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I. Introduction Il. DMT VDSLe| ZH

VDSL (Very-high-data-rate Digital Sub- VDSLe A ZFo= Ad® DMT ¥z
scriber Line)2 7|& AL o83t 13 AT QAM WE HR2le) 2lo13H (Line co-
Mbps~52Mbpse] & dlolHE AFE F 3l ding) % ¥ =% DMT ¥Hx ¥AE A
£ 7)golt} -4 Astd EX4 1.5Km ©]3te] 2=
AgleA Mu|AE AZE, e F HE DMT (Discrete Multi-Tone) ¥x ®21&
(Optical Backbone)o] 2% vES A qleig vE ~EHY (bit-stream)S 1 (256~
(VTU-0)$ 71d# Au) (VTU-R)E F4€ 4096) /2] M=o} (sub-carrier) 2 #E3}
B/AA EFHTFER(FTTC) 7 §4olth o FHAA AE). 2z MEsfEeld gt

B =R Al (F)3lollM Adsd =z AZE AT Aldely A o FEld

DMT ¥ale] VDSL =4 3 Aldl| thsle vk et HAed vESY I, olAE QAM
o}, R JABZ(VLSD) 7i&e] W ot wxsto g wheojdt, dwtxog DMT W
g}, Bjma AFE3 7146 VDSL Alz=g Fdo] 2lo] QAM o] nisle] FEo] N R
7VssiAl "eH, AeEe F A& ANSI 3 Aoz AR Y, AAHeZE FFT 55
ETSI VDSL Trial Standard ¥ ITU-T G. o] &-3tod ¥lwA st pHo| 7lssitt.

993 VDSL Standard® EF ?HEsiH, AAHQ M3t B2,
o B3] 9 (Bridge t
O PMD (Physical Medium-Dependent) o RF%‘l 7]}5:'] (Bridge tap)
O TC(Transmission Convergence) (oF 6~T70e] ZH Zo EA)

O DSP o A&7 =95

Zow 7AYE vYAY 9o I3 AFE(Analog = tjorst 23 (impairments)l ¢lsled FF

Front End) 3J2& A9t TCol= (de)in- o AAE Agkd A mdE BF FHI|E
terleaving, Reed-Solomon (de) coding, (de) E7lss)csel
scrambling 7)%5% o}, VEAS} AFS QAM Wz "2 233 5317] (Adaptive

93t ATM-TC(UTOPIA <lEjHo]x) = Equalizer)ol Aoz o9&ty Ad ATE
PTM-TC/oltidl e ol (MII/RMID) 7] wAsiE, Ad 2l deisE 58 A8 A
So] glo], 7FE =& FHxe] VDSL 3 Alo) S wQlth ey, 9 AAE BE Ad 2

TEEH U ol tial Agstidle AVt e, Y, =

A FFolA AAE 4-Band BE 5317

(913)
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VDSL Chip Set 7-7h4¢

s, hdel wEzs) R Fo)sk Bas
of, BIEsL oi$- oAl B,

W, DMT %41& AR sjziole] Qi u]
E ggo) 7bsdtz, A& o Fgul] efsiel
Folzl Ad 83 AUY olgshe ol Fbs
st Rk, Aol e Axselold) Holels
QuEA g, 22 ¥YFeSH IA Azt
A 870 s B2 gL,

©ehd, DMT 34
Ay B39 5542 Hgol sPssuz, 4
A} frA RS LREE ulge] A Et.

M. Physical Medium-Dependent

=

h

PMD (Physical Medium-Dependent)
2 DelAet o] IFFT/FFT, &71%
(Synchronizer), PDE (PMD Data Encoder),
PDD(PMD Data Decoder)& ¥33 ¢jx&
HBEg} op2g 7 3EQl AFE(Analog Front-
End)Z FA"Y. PMD2l £4 dj2dA=,
TC2HE {2 o]l dloj5{& PDEdA Fuls
49 Az 2 Wdsle] IFFTE 2uWx, [FFTo
A A1 Ee R ¥MEE JiE U158 5
3lo] AFECA] old2 1 Aoz W3k A
AR BT, Fh sidAe, SRR
F5 A3E AFEOA tXE As= wgks)
o 7%= Bllx, 5717F 8 A= FFTelA

TC layer

QE FMD Dlgltﬁ r

PMD Data PMD Data
Encoder Decoder

JL ils

IFFT/FFT

(1 core)
Jb

Synchronizer

L
= =

PMD AFE
(3% 1) PMD EE%

I _

DSP

3

r

I

2 MAE wht golsk

(914)

T JE9ez Wgd F PDDOIA ©]Al Hlo
B2 nlyo] TCE Addrt

IFFT/FFTE DMTe &4 7|&o|y 3
2 HEHARE 7Y 24, ol A3 Hsh
IFFTSt FFTE Al 28 %A1 o]83le] g 7]
o] ZFojm YIS o] Aolx= PDE
(PMD Data Encoder) /PDD(PMD Data
Decoder)$t 7159 tisle] A=53la IFFT/
FFT$t AFEE the olA A4As] Agit.

