CROSSTALK LI M TATI ON BETWEEN MODEMS TECHNI CAL FI ELD 5 The invention rel ates
to reduci ng crosstal k between nodens connected to a set of communi cation

| i nes. Nowe paydosénal arly, the invention relates to a nepbhegrandosogonput er
program product for limting crosstal k between nodens connected to a set of
comuni cation lines as 10 well as to a device for providing access to a
data communi cati on network. BACKGROUND 15 Modens |ike Digital Subscriber
Line (DSL) nodens are normally connected to a device for providing access
to a data communi cati oS R&SSAGIE [SYE 7 1BV iFee WES N ypilkdld y a Digital
Subscri ber Line Access Miultiplexer (DSLAM and the conmuni cation network
may be the 20 Internet. One particular type of standard that may be of

i nterest is Veoyntcgh- sgeed Di gi tal Subscriber Line 2 (VDSL2). Wen being
connected in this way the nodens are 25 connected to the device via
separate communi cation |ines, typically conductor pairs nade of copper.

These |ines ate E%&%%%ﬁ%@!%e@%&%% Q%ﬂQQ%%cH %ekﬂ%%s%%l%.%%kw%%nconneCtlon
lines that is provided in a common cab ing to the device. This neans

that the 30 codems caninertedhds ar seof toefn q@lnam@dmésrl@ncllag@q o Meaeh ot her.

There is in thi obl.em_in .t hat ni catiqn |Jine may be
subject to ché%lCWka€q8H1one fvent%gperﬁg1ghngﬁ?|ng cgﬁﬁﬁ%|c§%|on | i nes.

This limts theptemmpireatdsen ceapakid iffoy ilnntihdihdt he osatte 1at bativelendata i s
transmitted is |imted. , , ,
modems connected to a set of communication lines as
10 well as to a device for providing access to a data

communication network.
BACKGROUND

15 Modems like Digital Subscriber Line (DSL) modems are
normally connected to a device for providing access to
a data communication network. Such a device is
typically a Digital Subscriber Line Access Multiplexer
(DSLAM) and the communication network may be the

20 Internet. One particular type of standard that may be
of interest is Very-high-speed Digital Subscriber Line

2 (VDSL2).

When being connected in this way the modems are

25 connected to the device via separate communication
lines, typically conductor pairs made of copper. These
lines are furthermore often bundled together as a set
of connection lines that is provided in a common cable
leading to the device. This means that the

30 communication lines are often placed very close to each
other. There is in this regard a problem in that a

communication line may be subject to crosstalk from one



5 There has in recent years evolved techni ques for reducing the influence
of crosstalk, for instance in relation to VDSL2. VDSL2 has been

st andar diwedotwywotdve Tel econmuni cati on St andar di zati on Sectrsk2@f/05d089

I nternational Tel ecomruni cations Union (ITU-T) in 10 recomrendati on

G 993.2. ITU-T has issued a further recommendati on G 993.5, specifying
vectoring for VDSL2. Vectoring is a technique for Far-end crosstal k (FEXT)
cancel l ation 15 where the transm ssion and/ or reception on comuni cation
lines in a c&Bl &oiferne YDSIC2 1S QuseFmand Gagilmnl  1gescedSed. Himittse

downst ream di.rect] r.e- ing. i , i r i rts.the.transmtted
signals in s&g% 54%%?%5?%%%%1?ﬁ%g%#ggg?gﬁﬁlﬁ%%@ig%%g?5%§ %angﬁqg
cancel | ed as dehe sisgnalanpmopagat és dliongeidhe cable. In the upstream
direction the received signals are post-processed to cancel the FEXT. The

VDSL2 FEXT 25 crosstalk is the static noise that nost severely limts the

performance afVaSk?2 sSYist etenthe beet @RidNG deGRIIRNGRIH0F B ovi des a way
to estimate the FEXT channel in both downstream and upstream and utilize

the esti mat edechessidalteccHarrelence edneelosehe lérosstralikes t3@CFhilg t echni que
provides a si ri'aft'ipglmto! Ws%‘ée.”?/'ﬂsLf2°rhaQSlbe'5%des’{§a'[nrda§cd"i'% V%Y'e 3% these new

types of nodens supporting vectoring are being i oduced. re stil
exi st ol der types cofnumidens onofsttem ddemndt-ed iloegaey tmaderts ,thwhi ch 5 operate

according to _previous versions of the VDSL2 standard _and do therefore not

support vect dH TG REFHESE Lol TGer Cafd Rewert 1ty ve S o tnodens i I nost  probabl y
have to copexicslonh@ndd tiong dRe9x0g of time.

ITU-T has issued a further recommendation G.993.5,
specifying vectoring for VDSL2. Vectoring is a
technique for Far-end crosstalk (FEXT) cancellation

15 where the transmission and/or reception on
communication lines in a cable where VDSL2 is used are
jointly processed. In the downstream direction pre-
coding is used, which pre-distorts the transmitted
signals in such a way so that the crosstalk into other

20 lines is cancelled as the signal propagates along the

cable.

In the upstream direction the received signals are
post-processed to cancel the FEXT. The VDSLZ FEXT

25 crosstalk is the static noise that most severely limits
the performance of VDSL2 systems. The vectoring
recommendation provides a way to estimate the FEXT
channel in both downstream and upstream and utilize the
estimated crosstalk channel to cancel the crosstalk.

30
This technique provides a significant improvement for

DSL modems.



10 Furthernore, in order for the vectoring to be able to function properly
it is inportant that the | egacy nodens either are provided with vectoring
support fwoebizmmadoety or are provided with functionalityctrsaboiigsmses the
vectoring so as not to interfere with it. 15 This is not so sinple to do
because the nodens may be the property of end users, i.e. they may be
Cust oner - prem ses equi pnment (CPE). These end users may very well not want
any changes to be nmade to their nodens. This 20 neans that an update or
retrofit of |egacy nodens may very well not be possible to make. This thus

reans hat thEiRyS 3 SULY (2, S0lIOR 4 G PLObLem.a St oppi ng of der

types of nod interfering wth-the vectoring s orted by new types of
nodens. SUMVARY t3Q iThe airry értingn iing rtolvercefdor € hdirree cttad 1t @warsds odtdeppi ng
nodens that do not support vectoring fromj terferin%aé 4 with such

vectoring pertfygleﬁe&fi OPQ%I! o {8 SERE*- déis That”“¢d'“su “vectoring.
One obj ect 50folche tenweidd N nigs tfohgﬁetvqo@lrsow&%i@n@eto@%%_ f@ystlad m ting
crosstal k between nodens connected to a set of communication |ines, which
st ops nodens Steadadsl med Sep e fedtco Moty sireALthivectariing -wilthie ser oss-t al k

limtation t%%%e%s%%dy%%&%&iQ%pes of modems will most probably have

to co-exist for a long period of time.

10 Furthermore, in order for the vectoring to be able to
function properly it is important that the legacy
modems either are provided with vectoring support
functionality or are provided with functionality that
ignores the vectoring so as not to interfere with it.

15
This is not so simple to do because the modems may be
the property of end users, i.e. they may be Customer-
premises equipment (CPE). These end users may very well
not want any changes to be made to their modems. This

20 means that an update or retrofit of legacy modems may

very well not be possible to make.

This thus means that there is a need for a solution to
the problem of stopping older types of modems
25 interfering with the vectoring supported by new types

of modems.
SUMMARY

30 The invention is therefore directed towards stopping

modems that do not support vectoring from interfering



10 This object is according to a first aspect of the invention achieved
through a nmethod for limting crosstal k between nodens connected to a set
of communwoabimmedoones. There is here a first group of wodsEsoiiosloseli ng at
| east one nodem connected to a 15 first conmunication |ine and the nodens
of the first group support vectoring. 4There is also a second group of
nodens i ncluding at | east one nodem connected to a second conmuni cati on

| ine and the nodens of the second group do not support vectoring. The
net hod is perféimed 20 Vieste déw eeFormmcovirditeg Sdceess  @taedat a

communi cat i on, el @o%%aﬁn%ﬁpgggyb§%sﬁekg%§§%59ating t he expected val ue of an

i

el ement in a synchronisation fhterval to be recei ved by a nodemin the

second group via the second communication line in 25 the set of

conmuni cation_lines, inv§§H%%§tin t he val ue of an elenent of at |east one
the sy

|
dat a sequenc& &sSPgREd © TO8NThiniTC&ES o B L CompdFTE % he two

values W th each 1athernseleelitnd i he 3R el emRrRinol-dnhe diRvestd gat ed data
sequence for transm ssion if the value of the el enent corresponds to the

expected val $&t arid BrErarsmtiong itee s elhdched tolenewdests the tsecond
communi cati o, J, %%ptcp%%%t ner. o.Lh cqrrgsponding r%'n%f‘%q’lﬁl of, 2 nynher of
on i ing tothe Ti

pi | ot sequences onmmuni cat1on nes lea rst group of
nodens. 5 Anadtihercaalijeecttheft tlves meentfordmg.s to provi de a device for
provi ding access to a data conmuni cati on network for nodens, which device

stops nodens that do not support vectoring frominterfering with cross-talk
10 I'i m tagiponyiRatog4ses VeCtdNGiing to a first aspect of the

invention achieved through a method for limiting
crosstalk between modems connected to a set of
communication lines. There is here a first group of
modems including at least one modem connected to a
15 first communication line and the modems of the first
group support vectoring. There is also a second group
of modems including at least one modem connected to a
second communication line and the modems of the second
group do not support vectoring. The method is performed
20 in a device for providing access to a data
communication network and comprises:
investigating the expected value of an element in a
synchronisation interval to be received by a modem in
the second group via the second communication line in
25 the set of communication lines,
investigating the value of an element of at least one
data sequence assigned to the second communication
line,
comparing the two values with each other, selecting the
30 element of the investigated data sequence for
transmission if the value of the element corresponds to

the expected wvalue, and



This object is according to the same aspect achi eved by a device for

provi ding access to a data comruni cati on network for nodens. This device is
arranged wo 2be/bbsogonnect ed to one end of each of a set pof/sgermumiosat i on

| ines and the nodens are connected to opposite ends of the conmmuni cation
lines. There is a first group of noders including at | east one nodem
connected to the device via a first communication |ine and the nodens of 20

the first group support vectoring. There is also a second group of nodens
i ncl udi ng at Yéasmidic "Wodédm conredted Stlemend @gevitde wegcaSsecond

conmmuni cati on, o'n{g@% 14 sthe ympdens, of Lhe second, .group, 4q nf%o &1 HRRQIL

vectoring. The device conprises: a conmuni cation'interface, a

transm tti ngafniat nootrec togfd tid ctthe ecormarisc atni anminerfaadenand neenf | gur ed
to nodul ate grd transmt data to the nnd%ns via the set of conmmunication
lines, a receivingunit Eonriedtdd F&Fnhéc Scation 30 interface and
configuredsto receive and denodul ate data fromthe nodens, and a pil ot
sequence transni ssion control unit conprising 6 a first el enent

i nvest i gat i ngnerihietry obosictgwried hico linveadtiiogatie thve Paxpected vElvdecof an
element in asynghronisall anddteryal, Lo he Tegeived by, 8 mdem,in the
second group Via the second comrunication 5l ne, a second elenen

i nvesti gat i ng cantriddenegnfihguhedictvd denvsestdsgatoelcire thaltueloofhcan el enent  of
at | east one data sequence assigned to the second connunicati%p line, 10a

deci si on ent YOS IVGrted Y ddiparé td twg'd With cross-tal

10 limitation that uses vectoring.

