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I . Introduction
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e ASsts M T 842 FAE Holgn
dAstdct olgjd HrAIZEZ SHIHUAN JEiE
1 & 59 st voiceE FAHLEY PH 5E
o] video ¥ data® X% multimedia® FA} thgs
Aok deolrt, 19939 vlE 9] Clinton % #+& "The

information infrastructure: agenda for action”& %

F&te AdAlsle FEAE FRAAME {2317]
A% FAH AYE Fdgezy AAHCR infor-
mation superhighwayol] tidt #4& EdoFct
o}2} & information superhighway2 ¥4< video®
¥ #3HE multimedia ABj2Eo] A4l ojtAy w7
AqAY oW HezE ALH7A EHFPe §ie
bandwidth®} protocol& THIE I flojo} i ol
o},

]2} & information superhighway$) backbone &
core networke] ¥R & 3}& bandwidth® optical
fiber& AHE# network®] TAlo] AMdd Fd¥ A
Holz} & £ qlr}, v 49 "the last mile’2 #ElE
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access networkel ¥ 8% bandwidth& A|F¥ +
A ANAYL KA/ g sfAlEol £
of @uiciE AES 7] AYet H2E nFE F
A 22 last mile solution® @ xDSLol g &4 ol
ax nzHxn ded, vy "2u&R g7
W TEAY'E S3ES ADSL(Asymmetric DSL),
VDSL(Very high speed DSL) % FTTC(Fiber to the
curb) & F4A 02 £ & 3t ol FME WP
At

g FAeE $£dE AZHUY FSN(Full
service network) & TH3W x| AAYolgte
ol gl He EAFel slad ¥, RBOCT telcod
34 2 2% service provider&<2 internet 5 233
¢l data service# 8] W& bandwidth H#Zd4&
ISDN ¥ xDSLE& B3 fidslels =88 7| &z
Atk AR FA xDSLel A BHE BYd 4=
g8 FTTH(Fiber tv the home)2 2 R E EAE 3
Astay Yo NTTZAE xDSLel g aNe v
7] Alzsta ok, oM ol8 @ xDSLE
Aztn BAZie € H{29 BEELL FYsidd.
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0. Core network % access network solutions

e =42 4HE 9 core network®] TEEE
ATM(Asynchronous transfer mode)& 7Z|Wo 2%
SDH/SONET(Synchronous digital hierarchy/Sy-
nchronous optical network)e] F3%& &R olee=
dl o] e AEE A9 gtk ATME ®E swi-
tchingsd s, Y% protocolB2Y AZTEE T3l
network latency® #8381, voicelt videoZ &
traffic® g ojvet datavt graphic
image%9] asynchronous trafficys AZHoz &
9% Aoz A=z glov, 71& network®e] &
3}, costs sMAsoE & ZAEo] olA L ol Holdl

t}. Fiber optic communication® 42 =%

synchronous

core
network e 9%7 EDFA(Erbium doped fiber am-
2 WDM(Wavelength division multi-
plexing) 52 71EES FHoz A$Ad A58 F

d F3 g eg 85,

plifier)
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Public networkell 41 9]
bandwidth #8242 2 “the last mile” & 7F4At
(customer)®t &3 (central office)Akel9] copper
twisted-pair®2 7% access networkell Al Aot
Data5s< F4o2 ¥ojun St bandwidths 8.0l
257198 A 22 voiceband modem, ISDNo A&
B fiber, satelliteo] ©]27] 7} chFg KA/ 58]
AAHE] A=H Yot

