 26 AWG 1 kft o9, 11 FEXT
2 101 MHz RFI (16-CAP 414159 742 A7)
7t EAsAch A8 Alofl, DAVICY A28 A
8F2AE BEde F2Y $548 UEH 9
8, ZHRE A9 bit-precisonS AHE3IATE ®
N&"9) critical-path timing delayS Al AMsly
& pipeline delayE T, AR AL
3t F3}719) tap-leakageS F7}abdct [13].
08 12. SNE Fm$s AMER(Envelope-bassed)

2ok ofr

a9y 129 28 139 envelope-based ¢ band-
edge Blo]Y B9 47FE AMgsld 299 4
£ F34 (1296 MHz) o A9EHS 7tz e}
Witk olgf A48 BKMA AolE 1 kit o]
omn 11 FEXT 7} &34tk 29 129 138 n)
239, band-edge 9] 797} envelope-based Xt}
ok 20 dB A% tone-to-jitter AEo] /jXPL &
F 9k A" 16-CAP A3E 4R E dock (%
a8 13 BHE Fns A%ER(Band-edge)
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AR A5 F717F ¢ dook) 22 MEHE F
interpolatore] Y™ AEY A3 YAE Ere]
g 24 2o st EYH clocke 2
interpolation ¥ ¥ 53}7]9] ddck
Q8 14, B0|Y B2l FIp offset £ETH

B 2
Thne ( in sec )

2Y 14& $,5A1%9 dock Atele] 50 ppm F
B4 QE AT AT phase offset o] Y& W F
A7I7F $ARY A8 Fo5E FH}e A4E
HZch 2y 14ojM s} o] ¥ Fus Egd
ok 2-3 msec 7} 28 %% ¢ F Ut
FTTC/VDSL Al281E& #4139 AAE Eoly &
32 VCX0 o AW Foba offset o] 100
ppmols A Elel Ho} Fto] (maximum peak-to-
peak jitter) 30 nsec ©], acquisition time ©] Htj
18 msec °|t}.

6 ZolA AAFT QPSK AlAHE 26 AWG
(American Wiring Gauge), 25kfte] s1d oA, noise

8 15. QPSK A5 §99| 4% constellation

= 11 FEXT% AWGN (-140dBm/Hz) &2 4¥
3 As $A%e] AlZconstelatong 29159
Rl 28 15 & AF 1000789 constellation&
Uehlls 249 29 SNRE 213dBojt} 4Ad A
o] noised FEFEL Zo|7] 93 hysteresisE
limiterg) Eetol] T, boxcar fiterdlMe ¥ i
g 42 Fo] 24 & W

8 4&

B E=8dAE FTTC/VDSL A|2¥le] 5287
3} A9 (propagation loss, FEXT, bridged-tap, RF],
impulse noise)oll #&td AFF F HAA2H 9
7z %2 324 E JIesdth 53], downstream
Holg H4o] AMRE 16-CAP A9 7x8}
FAYeE 49s Fo, DAVIC A29 #AE
23l 16-CAP A% ISI-DFES E8=
53 ¢432&e 7Y FTTC/VDSLA &Y
< gAdg 75y Y3 o4 A 5184
Mb/s 16-CAP A$A2d®el HAe A/D, D/A
bit-precision & $&3}Z, 16-CAP A% &F0]
E A3z g AT F A Ay sgAd
FA $AAE $4& 9T goly B A=
£ J1&san AsA843 BKMA 1kit Add
A AGC ¢ Elo]y B93lz2 ¥ EzRI= F37]
o] $2& gAsgoen, £33 Ao 288 AT
AW 242} 20 msec, 10msec, 100msecE DAVIC ¢

8 16. VLS 7|% WE

Mmac

V4

1985 1990 1995
YEAR

Note: Mmac = million of multiply and accumulate

2000
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STF2AL FE3] BEHA FTTC/VDSL A&
g A o g FxAA o 4 dolg A
918 162Mb/s QPSK TAIE burst AFA|2H9
A4y 2 72 71g3on Al2Y 73 A
°ﬂ FEXT % noised] ¥F& AA7] A% &3

2% AANSAL, preambledt user WOl E o] &3

%ﬂﬂ dtge) glo|y el Ede] FHE Fol

AN2"g FHEHT FTTC/VDSL AFA &89
RE 7/15EL UAEE rEHNUCH, A 7S
93t 7zt 71589 VLSI Al2¢
2283 A% NS AANEHT. 28 16 oA
B upel o] VLSI 7l¢wd FA¢ webrd &
A ADSL d$Al2de DSP oz Mede 2
Z1g Ao} Adses B =FdA A3 AL
FTTC/VDSL 719#F ALAA2dx #Ale ASIC
SAlol A 2000 Wh Z7]o]= DSP o2 siid
F ozet d4dd
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