WO 03/ 081942 PCT/ EP03/ 03248 1 METHOD AND SYSTEMS FOR OPTI M ZI NG ADSL
CONNECTI ONS I N DSL ACCESS MULTI PLEXOR Field of the Invention The present

i nventi orwoaBagm®s2to Digital Subscriber Line 5 Access MilpCirpexa24§ DSLAM
and nore specifically to a nethod and sgstens for optim zing Asymetric

Di gital Subscriber Line (ADSL) connections in DSLAM based on a flexible
digital signal processor and network processor architecture. Background of
the Invention 10 Asymmetric Digital Subscriber Line (ADSL) technol ogy

provi des sBHBRSHND! SYFPRNS mbaéﬁiﬁ&zm@-wﬁxggpmeﬁoﬁ%ed |

access, vol ce an over a si exi sting copper I ne at ow

cost. ADSL exploits bandwrfi hgEapetrgst MiLTE xofed by traditional
voi ce service on 15 copper telephone |ine according to one of the several

existing protocols, e.g. Gdnt and Glite protocols standardized at the
[UT-T as G 992.1 and G 992. 2 respectively. G dnt provides maxinum
downstream (core network to custoner) speeds of up to 8 negabits per
second (Mops) and upstream speeds of- up to 640 20 kil obits per second
(Kbps) while G lite provides maxi num downstream speeds of up to 1.5 Mops
and upstream speeds of up t & @fpshepdmantdan transni ssi on bandwi dth
is about 1 MHz for Gdm and 500 KHz for Glite. As illustrated on Figure
1, ADSL architecture 100 25 conprises at |east one DSL Access Miltipl exor
(DSLAM) 105- 1Thad psesendl FurasttelxDStelates £01@ipitalo-Sukser 1dex nlingl
i ntegy at j S RAd s a ' a f /
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and systems for optimizing Asymmetric Digital Subscriber Line
(ADSL) connections in DSLAM, based on a flexible digital

signal processor and network processor architecture.

Background of the Invention

10 Asymmetric Digital Subscriber Line (ADSL) technology
provides simultaneous transport capabilities, e.g. Internet
high-speed access, voice and fax, over a single existing
copper telephone 1line at low cost. ADSL exploits bandwidth
capacity that is not used by traditional voice service on

15 copper telephone line according to one of the several existing
protocols, e.g. G.dmt and G.lite protocols standardized at the
IUT-T as G.992.1 and G.992.2 respectively. G.dmt provides
maximum downstream (core network to customer) speeds of up to
8 megabits per second (Mbps) and upstream speeds of up to 640

20 kilobits per second (Kbps) while G.lite provides maximum
downstream speeds of up to 1.5 Mbps and upstream speeds of up
to 512 Kbps. Downstream transmission bandwidth is about 1 MHz
for G.dmt and 500 KHz for G.lite.

As illustrated on Figure 1, ADSL architecture 100
25 comprises at least one DSL Access Multiplexor (DSLAM) 105-1
and several remote ADSL units (110-1, 110-i and 110-n) all

integrating a splitter to handle simultaneous transport of



through the | ocal |oop tel ephone tw sted-pairs. Several conmu- nication
devi ces can be sinultaneously connected to a single ADSL unit, e.g. phone
115-1 andwoonjpsiver 120-1 are both 5 connected to ADSL uni tCTEPoL032B5L ANV
conprise connections to Plain Ad Tel ephone Service (POTS) switch 125 and
carrier aggregation services device 130 that are linked to core network,
e.g. public SMAtC%Gd t.el ephone netmn k and | nter MVar ket studi es shaow
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servi ce ahevndht k@emirddhl n:pcsc.qaseélétsmmélmiéye@aﬁalygar Sef8ral commu-
consequence, the great- est ch Ienge to DSL Access Mul ti pl exor designers
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tight comsistai ahgton goyer ﬁﬁ@ﬁé”pilmf%fnd hedi®utrdd The-tihr g@cmibBth
contributors to power consunptlon and cost in a DSLAM box are the line
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the necessary transceiver signal proce53|ng functions. 20 The line driver
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transmtted fromthe SLAMto a rempte ADSL unit. The single biggest

contributor to expense is the digital 25 signal processing unit which

typically suppgrist8 é@uci-lGeQ g%wpoc!ﬁa& | pn@. ]rﬁmméﬁ:r 0Bf %Lgoséﬁ"ﬂé% ZEEr

t echnol ogy, and 16 to ports in 0.13 mcron,
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flexibility, but usually leadS to a I'ess dense (squar
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Glite |QH@é§r§¥étﬁﬂh%p§£§ﬂFﬁ%rgoﬁéL channels within a DSLAM box given

tight constraints on power consumption for the box.

15 The three main contributors to power consumption and cost
in a DSLAM box are the line drivers and line receivers, the
analog front-ends including the A/D and D/A converters, and
the digital signal processing components that perform the

necessary transceiver signal processing functions.

20 The line driver is the single biggest contributor to the
power consumption typically requiring 750 mW to 900 mW of
power for a full-rate G.dmt ADSL signal transmitted from the
DSLAM to a remote ADSL unit.

The single biggest contributor to expense is the digital

25 signal processing unit which typically supports 8 to 16 G.dmt
ports in 0.18 micron, e.g. IBM SA-27E technology, and 16 to 32
G.dmt ports in 0.13 micron, e.g. IBM Cu-11 technology. The
range is largely based on tradeoffs between hard-wired versus
programmable DSP-based software solutions. The latter allows

30 flexibility, but usually leads to a less dense (square milli-

meter of silicon) implementation.



because it requires about half the conplexity of Gdnt froma digital
signal processing perspective. Glite also lowers the power consunption in
t he |ine wpiogmes19appr oxi mately by half 5 because it only utciriEresodrad f t he
downstream transm ssion bandwi dth. Figwere 2 illustrates the standard
architecture of a DSLAM card 200 conprising 12 ADSL ports supporting the

G dnt proto- coI For_ sake, of rity, address, control and power
busses are not-FERELENY Je‘gh a@ﬁ'% 1Il(gﬁk WL Shreet ke t 6O he pﬁ§LNﬂr€ard

t hrough &dddigsdritveredquitrae ab@eltvelmffortrfwldomgwé;el&lasbf Gebatr €doo aas
205-1 to ;05% and Anal og Front End (AFE) interface, referred to as
210-1 to ?h%‘i‘a cBRBFFPSEdnNE/ BeXSBSOA VEonfert e, ahs@ad PYVERST itdte

Transf or peketinebnkbinpriand an bloek- based GOrFELt bpprefdaatlill, Usy nhRged
Sol onon encodi ng and decodi n RS) are assom ated to each DSLAM port, e.g