switched telephone

&3] residential broadband networks] =3¢
#HYPegyr T3 71712 bandwidth& 713 fiberg
7t 7}Ae 7=l oldsls FTTHel A€ot s
FTTHE ZAAel wl$ #HFsln 71€2 copperg
fiber2 ZAsh=d Aule 7IE nstd FEe &
AYoz wrle oY FITHY digtez AEHE
7o} FTTN(Fiber to the neighborhood) 7l °lct, ©]
73S FTTB(Fiber to the building), Fiber to the
curb. Fiber to the cabinet%-9] /@& 25 &3l
Ao gA fiber® 7FYA 7H7tolZAA] w33l final
drope 71&9 infrastructureE& d3] #83t 4
N9 dAFs= vjay FAAHA iA@Yt Final
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drop2.& copper twist pairg °]€% A%+ VDSL&
Abgste] Mo 52Mbps/6.4Mbps &€& dygo
26Mbps7tA]  A4e] 7Heditk. HFC(Hybrid fiber
coax) YAl FTTN/HEole} € 4 sled final drop2
2 coaxial cable® )43 analog video& #4359
A} 5-Al9ll cable modem®& ¥3 BHF 9 datad AF
@}, Cable companyE°] A3sts A2 R treeT
z9] topology® 2%'i0o} broadcasting®l = st
data communication& o4& upstream?] band-
width7} A2 %&d|th7} downstream& el AL&z}
7} F&EA Holglol AMRAT A FME A MY
A A4745 5 data rateol ZA T4 E # ohe}
securityell ¢ #HF3 FAHT < (1),

71&2| copper twist pair& ©| 839 data & X%
¥ multimedia® Fi1 F e Mg &4 0y
€ voiceband modem$ ©| &&= Wejct, Ak 7t
4 W& voiceband modem? speed?l 56.6kbpsZ =
internet Web surfing2 World Wide Waiting®] +%&
£ o}z Rt 128kbpse ISDNE& AHEE 7%
Aol oA JMASHZIE AT SOHO(Small

office home office) user& 9 real time multimediatt

ur.9.
e

video conference®t #2 video application® 733
W7le oy A2 543 durslEln U internet
#e Mul2E o] & bandwidthE 87 27k oy
2} 1 AHEWA X voice communication®e wl$- o2
F4-g molx ok AUk Aste] F9- g FHA FE
AE A285Fd w3, modem® AHEE internet
access®] A4 FAEANA FA ZH lined d
faAE), AR vIRe] Ag ALEAZ] BAUE
FH 2 FAE HE3}7) fEol] o2 internet AHEA}
£2 o3 Azl switche] X gFo] hrg oA
1} access portE A-falwle} Au)xe] Ho] TA Hoi
Folle B1atn B4 telcoS9 &L WY& F7HE
Bolx = @4l vehta gtk ol e FAEF ¢
#0] Telecom Act 969 et AHFHYAAZ APs
A cable modemolt} satellite® ©]&% AEE A
2 FAYPREe] F8E 1A telcoEe] B8 local
loopol ¢} bandwidth& E®l3 switch't access
porte] HEEFEAE A o Qe 4y
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Voiceband modemo]y} ISDNE T & of A3
o2 7)1&4 copper twist paird °|&8td FUA-E
H48E Aol xDSLE BPE MEE modem 7] &e]
t}H(2). xDSL& 7]&9} copper twist pair local loop
cableo] amplifiertt repeatersle]l ZFdid& Addte
A& 2} modem 71€& A HE=dl voiceband modem
3,400Hz7tA1¢] POTS(Plain Old Telephone
Service) g 2tg o] fst=d dhs] Y4 W Fo4
dA(d: ADSLY 2% IMHz?H A AHR) & AL8§o 2
M copper twist paireld FMbpselA =4 Mbpsel
o2& data rate® A4 3ch, HH format22 T1e]
1} E13 2 industry-standard& A Y3t A=
I 7Hq1A Yol digital data stream& FIEE
modem® ¥R E v} POTS, up/down data stream
o] A4, data rate ¥ Hh HEAD, AME twist
pairel F=oll utet 3% o] Mwe vieh go] ikt W
Fo| EAFC

o]

