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DSL in 2001
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DSL Future Applications
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Part Fiber, Part DSL = VDSL

¢ Rather ONU’s/remote terminals, incrementally with time

How long is fiber? Twisted-Pair?
¢ Incremental trade-off with time/demand
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Ethernet — 10BT

Hub
(yellow
coax)

. STAR'WInng — collision detection not really used
y HUDIS electronic Version ol a - coax-Wiked* connecton
» Allllines on Hub share the 10/ MIBps
lllons aeployed on cCopper

¢ Manchester codir
¢ Category 5 tp (20 dB less x
¢ Each line is 2 pairs (so 2 of 4 in cat 5
100 meters (systems run longer)

¢ Result of delay specification related to days in which HUB was a coax.
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Introduction of Bridges

. Littie nigherlevelrtnanii=l 10 WiICHNS ai EIECTONIC
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Ethernet — 100BT

Bridge
router

0)0) \/JooJ, dedicateanink
Rany) = 12sHViisZ
¢ compatinliewitn 105

¢ Delay spec really not needed on link anymore
¢ Remains a 2-wire duplex situation

¢ Lead suppliers do 170m range
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Ethernet — 1000BT

Router N

. C omrmlulp, 2501 ViDPSIonreacior4ineEs ol Gl

fashion
¢ 125 MHz 5-level (effective 4, or 2 bits) PAM on'ea

100 meters — physical layer constraint (lead suppliers do 160 m)
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Ethernet Faster?

VIDIViNj

10, OOOJ — Vectored muluoser, 100
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Ethernet — longer (EFM)
4

Sites may now
be at homes/businesses
at end of telco lines

- VIDSL=VIDIVIHE

 100BT (4 wires) > 1 km
Ingle wire — very nighn Speeds,

¢ Distance/rate Lradeorr

Vectored/spectrally balanced — number: of pairs

allocated, etc.
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Outline — Part 4

_ DSIE ane EteEmETAPPICANBAS

y Unnunaiing
owards etnermet

Multiuser Spectium: Balancing

Vectored VDSI

Vectored Ethernet

6 13 Multiuser Wonders




Unbundling in DSL
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Spectrum Management
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DSL Line-Unbundled Evolution?
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HEC — Hybrid Fiber Coax
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SENS (500)
¢ Multiple content providers, unbundling?

Of L
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Packet Unbundling
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Service 1
Service 2

twisted palr DSL 1 EE 1

fiber ﬁ

oo

Fiber, FTTH ['i ili

. Single Tiner/itir controlied ny one Jernge PlOVICEN
BC exampie: ECC aliowed infSept 2000 at Sl oniy,

Services unbu i

MAC In LT to control crossta

¢ Dynamic spectrum management
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The Main Technology Issue
(a prime app for MU)

Cross-section of cable
Also, space

¢ Requires spectrum managen @nt
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xtalk coupling
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Static Spectrum Management

¢ but xtalk/lines are dn‘feren as

@ each location
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DYNAMIC SM = MU Methods

orrlmg L0 STttt

cUSTOMENS
y Rela_'t]ve ine Jeng'thg
» Topology of cable loops

mprovement

Migration
necessary

¢ Static to dynamic spectium management
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DSL Evolution Goal

VDSL Evolution

3

Data Rate (Mbps)

ADSL VDSL VDSL-EFM VEEM
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Loop Plant of a Service Provider

Telephone Loop Plant

customer
premises

Inside wire

NID

drop wire

pedestals
B
[

feeder \
d

istribution

Convenient points

¢ RT, SAI (distribution node), pedestal
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Dynamic Spectrum Management Steps

. SPECTiUm Balancing —line tuRivunaing

y Eor existing “line unbundling™ sittatenwhere St pany canimeake
[EcCOmMMERnCations e Indiviataitlines; all el Seme

y Evolution torpacket unblndling WRErE: sitlations;are mixed pac/iine

» Implementation pessinle with cuiment ADSIEVIDSIESyStems

+ ~ I y .
— packet urmumdhmg
oordinated at ONU side (o1 €O side) in termsi ol signais

@))
icket unbunding)

rformance levels, shortest lines
¢ Add-on (backward compatible) with ADSL, VVDSL
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Towards Ethernet

T DSLLANIS
y Vieve: towara cUstemer
0S g0 Uprancd DSiViused

MEet reused on top oir DSt

palancing
¢ VVectoring

+ Combination of pairs to get 10, 100, or
1000
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Outline — Part 4

DS anal EtNEmeEr ApplICAUGRNS
_ Evolution e DSt and DSIVIVSESIV]

y Unbunaling
pDWaras etnernet

Multiuser Spectrumi Balancing

Vectored VDSL

Vectored Ethernet
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Spectrum Balancing

Central DSM/DSL Maintenance

1 .
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Translation to Telco Terms

Problem?