FFT ufit 2EGRUSSNd (RSOMYt 85H11z8Fe Bakbcithat APWRs tymam ofgansmiss g pe
noti ced tdwdgwargrsingle FFT unit and RS unit may be associated to several
ports. Then, a DSP 20 unit 225, associated to nmenory 230, perforns the
remai ning transceiver signal processing functions and outputs ATMcells

or bit streamgyjign2TM rogpudoraeds O AMBaLSa PBLAM eardr208r Guidion

conprises a voice interface 235 that is connected to a standard POTS
swi tch arf®%h 4RGpFarPhi &4 Recd 2240Sh RORGSarBIRRDT 1110 dibe Br anki ®1os-or
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Furthernore, DSLAM cards are genérally |inked to an external Network
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noticed that the architecture for handling the Glite protocol is sim | ar
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comprises A/D and D/A converters. A Fast Fourier Transform
15 unit (FFT) and a block-based correction code unit using Reed
Solomon encoding and decoding (RS) are associated to each
DSLAM port, e.g. FFT unit 215-1 and RS unit 220-1 are associ-
ated to port one. It is to be noticed that one single FFT unit
and RS unit may be associated to several ports. Then, a DSP
20 unit 225, associated to memory 230, performs the remaining
transceiver signal processing functions and outputs ATM cells
or bit streams in STM mode for all DSLAM ports. DSLAM card 200
further comprises a voice interface 235 that is connected to a
standard POTS switch and an Utopia interface 240 that transm-
25 its data traffic to or receives data traffic from a carrier
aggregation unit, e.g. an ATM switch. Furthermore, DSLAM cards
are generally linked to an external Network Processor (NP)
that controls data traffic. POTS switch, ATM switch and

Network Processor are not represented for sake of clarity.

30 It is to be noticed that the architecture for handling
the G.lite protocol 1is similar and, as mentioned above,
requires about half the complexity of G.dmt from a digital
signal processing perspective. Furthermore, since the FFT size

of the G.lite protocol is half that of the one of the G.dmt



of the Glite protocol is half that of the one of the G dnmt WD 03/081942
PCT/ EP03/ 03248 4 protocol in the transmt direction, the FFT function may
be perfowomdosr4zr oughly half the tinme as conpared w th GpdmEPIHI2EOUgGh
comer ci al DSLAM products have been del yvered based strictly on Glite at
about half the systemcost and 5 double the density per fixed power budget

when conpared t G dnt, lite is qnly capabl e, of hi evi ng .a maxi nu
speed of rf?tﬁ%%s Hbmﬁnbler e%d?ﬁnsﬂfd%ygér%ﬁ}:k P o%iﬁ%@ %b’ﬁ’ﬁ 0 BELAM
cards i npegfoigiid 1g eiculer vt he1@ dHe @finlehe sGdomrpaiyotaed . dad.ite DSLAM

10 cards conprise twice the port density of G dm DSLAM cards. For
exanpl e, there exist DSLAMline cards with up to 64 G dnt ports and DSLAM

line cards wi ththpub® ldSmeeltiglpasdiam pevavets Shaghe HlAMieaidered
al l owi ng_128 users, with G dnt _ speeds do not exist. Furthernore, such DSLAM

card sol BAS6Rs A5 Hakbd 6F lirtErR BELANPGHE hBad fardd e eEMAERBYi @S twoand
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Invention It is a _broad object of the invention to renmedy the ‘shortcom ngs
of the pFi-8ftar G dd teesks i ety hereahbsvel aghieviiggafottinp cepeed Phe

i nventi on &eREOVLHE @ rathod and systens for optim zing Asymmetric
Digital Subscriber Line connection in D gital Subscriber Line Access

Mul tiplexor. It is still another object of the invention to provide a

et hod and sysheas L0 fetiedd Be reQReGt | OPnPI ot 060l B&r.ERCH 23 PO hp0E 2
Digital Subscriber Line Access Miltiplexor (DSLAM according to the nunber
of acti vBSBEBEEr FBENSTC oM iifo AhethosiAM e RFQtEobs. | Asiahe. DELAMS
stildp angkhat obgoti f thecLnusd i gt 0 aRhRYitde S¢ BELRARd PdichsySLERE Lo
reduce required digital signal
For example, there exist DSLAM line cards with up to 64 G.dmt
ports and DSLAM line cards with up to 128 G.lite ports.
However, single DSLAM cards allowing 128 users with G.dmt
speeds do not exist. Furthermore, such DSLAM card solutions
15 based on current DSLAM methods and technologies would increase

power consumption and cost per port accordingly.
Summary of the Invention

It is a broad object of the invention to remedy the

shortcomings of the prior art as described here above.

20 It is another object of the invention to provide a method
and systems for optimizing Asymmetric Digital Subscriber Line

connection in Digital Subscriber Line Access Multiplexor.

It is still another object of the invention to provide a

method and systems to determine connection protocol of each

25 port of a Digital Subscriber Line Access Multiplexor (DSLAM)
according to the number of active subscribers coming into the

DSLAM at any given instant.

It is still another object of the invention to provide a

method and systems to reduce required digital signal



WO 03/081942 PCT/ EP03/03248 5 processing resource of Digital Subscriber
Line Access Miltiplexor. It is still another object of the invention to
provi de awormigioe: and systemto reduce the physical area reqmEPIga2 5

i npl ement a Digital Subscriber Line Access Miultiplexor. It is a further
object of the invention to provide a nethod and systemto reduce power
consunption of Di %{tal Subscrib%g Li.ne. Access Itifgexor..The

acconpl i SHRETES heE8SANTCDt hétt r ePaPéd3onj etETETPD adtied2H§3SDSL
access mlitploaxsiorsystem for optim zing DSL connections conprising : -
DSL links ; - flexible and progranmabl e neans adapted for handling i DSL

| i nks according to a first DSL protocol or j DSL |links 15 according to a

second DSL pratocd ,stilei Ao gheat 8bjeBaNoff, chealithidrtSiorDSo PpobOLAE a
FGQUIFIH%§| SsS proge55|ng power than said second DSL protocol ; and, -
control REARSd2DE e FHTTsefPi NPSAFd fHheki BR¥safal FiRf ahfeblid Stkahs

into m fiimpl eede RamdliiRgll sbBkchiibks 2Q nRCaetdisRgMu tSd1dxidr st DSL
protocol or into a second node handling j DSL |inks according to said
second DSL protocol ; and by a method for optim zing DSL connections in a

DSL access nuleti psexor rhetREr adapird t grhand eiateheash tMe ReloviRiot gecol s
wherein a first DSL protocol requires |ess process 25 ing power than the
second DBELHPG: 08B, S¥FEEMSItAcdaduGh PoWes) e£ORSEBREACS ngfupPigiFrabsL

l'inks bagegserisardrfineShcPeks MLQLepakxdRd up to j DSL links based on said
second DSL proto- col, i being greater than j, said DSL access nul ti pl exor

further conprising at |east one flexible and programmabl e 30 means, said at
| east one flexhbl ¢ RRAHEHRPFARIE fRAAS BEENGther related objects is

10 achieved by a DSL access multiplexor system for optimizing DSL

connections comprising :
- i1 DSL links ;

- flexible and programmable means adapted for handling i DSL
links according to a first DSL protocol or j DSL 1links
15 according to a second DSL protocol, i being greater than j,
said first DSL protocol requiring less processing power than

said second DSL protocol ; and,

- control means adapted for setting said flexible and
programmable means into a first mode handling i DSL 1links
20 according to said first DSL protocol or into a second mode

handling j DSL links according to said second DSL protocol ;

and by a method for optimizing DSL connections in a DSL

access multiplexor being adapted to handle at least two DSL
protocols wherein a first DSL protocol requires less process-