1. PMD Data Encoder

VDSL B¢l z7]3} o]dde DSPZYTE
Handshake #IA1A] 2 SOC WAIRE wrolA]
54 3, 2713} o|Felle TCEZHE dlolH
£ ylolx $41%0) PDEE <28 209 2o].
TAEo] om 52Mbps o] HEEEE A
8 T JEE YRRIFAT. 2713 A Fol
DSP7} HE 294 43)3}] Bit, Gain, Tone
order Hl°|E&& Z7|3}3F & PDEZ} ©] HolE
58 Fx3dle] TCEHRE dolHg g
QAM 2152 WA ZF Eof] dojA IFFTZ
HYEEZ Ho] glon vE A$%H(Bit Swap)<

¥ 5 =% 2718 oIFAE EHolBEL WA
¥ % k.

2. PMD Data Decoder

PDDE <18 3)3} o] FA=o] gloy, &
de] %713} oldole FFT o]y FEQY
£%9 DSPE HuUm, %73} o]Fde FEQ

%9 413E Bit & Gain HoJES o] &3l o
F9% F TCZE Bty PDDoA 7H¢ & %

(32| 2> PDE WA 2=
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— Data / Data valid
--- Tone index

Frame start

Constellation size

(a2 3) PDD ¥ 2K

¥g AAhs 25 FEQolH, FEQ9 ¥-3j9}
deS A3 flslod, FEQE FFT =9
2% 39S A8} (normalization) 3 E&
3 =g AT D)8 BAskeE LMS 282
TAsIET e AFsele REL oI9S
A5 0] Urr) Aake she ZAo] ohdg 7k
& AIZE (shift) Qb AHEHOER H9E
Hrsletgom, A A& 7 258 LMS
259 J¥Fo=M FEQY o Asel WE 2
ol HAzalst.

3. Synchronization

DMT VDSL®| 7|5 AEE Fi3 F+=
A8 F71%9 VTU-0% VTU-R Apele] 5
5 QEAE Folre AE F7IRE Wil
o} AE 7= ISI{Inter-Symbol Interfer-
ence)®} ICI(Inter-Carrier Interference) &
WR)5t7] gt CP(Cycle Prefix)st ol2d) &
gk g3ke W3] Agk CS(Cycle Suffix) &
olgd A Tt AE F7] = FAld ME
3} 2N ¥2JE] (IFFT size) o3 AZe] A9
HAE A HhA7r e o] AEe AA
7t Fos A, 7EE o 2lse] §39s A}
LM AAAAE TN vzl =9
o] A7 A3

T [ew] |

Inkerpoletor

Symbol | Sywe

AD ] LPF

Fhaso Eor

e
doteonr [

DCo

Loop.
Fillr

™ 40 71 N ES5x

(915)

VTU-0% VTU-R Alele] g e T A4S
FolFe AF TVIe AUAeR 7HHe] 1
2% Wzt VCXO(Voltage Controlled
Crystal Oscillator) 4l XO(Crystal Oscill-
ator) ¢} UEIEHolE (interpolator) S ARE-3H
A 7ot AF 594 (35.328MHz) 2ot ¥
2 FurE MEHS F DCO(Digital Con-
trolled Oscillator) 9} AQEIZ | 0]E1 S AFRS|A
VTU-0O Fiof 2= dlolelE A3} <)
HEolge 2% (Farrow) T32E AR
1, JEEElHAN A7le dFE FEQH B
e #F. VTU-0= 1A Zgd288 AR
st AE §718 YA @7 Wi VTU-
Rolxl= VTU-0O AE Fulof gHA dloje &
AFsfol gt AL FEddE JejEHolE7t
PAX F41 Al AR DCOTF 73 o834
VTU-O Fakpol] 2HHA o] E HEdct.