24g o&£% FUY
MMDS(Multichannel multipoint distribution ser-
LMDS(Local multipoint distribution ser-
Ye#}g o|g§3¥ MBS(Mobile broadband
system)$°] & it MMDSs 2.5~2.7 GHz
Y& o] &3l o 40mile =7+ 33~100 channel
9] video® H4 T = Y& 71E9 cable TVE thA/R
3l 71 49 upstream® L& ALY A
£ on demand MM A% ¥R 4 Ui LMDSE
27.5~29 5GHzHHY %& 40GHzU Y& &3t 4
A odeiAe) video channel& ¥lm3 F& A Fd
(4~5Km) HEste 7€z ARo] A ohgd
cableti 4l HEE AlZHlol] AL H] 822 videoB HF
7198 e slgolct dxw FCCAAM data,
telephony5 2.2 A188 & URE §of wel A28
A4 B4 access network o2 AA FEIG qUot
e 42 Foge AFTY + e P &
7382 line of sight® FRerd ., Foly |7t &
Ao 2P AGRAT ATHA 8247t Wol AE
7 2 4o} Abe] B oM MG AAY

access networke &+

vice),

vice),
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olgln & 4 glth. MBSt #7189 A% ZH= T4
EASNAM ABHez AMEHT 30GHz~300GHzo
o] WalH§ pico cellHelA BAEoz §8317]
A3 #yd 2 dEAM T8 e 7Igolnt. e
& Foe dE(~30GHz)Y 97t de 79
bandwidths} #7152] #3o] W& space reusability
% broadband A&l FEH BAHE A2 ey,
#¢ MMIC(Microwave monolithic IC)g°] /=™
2887 7453 A PDA® Z& broadband 7HAF
Exaaslel AEsoe} sMAeA thFE broadband
wireless service® I 4 v M= Ut

=

i

18} CDMAY TDMAS-& ©] 88 WLL(Wireless
local loop)., Spaceway$t #< $HAE ol &d #F
data A8, IMT-20002.2 793 FPLMTSS X A
2¢ %4 access networkF 9 U &  9lout
data rated ol 2Mbpsel E#sich ol g Foh/

5L V&Y
copper && coaxial cabled ©|&% F4 access
network® ZQBAE FAE7 = &AW {Fidgo] 2t
19E F5F bandwidth, FPE4
wol A AUt HoloE ol ol wrh. webA
A7)1H o 2= fagte] 7FRl 2 k& mobility& o] &%
FAgel 4up g F AT AAE T o
& AMujxg AF @ FAAY FABA 2] emergency
backups 8 ZwolM 1 A 8Ac] Fztd Aog K
=3

HulY wireless access network 7|

al

% reliabilityZ
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Copper twisted-pair& ©|&8IAME voiceband
modeme|}+ ISDNETH 8§48 & +MbpsE H$E +
A xDSL 71€E< Table 10 29 AANYH sym-
metricity, A4A8], AME twist paire] F. POTS9|
FRARE ule} IDSL, HDSL, SDSL. ADSL,
RADSL., VDSL%°l AtH3). xDSLE FSN¢ &2 4
oz ARl FaldEFHAM FTTCH HFCel &
3 AA F5& ¥ Rt 28y AR F4Fo)
FSNolA dataZo @ o|%3}a, 1%¢t SDSL., RADSL
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(& 1> xDSL9 Ham
. AL line ¥ A
xDSL Acronyms POTS/W % H8 line %/ A2/ Line code
duplex data rate
ISDN BRI9] B & o] &
. 11 8kft@26
(I%SSIL) (ISDN DSL or No POTS/th# fuum;: o 1 GOkf) : AWG/ 2B1Q
unswitched 1SDN) P P
CSA
High-bit-rate DSLs
. (12kft@24AWG
HDSL | (Single line HDSL | No POTS/H# | 1~3 line(s)/ 9kft@§23 WG, or 2B1Q
(SDSL) | or single pair HDSL (Both/W %) full duplux 1 544Mbps or or CAP
or Symmetric DSL) 2.048Mbps
1 line/ 18kft/1.5Mbps DMT
ic D
( ADSSLL) f‘;y?‘m‘;mctiv SI;)SL) POTS/BIh% | simplex & | 15kft/3Mbps (standard)
ate adaptive duplex 12kft/6Mbps or CAP
POTS/ 1 line/ 1kft/ S-DMT
VDSL | Very high speed DSL WA 2 e simplex & 52Mbps/6.2Mbps or or CAP
= duplex 26Mbps or QAM