This object is according to the same aspect achieved by
a device for providing access to a data communication
network for modems. This device is arranged to be

15 connected to one end of each of a set of communication
lines and the modems are connected to opposite ends of
the communication lines. There is a first group of
modems including at least one modem connected to the
device via a first communication line and the modems of

20 the first group support vectoring. There is also a
second group of modems including at least one modem
connected to the device via a second communication line
and the modems of the second group do not support
vectoring. The device comprises:

25 a communication interface,
a transmitting unit connected to the communication
interface and configured to modulate and transmit data
to the modems via the set of communication lines,
a receiving unit connected to the communication

30 interface and configured to receive and demodulate data
from the modems, and

a pilot sequence transmission control unit comprising



values wth each other and select the el enent of the investigated data
sequence for transmssion if the value of the el enent corresponds to the
expect ed wele/9ssnd 15a pil ot sequence transni sSi on contPCEISESN 050039
configured to provide the selected el enent of the second comrunication |ine
together with corresponding elenents of a nunber of pilot sequences
assigned to the first group of nodens 20for transm ssion to the nodens via

the set of communication |lines. Another object is to provide a conputer
program product f@r fLT§t icdgrerds SHalce Berweew wodary CoRddeiiedct ¢Ca 25 set

of communication l;ines. ;wich t%%”%%p%rct%rdo%raaﬂepro‘}d%]%{( elite‘i’r%%tml‘?le%‘s that do

not support vectoring frominterfering wth cross-ta imtation that uses
vectoring. 30 Thi syoljheohisstdecoriditrgvad tthe tksame caspect bof at medemvent i on
al so achi eved thrqugh.a conputer program product for limting crosstalk

bet ween modens corfedtéd SP1E % Bé o 1o ISESOTS IAHEES L CTierPE i s here a
first group of nobden®,including at |east one nodem connected to a device
for providing access to a data comruni cati on network for nodens via a first
5 communi cation | ienéemedd e arsddns nofe tthgaftiinst egrtody SOPFSRIngsct ori ng.

There is also a S%%Oﬁ%v%rs%li%a%fe mRdens |l nclyding 4t m'e%%Stofo%[%h'I%%%
connected to the device via a second comunication 1ine and e nodens of
t he second group doenatatsuppRoitenvectareingedTh® the second

communication line,

10 a decision entity configured to compare the two
values with each other and select the element of
the investigated data sequence for transmission if
the value of the element corresponds to the
expected value, and

15 a pilot sequence transmission control entity
configured to provide the selected element of the
second communication line together with
corresponding elements of a number of pilot
sequences assigned to the first group of modems

20 for transmission to the modems via the set of

communication lines.

Another object is to provide a computer program product
for limiting crosstalk between modems connected to a

25 set of communication lines, which computer program
product stops modems that do not support vectoring from
interfering with cross-talk limitation that uses

vectoring.

30 This object is according to the same aspect of the
invention also achieved through a computer program

product for limiting crosstalk between modems connected



10 conputer program product conprises conputer program code on a data
carrier which when run on a processor formng a pilot sequence transm ssion
control uwwot2ofostdve devi ce, causes the pilot sequence transre®siosniEont rol
unit to: 15 investigate the expected value of an elenent in a

synchroni sation interval to be received by a nodemin the second group via
the second communi cation line, investigate the value of an elenent of at

| east one data sequence assigned to the second communi cation 20 |ine,
conpar e the thfo avaSfes wiccmeadisadtiiver LiselsectI e dlsemeitc of ftifst

i nvesti gat ed fqr I 1 SSi ifot I f | ement
corresponds tg%%t e%gglﬁ)@c%%gg 3&%&@% d%§5q%raos\}:| ggl%t \rf{g)dlég] %&nfan ec(atl%gerrlent of
t he second camwmanideatiicen flomertoogetimer awidels scaror esplendi ng el enents of a

nunber of pilot sequences assi n%cei to the first, gro&a of nodens for

0
transni ssi on e STodérs ik To&t "GP TS Gati'dii 9 ines. 30 8 group

to enj oy the benefils tafonvaster ing WHhaidamdens tiH tfhe:s%e@qrb@égr oup
negatively influencing it. This is also obtained w thout any nodification
needed to be sw@Eie ré¢f vieied oFdderrs Tig ehé Ss @édeivd egre@@PnaTiRE ompd s may be

di gital subscriber. li grn% W_t dv furthernore be

Very- hi gh-spgléjéi%%isgiltn% ugl}gl crltb-eﬁ:é%l)étne Mo EWB_C%%%%%&\?;J(P@ er%ly@l n turn be
a digital sulbscrideerila re sAceess dduntunglcexeon Adeer dinng the awcseeend aspect
of the invention, the investigated data sequence is the pilot sequence

assi gned to tte "écord MR ati®n It fEPPEF Y VST PG bl hat t he
i nvesti gat@d QatR 38qyence & TRt does el cof Iespend .t ¢ Ahe val ue

expected by the nodeminthe Second group.
code on a data carrier which when run on a processor
forming a pilot sequence transmission control unit of
the device, causes the pilot sequence transmission
control unit to:

15 investigate the expected value of an element in a
synchronisation interval to be received by a modem in
the second group via the second communication line,
investigate the value of an element of at least one
data sequence assigned to the second communication

20 line,
compare the two values with each other,
select the element of the investigated data seguence
for transmission if the value of the element
corresponds to the expected value, and

25 provide the selected element of the second
communication line together with corresponding elements
of a number of pilot sequences assigned to the first
group of modems for transmission to the modems via the
set of communication lines.

30
The invention according to the first aspect has a

number of advantages. It allows the modems in the first



According to a third aspect of the invention, the 20 nethod then further
conprises waiting until the nodem of the second group expects said val ue
and sel eawongi@desoenvest i gat ed data sequence el enent forci/sapamios®3ON in a
subsequent synchroni sation interval after the expected val ue corresponds to
the intended pilot 25 sequence el enent8 val ue. According to the sane aspect,
the decision entity of the device is further configured to wait until the
nodem of the second group expects the value and select 30 the investigated
dat a sequenc&TEU@ngt SOR taFs HeSSiTar s @ fa Ve ehSeduen 7 I$eer GWICSAS on
interval after val r - d.nt d.pil ot
sequence eIeﬁﬁhﬁﬁghfﬁgséﬁfggﬁg%hég thg%gsﬁggggﬁgﬁgﬁgﬁiétélgﬁg%tl oes not 5
correspond t @lishe okalalieeeX pecihed thy nvhenonidemait cnhereseleand ogibeup, t he

met hod may according to a fourth aspect of the invention further conprises
provoki ng t h&36démh | QIm?dfgﬁbﬁ@'&%ﬁuﬁeﬁ@npe&6€§P'a change of state and

receiving g request for a change of state, said 10 request for a change of

state causing the nodemin the second group to expect an element with a
different vallle tegeseige LeAcdardiadg Std stiyd Degurltif cagpeemsof Thigy

I nvention th%@_5m§%%!%b%%n%%éki%u%%h%Q%OQ%V%%GVé% —%&%%Qs ALy manner
further configured to provo t he modem i n the second "group to request a
change of st atigiand rseteicvebar equest hodcamschamge defvistcate,y dai d request
for a change of state causinq_the nodem i n the secondygroup

turn be a digital subscriber line Access Multiplexer.

10
According to a second aspect of the invention, the
investigated data sequence is the pilot sequence

assigned to the second communication line.

15 It is possible that the investigated data sequence
element does not correspond to the value expected by

the modem in the second group.

According to a third aspect of the invention, the

20 method then further comprises waiting until the modem
of the second group expects said value and selecting
the investigated data sequence element for transmission
in a subsequent synchronisation interval after the
expected value corresponds to the intended pilot

25 sequence element value.

According to the same aspect, the decision entity of

the device is further configured to wait until the

modem of the second group expects the value and select
30 the investigated data sequence element for transmission

in a subsequent synchronisation interval after the



20 to expect an element wth a different value than before. The request for
a change of state may furthernore be an online reconfiguration request and
t he provokongimbea@225 request for a change of state mayprog/sperfiosmsd

t hrough changi ng a comuni cation quality conponent of the second

communi cation |ine. The pilot sequence& assigned to the second conmuni cation
30 line may be an avail able sequence with the | owest nunber of val ue

changes. Instead or additionally the assigned pilot sequence for the second
comuni cat i oRXPECUSh& P 5@ IerePRadsn ¢ Ca thier st ta@ngipen®® isitch has an

expect ed vaI@%%§§§§gghggm%gl%gﬂ&§ﬁ aspect of the invention, the 5
investigated elenent is an elenent of a first sequence assigned to the

second communi cation line. Here there is furthernore a second sequence al so
assigned to the second caonmuni cation line. 10 Accordigg)to this fifth

aspect the investi gatissd6F WAl 2 CEMENGTg SO PRIUER AN d AT ansi t ti ng of

an el ement si $dirddhe nrethod reerfanred fei-rald wl emnts e et hnkequences.
15 In relation to this fifth aspect, the first and second el enent

i nvest i gat i ngeamridt idevuray the eeificgured Bedorvesd gat @ Valludd, the
comparing ent]g é@%fb%h%o’lfrfv%%rtg%nt% QiRar go‘ﬁg)'r'é{%%sa%% %91'5 Qy Sequence
transm ssion control "'entity may be configured t provide elenents for
t ransm ssi on roalerespeatheofscaldndelganent s cofr doplch tsequences. of state
and receiving a request for a change of state, said
10 request for a change of state causing the modem in the

second group to expect an element with a different

value than before.

According to the fourth aspect of the invention the
15 decision entity of the device is in the same manner

further configured to provoke the modem in the second

group to request a change of state and receive a

request for a change of state, said request for a

change of state causing the modem in the second group
20 to expect an element with a different value than

before.

The request for a change of state may furthermore be an

online reconfiguration request and the provoking of a
25 request for a change of state may be performed through

changing a communication quality component of the

second communication line.

The pilot sequence assigned to the second communication
30 line may be an available sequence with the lowest
number of value changes. Instead or additionally the

assigned pilot sequence for the second communication



According to a sixth aspect of the invention that
aspect,

is based on the fifth
the nmethod further conprises 25 conparing the elenents of both

sequenceswoizbiz/@egi| ot sequence el enent sel ection critercesebanofms ng a

pi |l ot sequence assigned to the second conmuni cation |ine and choosi ng,
each el enent position in the correspohdi ng pilot sequence to be forned,

for
one

element 30 fromeither the first or the second sequence that fulfils the

pi | ot sequence el enent selection criterion.
aspect of thdingvéryi & Alife NEIVieY Sedudrde Sleavsi 8iioh &Gist B6l entity

11 According to the sane

furthernore COIRA es the el enents of both sequences with a pilot sequence
el enent sel ection crlterlon for formng a 5 pilot sequence assigned to the

second communi cation |ine and chooses,
correspondin
first or the

&COAd "SedTeicd tidt R §ftﬁ@epﬁpgﬁn§é@@en5@'elenent

sel ection oriitids@n gatQd R1thefd fitth ;and 1the sl X -asneets ddqucsice

furthernore possible that the elements of the first sequence al
first val ue as¢imecelt@memes seicorige @é@@ﬁd@éq@éhdén@l | Heawe tResécond

opposi te val ye 8 AGHING, LO B sevenihL Asbest of, e jvention, the

nmet hod further conprises receiving

group as it

in the fingt \QroupiaRd RefAMMG & esRENdiING H%@%%Qﬁ?%tQ%byo%fter a
conpl ete pil ot sequence has been transnmtted to all

group.