IV. VDSL Analog front-end

AFE (Analog Front-End)= EgelA A%
ARe}t AR dZsE FECE UAY yolHE
oldE 2352 WSl HHG HYoz $A
3lx, 418 old2 T A% E fXY A3E 9
33te] 2dlo] gAY stER AEdth $5441
Age] Fa g, £ A8 2 2 339
A8 vpA3a, 41 A% AdEe] 7pE dHY, 87
SNR (Signal to Noise Ratio) $°] & 18]
Hdels ZAY e H A S st AA
g 1374 7zl a7dH. /Y 52U AFE
& 12MHz® VDSL Fu= 9, 1102 (100
%) 229 13.5dBm(14.5dBm)9] 41 Hd,
40dB AFHE 74 71 HY 2 15dBe] &
PAR(peak to average ratio) & 7Fx]= DMT
AT B 2L 870AM £ tAE HEY
Al 878k ¥ SNRE 53155 YA
Aot

(1% 5% AFE®] EE%olt}, AFE:E 4l
sfxe} Al FAE] o 3 R
ADC/DAC, PGA, ¥¥], LNA o| %359}
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Serially Digital Control
Tx~,Rx-PGA & VCXO

-—

{38 5> AFEEE:

A, A el 2] =gtely, VCXO, Hy-
brid, ¥E{7} Qlck. 3 el FEjE= 3rd-order
oley ADCE & u 239 Fu4 g9 o)y
o] 3Fa FFo] FHEF Fee o] F7t
He Ag Ak 988 sk, A R oln
A AA ZEE DACH 98 e Fu
S ko] AHERS AASKE 9L ) o
g3 Hybride} HEAZ Aleld] gl FEe
EMI 59 133 AA 94&S i}

1. Data converters

DACSt ADCE 14bit(ADCE 13bit) 40
Mspseld] #& H]E+ 13bite]t}. Digital Dup-
lex DMTE /318 2158 ZAgFe U9
T8 FErt ¢l7) W&o HybridolA $41A%
£ 15 WA 20dB #Eo] g2 2 EojeE
v AEHEE £33 AsE Al 40dB 24
@k, 3 DMT 252 PARE ¢ 15dBelH.
o|2i3t oA VDSL #3o] 8738 Hd5E
W=317] YeiE LolA Ak DACY ADC
9] vlE A¥%rt dasirt a8z SFDRe] 80
dBc ooz txRlIEo] DAC/ADCH <3|
T E A= F3] Hu},

2. Variablegainamplifiers/Linedriver

£4 2 AGCE 292 1dB ©|5H%= 16
dBelH, 44 & AGCE 2% 1dB °l5H
$1E 48dBelt). #R] EgelHE 1:2 42 E
Hxxo o} A ARREHD 13.195 VppE AlF
3t=E YAR]] H AT

Echo : 2048
Tx Spectrum Channel Attenuation
1 = 26.825MHZ(399 plan)

™ T
TX ™
{ i ey ] image2 Image 2 Imﬁ“’
= 28.275MHz(997 plan)

\ = 35.328 ~ FX( Fx plan)

1= 12MH2 1= 23.326MHz

‘(a3 6y VTU-09 4 Az ~dEY

|

15 = 8.5MH2{998 plan)
= 7.05MHz(997 plan]
= FX( Fx plan)

Echo : 20dB

Tx Spectrum : Channef Attenuation

A1 —I ‘———’
Ax2 X M X r_—l-—————l
! Tx2 | |'ma0m e ™00 “Ax image 2 | R Image 2 —

fq = B.5MH2(298 plan)
= 7.05MHz(997 plan) 1, = 26.825MH2(998 pian)
= FX{ Fx plan) » 28.275MHz(997 ptan}
= 35,328 - FX{ Fx plan}

fmizMpz = 23.328MHz

(32l 7> VTU-RY FAl A5 ~HEH

a7

t +
12 2.28 Wz

{32 8) LPF9 35 54

3. Filtering

Digital Duplex DMT VDSL®] olg=Zx
ge& /3 tiY o] ohd, DACH 9%
ojujzr] Z&e] AAS} ADC ¥HAZY T
Feol Fx= ol F7kEE Ag IRlske
2202 fakldg. VTU-08 VTU-RY
A" ASE Q¥ 6, I T2 ~HEFH EA
g 71Ztk fzield HEjE o] 72 AdEFY

547 ADCYlA 873hk= SNRe| 60dBYS
st VTU-0% VTU-R F8o= AT
F YRS 3] Askel (I sk B Fus
54¢ UEHES Hert

V. 8192 point FFT Core

DMT 2 VDSLAAM ARg=E= IFFT/
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FFTE 2z tigdz €7 9, T J9q4
ATE AGGANAY sr @A) Fo,
Tx AFE, line, Rx AFES AAA $2 oo
A A BoE AL T oA o] NFE Fut
T G494 Aaz Bdsl= E2o2x DMT
VDSLel A45+ 8192 pointg FFTE =&
SNR#} A Ho] g4¢t,