25 ing power than the second DSL protocol, said DSL access multi-
plexor comprising up to i DSL links based on said first DSL
protocol and up to j DSL links based on said second DSL proto-
col, 1 being greater than Jj, said DSL access multiplexor
further comprising at least one flexible and programmable

30 means, said at least one flexible and programmable means being



WO 03/081942 PCT/ EP03/ 03248 6 adapted to handl e one of said first and
second DSL protocol at a tinme, said nethod conprising the steps of: -
| ooki ng fwoD oa@sIIDSL connection request ; - if a new DSL c®amaErp3/ain4s S

required and at |east one link 5 based @n said second DSL protocol is
avai |l abl e, setting said requested connection based on said second DSL
pr ot ocol e |f?$.$ MIDSL c?nnec ign is required and at | east

| i nk baséﬁi%%t% i f DSPPr 8t o€ $1A55i PRAI 98 Bvd: QﬁﬂQ?CFgg&ﬂéted

connecti cn hiased S ahskHdd Stonpsti 91195 ogd stdifs ol se if a new DSL
connection is required and at | east k connections based on said second DSL

protocol are abbgady festabld skedcoknbeicAgnt ReqlieBicmym i nt eger val ue
allowing to swap k connections according to said second DSL protocol to

at least k+bL genrReidwotrACEH N 40 SRl fedh{ 86aDSha 4% RE@LRCne Iink
determ ning. said k connections based on said second DSL protocol according

to fiPst prBaEEEr AnEaLlEr seEPRE DSI BRESFCRG d&i @vRidahdsot iseitd ies édish

sai d secondrB§heskeat e68hete i kncoABES bangabasedcenasdist, LHidbebcBIL ;protocol
20 and, - setting said requested connection based on said first DS

protocol Furthee agvantagesdl ddnddesenti s nveghi PagWhE Q%CQQ%sﬂﬂgﬁge”t
to the ones_skilled in the art upon exam nation of 25 the draw ngs and

detai | ed deséPkpbrerd PN isaiichtichddd PHatPEAYOCcaldiei aval ladptent sfdd i

i ncor por at ed,h@r ebfueBELal cDRAGEEPHHOBAQEA! BR Dnaw RgSSEN gureploillust rates
the architecture used to provide ADSL WD 03/081942 PCT/EP03/0§248 7

10 - else i1f a new DSL connection is required and at least k
connections based on said second DSL protocol are already
established, k being the minimum integer value allowing to
swap k connections according to said second DSL protocol to
at least k+1 connections according to said first DSL

15 protocol

- determining said k connections based on said second DSL

protocol according to first predetermined criteria ;

- swapping said k connections based on said second DSL
protocol to k connections based on said first DSL protocol ;
20 and,

- setting said requested connection based on said first

DSL protocol.
Further advantages of the present invention will become
apparent to the ones skilled in the art upon examination of

25 the drawings and detailed description. It is intended that any

additional advantages be incorporated herein.

Brief Description of the Drawings

Figure 1 illustrates the architecture used to provide ADSL



technology. Figure 2 depicts a sinplified scheme of a standard DSLAM

card. Figure 3 shows a DSLAM system | ogi c architecture according to the

i nvent i orwbiogos®42 i |l ustrates an exanpl e of DSLAM syst emPChigPo3/oq2ise-
mentation according to the invention. Detail ed Description of the Preferred
Enbodi ment The invention takes benefits of both Gdnt and Glite and is
related to a fl exibl t hod based on DSLAM utilization and 5 DSLAM
architecture that inESEEBPngya programmabl e Digital Signal Processor

(DSP) andrdghieiena k Bepéessora ( MPnplTliisd fdehddd eoffetdodthakasgadvanimge
of the statistical nature of the nunber of active connections into a DSLAM
at any given i nstanf2 %his is achi eved by providing a neans to support

full 10 Grdgureaiies tbobwany dside @yieshedoyser srahilker¢uas hddor®ingl ess
than half, the users are activelg_nnving data through the DSLAM but by
only using half the &Pgft&l 18VEREEOPr ocessing hardware and hal f the power

consunpti gaguele 4he Linasdib¥eESan ER@mblverld ezraM Qs iae dipigloud et he
nunber of ADSL ports 15 avail abl e over a conventional ;schene given about
20% nmore power budgBERt@EpeRdRRGOEAIPHe tPokBE ABHSHHRET Y t he anal og
front-end A/D and D/ A converter hardware and the cost of the Network
Processor hardware. Since the invention is based on the ITUT G dnt and
Glite standards, it works with existing 20 Gdnt and Glite unit that are
already installed at customer prem ses. Wien the utilization is under 50%
with only half the subscribers or less active on their respective
connections, albetdbbed UsesSrptpbon evf cthé cpF@ré Fbed ExBbainéRe possi bl e
on 25 their wire. However, when utilization exceeds 50% gradually WO

03/ 081942 PCT/ EP03/ 03248
The invention takes benefits of both G.dmt and G.lite and

is related to a flexible method based on DSLAM utilization and

5 DSLAM architecture that incorporate a programmable Digital
Signal Processor (DSP) and a Network Processor (NP). This
flexible method takes advantage of the statistical nature of

the number of active connections into a DSLAM at any given
instant. This is achieved by providing a means to support full

10 G.dmt rates for any of the attached users as long as half, or
less than half, the users are actively moving data through the
DSLAM, but by only using half the digital signal processing
hardware and half the power consumption for the line drivers.

The invention allows one to double the number of ADSL ports

15 available over a conventional scheme given about 20% more
power budget, depending on the power consumed by the analog
front-end A/D and D/A converter hardware and the cost of the
Network Processor hardware. Since the invention is based on

the ITU-T G.dmt and G.lite standards, it works with existing

20 G.dmt and G.lite unit that are already installed at customer

premises.

When the utilization 1is under 50% with only half the
subscribers or less active on their respective connections,
all those users experience the maximum G.dmt rates possible on

25 their wire. However, when utilization exceeds 50%, gradually



8 active subscribers start to experience Glite rates based on either a
fixed policy or one that is based on a tiered tariff structure, until

ul ti mat elwo osloer41 he utilization reaches 100% all subscrciharss/enes f orced
to a mximumrate allowed by 5 Glite. @ly as utilization drops, wll
active subscribers be brought back to their G dm maxi num transm ssion

tes. Once. the utilizati bel ow 50% agai p, .t |l acti
Cubsor | BBFEIA BT 1D GERFT2d o0 GRS Haos nlttF andAtEs SYORETabBs

10 For sekehefr id | fiistedtpOnicy herf ohkowhag desddqed anis thased eara fBSLAM
chip comprising 48 ports, i.e. .up.tq 24 G dm orts and up.to 48 Glite
ports deﬁ&ﬁaﬁcﬁglrﬁpon UBSLAM Hﬁitllfnfﬁ-‘ﬁti’i'onf%’ﬁgi négﬁBWé}EifaﬂgéE’ﬁnoP—’§6§h§ﬁd an
| BM hi ghi1perf, oraman ceub45R e ngt@g¥orded! Bookdelasxienept +4t & eal hewdagiskal