15

20

25

30

mth

for each elenent position in the
%gpl|0t segﬁpnce to be forned one el enent. fromeither the

have a

nodem i t he second

|§edMﬂdngmmmmmﬁQb¢domo1hm@ .second conmuni cation |ine, responding
to the 20 handshake with a pil ot sequence assigned to the second
comuni cation |ine concurrently with sending pilot sequences to the nodens

values, comparing of values and transmitting of an
element is in the method performed for all elements of

both sequences.

In relation to this fifth aspect, the first and second
element investigating entities may be configured to
investigate values, the comparing entity may be
configured to compare values and the pilot sequence
transmission control entity may be configured to
provide elements for transmission in respect of all

elements of both sequences.

According to a sixth aspect of the invention that is
based on the fifth aspect, the method further comprises
comparing the elements of both sequences with a pilot
sequence element selection criterion for forming a
pilot sequence assigned to the second communication
line and choosing, for each element position in the
corresponding pilot seguence to be formed, one element
from either the first or the second sequence that

fulfils the pilot sequence element selection criterion.

ens in 25 the first



According to the sane aspect the pilot sequence transm ssion control unit
of the device further conprises a handshaking entity configured to receive
a 30 handsbake/dsem t he nodemin the second group as it pcs/seeimgsmsnnect ed
to the second comunication line, order the pilot sequence transm ssion
control entity to 12 respond to the handshake wth a pil ot sequence
assigned to the second communi cation |ine concurrently with sendi ng pil ot

sequences to the nodens in the first group and perform a respondi ng
handshake onlAFC&MCanda s doiplseie pFisPeC s edudhce IRFSTBEOR/t rrafsmitted to

?" nDdenE i ihaﬁ.%%r %n%yo%gané%ﬁg% k%gc%%&ﬁ%lekgﬁht &%&%h%fnkﬂ%
i nvention, the metho urther conprises sending a signal for fast 10
channel esti matrpcaretso thre atetemtisn ctthé dftilr steqgreowe si wiahpar toidfota nmodem

initialization procedure assigned ta echo-canceller settings and at a point

intinme corré dicrg TR & G e a5t Fhe °5t hér es in the

first group. ph3 ACGUMIRG @ dsh@ e ASPRC s e devine®inGeRiicses a channel
estimating entity configured to send a signal for fast channel estination

to a nodem i Aitife affid sthogsswp i ra sgat Sdemgnvod@dlitdion dni Z&S on procedur e
20 sest ned L SEIGCAEE Lo FELLUMBRANG Ah Al | Dk M gpespond o
a ninth aspedircaf diddmvent ifdmstt ke the second sequence that
fulfils the pilot sequence element selection criterion.
10
In the fifth and the sixth aspects it is furthermore
possible that the elements of the first sequence all
have a first value and the elements of the second
sequence all have a second opposite value.
15
According to a seventh aspect of the invention, the
method further comprises receiving a handshake from the
modem in the second group as it is being connected to
the second communication line, responding to the
20 handshake with a pilot sequence assigned to the second
communication line concurrently with sending pilot
sequences to the modems in the first group and
performing a responding handshake only after a complete
pilot segquence has been transmitted to all modems in

25 the first group.

According to the same aspect the pilot sequence
transmission control unit of the device further
comprises a handshaking entity configured to receive a
30 handshake from the modem in the second group as it is
being connected to the second communication line, order

the pilot sequence transmission control entity to



25 nethod further conprises receiving fromthe nodens in the first group
qual ity neasurenents indicative of crosstalk coupling of the comrunication
| i nes at wbeotdvssoaf transmi ssion of the pilot sequencepCT/SEd@ELBSWBNI NQ

wei ghts to be applied on transm ssions on 30 the comruni cation |ines and
applying the weights on the transm ssidns to the nodens of the first group.
13 According to the sane aspect of the invention the pilot sequence

transm ssion control entity in the pilot sequence transm ssion control unit
of the devi c&Ss®omgr theert heompinghed st & itéc &l we, 1 ofy GadIsE Geodéerrs et he 5

first group, .qualidt %e’é%%h%!”c%%{&%id'a’%qio%atﬂ%% Aonfhosstalk ¢qupling of the

communi cation lines at the tine of transm ssion of the pi'l ot sequences,

det er m ne weisghids nigo e cap pleiceet nore st rcan Sies sicaesison it decdnimsni cati on | i nes
and order the transmtting unit to 10 apply.the iights on the

Er anom S5i OnEE N FECSTEES 10t % e FOrCE T B AR o pELE ToF: ¢ he
invention iss WriAaGied JiQwar e g MR o6 f Medn MirlkinRehighesstal ks 1het ween
modens connected 15 to a set of communication lines. There is here a first
group of nod&esiemsclivdithg dtlrsédastroyi®e nodem connected to a first

communi cation line and the nodens of the first group support vectoring.
There is also a second group of nodens including at | east one nbodem

connect ed 20 dcecadsecond comainihdcatisprdt ne amd tiheamdens afha he second
group do not support_vectoring. The nethod is perforned in a device for

provi di ng ac@&dE % TRTHEE COMSESt iSGR HEWGT I8 L9RG ¢ dimgr itsed

i nvest i gatpngii:he axpeqtied Malug Of an el RNt ithea 2% 3y REhQNiisatd on
interval to be received by a nodemin the second group via the second
conmuni cat i opadrtnefi i tieslegeti noft iedmmadtiicat icowdadnes, aispuiagicidgdtd ng t he
val ue of an el enent of at Ieasct .one datdaasce%uence assi gcq(?n% to the second

comTuni cat i offCRo-canceller € tings an point In

corresponding to the synch interval of the other modems
in the first group.

15
According to the same aspect the device comprises a
channel estimating entity configured to send a signal
for fast channel estimation to a modem in the first
group in a part of a modem initialization procedure

20 assigned to echo-canceller settings and at a point in

time corresponding to the synch interval of the other

modems in the first group.

According to a ninth aspect of the invention, the
25 method further comprises receiving from the modems in
the first group quality measurements indicative of
crosstalk coupling of the communication lines at the
time of transmission of the pilot sequences,
determining weights to be applied on transmissions on
30 the communication lines and applying the weights on the

transmissions to the modems of the first group.



30 line, 14 conparing the two values with each other, and provoking the
nodemin the second group to request a change of state, receiving a request
for a chawmgeoofossdoat e, said request 5 for a change of strarsrecaussoeg t he
nodemin the second group to expect an elenent with a different val ue than
before, and transmtting the selectedl@&l enent on the second conmuni cation
line together with corresponding el enents 10 of a nunber of pilot sequences
on conmmunication lines leading to the first group of nodens after having
recei ved sai daceqiasy fior tacchange sgPesttacd. thite 19amwd tadope dth o ithed

i nvent i on congerns, 2 46yl celar o5 Aavidi g, 36Gesy, kA data commni cation
network for nodens. This device Is arranged to be connected to one end of
each of a setsesfuet@rminiacatriers ilonnesnand 1t e ino denmg har elesdnredtsed t o
opposite ends. of .the co nication lines. There is a first group of nodens

20 i ncl udi ng & HEds CO8re PBFEMConFEEEE 1t & 1l TGE MOEVISa 18 11 st

communi cat 50 ildge anghd, hey nodens nfa stitenddnts! iGauR tSWRPeH vect oring.
There is also a second group of nodens including at | east one nodem
connect ed t o AHes sdévike & ovira 1419 edoridhec crmaminc atitar T iln@send i RéS25 nodens

of the second ;group 4o Nt ;SURROrt, Ve¢loring,: the, device comnises: a
comruni cation'interface,
weights to be applied on transmissions on the
communication lines and order the transmitting unit to

10 apply the weights on the transmissions to the modems of

the first group.

A tenth aspect of the invention is directed towards a
method for limiting crosstalk between modems connected
15 to a set of communication lines. There is here a first
group of modems including at least one modem connected
to a first communication line and the modems of the
first group support vectoring. There is also a second
group of modems including at least one modem connected
20 to a second communication line and the modems of the
second group do not support vectoring. The method is
performed in a device for providing access to a data
communication network and comprises:
investigating the expected value of an element in a
25 synchronisation interval to be received by a modem in
the second group via the second communication line in
the set of communication lines,
investigating the value of an element of at least one
data sequence assigned to the second communication

30 line,



a transmtting unit connected to the comrunication interface and confi gured
to nmodul ate and transmt data 30 to the nodens via the set of communication
i nes, NWSoa0r¥®6d0zi Ng unit connected to the comuni cat ipom/SEndienfmse and
configured to receive and denodul ate data fromthe nodens, and a pil ot
sequence transm ssion control unit cobprising 5a first el enent
investigating entity configured to investigate the expected value of an

el ement in a synchronisation interval to be received by a nodemin the
second gr oup SR ATHE I dédend ComMmuricGatiidh [Sage, orderse@dd el enent

I nvestigating, & oikti)ﬁ&c%@lfei e 49 inyestl gale 5;95% value. of..an el ement of
at | east one'data sequence assi gned to the second comunication line, a
deci si on ent idhyngenfofgurtede,0 conpare the two 15 values with each other,

to provoke the mopdemin the seco&d grou to@r %%uest a change of state if
t

the val ue of THE &I Eert *F6EE Sot™ Corr e "X pectEd WAUTE" t he

request for aFoghange efgestat @ tcausing ke mdemddant he seeonrd maup to
20expect an elenment with a different value than before, receive a request

for a change d6foust &tce cxme Attheme gfleaendelvdéth tehelidifememt ofe lidse tihevest i gat ed
data sequence for transm ssion, and a pilot sequence transm ssion control
entity !

transmitting the selected element on the second

communication line together with corresponding elements
10 of a number of pilot sequences on communication lines
leading to the first group of modems after having

received said request for a change of state.