1. MA2] F2 |ssues
1) Small size; FFTE VDSL PMDE +
ks BE B2 Zd) 7P g

rl

B+ memory size
o ALk
ADSLoIA AREEE 512 pointd FETel vls}
o], memory size= 168}, Qg 7)|FozE=
Algorithme] €% SDC(single Delay Co-
mmutator) W2 71&, AR N logN) 224
2 Size®: FdsloF 3l= Blockelth 2) =&
Asd) Z5H]; VDSLY o A5 w43ls)
AeME, Zizte] T3 tiYgo)] HIEA o] 3
/3= Huigke) bits AojF ok el EAo] 2
A€ 55dbel’de] SNRE& dojof gt} (14 bit
loading 71%), ©|21% SNRES 7] $iate], W

k=1

Falojo} 31, ol= Z 29 size 2718 1)
g} 3) AHY AR 2D WE AT W A7,
afloF S22 (250(sec ©JWHe] 1 DMT A&
Y= System 74 Al Y-S 943 v)8e] 27}
£ on|shs] 53] &% 540 W73, AFE &
PMD £5¢] 23542 X427t (latency) o) =
Al =94, 2L round-trip delay A)7te) 23
QOS (Quality of Service) & ®A3=d 9lo]
A Z3Lle] At

TFS FRE e BFoEA V&Y
2480 @3hs B (w39l Cooley-Turkey
A ARG S w=A] HAe) F2e 3

d5s 2

<= Aol ol bitg AE3le] BPE) -‘n”l;};
59 it £2 2 memory?] word ZolE X
B2 7|7} 23, 1408 e JAEke A
WEAZ) WY Awrh B g9u g8 dEs
59 dAE TR E Asfale] Pt 283,
AAIZE conferencing 52 &% glojAd,

EAZ A issueES FEHoE TEEH,

(917)

HHol FEAQ FRE AMESI, Hi9
memory size®} W A%t block Z29)5 714,
F a9 =l we ASARS AAYo”
= 78] A% 720t esA dr

2. Architectures of Pipelined FFT

Pipeline FFT T2 M= g2 Luzg)E
£ ©}-83 DFT computation $13F 7% (Cool-
ey & Turkey’s) 24, A8)¥¥ Data’l TE4
ME T JFEA T JAkE 4A 9ok
%, Y485 Datart TEAXME A 2z
A4t block™ memory 2458 E3PAA
£2 0% AXtElo} 2k AAt blocke Ao R
=¥ SE8 FF8l], AAZte R FFT d4ts
T8s= 2o, DMT VDSLd ZL5=
A3 & AAF pointFrt & FFTE 733t
o YA, 2 A%t blockS HAESA L =
AEes FAANFDLEZN AN HYE 7Fset
A sErh o] FRelA WA L power ARE
ARse 840F Q7|9 FA7) 59 £X A
A7) A, 58 F41719] Aol deiy 54
How M7t T8k doh aeln 4
e FdsE W9 memory widthe] <3}
2-e-dr}. o, 7} mlo]Zalelo] B2jEE the)
Z, N7i9] 48 4do], N/r2 &899 e
drtel 71 N’ ¥ de] € o, rgke Radixz
52t} Pipeline FFT9] £8 #2E& th&3}
7o},

R2MDC ' Radix-2 Multi-path Delay Com-
mutator
Log2N-2 Multiplier & Radix2 Butterfly
(509 *H&) 3/2N-2 registers

R2SDF . Radix-2 single Delay Feedback
R2MDC¢t 22 4] AFE 7HAA)%, N-
1709] register (memory) 7+ AF&-H 4 9) me-
mory wordsE A&Z3c},

R4SDF | Radix-4 single Delay Feedback
R2SDF®] Radix-4 BlZolH, F47]e] ALg
27F 75% S7Fe}. Log4N-1 ultiplierst
Log4N Radix-4 ButterflyS A-&3}d, N-

m
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DCex64 DCex16

17]9] registerE AR&-3ic},

R4SDC : Radix-4 single Delay Commuta-
tor

- LogsN-1 Multiplier, 2N-2 registers
498 HDTV €%9 FFTZ +¢4d 34

3. MAE FFT

$A AwE o7k FEFoA Radix-4
SDF %7} A= Memory cell&7F #4
7t H9, FAAREE FollA 7 & 33E A}
A= FA4719 AR &&0] 71 EolA, DMT
VDSL systeme] S78H= 2he Alo]=, A A™
S7AR Y Ae e 8 4 ok A

() usDC
{38| 9> pipeline FFT schemes

3x1024 3x2s6

BF4
Pre -

processor

LS

|enconder

il [—_: - ﬁ
o0 0e BF4 %Mdz
-———]8}-—-—) — Clppiqgcontro]l
fin CBFP
enconder

DCox4 DCaxt

AY FFT+ Radix-4 SDF 7Z& 7Hlez
3l¥en], SNR 714 93l, CBFP (conver-
gent block Floating point) 7% %, Block
3919] floating point F4H71H-& SDF T3
9 FAste AR89t} 3§, pre-process-
ing® post-processing 71HES ARE3le] ARR
HE memoryS 43} 3AY. 3 AFSEHE
memory cellZ2AME G¥HEel SRAME AH8-38)
o FAI dAgle]l Ax rFsIEE AU
o}, &3}, W& o] & Dual port === two-port
memoryE 3 AME3SEA|] 231 Single port
memoryo 2 FA3ld memory cell®] XA
she WAE HL3t sk olYg FAe=