Si gnat%le processin har dwar e, _ pr ogram‘rabl e DSP resources are used. Since
Glit f;ygilc',:&l'l Hak &S aUbi + 1 ABFEORhEROBE% 31 tlh &S $roeREst Hgers be

capabi | i byodbh© diHck t Be BERiRI areEst NHakdRaRl ltirbhsafi foidn Gdtde. PORES i
adequate to realize one Gdnt port. As a 20 conseguence the use of the sane

progr anméBFe BSP &S5 HORSns RHEOW eal (% at3 i Df tWoeks | plE pafFtdver

one G dnkupekt-ibEeshandliie pdesbut! & & 1366, EaPabi hdf ¥muhherDSLAVS -
system acgor di n% to the invention nust include a full-rate 1|ine driver and
I

recei ver t8F &A*Sforts on the DSLAM card, i.e. 25 48 ports in this
description exanple. Likew se, the DSLAM system nust include a full-rate
anal&q front-end with A/D and. D/ A converters capable of realizing G dnt
for W1 portsFeri ke 48fpoktkustratien exdhs eforbowinggslasadntiom ofs
various pasket ost edH.NEHSY fnBr30.1d od Y&-onty ok of, DSP funet Hpe
mode (G dnmt or Glite) based on the current utilization in the DSLAM and
det ecti oRO8fFs and up to 48 G.lite ports depending upon DSLAM utiliza-
tion, using IBM Cu-1l1 technology and an IBM high-performance

DSP technology.

15 In order to optimize the digital signal processing
hardware, programmable DSP resources are used. Since G.lite
typically takes a bit more than 50% of the DSP processing
capability of G.dmt, the DSP processing capability of two
G.lite ports 1is adequate to realize one G.dmt port. As a

20 consequence the use of the same programmable DSP resource

allows the realization of two G.lite ports or one G.dmt port.

To handle the full G.dmt access capability, the DSLAM
system according to the invention must include a full-rate
line driver and receiver for all ports on the DSLAM card, i.e.

25 48 ports in this description example. Likewise, the DSLAM
system must include a full-rate analog front-end with A/D and
D/A converters capable of realizing G.dmt for all ports , i.e.

48 ports in this example.

To manage detection of various packet streams and perform
30 flexible control of DSP function mode (G.dmt or G.lite) based
on the current utilization in the DSLAM and detection of

active subscribers based on active packet flow, the DSLAM



active subscribers based on active packet flow, the DSLAM WO 03/ 081942
PCT/ EP03/ 03248 9 system nust include a Network Processor (NP) capability.
Furt her nowe,03iod@4NP nust be capabl e of detecting active vecTEPoyed2hs set ups
so that those individual users can be féorced back to Glite before the
call setup is conpleted, and then to 5 detect voice call hang-ups so that

the sanme _user can_increas peed hack t dnt. The DSLAM system.accordi ng
to the i r?yes%te' on Tt épé:gluds@onﬁri gggwgrga&rﬁﬁﬁﬁs?olro Nt ch Bgégli&té‘l ite
when voi Fartharmerar,e tied Nge setsp bei egpabde SO @staetit® detayet heive ce
10 call. This can _be acconplished usi the lite fast retrain nce a
Glite cOf élcﬁegtr]rlgfass%etéﬂgtésf:g%?sﬁ@ggi"r’l Hegr MeT S5 &t e g@%‘&ﬁgegﬁﬂﬁn
handshakeot oz f aster edgfjre’ phecesilile ketuget i | ednigl &e¥02. Anagt afda droThe
total _ti for thi,s is 3 _ seconds, one second for G hs (G 994.1 standard)
escap® tggf%é MAES &A1) IR TIPRANTC2 CBE OIS 5% 1eRE FRRr APATBAER t o

showt i mesphsgulas @dt lbownd .or i nbound calls are detected immediately,
this 3 seconds can be overl apped with the voice call setup. For outbound

phone calls, while the network setup for the voice call is taking place,

the 3 secondstak retrAunN 2Adddd LEABradngt akse phace; nddst 08hY e, aWshl
the conpletion of. the outbound call take place in the case of inbound

or
calls, CREPEAFEEr 3 ofpRE VRAARS ofer SABdIChusBACh |10 sPrpiyeelan eHeaces
nor e seceadisoar@ewn@efs%@g g%twr@.cb[&giw d9 o0 ! e PG BRECHLEH A

voice call over a full rate 25 connection, the line mght be forced
backl YowRatd - GTHi%e FaRePed@e AP shest ebsng nthseGs'lige i §23ty tehnedned

to the DShOM aresul{idd dohredtaldrceabke SEOR- Al dph {dgedn dd] e of HLhe
voice call. This solution nmakes the assunption that the user would prefer
t he | owefe88Lar at'ESGRESY deront chandslipkdetpotfasti gletrain” procedure is

detailed in G.992.2 standard. The total time for this is 3
seconds, one second for G.hs (G.994.1 standard) escape to
15 G.lite fast retrain, and 2 seconds for a fast retrain back to
showtime. Assuming outbound or inbound calls are detected
immediately, this 3 seconds can be overlapped with the voice
call setup. For outbound phone calls, while the network setup
for the voice call is taking place, the 3 seconds of retrain-
20 ing time can take place, and only then, will the completion of
the outbound call take place, or in the case of inbound calls,
the caller to the Voice over ADSL user will simply experience

3 more seconds of delay before the phone begins to ring.

If one accepted a voice call over a full rate G.dmt

25 connection, the line might be forced back down to G.lite later
due to an increase in users' activity connected to the DSLAM,
resulting in a noticeable drop-out in the middle of the voice
call. This solution makes the assumption that the user would
prefer the lower data rate in order to avoid the potential

30 interruption in the middle of the voice call. If service level
agreements were defined such that a given user was always to
receive G.dmt service, then voice calls could continue without
backing off to G.lite first. Also, a customer might decide

they don't mind a 3 second drop-out in the middle of a



30 interruption in the mddle of the voice call. If service |evel
agreenents were defined such that a given user was always to receive G dnt
servi ce, wbaes/osoire calls could continue wi thout backi ngPafifEPb&03Z48 it e
first. Also, a custoner m ght decide they don't mnd a 3 second drop-out
in the mddle of a WO 03/081942 PCT/ EP03/ 03248 10 conversation such that

they can keep G dnt rate n utiliza- tion is Low going into the DSLAM
In this &ﬁ}%réad:fl%sf V%]?ftcorrHﬁX STHY ]ﬁ%elﬁo?t@“ta}"?tegs@g?nh&\?é aééess

to G dnt tdajma ircatiesy Qfoidy tigtBVipe Dadamnstream as long as only 24 or |ess
are actively using their ADSL connections. Activity is nonitored by a
Net wor kK Processor running in the DSLAM environnent that nonitors packet

requests to tihe figiyoekamP1ai B DSEAM Tef | BeHpt 0sbEgi NaCthyecsf athere
are no packet requests being sent or_received for a 10 predeterm ned tine,

e.g. 5 n'FEEEs. hAtdh eSSt h tiserC yEtonedr bt i YetedneCdf VRe Earr 8NP
active U@%’W@ls\&'ﬂelanp%sf qrcﬁ% RAGO TP L3 bt €1098r 8FE Oac@ﬂgeweuszébh tHesh