The same aspect of the invention concerns a device for
15 providing access to a data communication network for
modems. This device is arranged to be connected to one
end of each of a set of communication lines and the
modems are connected to opposite ends of the
communication lines. There is a first group of modems
20 including at least one modem connected to the device
via a first communication line and the modems of the
first group support vectoring. There is also a second
group of modems including at least one modem connected
to the device via a second communication line and the
25 modems of the second group do not support vectoring.
The device comprises:
a communication interface,
a transmitting unit connected to the communication
interface and configured to modulate and transmit data

30 to the modems via the set of communication lines,



25configured to provide the selected el ement of the second communi cati on
line together with correspondi ng el enents of a nunber of pilot sequences
assi gned wo 2birobdorst group of nodens for transm ssion troTISES1MDSBES Vi a

t he set of 30conmunication lines. 16 An eleventh aspect of the invention
is concerned with the selection of pilbt sequences for nodens in the second
group. 5 According to this aspect there is a nmethod for limting crosstalk
bet ween nodens connected to a set of communication lines. There is here a
first group &f HRSEENS NoneNudi KOTECATESS (- o nPERVEGIREEed to a fir st

communi cati on | ine and the é&%ﬁ%r%fd trhe icregL 1 Q97 QR SHRRAI d\élet%t oring.
There is also a second group of ‘nodens 1 ncluding at |east one nodem
connect ed t o faczedcdrd roomsni eatd on | i ne and the nodens of the second group

do not support v%ptorin . The nethod is perforneﬂpin,a devi ce f.or providing
access to a @afd 'ty & i“Cati on WK &7d (o ritdds COfE eéti¥g a pi | ot

sequence far trangmssisan di@ndemdst ilfie isecend ighouRn ke R thi | ot
sequence conprises el enments capable of having a first or a second opposite
val ue, 20 wher ei n e stigp tef tdel eciasy sconpriivses fsélredtliongnd pil 6t

Fequence Navi 10 (U LRUSR) OHDLE INEET BRI APLES, RRH O 10 1
in the second group via the second communication
line,

10 a second element investigating entity configured
to investigate the wvalue of an element of at least
one data sequence assigned to the second
communication line,

a decision entity configured to compare the two

15 values with each other, to provoke the modem in
the second group to request a change of state if
the value of the element does not correspond to
the expected value, the request for a change of
state causing the modem in the second group to

20 expect an element with a different wvalue than
before, receive a request for a change of state
and thereafter select the element of the
investigated data sequence for transmission, and
a pilot sequence transmission control entity

25 configured to provide the selected element of the
second communication line together with
corresponding elements of a number of pilot
sequences assigned to the first group of modems
for transmission to the modems via the set of

30 communication lines.



25 providing access to a data conmuni cati on network for nodens. This device
is arranged to be connected to one end of each of a set of conmunication

| i nes andwbheinwe@rs are connected to opposite ends of tog/seermumiosat i on
lines. There is a first group of nodens 30 including at | east one nbdem
connected to the device via a first cofmunication |line and the nodens of
the first group support vectoring. There is also a second 17 group of

nodens including at | east one nodem connected to the device via a second
comuni cat i o1 iSdevandt FeDesderrd et HEVSEEERE GrroGe ¢ RE iippor t
vectoring. Thedevee. GoMPLSesnY & LAMNILCEY, O ALEr facena
transmtting unit connected t6 the commnication interface and configured
t o nodul at e ardondansmitp.data to the nodens via the set of communication
lines, a receiving unit connected to the comunication 10 interface and
configured to receive and denodul ate data fromthe nodens, and a pil ot

sequence t EaRYASHINY GNtHAls URide GORRIH S NG & RidtolosSequence itiarRsm ssion
control entity configured to select a pilot sequence for transm ssion to a

nmodem 15 i n tHesséedrd bgrtoimen Reders pidnsiecdeguéncé ceipriifses el ement s
capabl e of haying a finsh, 952 .se6ond opposite \éalfliq:'stlzyrto?l%r Tore, the
pi | ot sequencen}ransn153|on control entity, when being configured to sel ect
a pilot sequencems Snfdlnidiery 2@ denfditguned nicaleselcecinea tpid ato sequence
havi ng the fewest possible changes in el ement val ues. ,
first communication” line and the modems of the first
10 group support vectoring. There is also a second group
of modems including at least one modem connected to a
second communication line and the modems of the second
group do not support vectoring. The method is performed
in a device for providing access to a data
15 communication network and comprises:
selecting a pilot sequence for transmission to a modem
in the second group, where a pilot sequence comprises
elements capable of having a first or a second opposite
value,
20 wherein the step of selecting comprises selecting a

pilot segquence having the fewest possible changes in

element values.

According to the same aspect there is a device for

25 providing access to a data communication network for
modems. This device is arranged to be connected to one
end of each of a set of communication lines and the
modems are connected to opposite ends of the
communication lines. There is a first group of modems

30 including at least one modem connected to the device
via a first communication line and the modems of the

first group support vectoring. There is also a second



The | owest possi bl e nunber of changes may be zero. This can al so be
conbined with the first elenent of the 25 pilot sequence having a val ue

t hat t he wodemdigsobhe second group expects to receive i RrCaSEYNGH5@BI sati on
interval. The possible el ement values nmay here be +1 or -1. 30 Also a

twel fth aspect of the invention is cohéerned with the selection of pilot
sequences. 18 According to this aspect there is a nethod for limting
crosstal k between nodens connected to a set of communication |lines. There
is here a fiG§OUgr edp "eemsdéms Livdéingdidrg lat dtease relcfodemresineécted to a
5 first communi Gald ofLyiine ,And o e mpden® ol dife fildst group s upRor
vectoring. There is also a second group of moderts inclu ing at Teast one
nodem connectrediehe & fsetendccomiugircatd o |Inote sapghcirite veodens nof. t he second
group do not support vectoring. The nethod is perforned 10 in a device for
provi di ng acd sdteé’lgedgtogpcr&%ﬁfﬁi cation network and conpri ses:

transm tting ;a donhsin iSQGUeRce rtr@ & edem i n the second group via a
correspondi ng communi cation line, transmtting a second sequence to the

nmodem vi a t hé 15 ageniedpondivng tc orrmmpsicd@d e [thge copiernd dgdtiiPisequences
conprise ele t ahl f Vj first, qr ite.val ue and
t he el enent sqgjfr%etsfr%ac% lr%lsnt%1 %&5{1}3 éler}%a Itohén\%)gugﬁg%o?iﬁ%ﬁg%\?a%%gzc é%&at he

el ements of tthe t$ecandicsequeanrcehal |schave devermoppesittienvalivwe,s,20 conpari ng
the el enments of both sequences with a pil ot sequence el enent sel ection

criterion fof FEARINGTE Piidt SSEqEENEE 48sigfe ¢ FHUEHE TCéfmuni cat i on | i ne,

and choosing.i ftQ@r eReh Llenmenlr iRRsidd o il dNe e G0F RSRRAING Rt
sequence to be fornmed, one elenent 25 fromeither the first or the second

sequence t hatfrogl fthles moldengi,| gindsequence el enment sel ection criterion.
According to the ;Sane aspect there i.s. a devi cecrfotir u|%riocvi di ng .access to a

data conmuni atian nes urncFOFransm1381on conh comprising a
pilot sequence transmission control entity configured
to select a pilot sequence for transmission to a modem

15 in the second group.
Here a pilot segquence comprises elements capable of
having a first or a second opposite value. Furthermore,
the pilot sequence transmission control entity, when
being configured to select a pilot segquence, is further
20 configured to select a pilot sequence having the fewest

possible changes in element values.

The lowest possible number of changes may be zero. This
can also be combined with the first element of the

25 pilot sequence having a value that the modem in the
second group expects to receive in a synchronisation
interval. The possible element values may here be +1 or

-1.

30 Also a twelfth aspect of the invention is concerned

with the selection of pilot sequences.



30 nodens. This device is arranged to be connected to one end of each of a
set of communication lines and the nodens are connected to opposite ends of
the 19 oworumi®adeon |ines. There is a first group of wodsEsoiiosdoseli ng at
| east one nodem connected to the device via a first comunication |ine and
t he nodens of the first group supportl@ectoring. There is also a second 5

group of nodens including at | east one nodem connected to the device via a

second conmuni cation |ine and the nodens of the second group do not support
vectoring. TRECHEAEIEE domprilses:SPecComgdiccats on Methert acg, 11oviging

transmtting/ %%t%g@n%%&%%ekoH&Qgﬁgpqgﬁgngkhpgg %t%%ka%? and confi gured
to nmodul ate and transmt data to the nodens via the set of conmunication
| i nes, a receiowimng ivaitti ccodnectsed The riché sc dremaniac dtiiren igntoend ade and

configured to receive and .denodul ate data 15 from the nodens, and a pil ot

sequence trafSificdsi A IHHERS AnittaSdmorics gt FiASE LEGUeNEE t ransmi ssi on

control enti tey yGONfdgied @ ion 1iROVNEe tad ifoengequeneR frar-dir ansm ssion
to a 20nodemin the second group via a correspondi ng comuni cation |ine,

provi de a seCHdPs &qIRNTdE MECHOransm Sicge tie sdis® modemovica SFaiue
cor respondi ng, CQIIINCAL ANl 1R 2 MR PUR FRUGNIRE LU ¢ ¢ ements

capabl e of
second communication line and the modems of the second

group do not support vectoring. The method is performed

10 in a device for providing access to a data
communication network and comprises:
transmitting a first sequence to a modem in the second
group via a corresponding communication line,
transmitting a second sequence to the modem via the

15 corresponding communication line, where both sequences
comprise elements capable of having a first or a second
opposite value and the elements of the first sequence
all have one of the values and the elements of the
second sequence all have the opposite wvalue,

20 comparing the elements of both sequences with a pilot
sequence element selection criterion for forming a
pilot sequence assigned to said communication line, and
choosing, for each element position in the
corresponding pilot seguence to be formed, one element

25 from either the first or the second segquence that

fulfils the pilot sequence element selection criterion.

According to the same aspect there is a device for

providing access to a data communication network for
30 modems. This device is arranged to be connected to one

end of each of a set of communication lines and the

modems are connected to opposite ends of the



25having a first or a second opposite value and the elenents of the first
sequence all have one of the values and the elenents of the second sequence
al |l have wbeomppesikt e val ue, conpare the el enents of bothrseouens®wso with a
30pi | ot sequence el enent selection criterion for formng a pilot sequence
assigned to the communi cation |line, ahfl 20 choose, for each el enent
position in the corresponding pilot sequence to be formed, one el enent from
either the first or the second se%yence.that fulfils the pilot sequence

el ement 5sel EOMTHALIGESEN drNSPhe THREISf ti &s Peéts tmay @ war MedlSs t hat t he

sel ecti on cristelii,on JiRY prescr e hat, hal.of ke Loy ied piat.sequence s

supposed to have one ue an f the 10 opposite val ue.
transm ssi onyief at He fsitr storemch iseddna dequerces tey rfogieiiseroforddieeach be
made sinultaneously with the transm ssi.on of pil ot sequences assigned to

the nodens i rithe FHOSP GHEEE S ALCH diTg 168 thi Freénth S&9EC that is

based on tBe el T aspREts itha Jawelf th aspect Jmy rdwdkhermie e vari ed
t hrough the pil ot sequence transnmi ssion control entity receiving, fromthe

nmodenms in théof ithst dgvos, Vd@alal o opess prosremis aitddine dtlinge a@fd stal k

coupling modems of the second group do not support vectoring.
The device comprises:

a communication interface,

10 a transmitting unit connected to the communication
interface and configured to modulate and transmit data
to the modems via the set of communication lines,

a receiving unit connected to the communication
interface and configured to receive and demodulate data

15 from the modems, and
a pilot sequence transmission control unit comprising a
pilot sequence transmission control entity configured
to

provide a first sequence for transmission to a

20 modem in the second group via a corresponding
communication line,
provide a second sequence for transmission to said
modem via said corresponding communication line,
where both sequences comprise elements capable of