<27 10> “A¥ FFT Block Diagram 7H&%

(918)
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}mw\_mw

400 |

200 |

—_

10010

99 1500 23003

20 500.0

{I& 11> FFT SNR Bandl

600 ¢

400

hoo |

[y

S00.0 1000.0 1500.0 2000.0

(2%l 12> FFT SNR Band2

00

[chart)
File Hindow Options

ST e (ml]a ]/ =]

080

000

0000

| o—

{33 13) T38¥9 FFT H/WE logic Analyzer2
SNR &4 J#% Band 7% 92

minimum SNR 60db& A|&3l= FFT core
& FH4o WAooz FHIN,
Band &3¢ A& AdAH IFFT-FFTE

(919)

2 9271 SNR 2= 8 (29 11D
7 (a8 1209 =A1=ESTE (HDL simulation
94 ideal channel)

VI. TPS-TC
TPS-TCE ZTREZE TEHE 49 439
do]ElE T2 EZ ESYPZQ ulo]E 2EY
Z Qg F= 9¥e . a4 oo 4
135S 918 ATM-TC9 7HH Zol9] =iz A
%< 9% PTM-TCE +dsiqith.

o

Zlo

1. ATM-TC

ATM-TCE Utopiast ATM-TC =9,
FIFOZ 4o} 3lH.

Utopiat® ATM forum Technical Com-
mittee?] af-phy-0039.000 A< Utopia
Level 2, version 1.0 @&},

Utopia®} ATM-TC o9 73L& g3}
2t

& Utopia

v 8-bit data path,using an octet-level
handshake, operating upto 25MHz
with multiple PHY devices

v sub-100Mbps and upto 1556Mbps PHY
layer interface supported

€ ATM-TC core

Cell rate decoupling

Scrambling

HEC calculation

Cell delineation

Descrambling

HEC control function

Extraction of idle cells

NSNS SSNSAKNS

Programmable alpha, delta
& FIFO
v Two port 2*256*8 synchronous RAM

2. PTM-TC

ATM-TCt 14 ANE 2= Q

A 999 <l
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Elglo)2g}t s PTM-TCE Z7\7F 7Pl
H7 F9l9] Qe Hoj 2o},

PTM-TC= oty Feje} HDLC 3= 2
7H F5 AelHo| =& AlFd.

oltiul FHeje] <EIHolAE MII/RMII,
management SIEIFHO]AE FAld x| Pslx
10/100 Mbps half/full& 2|3t}

HDLC E®¢] Qlgsol2xe 257 HolH=
TAE A" F71 A% HejolH /AR 47
2719] 2Rle® FA = qot.

Ztzke] AL o3 2t

@ Ethernet type

v 10/100Mbps MII/RMII

v Full/half duplex with full/half flow

control

v Management interface

v MAC/PHY side interface

& HDLC type

v Bit serial interface

v Tx data with tx clock, rx data with rx

clock

Vi. PMS-TC

PMS-TCE TPS-TCE2HH == vlo]
E 2Ed)] £719] to]E{¢}t dummy Hle|HE
F71taL HIE o9 deeset o F A4S g
ZAAe FPste TS gt

1. Framer/Deframer

Framer?] S J9jox HEEE vlolE
2EZ-S 23310 DMT frameg BH=s A9)
t}. o] A4 DMT frameo] 3 A5719]
Hlo]EV} HEE 317193 dummy HIC|EE F
7igit}, 183, OAM 7158 S8 ewsl= vt
o|EE F7}31H mpA|=te 2 RS encoding®l <
&) Z7l=ElE vlolE 7} DMT framed AS
W7t YE2E dummy BI|EE F7)13H0}.

Deframer® framer9] 538 go2 33}

= ZAl9 superframe ZUEH 7]%5& 83

(920)

TPS-TC

|
I
Framer/Deframer 1
Scraﬁlbler/llbescrambler ]
RS Encoder/Decoder |
Interleaver/ éeinterleaver l
_________ J .

PMD
(T2 14> PMS-TCY BEEE

O1-SWd

57 2

j=}

]

e

t}. Superframe S UEZO|M=
CRC ZAt 5& 3%t}

o= T

2. Scrambler/Descrambler
Scramblere HIE 2EZHS J533o2H
PMDZ &5+ Holgd] &3¢l ¢o] e}

& A3t} Descramblers scramber
9] 98 33},

3. RS encoder/decoder

RS encoder:= GF(256)°l4 AHole= EF
2l F=& ARR-sit

A G 34 x4+x3Hx3 1019 HlolE
vlo|E9] HEL dsa’+dsa’+ - +dia+do’} Eh.