Wil onlg‘ be allowed to e a Glite connection, wth maxi mrum sSpeeds of

1. 5Mops. @ﬁ’é@fé’-ﬁ@%erpsc%é’cldrkb 1% e} vered Hay i Netyerkr Bugresser i ne
with a Grhhh%n‘éoﬁ@ﬁcttﬂé)rbsmﬁ@%ﬁ@ll%rgﬁ@rl& Otf‘t?at?fméﬂftcgf'érBQEkEEEE”%qBE%@s

Gdnt to Glite wuntil all l'ines have active users, but all operating
with G Pt ethendetmeakyt |4k| E&f"e@n dseps isacfebenow mweusréwteﬂare béf 20

bunped baglk dp £Pe Gt ?agﬁgéus.ceeq%éjorﬂs t akesy8- é@n@e%qndfeéglgééabﬂdﬁh a

connection, the speed whi ch the system deCides to increase user back
to GQlnt p§ﬁé@f¢@rﬁén@§dé§me | &-9ad@i Mismtest. a user has at | east one Voi ce
over DSL connection active, that user will remain at Glite speeds until

t hey hang 25 %,JVR all their Voice over DSL connections. Again, a 5 mnute
en the 25th user becomes active, one of the current 24

active users will be forced back to G.lite operation and the
25th user will only be allowed to make a G.lite connection,
with maximum speeds of 1.5Mbps. As subsequent users become
15 active, they will be brought on line with a G.lite connection,
and take back one of the current users from G.dmt to G.lite
until all 48 lines have active users, but all operating with

G.lite.

Once the utilization drops back below 100%, users can be

20 bumped back up to G.dmt. Because G.dmt takes 8-10 seconds to
establish a connection, the speed at which the system decides

to increase a user back to G.dmt should be modest. In
addition, if a user has at least one Voice over DSL connection
active, that user will remain at G.lite speeds until they hang

25 up all their Voice over DSL connections. Again, a 5 minute
duration is an example duration over which the system would
wait before it bumps a user back up to G.dmt speeds. Other

duration could be defined.

The choice of which users are either bumped up to G.dmt
30 (as utilization drops back from 100%) or dropped back from

G.dmt (as utilization approaches 100%) is complex and may be



duration is an exanple duration over which the systemwuld wait before it
bunps a user back up to G dnt speeds. OQther duration could be defined. The
choi ce ofwotlwosisusers are either bunmped up to G dnt 30 (@sTmEPOd/OZ2as | ONn

drops back from 100% or dropped back from G dnt (as utilization approaches
100% is conpl ex and may be WO 03/081942 PCT/ EP03/03248 11 based on tiered
service ate her factors. This_choice chani sm of chaice is heyond

t he scop&a5f h%nl Si\}gﬁﬂiorﬁe@fccee aTaEEF PEkeRERCT eSO For TR EBOGGEr

DSL conne@chhln(i@m of hRAicees sabdictd eher sbSbephane Healinvedtierd.rans 5
ceiver nmust be backed off to Glite if it already had not been operating
in Glite node. The very first time this is done, there wll be

significant |anercy ivddwdugess Af bequbbe fFokSta Udide 4¥és bt epsynwill be
a maxi rrum of 3 seconds because of the fast retrain capability of Glite.
To avoi d “A6P c bl ESEGIYPSp-DUYSIFR (YT BSh ePEPIEN bt ce ddIg stranp-

user s5 ar eeifpeef ai@kl YbeStRAIdKH it oM tdh, 1Gdd ter unt i h1tbeafagbar gbEabBen
paranmeters are established, and then the system bunps those wusers up to

G dnt whORSFRE18Ferid) | Gsystemmada i 7Bi¢ oHeAY| dWrst . time| thiis tis bEOR6ti ced

that the tﬁ@ggowlﬂlorbé/%fgnpf%al?@L1aeaﬁc9ctlh<a@%dh@g%ﬂ 'Asf@elseiwé C&k@\éel
definition issue. If_the operator could guarantee ful dnt

coul d of féfey hitdiis &%‘%ﬁfé‘:}éu‘s’%éﬁeﬂo@ &y eraiue ehinaAi rﬁfW@?e %U%LOfThl s

m ght betpeovisioned s 1Rot céﬁéﬁgmheg &r ”@”Xﬂtb”esréoa%oﬁ'&’eﬁo@c@a?‘bw
line card, e.g. 40 |ines instead of 48 so that 4 users always coul

assth®d BFOR-@HEST atles thearnd@dleerafi cEhpediced egpddss arbl possins eare

Smal | er pugberagfUsers-Mid diff epeph SarMiceyheyel agLeqrrit s, gan,a),so
be affor ded by the 1nvention.
parameters are established, and then the system bumps those

users up to G.dmt when the overall system utilization allows

it.

15 It is to be noticed that the support for voice over DSL
and actions taken is a service level definition issue. If the
operator could guarantee full G.dmt, then he could offer this
to some customers even while running voilce over DSL. This
might be provisioned by not attaching as many lines to a given

20 DSLAM line card, e.g. 40 lines instead of 48 so that 4 users
always could be assured of G.dmt rates. Various service level
features are possible. Smaller number of users with different
service level agreements can also be afforded by the

invention.

25 It should also be noted that depending on the eventual
specification in the ITU-T for Very high bit rate DSL (VDSL),
it may be possible to extend this invention to a platform
capable of supporting n ports of VDSL, k*n ports of G.dmt, and
2*k*n ports of G.lite. Again, the requirements would mean that

30 VDSL also runs on a highly flexible DSP platform capable of
reconfiguration and that the cost for the analog front-end or
line driver technology for VDSL is not significantly higher

than that of G.dmt. If the costs remain considerably higher



25 It should al so be noted that depending on the eventual specification in
the ITUT for Very high bit rate DSL (VDSL), it may be possible to extend
this i nvewDiosnsmaez2 a pl atform capable of supporting n porsT@EP0YDSks k*n
ports of Gdm, and 2*k*n ports of G lize. Again, the requirenents would
mean that 30 VDSL al so runs on a highly flexible DSP pl atform capabl e of

reconfiguyration and.that the cost fo analog front-end or |Line.driver
t echnol ogﬁ?rf of P¥psithal ng?rspgr‘?g"ftl cté%ﬂlyetmeghg?gt t RHEPofd Gféﬁf{.lgﬂﬁ t he
costs remsLAM fstdemnabl YoutweEieth N B3/ B&h@thBC’BEPQQi%ZIJ&lethcS Opa¥kSL
than for G dnt then the costs of such a flexible DSLAM card may outwei ght
the benefPE§ NG5S RGP BE%ack nmore lines onto a card. Figure 3 shows
| ogic architecture 300 of a DSLAM card 5 conprising 48 ports, according to

the invention, Each of the 48 gorts includes a full-rate (G dnt) |ine
driver and refBVer I dEPPYEr et@P{C) ATdidoCHITS a8 R0akdl o B! eRBTEAFE)

with s A BoapeiRifCUVepbeEs, AEE@raﬁﬁgcwe@ﬁ@dlmeatﬁ%ﬁoryzawrpcdff that
coul d be shared or not. A Network Processor N% core is 10 linked to each