& 8|23 %E xDSLE| AlAFHo] deel Eo] y
oj x5 VDSLY 322 4Al FTTCFLE X&i¥ +
AA Foll whel Aske AA Wty Alzbslgd o xDSL
o] =gdel A ISDNe Algo] A&7t 48t
telcoE 2 #HIES xDSL modemTHE7]ol S8 AW
xDSL vendorge] A2 DSLAM(DSL access
muitiplex) & W¥ol xDSLE 71¥& networke] 2 &3}
v dYEoHE AT FHEE AAst EY
ol 2 &
xDSL solution® ol &3t 4F-& AFE & A&}
It xDSLE o] &8 Av 2o AR Lpa7] A%
& ot

small ISP(Internet service provider)E©]

Digital Subscriber Line(DSL)

DSL2 ISDN-BRI® & o] &elth. 1980d & A
Wg Basic Rate ISDN& 2719 Bearer channel
(64kbps circuit switched channel)® 1742 Data
channel(16kbps packet switching and signaling
channel)& A #F3%t}. DSLL 2B+D9] 144kbps pay
load®} overhead® E 3] 25 160kbps& 26AWG
(American Wire Gauge)olA 18kftH27+A] full
duplex® A$¥ < Ut} Line codeE& 2B1Q(2

Binary 1 Quarternary)& AMH&3t9 80kHz7HA 9

#Fgd S AHEET. ANSI, ETSI. CCITT(EA 9
ITU)SeliA 80 thell ojn] F&3}7}F o] ol Frt.

T8 AVl e IDSL2 ISDN DSLe| 2zt

=
e

2 1SDN9| 128kbps® internet® #& shite] AMujx
ol “dedicate’® 4 U=Z HYF Aot} A RE
ISDN-2 switched serviceolth. & 7}Q)zle] 3y
computer?t twist pair§ %3] 359 voice switch
9] portZ A dZAsH AFE ddle WEEZ route
deb a2y 2] ISDN e g & ISPy
Akl LAN £& WAN A& ¢t 348 93
128kbps& 25 AL837| & dsted EE ISDN B4
E2 olelg $2 & AAE] ARG ¥ vendorE
2 ol2§ Aol A<tEte IDSL modem® /WE3IH T
d o]R€ “unswitched ISDN’, && “dedicated
ISDN'o|g}aix K&

High-bit-rate DSLs(HDSL)

7127 HDSLE 7|29 T1 € E1& dAlsly
repeaterglol 21709 copper twist pairg °| &3
DS-1898 Mu|2& 948 /ge BAH|nE AHA

(1516)
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A+ DSLelth. #A4 POTS Aul&e AdE $4
telcoBel #H& 7 718HQY YL loading coild
go} M7 HEAE A $H A9 CSA(Carrier
serving area)’'d-& =93} remote terminal¥ 4
A8k} copper line?) FEHE TxA7IE Wil
o T1 € 19608 0% Bell LabolA 7H#¥ voice
multiplexing system©.2 DS1 & 64kbps& 24714

£o] 1.544Mbps9 data rate2 Fagg + Uk #
#3 CCITTAMNE T1& 43 30749 voice
channel® %°] 2.048Mbps2} E1& ¢EUC} o8¢
Tl 9 E1& 8 94 Jd8% remote terminal@t
cenrtral officezt9] feeder plantell A}&=H A=l 2Hak
server accesst LAN access% 9 #HE8A02 de] £
oA Huth, 28y o] ¥ T1 ¥ E1& copper pair
o] #7|d uwel 3kft~6kftrith repeaterd x| ¥ ol
a7 o] FAESFI ol WA MR E dgd
vl &Holtt, Line codeR2E T1& AMI(Alternate
Mark Inversion). E1& HDB3(High Density
Bipolar 3)7} 231t}