Codeword®] Zeo]E Nolgt dtx wAIR] u}b
o|E9] dol& K, redundant HA} vlo|ES] 2
o]Z Rolg} & 4] redundant FA} vie|EE= v}
28wt A

C(Z)=M(Z) Z* mod G(Z)

M(Z) =moZ* "+ mZ* 4+ mk-2Z+mk-1
C(Z)=coZ¥ "+ c1Z¥ 24+ cr-2Z+ cr1
GZ)=(Z+a*") (Z+a*?)--(Z+a) (Z+1)

M(Z), C(Z), G(Z) Ztzt v tahs,
e S e R A =

RS decoder: codewordE FAl8lo] 7AL
Hlo|ERHE] ©72] 9X|9} g Altst A
2] vlo|EE =A%k}, RS encoder/decoder?)

%
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N, K, R& 552 Hejdlx WA < gt
N,K:0,1,-, 254, 255
R:0,2,4,6,8, 10,12, 14, 16

4. Interleaver/Deinterleaver

Interleaving T3 QHE EAAAH Ab
LRE HolA §owM RS decoding?l &3
AR 715 E )

HEo HH interleavers 24 interlea-
verol™ EZ interleavero] H|3] XA A|7lo]
3 78 el we) Bad Wy gr =
o T e FHel Utk

Interleaving Z°l& A3 delnleiel I/
M2 247} 0~639] HjolA W} spssict
I/M9] 2 Holg HgExs} o) sdeh=
TH 2F HF 59, 383 FU3 A% A7k
Aol oz AP}

5. EOC/VOC

EOC/VOCE VDSL x2d9lo] $8d] HQ3d
ARES ndsted ARR-SH= Adolt).

DMT VDSL® 7% EOC% VOCe Z
DMT symbolvltt A wlolE Fubd A
Aot EOCY VOCE framerd)A dlojg] A~
Fol AUHEY deframerdld] F&Eo] sAE
2 Hedn

6. NTR

YEHIZA HEsi= 8KHzS 71& A%
EQ3k= 7] gt} Ajzdle] Ag Falg
2l 35.328MHzE ¥5381] AAE 8KHz As
& LTRelg} & of, LTR# NTRY o=
superframe @2 ZH3lo] ALl Hoh
DMT superframe Z¥ 1 HlO|ES 0)8-3}]
o] zpo]7t AFEHY FAZPME o] xpo)Z o)
83le) 8KHz9 NEE EslA drt.

-0
o=

=2
=
(o]

VI Cix|§ A x{z2]7]
(DSP : Digital Signal Processor)

VDSL =38 chipid fAE A3 xgr)

(921)

Program Memory
(PMem)

i PMem data bus

Data Memory
{DMem)

DOMem data bus

ARO
AR1

PMem
address bus

INTSTAT
INTMASK
ENY

l BREG l

o]V

[ Acoumustr ]

/O address bus

Intemnal data bus 1/O data bus

{37 15> Architecture of DSP core

(DSP : digital signal processor)& ©}-&3}]
Z2718 ARE FYP3ia 2ye) 13 2 miai
B 24 59 ANt AR Aojdict (g 15)
T A" A% Hr)e 28 BeiFa ot
gAd A3 A7) 36-HE FHrE ¥yt
16-¥]E. fixed-point Q4 core®A IFU (in-
struction fetch unit), AGU (address gener-
ation unit), MU (multiply unit), ALU
(arithmetic logic unit), IOU (I/O unit)$} 2
71¢] UARTE FA o] glrpiol

1. OX|Y A5 X2)7]9) &t

O=d 4% X2)7)s VDSL 29 2v)3
W}PE T} VDSL B9 2713 B
<2¥ 167 2] Handshake #73, Training
#}43} Channel Analysis/Exchange #32
2 7/49™. Handshake FHoHE= 29S8 &
ZA7]3 FFT (fast Fourier transform)/IF-
FT (inverse FFT)<9 &7}, CE(cyclic exten-

=J)8 UH

>

& A=

Channel Analysis &

Handshake Exchange

Training
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R-SILENTO sppmomamme g F-!