ADSL por 8 sPPEGSpdmcludeas anfgphlkrrates aks t@nt) @Qedaamrsw@aﬁeaﬁaver

det erm neqi-he pretesql. )t oahe wsegyin- r&é‘éhali%%ﬁ ﬁﬁg%n{?r—eﬁiil | (28E)ASwith
nment i oned above, each DSP core coupled with ed Sol onon core (RS) and

Fast FoufrPerift dPEA FORNETEETS - tﬁf&?g@@?%%e%éﬁ@l 68 FevermpryobPieck|n

the 15 i phemehald Be SXHRLE 0£RH PSR §RItG Ik wo%és%o&upﬁ@mt EQHE s
ports, i.e. two Gdnt ports, four Glite ports or one port and t wo

G |1i¥® péinkedTHus, caghpg®doreeraie ISl cpent ede ion t%@ldusﬁ?ataéﬁ DSLAM
system %Bigséc%la\’c% | DStEMEt hAR He@BrYReAGGRY dbAGe § ot NEoC WS e@ge@umer

of active subscribers 20 com ng into DSLAM system 300 so as to be
confi gur @8Cki OFdt, (G- Ak dar  6r- LEtei-t dsouent Deped Rbane, FRRAD RSP r eeseve

data froghbupled with a Reed Solomon core (RS) and Fast Fourrier Trans-
form (FFT) through OPB bus handles several ports. In the

15 implementation example, each DSP core 1is able to support four
ports, 1i.e. two G.dmt ports, four G.lite ports or one G.dmt
port and two G.lite ports. Thus, 12 DSP cores are implemented

in the illustrated DSLAM system. DSPs receive instruction from

NP according to the current number of active subscribers

20 coming into DSLAM system 300 so as to be configured either in
G.dmt or G.lite mode. DSP, RS and FFT cores receive data from

NP. NP is also connected to Utopia and voice interfaces and a
memory that could be external to save room in the system. In
this example, DSLAM System 300 further comprise a PLB/OPB

25 Dbridge and two DSPs, one per 24 ports (or 12 G.dmt ports),
which executes the startup state machinery. These DSPs are

linked to memories that contain startup code and data.

Depending upon used technology and data processing rate,

the connection of ADSL link ports of DSLAM card to local loop

30 include switching devices or Time Division Multiplexing (TDM)
devices. Such devices are used to drive customer connections

on adapted ADSL link ports. For example, if a new connection

is requested when all resources are used and at least one

connection is a G.dmt connection, e.g. all possible G.dmt



NP. NP is also connected to U opia and voice interfaces and a nenory that
could be external to save roomin the system In this exanple, DSLAM
Syst em 30®0foansteer conprise a PLB/ OPB 25 bridge and two D$8P3/EPosies2per 24
ports (or 12 G dnt ports), which executgs the startup state machi nery.
These DSPs are linked to menmories that contain startup code and data.

Dependi ng_upon used technol o and data processing ra t he. connectj an of
ADSL | i nkC oIS S DseAR cﬁf’g%‘ro PRTalct 80 © g‘F’t‘?&é?eg\M YERPn déVi

Ti me Di visirateddidn pbEX1 nge (Jdibppederbcasc. Bieb dewinees iane ald:%@i”dl@lgdrt'd/e
cust oner onnectlons on adapte ports. For exanple, if a new

e\ﬂd ADSL i nk
connect i o€ i STLEGHEEt SERMEHSS | 2PR¥Bur dBs SHEh uSedeand: fat 1FedQausTEed

connecti athdts 8h& dely GUHIRGH ih €Shredl EhBOSSHRY en @i r N0r836084842 ¢
PCT/ EP03/ 03248 13 connections_are used, one custoner connected with a

G dnt 5 coReciOHIESE 190 heaReePetre® G- Fe Cohmblt PBR &8E6r ditty Ve he

criteria q@nt repBdsabaves. 1t SUEANRASE i oht dcd7&Hl txlﬁ%tyed uthay the eWng
connection shares the same_hardware resource as 5 e connection swapped

from G dASHiFEsS 1Rl ehuRY Elbe gReVECT heRr PEGEEST ed1EOW LBEC &N S Vish

accor di nglas i 1 I%S%ﬁﬁ@eagong%hceﬁecqmgw ISy, tBe BREVWBLKeRT PeeREOr
allow one to drive eam\g the connections on the right ports. On the other
€eés

hand, tH&Susesef ofDIiRtkbVieesCeedteayChar ARFicwarsyF s @HerREeRRY ARY I@Ybe

opti ﬂbze%@c%tgirﬁﬁgzécp DRLAM-gand arshi hEAMT €cakRCe s refM ekl uIBM dayices
may be used, g. one_per set of ADSL link ports sharing sane hardware

resourcessev,%r%ﬂeﬁﬁm’bmmemai(h]@ed‘é%%@l pei®n PBebasedsel @IcAPSL Bdink in

I BM's Cu-gl- Q%,Sdm@ hdrdhdl A Larticu 15 lar inplenentation
is built u5| ng | BM i gh-performance DSP technol ogy with the programrabl e

DSP core running at 300MHz coupled with fast and flexible hardware bl ocks
for performngg pentioned above, the description is based on a chip

built in IBM's Cu-11 technology, i.e. 0.13 micron. A particu-
15 lar implementation is built using IBM's high-performance DSP
technology with the programmable DSP c¢ore running at 300MHz
coupled with fast and flexible hardware blocks for performing
the FFT (200MHz core) and Reed Solomon (100MHz core)
functions, interconnected with a private OPB bus per program-
20 mable DSP core running at 100MHz. As such, a single core would
be capable of supporting 2 G.dmt or 4 G.lite ports in 13mm2 of
Cu-11. This would mean a 24 port chip would consume 156mm2.
Included in this 13mm2 per dual ports is the overhead of
having one controller DSP per 12 ports which executes the
25 startup state machinery and is connected to a large block of
memory containing the startup code. In total, the chip would
have 12 programmable DSP cores for the underlying signal
processing, and 2 for the startup state machinery. 1In
addition, a PPC 440 running at 300MHz would be the Network
30 Processor handling the packets on all 24 ports (or 48 when in
G.lite mode of operation) or a net downstream of 192Mbps and
15.36Mbps upstream. This would enable a single chip per line
card to be responsible for all the DSP and NP functions, and
the NP would only need a single external SDRAM. This would
35 mitigate the cost overhead of including the PPC 440 core and



the FFT (200MHz core) and Reed Sol onon (100MHz core) functions,

i nterconnected with a private OPB bus per program 20 mabl e DSP core runni ng
at 100MHzwoAs/osieeh, a single core would be capabl e of supporeposige22s G dmt
or 4 Glite ports in 13m®2 of Cu-11. Thés would nmean a 24 port chip would
consune 156mm®2. Included in this 13m®2 per dual ports is the overhead of
havi ng one control.l er, DSP per 12 ports 3Ahi ch, executes the 25 startup state
machi nerytel?i‘?ldr?gu&Sﬁﬁecﬁ Lngly ?ﬁ?—@% bR8Ek Bt “ReHSr - e hf g tRe NP
startup chalectidnd obétautbettbirp would Heawnhlh? ¢iogpasmeblamMDIRneores-4 or
t he underl%i ng sip%nal processi n]g, and 2 for the startup state machinery.
In addi tfOnSUBPPPE 240 G-yt ngPhts 306V Viout - HePPhES NeTWR6T 12SH RS sor
handl i ng d:es pasketbeorrl 1428 pOrea-(or wdd1hese i umf2 | bi-e 1erde 1&fading
operation) or a net downstream of 192Mops_and _15. 36Mops upstream_ This
woul d2enalf? T SYPEREl cRPBP paFeRi A€ 1E81H2t 8Tbé3FBspausi e ffdP Hing 1 DspP

and NP funghionsa anfm bhe N wpul ch Q0] yriweedeqi 86891 exext-annal, SRy Thi s
woul d 35 mitigate the cost overhead of including the PPC 440 core and WO