HDSL& ISDN BRI /H'#& % &xd VLSIL
echo canceller$] DSP7I€, 2B1Q# line coded
E o #AANA AE=HEUG. oy vlgg 29
1.544Mbps®} A% 2 lineg MA 784kbps¥ full-
duplex® A48t CSA AlA, & 24AWGeA
12kft7h A 26AWGl M & 9kft7hA] Aol 7He3tth,
71EHo2 T1 € E159 #84& A& pairgain
systeme]”7] @& POTS7} X¥=o] JA gon o
24 central officeZ2¥E HAYE FIFLE loop
powered Al&§olch 7|& T1 € E1&ch AA7t w2
2 FAEFZ AR W ohle FHERFPYE FHojy
oju] 309t Mol 4 (U.S.A)°]l local access infras-
tructured] AAse] AEHIT YT UM R
97d € E4le] 7t&s T Ut

EE3FY: ANSIE 1994d 29 Technical
Report No. 28], ETSI& ETR(ETSI technical
report) 152¢} ISDN Basic Access DSLsEc} §4 &
paylcad® 4% # it HDSLH feasibilitys}

advisabilityel ti# ZAE3AE el ANSI
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TR-282 1.544Mbps®] DS-1 based services& A%
¥ 4 & T1 repeatered lines®] tigre24 HDSL
£ Astn AME87, performance objectives ¥
margin, 2B1QE& wteg2# dual-duplex archi-
tectures & A¢rstn vk, ETR 152% #sRo:s
linee] ZulHez #FHE Fd #AHE sy
2.048Mbps®) El rated #8% + Ut A$A2AE
Aelsdct. 2B1Q line code®] two-wire bi-direc-
tional transceiverrA| =¥ 22 3 pairs& |83 4%
784kbps¥ & A= Al2d, 2 pairsE o] &8 27
1.168Mbps¥ & A4sh= Alz=d, 1 pairg ol &3
2.32MbpsE &&= A2HE] twist pair®] A2
of wet AMEE 4 UEF AAHJTE 2] CAP
(Carrierless AM/PM)(4)%4] 9] HDSLA| 2 ®el] gt
W82 annex Bo| gt HDSLY AMH|&2%
ISDN PRI, 2Mbps access to the SDHS©] X €,

HDSL Issue 27} @A ANSIE FAHoZ zy=jn
Ak, F8 U2 rate adaptivity, CSA full range®ll
T1& A$ss $a5el A5 &, rangesd
latency, spectral compatibility, noise ¥ crosstalk
5o HAE UEANAC . 500msEe gAT
latency W&o A2 64-CAPolY QAMZFA 9
single carrier##l°e] FH& olF1 3le™ Turbo
codett TCM& ©} &% coding gain® $8 4534&
®3&3 Aok, ETSIE enhanced HDSLe) ti§t £E8&
AlEhslae o ANSIS] d&8¢ AR AALS
oY 7heAe]l A,

SDSL: SDSL2 single-pair HDSL. single-line
HDSL, symmetric DSL%e2 Ee&d EAHL
single copper pairg& °l&%¥the Holth vize H¢-
95%°]¢¢] local access loop?} single copper pair®
FA45Ho 7| & HDSLE dut7tge] dZdsted
= A7) ol HDSLS F2 AlRi#er 1 §58 4
g}, SDSLE HIES) SOHOZF EoiutaA o
4 9] gymmetric trafficd Y823l +£87 F71stxn
edl &etale] single twist pair® A@olutal T1el
A} fractional T1(l: 384 kbps)¥ Fd3H: DSLE
U vendorel olsf sHd® o|ck HDSLe @<l
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POTSE A& # A&7 POTSE X %3+ SDSL
E A="gxn ot s eol2ig SDSLe A gE
HDSL# #Z& loop-powered Al&ge] ol 7] of&df
noise ¥ interference® 7ol @etAA €},