25 having a first or a second opposite value and the

elements of the first sequence all have one of the
values and the elements of the second sequence

all have the opposite wvalue,

compare the elements of both sequences with a

30 pilot seguence element selection criterion for

forming a pilot sequence assigned to the

communication line, and



20 of the comunication lines at the tine of transmssion of the first and
second sequences and only selecting neasurenents that relate to the chosen
el enent s wb wimobdorst and second sequences for perforn rgTGE®SHSIEY
limtation activities in relation to said conmunication 25 |ine. According
to a fourteenth aspect that is based o the twel fth aspect, the twelfth
aspect may be further varied through there being at | east two nodens in the
30 second group. In this case the conmmunication |line leading to a first of

t he nodens in the See6Hd éﬁéhﬁ@@@ &3singmed Pe spitlien séquidsce | acki ng changes
in element 21 val yes an de 1f§te@E: S 1AVINg 12 %QJ QﬁﬁXQQEJEd by the

first the nodemto appear nchron ation interval e conmmuni cati on
line leading to thﬂfﬁﬁﬂmndimmdenmm@rthﬁmséhamd @mommet$emhmm.prOV|ded W th

a pilot 5 sequence accordin o the .twelfth aspect. Accordi to a
i Peonth aspect  BRAATCohagal o Hdts (HE EumiRs oS FouFLasRtr aspect
there are more than twe inpdens tdrithe second group. Here the comruni cation

10 line leading to one of the nodens in the second group is provided with a
pil ot sequence according to the principles of the twelfth aspect, while the

comuni cati oy ld NS, l&: %d%%%ec% %Ef-%%ev%&Q%%_QRP%%%t.Qh%?%eﬁ%%%ﬂ?nﬂrouD are

assi gned the sane pilot sequence 15 lTacking chan enent val ues and
with all elemﬁﬁtgrhww|mayapﬁ§gmiu®epembedhbﬁfth&'&mmsﬁb&h@dn@dennio appear
in a synchronisation interval. This type of assigning my then be

iteratively FEPFSIEE fior SHAPOSEMIN @ﬁt iSorPIS &S Ueddichg™™t'd ddens in the

second 201gr o ntdd alhh, eha%%eb%%%n%%ﬁkgﬂ%%sad@|ﬂ%% sgquencg according to
t he prlnC|pIes of the twelfth aspect. According to a sixteenth aspect of

the inventi o@eqmlein sEveineesn maof falrmmeaﬁnosr@q@@@éehaae@@sieto be sent in a 25

SYNCH |nterval q_a i ne to whi.ch.a quen1|n t.he s q %ro%p S _connect ed,
anequs wilth thée mission o UenCes
and the val ué 6t t nént to be sent does ot Fre Val"oé eXpect ed

by this nodemsdihgerd he alcdueeipectied dhe &am@tn@denmnay be changed t hrough
provoki ng the nodemto make a request for a
15 According to a thirteenth aspect that is based on the
twelfth aspect, the twelfth aspect may furthermore be
varied through the pilot sequence transmission control
entity receiving, from the modems in the first group,
quality measurements indicative of crosstalk coupling
20 of the communication lines at the time of transmission
of the first and second sequences and only selecting
measurements that relate to the chosen elements of the
first and second sequences for performing crosstalk
limitation activities in relation to said communication

25 line.

According to a fourteenth aspect that is based on the
twelfth aspect, the twelfth aspect may be further
varied through there being at least two modems in the
30 second group. In this case the communication line
leading to a first of the modems in the second group is

assigned a pilot segquence lacking changes in element



30 change of state, such as an OLR request. Then, when the nodemin
question expects the elenent value, it may be sent w thout problens. 22 A
pi | ot matwoxomawedse defi ned as matri x having col um vectrorseand/ osmse
vectors. Each colum vector of the pilot matrix corresponds to a pilot
synbol sequence to 5 be sent to a pargicul ar conmunication |line. Each row
vector of the pilot matrix corresponds to a set of synbols to be

transm tted sinultaneously (in a SYNCH interval) to conmmunication |ines of

a vectoring grouss wher @&y edtlolegegroupavs wade Viag U6t Srbders connect ed
10 to a devi ce fqr; pLOVINAG ACLESS | %tpi Veg]@ %nc%”‘lgszglg%@o'nqga’%‘it&?@rk’ wher e

the nodens are to be passively or ac y i nvo in vectoring. Hence,
t he pil ot matimitervad .a Thenmoemmomh iceltuinns legqueall caalitnge toundher sefcond
conmmuni cation |jnes connected to the devi cgjgand a 15 number of raqws equal

to the |engt F9GFE™ Hé PiliCot> SEEGTefTes® AS g&cy BgiavdtiCotbihati &1 16 a row

of a pilot smaldduerce hee defined asca tsuh-rvectefoeft .t he row vector of 20
the pilot matrix, consisting of the elenents of that row vector which

reside in the columms corresponding to comuni cation lines to which nodens

in the second Qroun o o ’}‘%Cfttge%nt%5 a':s%retc*%e\rﬁgla% i €02CY. X %‘r?]ftb%%

conbi nation i's hére fined as row vector ere the elenents are the

synbol s whi chhche weaspeéctbinve foaderenth hecsecontegreoup cexpaet thanr ecei ve
in the SYNCH intervals. 23 transmtting row(H%) if any, of a pilot matrix
for which a I¥§a&PIsHot e ot TGO PECERes 5 H% JaSy CEXPREEEE TCobi nat i on

to the coApuni;cat R diieSo 3¢ of the modems in the second group

is provided with a pilot sequence according to the
principles of the twelfth aspect, while the
communication lines leading to all the other modems in
the second group are assigned the same pilot sequence

15 lacking changes in element values and with all elements
having a value expected by the first the modem to
appear in a synchronisation interval. This type of
assigning may then be iteratively repeated for all
communication lines leading to modems in the second

20 group until all have been assigned a pilot sequence

according to the principles of the twelfth aspect.

According to a sixteenth aspect of the invention, when
an element of a pilot sequence needs to be sent in a

25 SYNCH interval to a line to which a modem in the second
group is connected, and the value of the element to be
sent does not match the value expected by this modem,
then the value expected by said modem may be changed
through provoking the modem to make a request for a

30 change of state, such as an OLR request. Then, when the
modem in question expects the element value, it may be

sent without problems.



when there are no such rows left to transmt, provoking 5 one or nore
nodens in the second group to request a change of state such that the

| egacy exwecheresmrbi nati on changes to match t he | egacy ppirlsekoigondddnat i on
of one or nore rows until all the rows of the pilot matrix have been 10
transmtted. It should be enphasized ghat the term "conprises/conprising"
when used in this specification is taken to specify the presence of stated
features, 15 integers, steps or conponents, but does not preclude the
presence or addition of one or nore other features, integers, steps,

conponents or, gr- S .20 | EF, _DE | PTI - T Q§ﬁwv 0 The
i nvention mﬁfﬁgﬁg§ﬁ53%§§§%rﬁﬁégﬁﬁw%ﬁﬁ%ﬁ%%f%ﬁﬁufgﬁﬁéﬁgtio fg tné'enclosed
drawi ngs, i nwhitohs fangl rbws okenmtrscalblayhs hodsirowre amodens cornected to a

device for praqviding access to a communi cati.qn network, 25 fig. 2 shows a
STDL L1 od BFOCK s Rt ¢ oot SEms Tavitce 3 G ChTy ooy £ super

frame incl gdirg canmunber ofarsiignales g atied tarraudtenesachf ix@w 4 shows a
flow chart of a method for limting 30 crosstal k according to a first

enbodi nent ofveier mienticopilot matrix corresponds to a set of

symbols to be transmitted simultaneocusly (in a SYNCH
interval) to communication lines of a vectoring group,
where a vectoring group is made up of modems connected

10 to a device for proving access to a data communication
network, where the modems are to be passively or
actively involved in vectoring. Hence, the pilot matrix
has a number of columns equal to the number of
communication lines connected to the device and a

15 number of rows equal to the length of the pilot

sequences-

A legacy pilot combination of a row of a pilot matrix
is here defined as a sub-vector of the row vector of

20 the pilot matrix, consisting of the elements of that
row vector which reside in the columns corresponding to
communication lines to which modems in the second group

are connected.

25 Further, a legacy expected combination is here defined
as a row vector where the elements are the symbols
which the respective modems in the second group expect

to receive in the SYNCH intervals.

30 In a seventeenth aspect of the invention, the following

steps may be repeated



24 fig. 5 schematically shows a flow chart of a nunber of nethod steps for
setting weights in order to cancel cross-tal k between nodens, fig. 6
schemat i ombly1wbesws a flow chart of a nethod for 5 |im rcmgeeriessioad k
according to a second enbodi ment of the invention, fig. 7 shows a nunber of
met hod steps being perfornmed in one vaBiation of the invention, and fig. 8
schematically shows a conputer program product 10 in the formof a CD ROM
disc with a conputer program performng the functionality of the invention
when bei ng | 6&@e¢TIMTErg deviEe fidr aprovicdi mg Padeés fatta 1& datra which

conmuni cat i on, rl%?‘r%%% gi%q .combfiin%'tfi%tnﬁ hows. 2 n !é”"i%rgfa:%g/ %@%‘Eeﬁt eps bei ng

performed 15 1in r variation o e I nvention, shows a nunber
of net hod st epsiieiang ope rdfoortied dommanrfiurstthen Vamieat,i emdof t he i nvention.
DETAI LED DESCRIPT%SN 20 In the foll ow ng_description, for purposes of

expl anati on A& ndt S5t At i"On S UEPediFitc l&éﬁstaﬂos SRS STt /f SO OSUEK as
particul ar salGhi tRCHYRS mddhef fizCede REMAULDSUELS dlpider; to provide
a thorough 25 understanding of the invention. However, it will be apparent
to those ski ldb@dden afthe tatte tshigh tthet mhentliessavay e qmeact i ced i n ot her

enbodi nents t : re f e Lfie detaijl l. t her instances,
detail ed desé?ﬁ%%#%%ﬁ?%% %%§E€H%n§%h%%§%%bg%€ ?fﬁ%ﬁi?g?ﬂéﬁﬁ 30 net hods are
omtted so agombtinaaiehsedr entche rdesard ptowen of the invention with
unnecessary detail. , ,

until all the rows of the pilot matrix have been

10 transmitted.