03/ 08194 P HETPEPSBLOPEAAM Chihe RPaGUPEedSERy erndl- SEFEM THYt devigeedsy o
perform tgdiR #oWet ABBE Because A herLiul de ben 0Bl knape RS ek dildie
card to support 24 G dnt ports or 48 lite ports. The additional area
for the PFC s ProEddus®utd be 14nmm? or less leading 5 to an overal |
chip area of 170m®2 or 13mmplus the 1/Oring of 1mmor a 14mm on a side
chi p. TDM devi ces, external or enbed- ded on the DSLAM chi p, may be used,
e.g. each TDM device may handle four ADSL |inks. A diagramof this chip

i npl enentation is shown on Figure 4. 10 Naturally, in order to satisfy

| ocal and specific requirements, a person skilled in the art may apply to
the 180l uti on Npdsrdlblatd abbwe ruAgrnodiof | cttiionsy antoaal er andonspecific

requirements, a person skilled in the art may apply to the
solution described above many modifications and alterations
all of which, however, are included within the scope of
protection of the invention as defined by the following

15 claims.



all of which, however, are included within the scope of protection of the
invention as defined by the following 15 clains. W 03/081942

PCT/ EPO3/W824881945 Cl aims: 1. A DSL access nultipl exor sy®CEmPI®03248

optim zing DSL connections conprising i15- i DSL links ; 5 - flexible and
programmabl e means adapted for handling i DSL |inks according to a first
DSL protocol or j DSL links according to a second DSL protocol, i being
greater than j, said first DSL prot IM&quiring | ess processi ng power
than said second DSL protocol ; and, 10 - control neans adapted for
setting said flexible and programable nmeans into a first node handling i
DSL links according to said first DSL protocol or into a second node
handling j DSL |inks according to said second DSL protocol. 2. The system
of cl ai mi1° whet ei Pk ai ACEdRE r oPuhBARLSTOFt hEYStED codrpri $©tdmbiziFichg Idans

to deter r@&ﬁqéé\?i&ﬁt&fm;ﬂfiéﬁ{'v-e connections and the current node. 3. The
systemof claim?2

erein said control neans further conprise first
adj usti ng neapspadaptgd.for handling a new connection request such that if
the current node corresponds 20 to said first one and it exists at |east

f i nk ] I I i , n td j to
one T5ee | KEAmag ool Seboiheha BBk LEOKS, oLABABMESIMIESITR] S 380, 0
nmode corresponls taceaidinecdod andfiarat | DSéxistetatol| east jonesSEr dedkisnk

anong said . DSL L t e c ectiQn.i et one of .said
freetinks Sogefishogeb el HEbond QAT SOPRCEL BRIS §FralBrthe? &
cor respondssaddséiidstsBébnoronecaetdrablirheg) 1BSk pirvkessiaoupewert han

current mdg,;3 second DSL protocol ; and,

10 - control means adapted for setting said flexible and
programmable means into a first mode handling i DSL 1links
according to said first DSL protocol or into a second mode

handling j DSL links according to said second DSL protocol.

2. The system of claim 1 wherein said control means further

15 comprise analyzing means to determine the number of active

connections and the current mode.

3. The system of claim 2 wherein said control means further
comprise first adjusting means adapted for handling a new
connection request such that if the current mode corresponds
20 to said first one and it exists at least one free link among
said set of i DSL links, the new connection is set to one of
said free links among said set of i DSL links, else if the
current mode corresponds to said second one and it exists at
least one free link among said set of j DSL 1links, the new
25 connection is set to one of said free links among said set of
jJ DSL 1links, else if the current mode corresponds to said
second one and all the j DSL links are used, the current mode
is changed from said second mode to said first mode, the j DSL

connections are transferred among the set of i DSL connections



is changed from said second node to said first node, the j DSL connections
are transferred anong the set of i DSL connections WO 03/081942

PCT/ EPO3/W824881946 5 and adapted to said first protocol, aoud/EPhE0I2E8V
connection is set to a free link amongiéaid set of i DSL |inks. 4. The
systemof either claim2 or claim3 wherein said control neans are adapted
for transfg}ri automati cal all  from sa'&d second DSL protocol to said

first a H9d &t u%alréyééfaaea%ssﬂ oné™ i Y cONNBRE FOAR BEL

prot ocol sefteftosal draet N14ak eaddit isens skt ogne. psonneeldsons, the according
to predeterm ned current node corresponds to said second 10 5. The system
of anyone of clains 2 to 4 wherein said control neans further conprise

second agj ust | neans_adapt ed. , for opti.m zLng current connectians whe
current g‘rrjﬁde 'crglrgr es-ysstb%nr‘ldsol%t oe%téflt’%rfic&satlmong g’nrd F%glﬂhngerw‘%befre&&i %118
connecti @Batrbs |MSEnHr aeQUakdd Pt &d prredet eF ahoesr L igeshddhde idsah i hat 1t he
15 current node is changed fromsaid, first de to said second L node, the
active DBECCBRNECPPGRSIBRS (HTAMS Bk s WentognT] Coeeatfinkerahd

adapt ed bELS@rdtIREANAHYOt CQbice. cHI Systh@in 0§ ektlbdt2dMiRl Nosal df
threshold k is deter- mned such that the processing power requested to
handl e kSB&E active connections, according to predetermined

conditions, if the current mode corresponds to said second

one.

10 5. The system of anyone of claims 2 to 4 wherein said
control means further comprise second adjusting means adapted
for optimizing current connections when current mode corre-
sponds to said first one and the number of active connections
is less or equal to a predetermined threshold k such that the

15 current mode is changed from said first mode to said second
mode, the active DSL connections are transferred among the set

of j DSL links and adapted to said second protocol.

6. The system of claim 5 wherein said threshold k is deter-
mined such that the processing power requested to handle k DSL
20 connections based on said first protocol is equivalent as the
one requested to handle j DSL connections based on said second

protocol.

7. The system of either claim 5 or claim 6 wherein said
second adjusting means further comprise voice call setup and
25 hang-up detection means so that said connection optimization
is inhibited as long as at least one voice call over a DSL

connection has been setup and not hang-up.