HSTU-R
GrSILENT1

HSTU-C

~ State
s

(2) HSTU-R initiated duplex start-up procedure

RA-SILENTO
HSTU-R " fransaction
C-SILENT | s e e ooy S_tete
HSTU-C

{b) HSTU~C initiated duplex start~up procedure

HSTU-R
(HSTU-C)
[onerea wons

with phese reversals
every 18ms H

HSTU-C B
(HSTU-R) N

{c) Ouplex

{33 17> Handshake 7%

i GALF: 0:81
i FLAG: &uTe

sion)®] Zo], 25~138kHz F3 el AR

B o 7|E e g Agdit)

(a3 17>& Handshake #3S UeRJI 9}
t} (a¥ 17(a)>¢k <28 17(b)>E 4% 71
2 (HSTU-R)&+ A& (HSTU-C)ellA
Handshake #3& Azshs Axjoln, (18
17(c) )= Handshake 3% vlX& dalE B
F 3 gk <ad 17(a)>9 <3 17(b) >4
AlZ AxFE whA]9, transaction statedl|A A}
Aztet 7IdA 7ke] 7R mEHErE: FEA
1=

Handshake &3¢ #U9, training &
AZHeth. Training B3N E 3% 2 313
A% FoF g9e AAskm, ARt iR
A% ool Ay A~HE (PSD . power spec-
tral density)& 243}, oju, A& ApgjoR
X Ak A8 wio = (UPBO ! upstream power
back-off) & 38tk =3 AldAe} 711z}
Z}z}e) AFE0)5A017] (AGC | automatic gain
controller), 3 W9 5317] (FEQ : frequ-
ency-domain equalizer) 5% F3A7]1, X
#< %7) (frame synchronization) & A&
(sample) 57|22} npx e 2 TA (timing
advance) Zo]¢} CP(cyclic prefix) Z°l&
Z2Xsle] FHe] CE Zol& AP, H&shks 3
AL 33 5 training 3AE 7EX] 1L, channel
analysis/exchange &3& A|Zsit},

Channel analysis/exchange 37X &=

{922)

EOC (embedded operations channel)/VOC
(VDSL overhead control) g, Reed-Solo-
mon (RS) F=¢} Q1Ej W& 33 TC(trans-
mission convergence) layerd 7] 3}=vjje}
g AARsla, e AR g EAS A
7} F31¢ thY (tone) &) AF HIE 5 ZAT
t}. E3|, training 333 channel analysis/
exchange 30l A= ARIAET 719150
SOC "I xS S8 ARE AL3HA |84 w2t
A, gx" Az Azrle SOC wARE A5t
o Adela, i, FA8N dddhe g 7
2Faeh (F 1)S TC layers] 7|2 sietoels
¥l ARAZC 2 RE 7RISR MYy
= O0-CONTRACTn SOC HWAAE EoFan
Atk <F D= <& 19 contract descriptor
olty, (F D3 (¥ 2> Ay x®Y, EOC/
VOC ulo|E ¢} HA dloJg] &£, RS Z=9
Fed= Zo] (n)S LI (n-k), YEEH
BE Zo] ()¢ YEEH depth SEtE (M)
o) FHY S & 7 Ut

w3 gAE A3 AYrle AegE SOC Al
28] AWAe BAs7] 98t FCS(frame
check sequence) & ARt H7lshks &%
28 SOC WAx1e] FCSE 4 ARlste] 44l
2 SOC WAR g AL sofehe HE%
P =

28 1607 2ol, x7|sk FHo] wud
VDSL Edlo] Aoz HES AztetA €
o OAg A% Ayl AR T2 At
o Bit-Swap 71%5< F33} dXE 23 A
Z7)e w) A8 F=2 2 T35 g9 (tone) 9
Fe s AAgd. PRyt AFHL AE A

{E 1> O-CONTRACTn SOC #Al#]

W& 3 H

Message descriptor Message code (0% 05)

Downstream contract | Contract descriptor

Upstream contract Contract descriptor

EOC capacity 1 byte

VOC capacity 1 byte
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(& 2> contract descriptor

v & 3 o AlF-ARY
Rate in fast channel 2 bytes 64kbps Bl
. 15-b8 : bRS overhead
RS setting in fast channel 2 bytes b7-b0: RS codeword length
Rate in slow channel 2 bytes 64kbps Bl
.. b15-b8: RS overhead
RS seting in slow channel 2 bytes b7-b0: RS codeword length
Interleaver setting 2 bytes E;?];gs '1M
o)A} RF (radio frequency) 7+ A3 %o (& 3) contract descriptor
o £ Fukr g Fgol TRt A& 3 H AN AR
] #2 4] (SNR: signal-to-noise ratio)”} 00000000 | Biz} Q&
HAS] o4 i Fu gloe T3 ol 00000001 | 3% £9] M HEES 1 v|E 37}
7 ARG o] o, fAE A% A s 00000010 | i E2f X% HIES 1 H|E Za
e 7L FHol Fg e Add wE 00000011 | 313 £ 2% olUAIE 1 dB 57}
TE EO1R AE O g v diiHes & 00000100 | 31 E2] A4 AUXE 2 dB 27}
T Wge) dE wE 8 FE Bit- 00000101 | 343 E<] A4 AL 3 dB 37}
Swaps A3t 2 Fu diofof] 2A o7t 00100110 | 31 £9) A4 UIAE 1 dB 24
A REF 2AE AP AASH L 01000111 | 549 9 2% xS 2 dB 74