It should be emphasized that the term
“comprises/comprising” when used in this specification
is taken to specify the presence of stated features,

15 integers, steps or components, but does not preclude
the presence or addition of one or more other features,

integers, steps, components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
20
The invention will now be described in more detail in
relation to the enclosed drawings, in which:
fig. 1 schematically shows four modems connected to a
device for providing access to a communication network,
25 fig. 2 shows a simplified block schematic of the device
in fig. 1,
fig. 3 shows a super frame including a number of
signals modulated on awd—tones
fig. 4 shows a flow chart of a method for limiting
30 crosstalk according to a first embodiment of the

invention,



25 The invention concerns the reduction of cross tal k between nodens being
connected to a device for providing access to a data comuni cati on network.
The i nvenwoaniadokdozi n the fol |l owi ng be described in 5 relatsiegoniosoopy ovi di ng
access to the Internet for Digital Subscriber Line (DSL) nodens via the
device. The device will in the followaAg be described in relation to a
Digital Subscriber Line Access Miultiplexer (DSLAM. The nodens are here

furthernmore 10 provided in two groups: a first group supporting vectoring
and a second fgroup ﬁﬁ@@“@6é§a#dW'§@§b@#ﬁ1¢€éWbﬁ%@gﬁ otf shawmpsierrd be

realized tha i td ' t. 1 mt t.0 DS e n be used
al so on othe%eﬁggégQﬁgﬁﬁbggﬁgéeggﬁnﬁhﬁglreggoﬁ% Frgggéﬁghﬁgﬁg%gb be
real i zed t hatcridse -deMikcdetareche raneisgr type of device than a DSLAM Fig. 1

schemati cal | y. .shows a_device for providing access to a data

communi cat | oo Het wori IS 1o T30 % e Fofegt £ DSt AMAE Héing
connect ed %Olﬁnﬁ%ﬂﬁgrcQ%s@Q%Q@Sa%%@r%ﬁmgzﬁo 28 scthpdevieR i nits Jrere
connected to one end of each of a set of communication lines 20, 18, 16 and

14 and the nmddersY2nt24n,26 and 28 are connected to opposite ends of the
comruni cati on-.lj nes. The i i | . i Plain Ad
Tel ephone Se&&ﬂée7?58%%f %O%ﬁﬂ%%%ggﬁgﬁéﬁﬁﬁggS§%§%bé)céﬁgﬁgﬁﬁfgggf%s made of
copper and neEy fouret Rerriarte doe ogr avviedadivas td oset aefd conmuni cati on |ines

whi ch are bundl ed together in_a cable 12. The nodens connected to 30 the

DSLAM 10 her & ‘i%hclfud& e ETr s Igrodip oo o d&rs S agpsraidig ™ &oriGly and

second groyp iof JMRAenE-f hat Jde eV UARe! i %Ctaorcio%ut-g}eéjrior andl oup
conprises a 26 first, second and a third nodem 22, 24 and 26, while the

second group Pegfpritsey & hicodrimis tioderhi2g. ofhé hendenesniti omherhsecond group
o gOOf an ol der; tyRe tfan ;the modens Jn Ahe f1fsh 9foup.and qre therefore
data communication network, and
fig. 9 shows a number of method steps being performed
15 in another wvariation of the invention,

fig. 10 shows a number of method steps being performed

in a further wvariation of the invention.

DETATILED DESCRIPTION

20
In the following description, for purposes of
explanation and not limitation, specific details are
set forth such as particular architectures, interfaces,
techniques, etc. in order to provide a thorough

25 understanding of the invention. However, it will be
apparent to those skilled in the art that the invention
may be practiced in other embodiments that depart from
these specific details. In other instances, detailed
descriptions of well-known devices, circuits, and

30 methods are omitted so as not to obscure the

description of the invention with unnecessary detail.



5 sonetines terned | egacy nodens. A block schematic of sone units of the
DSLAM t hat are provided for explaining the invention are shown in fig. 2.
The DSLAMvoQudos@s a pil ot sequence transm ssion 10 coORCTGE201Mi050036
connected to a comuni cation interface 30 via a transmtting unit 32 as
well as via a receiving unit 34. The gbnmuni cation interface 30 is in turn
connected to each of the comunication lines 14, 16, 18 and 20. The pil ot
sequence transm ssion control 15 unit 36 furthernore includes a nunber of
entities. Théfe i§VREaoa fAonserélsedft esresticgatiing@ms thp 138, a second

el ement investl in .t . i.Si.on.ent| , il ot sequence
transm ssi on%éegﬁ%%o %é%t%ﬁsy%fg‘?lga%ﬁgﬁ%scﬁ% r?gj rédntd%étvé%f4%§%d a channel
estimati ng 2@remiidiyndé.cdderse tiche: fdartst camthusscend cel erento riknv&$ta gat i ng

entities 38 and 40 .are blﬁt h .connect eq to.the pilot sequence transm ssion
|

control enti ty VA RS tHe Hand$hdking el & 4%£51d e Channel

estimatingsentdity 146 are GeRneGted A ddde i ltole sequence 25.transm ssion
control entity 48 as are the first and second el enent investigating

entities 38 a@i4el Pwesondsm éane | (PSIn fieslefs! VoW rigef Weviereor e be
described in | atl t o .Very-high- .l tal ri.ber Line 2
(VDSL2), whi (:Trﬁl%i ?eéfq%ree&alﬁﬁe rler11:\g}l|%r %%ﬁeﬁg)t@n%l \t}\% g%%tcﬁg%%nvé%i on may be
provi ded. It rsheulidrhawewemikg tradalsured tihatr tthed mvertsison i s not 27
limted to this standard either. This standard is generally described in

the recomend®ti R [€%693. PHHAEY -hd&Dpa8eTSs G&¢ BY “fhé U EEvheni cat i on
St andar di zat ip(‘iurawgcgltggraorinoftwtohgrlor@1 r.nat ifgnal: 3 FeleCmPHHGald ons Union
(ITUT). The recomendati on 993.2 is herein incorporated by reference.
vectoring and a second group that does not support
vectoring. It should here be realized that the
invention is not limited to DSL modems but can be used
also on other types of modems. For this reason it

15 should also be realized that the device can be another

type of device than a DSLAM.

Fig. 1 schematically shows a device 10 for providing
access to a data communication network (not shown) in
20 the form of a DSLAM and being connected to a number of
modems 22, 24, 26, 28. The device 10 is here connected
to one end of each of a set of communication lines 20,
18, 16 and 14 and the modems 22, 24, 26 and 28 are
connected to opposite ends of the communication lines.
25 These communication lines, which may be Plain 0ld
Telephone Service (POTS) communication lines may be
conductor pairs made of copper and may furthermore be
provided as a set of communication lines which are
bundled together in a cable 12. The modems connected to
30 the DSLAM 10 here include a first group of modems
supporting vectoring and second group of modems that do

not support vectoring. The first group comprises a



As has been nentioned earlier, ITUT has issued a further recommendati on

G 993.5, which specifies how 10 vectoring can be used in VDSL2. Also this

| at er recwormedatéoen (P93.5 is herein incorporated by retexepmensobbe nodens
inthe first group are in the exenplifying enbodi nents to be described here
nodens that support vectoring, i.e. they operate according to 15 both the
above described recommendati ons. However the nodens in the second group do
not support vectoring and are in the exenplifying enbodi nents descri bed

here nodens &inF top&raingg 2ack 6r ditigdt 1 adsd IPRY- F 4 éddneéndatiide G 993. 2.
20 Fig. 3 sc ticall r.fr Fi@s spee hHiged G 993.2. with
a nunber of gﬁgﬁ%@%ﬂ%@?@ﬁﬁ@gﬁ%ﬁ 2{%0 |rstglr ete %{ul2t8i'tglr§l)eé (DMT) synbol s
bei ng nodul atredieors tionese Freredray duer e rtey pifcan w lher257eMEhsynbol s in 25
such a superfranme SF, where 256 are used for ordinary ég;a and the | ast,

d
i.e. the 257th'Ss 1S typit e Iy oW §78y Adt dhiEAt T §e¢i on SYNCH.

This | ast symReletii$herC ey 1tQdRe oldmE .r ecommendat i on G 993. 5 used for
transmtting pilot sequences that are 30 orthogonal to each other, which

t he nodens that support vectoring use to provide signals indicative of

crosstal k coyphi i i pon l.ines. S i I re
tyMcMIyin%ﬁ& 5%&>%ﬁ%?%%%%&@%ﬁ%%%ﬁ?%&ﬁ%@@%@%ﬁ%Mto
esti mat e t he prleX T dehiarfoel dxplaridend ahealicicatta opr erreoderowaoafrf ifdigent s used

for cancelling crosstal k when transnittiqghto the 5 nodens in the first

group. The nodermdS KXHE GOFEEIGESUF &rle AthF§ RECGFe Y AWSFe@® T n

vectoringggHeweMel,1 the meden® of dher secand Gheuwl e ket ireeagnize this
and can therefore not receive the 10 benefits of vectoring. Furthernore,

they al so expéctvithe SYNOHmSyHIOD toifave ascerctldi msvaligesand if it does
not, this na%‘resuLts in. n3%rr%%_wh|ch coul%.trlqgg%éia%%-%%lgkngzatlon

S1V 1 U111 e e commnunicat1,o 1 .
of the nodem i's 1at ter case i's Sséri ous i tivat SO makes veé&orlng

i npossi bl e fafirkS doie amdens d katlchd® fsuppoldoninfunication lines 14,

16, 18 and 20. The pilot sequence transmission control

15 unit 36 furthermore includes a number of entities.
There is here a first element investigating entity 38,
a second element investigating entity 40, a decision
entity 42, a pilot sequence transmission control entity
48, a handshaking entity 44 and a channel estimating

20 entity 46. Here the first and second element
investigating entities 38 and 40 are both connected to
the pilot sequence transmission control entity 48. Also
the handshaking entity 44 and the channel estimating
entity 46 are connected to the pilot sequence

25 transmission control entity 48 as are the first and

second element investigating entities 38 and 40.

The invention will in the following furthermore be
described in relation to Very-high-speed Digital

30 Subscriber Line 2 (VDSL2), which is a preferred
environment in which the invention may be provided. It

should however be realized that the invention 1s not



Thi s problem can be solved through retrofitting the nodens in the second
group with functionality that stops the nodens frominterfering with the
vect ori ngyvo2012oveeer, this nmay be hard to inpl enent sipce/SEbay/osmso
typically the property of end users, i.e. they may be Custoner-prem ses
equi pnent (CPE). These end users nmay Peéfuse tanpering or change of the
nodens. This neans that other neasures need to be made. 25 According to the
invention this is done through transmtting data to a nodemin the second

group in at Heasttes $yndhrisnisaticond wiémpal-. Tihd sa Sprreferded Svari at | on of
the invention e%%%amynb&%f IIlrE)%ng synehran, éﬁ'nte'n%l% hntervalod s, LE?% dat a o

the conpl ete 'synch s i's Used for this uch transmitt
used in a pilhets Yeguenceuvassiogndthet @ clle c2@hucdmatiiccat i on | i ne of the nodem
in the second, group. However, the nodemin the second group bel i eves t hat

this data is parodr g SvREHSERTN0 Havitiy T& SeXpecEd SYNCH synbol el enent

val ue. In thirewyrhhe iedemnsn dithe @@eend .grmeup s Rassidkelivi nvol ved in
vectoring, in that their comunication |lines are used for vectoring while

the nodens d& -¥61 -paritsi sisgatie tmcouglereendi By eferes@aml es. 10 How this is
done will now be described in nore detail also with reference being nmade to
fig. 4, which shows a flow chart of a nunber of nethod steps in a nethod
accordi ng to2a fharssbbeembadintEnincof dahé iienyemnUusiT. hAccdrsdiurgl tzo this first
enbodi nent all nodens are in 15 showine, i.e. they are all |nvoI ved in

conmuni cat i orf "$¢dETonE G e 1BSLAMEG - 5Ac8”5]rld%hn§pte§lél@§3 2V Far - end

crosstal k1 0FEXP: caneeldzat ien u"s@'@iml%| vos1Rr.0vihded il & he «8ynchroni sation 20
i nterval SYNCH of a super frane SF. However, as nentioned earlier, the

| egacy npdemr28cdoesdexpect GAPat. 5t lie dleamsmt s nofo oiver aEFb 61y i n the SYNCH
interval have a certain \ﬁal ue. . .Th This nec%ns Ahat there will ;most pr obabl y

occur probl ens |efrencﬁ’| I ot sequence s ransnr‘lsttt ed 18§ 4725 1 egacy nodemin

t he SYNCH i nteefev@ll.ifying embodiments to be described here modems

that support vectoring, i.e. they operate according to

15 both the above described recommendations. However the
modems in the second group do not support vectoring and
are in the exemplifying embodiments described here
modems only operating according to the ITU-T
recommendation G.993.2.