20 connections based on said first protocol is equivalent as the one
requested to handle j DSL connections based on said second protocol. 7.
The syst ewowB/ogisther claim5 or claim6 wherein said secead/ERdj/eREs ng
means further conprise voice call setupiand 25 hang-up detection nmeans so
that said connection optimzation is inhibited as long as at |east one

Voi ce ca%& over, a DSL connection has been setuE and not hang-up. WO
03/ 08194 PCT/ BP0 FYHRB 4 72BYORReOEySLaifef LakPore Woreraid @it tfdexi-

wherein said fhexipy !;Eaﬁmgb@éo%é‘éfﬁf?b'cf‘ordﬁ%% cafPr i ag at beaste ey e
flexi ble programable digital signal processor. 9. 8L access

mul ti pl exdrogsaeah e rdigphtiad 78 rgndsSIpr&epFaect i ons conpri si ng sever al
systens as described in anyone of clainms 1 to 8 10. The systemof claim?9
wherein said control neans conprise at |east one network processor. 11. A

DSL accesp, nuld i phaXOrasyss &M hl t 9L ERGZI NGy HSEM 1@09°”@§ﬁﬁhﬁ&§n@§ DSL
described in anyone of clains 1 to 10 that is inplenented on a chip. 12. A
met hodl f STOTHIRA T Aflsh o BT t9hp@ c ERYARS 2l n sy sbSmsacresdespuibedl érornysingy
adapted tgr hangle at Jeagst two DSL protocols wherein a first DSL protoco
requires | ess processing power 15 than the second DSL protocol, said DSL
access nmultiplexor conprising up to i DSL |inks based on said first DSL

pr ot ocol nd %P to j DSL |inks, based on said second DSL protocol, i , being
greater tifan jTRSAYPUSEL Aecesifu? t VPPERSR FaithePntESpIieshify CANIrd st

one flexid aand RFROAPRILE JEAMSsHRi d 20 at |east one flexible and
programmabl e neans bei ng adapted to handle one of said first and second

DSL protocol at a tine, said nmethod conprising the steps of:
1l1. A DSL access multiplexor system for optimizing DSL
10 connections as described in anyone of claims 1 to 10 that is

implemented on a chip.

12. A method for optimizing DSL connections in a DSL access
multiplexor being adapted to handle at least two DSL protocols
wherein a first DSL protocol requires less processing power
15 than the second DSL protocol, said DSL access multiplexor
comprising up to i DSL links based on said first DSL protocol
and up to j DSL links based on said second DSL protocol, i
being greater than Jj, said DSL access multiplexor further
comprising at least one flexible and programmable means, said
20 at least one flexible and programmable means being adapted to
handle one of said first and second DSL protocol at a time,

said method comprising the steps of:
- looking for new DSL connection request ;

- if a new DSL connection is required and at least one link
25 based on said second DSL protocol is available, setting said

requested connection based on said second DSL protocol ;

- else if a new DSL connection is required and at least one
link based on said first DSL protocol is available, setting

said requested connection based on said first DSL protocol ;



- looking for new DSL connection request ; - if a new DSL connection is
required and at |east one link 25 based on said second DSL protocol is
avai | abl ewvovsmsiony sai d requested connection based on saiPdT@PoOs0EE4OSL
protocol ; - else if a new DSL connecti®® is required and at |east one

| ink based on said first DSL protocol is available, setting said requested
connection bas§q on, said first DSnggotocol . WD 03/.08 942(£CT/E 03/ 03248
18 - else if &' L2 cBRNe HS o PRRE ST edS ah G WX atonREEE

based on sabdnﬁ@@emdn@SIbargéﬂ O§ﬁ| salie deently Dest ghtdishesh krbeiang

m ni mum i nt eger value al lL.ow ng t swap k connecti ons accordln? tQ sai
second DSL SgB?B&E)F’ heg. 5katb¢3e9gtt12¢1m&8ﬁﬁ‘&e‘t|16ﬁse%?cfcovﬂm@ PO ISHIRIf bt

DSL protocghap k ¢h@lddtiichs sldbiaieRNNections bassdaonssaipdosecend HasSL

protocol according to first predetermned criteria ; - swapping said Kk
conneéti ons®base8i8h skitd sECBRECEILNS102FFEEHEBF t &% @@ﬁﬁect16ﬁ§ b&Sdd on
said first pPdbcgegtiocol and, - setting said requested connection based on

said first DSL protocol. 13. The nethod of claim 12 wherein new
connections are gsdanikbidd shet agcopthddrionsabdsbiar sh Pakapielesdl psts-

The method of either claim 12 or claim13 further conprising the step of
transf eri ngPaRtefatli eaFPydandatei férseonrnederermbaedectisardasecond DSL
protocol to said first DSL protocol when a voice call setup is detected
upon sai d activeSW2RPEB@EnEGidonk seBBLaFAGnEo RRrtatbt erni cOREPRAOBSL 15,

The pgt hod Q%o@@M@Petefkcbéhﬁgclgohg b4sturbheka¢amenirsy iDig, ebkheb: ;
conpri si ng tﬁg steps of : - looking for free |inks ;
a

I

- setting said requested connection based on said first

DSL protocol.

13. The method of claim 12 wherein new connections are estab-

15 lished according to said first DSL protocol.

14. The method of either claim 12 or <claim 13 further
comprising the step of transfering automatically an active
connection between said second DSL protocol to said first DSL
protocol when a voice call setup is detected upon said active

20 connection, according to predetermined conditions.

15. The method of anyone of claims 12 to 14 further compris-

ing further comprising the steps of
- looking for free links ;

- 1f it exists at least one free link based on said second
25 DSL protocol and at least one active connection based on

said first DSL protocol

- determining at least one active connection based on
said first DSL protocol according to second predetermined

criteria ;



- if it exists at least one free link based on said second 25 DSL protocol
and at | east one active connection based on said first DSL protocol : -
det er m niwgQ oamsivenst one active connection based on sai dPCIT/EPH3/DSLS
protocol according to second predetermnmed criteria ; WO 03/081942

PCT/ EP0O3/ 03248 19 - swapping said at | east one determ ned active
connection based on said fi(rist DSL protocol_ to a.,connection based on said
second DSL pr ot ot&PPYRY AL nBEhof28F SRFoAEtEAMAREIEAE VS QUHIShH Tsn
further 5 paged Ymgsabe stieptofDIN eidgESL €8NNEeCEbRASCAObn UsREedUrdMy
a predetermned tine. 17. The nethod of anyone of clainms 12 to 16 wherein
said first S8r9EE6RB%YPELePEPHCRE -criteria are based on the type of DSL
connection or the subscription type of DSL connection. 10 18. The mnethod of
anyone of clainms 1 to 17 wherein said first DSL protocol is Glite
protocol X6d sthel mechnd RS pngbaeolof i 8l&ifst Jwr obocallaiaeoldi Muirttther

G 992, 2 and G 992.1 standards. . ) .
5 comprising the step of freeing DSL connections not used during

a predetermined time.

17. The method of anyone of claims 12 to 16 wherein said

first or second predetermined criteria are based on the type

of DSL connection or the subscription type of DSL connection.

10 18. The method of anyone of claims 1 to 17 wherein said first

DSL protocol is G.lite protocol and said second DSL protocol

is G.dmt protocol according to G.992.2 and G.992.1 standards.