AR Bit-Swap2 9F bitswap request
o A]X] 2} bitswap acknowledge HAIXEZE
VOC Adg B3l wdh). <& 3> bitswap
request ‘%‘%‘Oia Yepllz

X Z2EEQ 78 d

DMT-VDSLe] ASIC 33 A dAZA, ¢
g 2de (& 3) bitswap request com-
mends FPGAE °]&3t9 Emulation2 3%

ohd 2%+ Discrete ADC, DAC, AMP
5 é 0|3t T3}

FPGA—— XilinxAF AIE-E AN e, o)
Y28 Analog Devices A1E2 ARSI
25 55 HA Azl Bgo] TN L
53] txdg e giste] gEig HA A
].‘:—o].od];]. -;L&]E] }\]/\Eﬂo /\‘Zﬂ X-]p']./\-]
E3lo] oliul @ ATM UlolElS emilet 30
Mbps o9 £E2 HE3h= Aol 7M.

—

(923)

<ad 18 AAl FdE FPGAY AR 2
F8 EEEo] WA dr}

X.d B8

£ =Fo)X= DMT VDSL 3 A 33
tisle] 71&8dty. PMD, TC, DSP 522 o]
Fozl Hxd = obgd2 1 3 (AFE) 9 e
Wy 2 Az diste] =3k @A AEel
3 A& VTU-0% VTU-R 249 3 ¥ E
ot} 2003 4¥7 A FE AFo) 2T 94
ojtt. ¥ VDSL F Al A1) &Aisle) we}
A, EHZ oo JA39) Ax-gss st
o, ADSL CO& ¥ AR 4~24 XE9] 3
Al = & Agso] gltk. DMT VDSL
A A NLE A HRFAF MEr)er)espd

HAlY dgoz FE T gl S 9 Ve
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)
1) Digital board ¥& BLOCK 2) Analog board 8 BLOCK
- IFFT - ADC, DAC, AGC Amplifiers
- FFT - Line driver, hybrid, Filters
- Constellation encoder/decoder, FEQ etc.

- DSP
- Synchronization
- TC(PMS-TC, TPS-TC, Ethernet)

{38 18> DMT-VDSL Emulation Board (FPGA)

o] gy g =3 DMT VDSL % Ale] At/ Transceiver,” ANSI T1E1.4/2000-011R3
AHE B3, & Al AAYYE S Tol & (3) “Very-high-bit-rate Digital Subscrib-
2=l 7197t 57| E njgith er Lines(VDSL) Metallic Interface,
Part3 . Technical Specification of a
LAl 2 Multi-Carrier Modulation Transcei-
ver,” ANSI T1E1.4/2000-013R4
2 =2 JEIAATIIEY A AYes (4) “Special issue on Very High-speed
FE A7y, Digital Subscriber Lines,” IEEE Com-
mun. Mag., vol. 38, May 2000.
FuaEd (5] G.H. Im, D.D. Harman, G. Huang, A.
V. Mandzick, M.~-H. Nguyen, and J.J.
(1) “Very-high-bit-rate Digital Subscrib- Werner, “51.84 Mb/s 16-CAP ATM
er Lines{(VDSL) Metallic Interface LAN standard,” IEEE ]J. Select. Areas
Partl . Functional Requirements and Commun., vol. 13, pp. 620-632, May 1995.
Common Specification,” ANSI TI1ELl. (6) G.H.Im and ].J. Werner, “Bandwidth-
4/2000-009R3 efficient digital transmission over un-
(2) “Very-high-bit-rate Digital Subscrib- shielded twisted pair wiring”, IEEE J.
er Lines(VDSL) Technical specifica- Select. Areas Commun., vol. 13, no. 9,
tion, Part 2. Technical Specification pp 1643-1655, Dec., 1995.

foraSingle-Carrier Modulation (SCM) (7) G.H. Im and K.M. Kang, “Perform-

(924)
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ance of a hyhrid decision feedback
equalizer structure for CAP-based
DSL systems,” IEEE Trans. on Signal
Processing, vol. 49, no. 8, pp.1768-
1785, Aug.2001.

G.H. Im, “Performance of a 51.84 Mb/
s VDSL transceiver over the loop with
bridged taps,” IEEE Trans.on Com-
mun., vol. 50, no. 5, pp.711-717, May.
2002.
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(9) G.H. Im, KM. Kang, and C.J. Park,
“FEXT cancellation for twisted-pair
transmission,” IEEE ]. Selected Areas
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June.2002. '
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