20
Fig. 3 schematically shows a superframe SF as specified
by G.993.2. with a number of signals, where the signals
are discrete multitone (DMT) symbols being modulated on
tones. There may here typically be 257 DMT symbols in

25 such a superframe SF, where 256 are used for ordinary
data and the last, i.e. the 257" symbol, typically
provides a synchronisation section SYNCH. This last
symbol is according to the ITU-T recommendation G.993.5
used for transmitting pilot sequences that are

30 orthogonal to each other, which the modems that support
vectoring use to provide signals indicative of

crosstalk coupling in the communication lines. These



The expected val ue nentioned above is normally initially the value of +1.
This neans that each synbol elenent in the SYNCH interval is according to
| TU-T 30 wecommmeaat i on G 993.2 initially the val ue of $tI/SHRWSI039 t he
nodens may send requests for a change of state, i.e. a change of

comuni cation state on the 30 communi&ation |ine. Such a request for a
change of state nay be an online reconfiguration request (OLR). These
requests can be sent for various reasons to the DSLAM where an on-1line
reconfi gur at iS6¥EdGuéstE raip ise 15 va inedliesti ofdy of ISt cswesg NS €&m ess rat e

adapt i on (S%&gha%'l%r %%’é?fj%gg:tt%er QAYGH] QO %%Q@m d t%%U|E%XgF2us concern a

change of the rate. requests are typi ca y sent cause a
comuni cat i orhgunaleilt yi nc @piene rto @faltdnﬂact:@nmlm—@mdean doiefef idsendet eri or at ed

or 10 is outside of its acceptable limt he qualit corrponent can be
such things é\lsﬁ&\é P &EVEICE ﬁl&ﬁalcrtoﬁ SiGi }ﬁﬂg “%1 & &° Hife. The
DSLAM acknewhedges tihe theceptisan Qoupuchnd neduest iandrandiigates that the
change will take effect within a given nunber of 15 synbols through

changi ng t he ssiogp ¢fret hdvel evente lof ithve ISPNCHD meerbpalindf such a request
i s not acknow edged the nodem continues to send requests. Therefore when a
request is acknow edged there is a synbol el enent val ue change and the new
synbol el enemtow2@argl udes houlethst hen the centdrmued due ke weed after the
acknow edgenent of ther lguest This nmeans that after having sent an

on-1ine recoRficGEradticor reqiest Cohd NEdGady SmbddmIEEsedts 6 recei ve a

change i n18ymRel alremet Nallie ias; arm«%%%qwo%ger{m and o heseafter the 25
continued use of this new synbol "el enent val ue untll a new on-line

reconfi gurat itoe SEGUEsts i heitivg heenst 2 Tieird aday vefl usperrat itfg i6f dolee | egacy

nmodem i s accor dE| ng,to t he i nveqtl oqnused for tr%nsm tti %3% MRiJ ot sequence

to the Iegacy mjdem *Pi'"l%at - sequences are Sandom pat erns modul at ng a

set of the taresninithe zsyersyibalhs. modlkm. This latter case is
serious in that it also makes vectoring impossible for

15 the modems that do support it.

This problem can be solved through retrofitting the
modems in the second group with functionality that
stops the modems from interfering with the vectoring.

20 However, this may be hard to implement since they are
typically the property of end users, i.e. they may be
Customer-premises equipment (CPE). These end users may
refuse tampering or change of the modems. This means
that other measures need to be made.

25
According to the invention this is done through
transmitting data to a modem in the second group in at
least a synchronisation interval. In a preferred
variation of the invention the whole of the

30 synchronization interval is used, i.e. the complete
synch symbol is used for this data. Such transmitted

data i1s used in a pilot sequence assigned to the



A pilot sequence is here assigned to the second conmunication line 16 to
whi ch the | egacy nodem 28 i s connected, which sequence is with advantage
ort hogonaloto1mpobee pi |l ot sequences assigned to the ot hectisep®as/osoist, 18
and 20 leading to the nodens in the first group, i.e. leading to the nodens
supporting vectoring. This sequence n&9 here be stored in the second

el ement investigating entity 40 of the pilot sequence transm ssion control
unit 36, while corresponding 10 expected SYNCH synbol el enent val ues may be
stored in t heRMs caltamantl 1ingy @t itgat Mg SEntiint 138 SeTvEse Frey be
pre-stored. HRMRVEL | ts Ross ble dfat. dhe dald s riawded bt he pil ot
sequence transm ssidn control entity 48 to these entities. en a pilot
sequence 15 synboldaits tic perttr arfsm YW H s yinfve 1ISYINCH nionteer wadpeafteal super

frame SF, the fjrst ele i nvestigati ng el ement 38 invest': gat.es t he

nt
expect ed val o0& GF &Y BICemENETISH ta VEYHENr oni SAtiSon Snte v 8I° to be
received ot tihat deso@xpPeGiRe By thediegasy imdamestiep et antgsends the 20
result of the investigation to the decision entity 42. At the same tinme the
second el enertthaitnéstiirgaomignemEittiy 4 ingee stricgatses! thee waldie@ réfdan el enent
of at | east ata s e _assign i e ication line.
Thi s data segﬁlgnl%ett?lse %g)%%%%s O?)i r%so'% %%réﬁﬁ:&%%%n%%%%%%ﬁl%ﬁ\%ﬁp: on the
pi | ot sequenee relreneniplval.ue assigned to the comunication line of the
| egacy nodem step 52. The second el enent investigating entity 40 then
sends the result to the decision entity 42. The decision entity 42
thereaf t en gconpares o Nesednao WMahues, 3 Wi eagh ptihenard 4t tihey .
correspond and in this case if they are the sanme, step 54, for instance if
bot h have t helsal we tdf referches tiee ndediasicont cerftiia.y 442 w32 cdelsdotss tehe
el ement of t i nvestigated data se nce, el nt for transm ssion, step
S0-The deci 6 SREIy 2 X SR TN SmeSThe s PTG 98 6h TEoniTol enti ty 48
about the selegcidronnglThe tar aisEts Sin®d A aRintolo ferthiet Y rd@ % itdher eaf t er
fetches the sel ected synbol elenent and transmts it to the | egacy nodem 28

via the secoRFCOGHRY ¢&t ithr 3 ifde Ste TSGR ErlanSIFHAEiSng fénit 32 and
comuni cabisonpifkenface 30. dHauonder hg e ahle d q SURRGLE YeGok Ng
correspondi ng synbol ‘el enments of the 10 orthogonal sequences are

si mul t aneouslsg stsriamsmivtittéd tdwe tHvé.2d0t Hr. communi cation lines to the ot her
nodens, i.e. to the nodens in the first group. It can thus be seen that the
pil ot sequence transm ssion control entity 48 transmts one el enent of all

pil ot sequengesdralitrhe tI5 dTRdET®, Strep-60d Theetthak seguances can here be
stored in the pilot sequence transm ssion control entity 48 .
cancellation channel is provided in the Synchronisation
20 interval SYNCH of a super frame SF. However, as
mentioned earlier, the legacy modem 28 does expect that
the elements of the symbol in the SYNCH interval have a
certain value. This means that there will most probably

occur problems if a pilot sequence is transmitted to a

25 legacy modem in the SYNCH interval.

The expected value mentioned above is normally
initially the value of +1. This means that each symbol
element in the SYNCH interval is according to ITU-T

30 recommendation G.993.2 initially the value of +1.
However, the modems may send requests for a change of

state, i.e. a change of communication state on the



itself or in separate pilot sequence synbol storages. However, if the
decision entity 42 finds that the 20 values do not correspond to each

ot her, stwp 2bib/9a6ed here that they are opposite, where eo@/sERyibsosy t he
value of +1 and the other the value of -1, the decision entity 42 then
provokes the | egacy nbdemto request alOchange of state and here to send an
OLR request, step 25 56. This may be done through ordering the transmtting
unit 32 to change a conmuni cation quality conponent of the second

comuni cat i oFIIMHE LT I9tcH 188 .| GWelhi /g Tee1Se6i §€ Tmar giNeNgFhicd may be

per formed { NQUGA. LOWLEING, g RGKer Bl i Lransmssian |gmmde, or

| owering 30 the quali'ty through sone other ‘measure such as introducing nore
noi se. The dé&tiesiconreentaistty 42t hen sanal tfo rswelri@musequestons 33 Thies change

in quality will be detected by the |egacy dem_ which will send an on |ine
request for i %@&Hc& §§u€§tpﬁ§lé“€h&%§€ WiErdCE. TSRShange &F state

request/ QLR iz dcher sreceived iy themi lelarseguence o ranyHissi qregnt rol
el ement 48 via the communication interface 30 and the receiving unit 34 and
f orwar ded t o Ath&ngediesicon rems ez tion t(HOS Iway . CorHel déeissi on entity

i h , . his i it ord d el
recel ves t eckﬁﬁ%§%§ 4%%%%g%ﬁofA%r{ B%t%fg?ﬁ%ﬁopﬂ$%kz%% u%@%é§§ﬁ%ﬁ el ement

i nvestigating entit 0 ange € se € expecte enent val ue
to the opposityiefa Miatsanas Harceviseusl v oexpedteed iand ofdzdrieaf t er sel ects the
pi |l ot sequence elenent from 15 the first elenment investigating el ement 38,

step 59, and GIBEFSTE it st COEYUEHEE Hirandmissiier CaieraIorent ¥t o
transmt nb Ladether i W the coriespond ndishaments ofitifesother pil o

sequences, step 60. As these are then transmitted in the SYNCH i nterval,
t he component can be such things a power level, signal to

noise ratio and bit error rate. The DSLAM acknowledges
the reception of such a request and indicates that the
change will take effect within a given number of

15 symbols through changing the sign of the elements of
the SYNCH interval. If such a request is not
acknowledged the modem continues to send requests.
Therefore when a request is acknowledged there is a
symbol element value change and the new symbol element

20 value should then be continued to be used after the
acknowledgement of the request. This means that after
having sent an on-line reconfiguration request, the
legacy modem expects to receive a change in symbol
element value as an acknowledgement and thereafter the

25 continued use of this new symbol element value until a
new on-line reconfiguration regquest is being sent. This
way of operating of the legacy modem is according to
the invention used for transmitting a pilot sequence to
the legacy modem. Pilot sequences are random patterns

30 modulating a set of the tones in the sync-symbols.