Data Rate?

Cheap service  Premium Service Need Fiber
0]
Maintenance necessary

I time: o1 day/
as avalianie
guaranteec
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Network Maintenance
— .
Dynamic DSLAM AUr
Spectrum Efor ADSL
solitier(s)
Management ' :

POTS
Switen

30

Telco’'s W
& Prevent pre

¢ make $
= >$1 B/iecpitAi

¢ Spec Management
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Rate REGIONS

RIong

Spectral pair 1

Spectral pair 2

R

short

0N IS POSSikle, But each With different Spectia
¢ Varies for each cable and/loop ‘topoJogy
¢ Varies for each combination of desired (allowed) rates
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Simple Example —PBO

" SO0005 (V2 SHVIPS UeSTEaIM)
Line at 5005 1000, 1500} 20002500
Compare: a: gamst PESTESSIV]

coordination (Pewer orline; fate)

REIENGN(SSIVI)EIERVALENS
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So far, Static SM

L[

S
998 (USA) — more asymmetiic
¢ 997 (Europe) — more symmetric

¢ Flex plan
+ Number of bands programmable

= Start/stop frequencies programmable
- USA VDSL Standard — part 3 (allows DSM)
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998 with spectrum balancing

Down

Linel500 it versus 3000 i
26/6 on 3000 while 30/22 on 1500f
Static SM only 18/1.5 and 6/6
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flex with spectrum balancing

Down

Linel500 ft versus S000iit.
26/13 Mbps on 3000°, 52/26 Mbps on 1500"
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VDSL and ADSL

Down 3000’ Down 4500’

Yellow on short line acts like green
9000’ ADSL (fig 6)
26/3 possible on 3000’ VDSL while ADSL runs

5/.5. 36
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VDSL and ADSL with Hasl/ldsn

Down 3000’ Down 4500’

9000" ADSL
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Outline — Part 4
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Vectoring Results
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Rate Regions

Last slide had all'lines same lengii
Rate Region allows tradeoffs betweenlines (1500; 1000)

No Data-Coordination
Vectored-VDSL
|
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How much better can we do?

current

cancel self-xtalk
cancel all xtalk
increase bit cap
improve coding

2000 4000 6000 8000 10000 12000 14000 16000
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Ultimate VDSL

current

cancel self-xtalk
cancel all xtalk
increase bit cap
improve coding
ultra-DSL

2000 4000 6000 14000 16000
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Multiuser Wonders

—— Vectoring within quad-TDD
Wire Length (m)

—+— Vectoring within quad
—+— Vectoring within bundle

Data Rates achievable over a CAT-5 private network
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EFM Range

Data Rates achievable over a CAT-5 private network

—=— Vectoring within bundle with 20dBm power
—+— Vectoring within bundle with 11.5dBm power
~ —+— Vectoring within quad with 20 dBm power
\.-| ~© Vectoring within quad with 11.5 dBm power
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Wire Length (m)

2 lines, 100BT at 1 km
10BT at 1 km on one line easily

4 lines, 100BT at 2 km
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Ethernet Examples
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Copper has more bw than fiber?

_ 50Hine BUunale N Iasti SEGMERNTOIFPIBHE
NEWOIK

y 90 lIneSs (ZOO /Iine) = 10 GpPS

y ETTIE shar 9 GhpPSs amongfseveral nemesHn

d IR IPEr connecHioNS teranad

¢ Copper in last mi more BWW: than system: can
handle

100BT/100 Mbps to everyone, evernywhnere: a
phone line goes, Is possible in the next

decade.
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Conclusions

ENermous Wirelineropporttnity/Aermuiiuses
y Galnsimay/ Be evenianger tnan o Wireless

tively: Stationan/Envirenment

The real .'OFJE Jocl_mrl

¢ Welcome to the broadband age inthis; century.
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