Asymmetric DSL(ADSL)

7140 ADSLZNIE 2 19899 Belicoredl A A&
o2 A7hEAY. Information retrievalelyt VOD2
O

o

entertainment 152 My~ Eo] downstream
ol FuHE BT SHAW upstreamol A&
controldl® AEel thAX g Ya2 FJokE asyme
metry 543 A3 twist pair?t 743 bundle
el twist pair7b @26l @& crosstalkel #A
upstreameo] Al o2 FhA g BuUv] ogos A
of 2okt asymmetric DSLE 338ttt
entertainment AM¥] 27}t ik 7oA F 2 AFEH T
#HA vjdslolgly twist pair® 95%°)4o] single
twist pairgh: & a#isty 71E2 POTS?E B2l
758t E & ADSLAY & sttt ADSLE o) 83t
H 71Ee] MG o183 1. 5Mbps & MPEG-1d9)
AL 71 J3tE Ao E Mg BE ¢ ok
Abde] B A A9 VDT(Video dial tone)AFgd ol
A2+ €] 2] 31 information superhighway® €% o2 9
Auviztet. %71 "On ramp to the information
superhighway & Zt 3%l ADSLe} FSN& A3 71 &
ZA Ao FTTC, HFCS ol 22 & Le=foy o
Al internet MU AE AF telcoEo] FUF siFH

2 goaux Y xDSLEEFE Fr3tn

)

[

7

HE3}H53: ADSL standardE A3l 199337l
£ MPEG-1 video® 8% 4 U 1.5Mbps9
downstream® 64kbps* =9 upstream22 ]33}
Fck. 28yt Stanfordthdle] DMT(Discrete Mul-
titone Technology)(5,6)& “4-83% Amati(97d 11
Yol Tl AF=HAHAbe] ADSLe] 6MbpsE +#3}
HAa gE3 #3E FEd @Az downstream
6Mbps©| 31 upstreame 640kbps7tX 2 Bl =T}
19959 39 ANSI oM =¥ T1.413 standarde
4kHz7 X & POTSE 98l A1&3ta veix] 1MHz7h
22l spectrum® °]&3 6Mbps7tA}2l downstream

(1518)

simplex bearer& T3 itk ADSLel H$
loading coil& $124 bridge tap2 #HBHE twist
pairel Al Zel7} 18kt A+ 1.544Mbps, 15kftel
74§ 3.072Mbps, 12kft8) 3 $-& 6.144Mbps7HA]
4753tk Duplex 16~ 64kbps 2}
control, 160kbps®] ISDN BRI, 384kbps2 videp
telepphony& T H¥ 4 UA=E FA3t2 ok ETSI
A= ETR 32894  ADSL  requirement®t
performance® AAF T Ued JEHOE ansi
t1.413&¢ 2dg +43n FPTE YR WEE F7)
 FrEoluh

bearerv

ADSL#9 standard line code®i Stanfordth&oil
A g Amatirbe] DMTWAo|e} o] wrale i3
AT&TA AN /PEHAR DMTH4-8 ADSLA Aol gt
A FR}E¢ Aoz oF 1 MHz7HA2) bandwidthE 256
7§29} subchannel 2 Z7 Z&74°] Ztzbe] subchannel 9]
28 & SNRel wel 9] bitE AFFozd A4
A8E ¥oli BER® HAZ 8+ multicarrier mo-
dulation'¥2 9] shte|tk. Modulation® demodula-
tiong IFFT ¥ FFTE MM #8311, guard band ¥
time domain equalizer& #* symbol?te M4 & #
A2 3% 7 subchannel®] E4& frequency
domain equalizer& MA B3l 3o}, @2} Moto-
rola, Analog Device, Alcatel, Orckits =°] stan-
dard compliant¥ chip€ M3 1ok, Standard:
o} vk AT& TN A 7Hdg CAPWA 9] ADSLe] A%
o] WA FAlso] olA7AE ADSLAAE Frsin
ALt

ADSL Issue 2& 1 ¥ ADSLAES vigte g
¥ POTS & premises, initialization® 2& 42
829 B¢t VOD 71E2 2 g4 " EEUE internet?

2 data communicationd = 88€ 4 JEE 3
3l& A, rate adaptation 9 ¢t3& dF 1 ok
& ATM over ADSL, IP packet mode %o #&
TC(Transmission convergence) layer#@@ issuegx
ATM Forum%#¢] liasion meeting® F3 HESI D
Ak, olgtdl AT&T §9 #7H 08 CAPE standard
of AYPAFIBiE o] ARH oy duse &
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Fe fAE KT A el

Rate adaptive DSL(RADSL) : RADSLE& 71&¢]
ADSL modems®) 22 & @& 2e¢ ADSLel#
g £ gtk T1.413 EFAME Agd] oet ggd
downstream simplex bearer& WA 31 32kbpsd¥
Z rate adaptivedtdl ¥ = UEE 32 Ued 2F
ot ¥ ¥ ADSL modem&+& rate adaptived}?] B}
£ 2F g T3 AT CAP based
ADSL vendorg % 3l+2] marketingd & o2 22tg
RADSLE Aglel AMZA2XN%L copper twist paire]
Aefol wet Hohe) bit rated MHl2 ¥ F vk &
Holl A telcoE S 588 AN, HZ olg) #FE U
#Eo°| ADSL Issue 2914 HEHI Ut}

Very high speed DSL(VDSL)

71€270 : VDSLE fiber7t 7H1Atel]l & ©l 7i7tel
izt e FAE #U¥ o ADSLel interim
solutiono] 8 4ol gl ©H-E H&sld fiber?} 7t
Az} 7hrte] EAMo| HiE FTTNAE Y Atk access
networkdll M= 2&& H2le] twist pairg ol43to
13Mbpsel A 52Mbps7HA] AE#% & JxEF 18
xDSLelth, ADSL3} SDSLel A a2 & 4 9l
= VDSL® data rate® asymmetric® % 1kftAe]
eIEGAY & WUg)dA  52Mbps/6.4Mbps,
3kftA 2 (2H& FE @A) oA 26Mbps/3.2Mbps, 4.5
kftAZ (5&X 7 409 #73)4A 13Mbps/1.6Mbps
£, symmetric¥ 7% 1kftA=lolA 26Mbps, 3kftA

oA 13MbpsE ZEZ 33 Yo

#F35% : ANSI ¥ ETSIAN B&E37F s
ded e system
requirement, EMI ¥ line code%°] 8 tdojt}
VDSL2 7]& xDSLef 813 ¥4 FhH2] symmetric
9 asymmetric data rate& 8384 % modem7}
A& ADSLET AYHIIEE REHNE FHFD AUt
@ Amatiol A pingpong & TDD% 4] Synchronous-
DMTE AH|¢tsted th33t asymmetry® duty cycled
ojg5tad =AE L Yo &S] transceiver® F4l/
FAg AN ddss vuny e FE 744

3 Uk, 3R ONU M 2] powera:E.7} Avhe @4

service characteristics,

(1519)

3} ping pong frame rated] W& 2KHz# ¢ audio-
frequency® A E°] ¢dez AE=HI ot Bell Lab
A FDDW4e CAP system& Atsta il
Power& HA 23, hardware’} {tesdichs 33 ol
12}, RFI ingress®¥ performance ¥417} #7] =
I ek, ¥¥ Analog device, Aware, BRTS A&
downstreamol| A& powerdel A #2¥ CAPH &
single carrier %4&, upstreamolA ¥ dimmertt
vacuum cleaner$¢ noise®74 & st multi-
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