20 |l egacy nodemwi || believe it receives the acknow edgnent of the request
it sent, when in fact it actually received a synbol elenent in the pil ot
sequence.wd20idootdvere i s a need to change synbol el enentrcrakp@iagmsn, it is
here possible to yet again provoke a request for a change of state through
changing the quality, for instance thBbugh raising it. The pil ot sequence
transm ssion control unit continues to operate 30 in this way until all of
the pil ot segﬂences have been transmtted to the nodens. 34 The nodens in

the first grdupidensticticssea edrds i§Sgees é@dt@@oxﬁe@@@dqual ity
TeasUr ement s JohhGALaa Of 1aresSAl caURk] N9, DIREA A7 iR OThggoNal pil o

sequences. These quality neasurenments are typi cal error sanples
this is doneddnmamEKMeWMmﬂBweqmmMXehmomﬁmmamMMMmqawmh@deﬁm_group

How t hese are tre ted i.s shown in a flow.chart in fig ii 1Q .The pil ot
sequence tran$ni® gﬁﬁrﬁﬁq@ﬁpfﬁf $§Sﬁé%5¥%§§)ﬁﬁ@ G qrta'ﬁﬁﬁéurenents

i ndi cate of QMOSi@ab%dpquh%%@iE@OEklﬁ%e”&@@@%@zgm 24 carrd 26 ofrdie first
group via the comuni cation interface 30 and receiving 15 unit 34, step 62.

As ment i oned le&rl ileéeditlede rrdEs OSPEN §U®p@rttymgca4@|qﬁoefrlm@r E@#ﬁl es. Based
on these errgg(ﬁﬁygg a&h%e%l|?} %g%%‘ @Q§@?%1I%?eﬁ%HF %I entity 48
0 be

then det er mi nes melg ts-t I"ie "he s] fansmtted on the
comuni cat i odnlvigses 2@ 114, eb&la@d 420 olfead’hlen@ltl@tt heqgmeders in the first
group, step 64. These weights are then supplled to the transmtting unit

32, which applit@STHEEMEN tRe "Silghaid iSfr eided S 6P RSOOSR in the fir st
group, step G&pRandd Redy aRsMdis dikese tweighted rsignal s deddhe ynodens

the first element investigating entity 38. These may be
pre-stored. However it is possible that the data is
provided by the pilot sequence transmission control
entity 48 to these entities. When a pilot seguence
15 symbol is to be transmitted in the SYNCH interval of a
super frame SF, the first element investigating element
38 investigates the expected value of an element in a
synchronisation interval (SYNCH) to be received or that
is expected by the legacy modem, step 50, and sends the
20 result of the investigation to the decision entity 42.
At the same time the second element investigating
entity 40 investigates the value of an element of at
least one data segquence assigned to the second
communication line. This data sequence is in this first
25 embodiment of the invention the pilot sequence element
value assigned to the communication line of the legacy
modem, step 52. The second element investigating entity
40 then sends the result to the decision entity 42. The
decision entity 42 thereafter compares these two values
30 with each other and if they correspond and in this case
if they are the same, step 54, for instance if both

have the wvalue of +1, then the decision entity 42



25 in the first group. These wei ghts have here been selected for cancelling
cross-talk on theses lines 14, 18 and 20 and thus to enhance the efficiency
of the cowounim®téoen on the |lines |eading to the nodenspicm/skb®ifsisd group.
How wei ghts are selected is described in 30 nore detail in the ITUT
recomendation G 993.5. 35 The invenBkon has a nunber of advantages. It
allows the nodens in the first group to enjoy the benefits of vectoring

wi t hout nodens in the second group negatively influencing this vectoring.
This is al soseBtaitfed B WltHeut @iy thediifiveattiion teceded a ¢oseicmade of the
nodens in th d gro i .St at ange reguest e fr he

| egacy nnden?%%ﬁﬁggbgggi#gaﬁgnpﬁglgﬁys%t%%bg%%ngﬁ% ?%C?ﬁgﬁﬁhégﬁgﬁ%%
provoked whereverhemnhe nebopect edtheSYNEH simitserival coynboll elngment 48al ue does not
10 correspond_to a pilot se uenceg§¥ﬁbol el ement value tq be sent, the

transm ssi on GPYhé I%§9e§gdﬁﬁhc s FEPERERTOrE 23 I Howd\erY é€peci al |y

i f the nunmberrefrEdeTs s dHeW, tiHe k21 tROS SRR 1t @ 1avRind sieh provoki ng.
How the inventive principle can be used w thout providing a change is
schemat i cal | J-T$lEW I tisn 1ft g0 G henwhicslz cyhowsiea ASowichahe ¢lecendet hod
according to odi.nent, of t. i.nvent i .20 . t.ne fjrst

el enent inveé??%gﬁﬁggtgggﬁgﬁ' 8]fﬁ&%§?§b§?§%q%%gﬂg§§g65§%%§92cﬁ2synbo|

el ement val uendsteemnd,i cand cnhe nsecdrdcel3@enn iorvest itgatiengbant itoy 40

i nvestigates the pilot sequence synbol e|enent value, 25 step 70, and
forwards t heiBPELH 'S TEHRY FECTSITER ERTI% YD G n SlfrdSdive Way"&s i n the

first enbedi meitogHhe 1deGisionantildy A2.alsedere Jdetemnmmnes df dhe val ues
correspond or not, here that they are the same, step 72. In the case of the
val ues corregpenditigr tceenB igialtotors quersc & os yigolo télegmemdans , sel-ect ed by
the decision entily 42.0n the same vay as.f the Ust gIod ten, and one
el enrent of all” pilof sequences

that the pilot sequence transmission control entity 48

transmits one element of all pilot sequences to the

15 modems, step 60. The other sequences can here be stored
in the pilot sequence transmission control entity 48

itself or in separate pilot sequence symbol storages.

However, if the decision entity 42 finds that the

20 wvalues do not correspond to each other, step 54, and
here that they are opposite, where one may have the
value of +1 and the other the value of -1, the decision
entity 42 then provokes the legacy modem to request a
change of state and here to send an OLR request, step

25 56. This may be done through ordering the transmitting
unit 32 to change a communication quality component of
the second communication line 16, such as lowering the
noise margin. This may be performed through lowering
the power at which transmission is made, or lowering

30 the quality through some other measure such as
introducing more noise. The decision entity 42 then

awaits such a regquest.



36 transmtted by the pilot sequence transm ssion control entity 48, step
76, also in the sane way as earlier described. However, if they do not
correspondtp 281%P602, the decision entity 42 decides to posiSBONEG/050039
transm ssion 5 of the pilot sequence synbol elenment. It therefore waits
until the values correspond to each oBher, step 74. It therefore inforns
the pilot sequence transm ssion control entity 48 that no pilot sequence
el enents need to be sent. The pilot sequence 10 transm ssion control entity
48 may instead transmt the value that is expected in the SYNCH i nterval.
However, thi Lal I.S..nQ p f.th i Lot ; IS ossi bl e
t hat elenentﬁﬁég %ﬁgﬂ'thP'%#%&?t e&ﬁéﬁcgg §%§g%§¥%§k§£ﬁ¥mhﬁgﬁgﬁ?ﬁe
deci si on ent intogled? iwhiwdi wiidg. sEndHewewer 1 inkeseeleseftes vowdtdnior t hi s
case have to be resent |ater when there is a correspondence of synbol

el ement val ué§ s Sel'# iPor "EE Fn& s &¢drd “Conmuni cation |ine 16. 20 The
decision emtity 42 thus waits until there is a change in expected SYNCH

interval synbol elenent value, which change nmay agai n be caused by a
request for & change off sttatte neCuesid OME s ke r&osubysslgantthe

synchroni sat | go't” telyal, s egehad affe rﬁo%*%% GXRAGLERY 25 vay;ue Gor responds
e q value. | a

to the inten pi I'ot” sequence el enment n this case the request for
a change of sicatreinioultd doe ia traduest 39enindoy Hehe dcegadygrodem &3 its own
initiative uninfluenced by the DSLAM, 30 This second enbodi nent has the
further advaftfdgd oG EPEdity FrEnidFratiodn Sof- 1tte 4%egdey dde®¥The | egacy

nmodem t hug popelales iMLe YMAK ¥dRARIN e A8l 37 fmodignents. However,
this enbodinent may lead to a very long tinme passing in order to transfer a
whol e pil ot géquencedone mitgletrdetver éfier sdserof clsmemdstinve srtadigde nchi s

time. Cne t hlerrll itthat4 OI sc I %rr{gaént hlen stehcltsl n{geso%ecc e5 elxs etchceednue ?nren%f .
changes betweén synbol €l enent” val ues 1n the pil ot séquence and anot her is
what the firstalsinhel telermppiosMaleue fi Shat Whe $eguaence.] yAespleditRgl t 0 one

variation of the invention the pil ot ,

and thereafter selects the pilot sequence element from

15 the first element investigating element 38, step 59,
and orders the pilot sequence transmission control
entity to transmit it together with the corresponding
elements of the other pilot sequences, step 60. As
these are then transmitted in the SYNCH interval, the

20 legacy modem will believe it receives the
acknowledgment of the request it sent, when in fact it

actually received a symbol element in the pilot

sequence.

25 If there is a need to change symbol element wvalue
again, it is here possible to yet again provoke a
request for a change of state through changing the
quality, for instance through raising it. The pilot
sequence transmission control unit continues to operate

30 in this way until all of the pilot sequences have been

transmitted to the modems.



10 sequence selected for a | egacy nodemis the one of the possible pilot
sequences that has the | east anount of value changes. I n one special case

t here arewoeoh@eges at all but the whol e sequence has the/ssan@osdbaue. This
can be conbined with or instead it is possible that a 15 pil ot sequence
selected for a |l egacy nodem starts w 8h a synbol elenent value that is the
sane as that which a legacy nodeminitially expects in the SYNCH i nterval.

The above nentioned variations of the invention are 20 with advant age,
ei t her si ngl yhér Mosiams y. ¢HRbitAd® WS Ubh € OSiEdarid tavb GdivieeTio tdésicr i bed
above. Howev e e d t i S jointly,
with the fir fxﬁﬁ%%ﬁ?ﬁ@ﬁ%%*%%ﬁyéﬁﬁgﬁgﬁbﬂ%%gg%§$%9¥%g?Egﬁgétggkifgg need for
limting the cxwssernldf cchalges basgid ahn séguentésdgomnanismititoed on | i nes

| eadi ng to | egacy node because .it may be difficult or undesirable to
make a | egacy SAEN SxpUCE Sre W SUNGH SYE0T SVSIes =50 TaB 1 tHe 11 st
group and ki res-dreadipd 40 nodens in the second group. This neans that it
is possible to relax the requirenment that the pil ot sequence between |ines
| eading to nodens in the second group and lines leading 5 to nodens in the

first group ngeq.t,Q he %%hri%”‘r%%%ﬂ%%pg%%%%e R fhe ff}%ﬁp%lrheo“.
communi cation |lines leading to I'egacy nodens an the I'ines eading to
nodens suppotdodaghsyect ahiend,ira thumoerp .ofiodi fihersenta rechenes avay s10 be used

for estimating the crosstal k. One of the required properties of the pilot
sequences usé%“?%%Jééfﬁﬁﬁf“h§h§IWEPﬁhﬁﬁék crosstal k coupling coefficient is
that the dipf ferent pilot sequences 15 should be orthogonal to each other.
Wth one |l egacy nodemit is possible to let the pilot sequence assigned to
t he communi cdthicomr illiote sefauehios rodemntiase conlopnéne lsymbaslt vel4énment  val ue,

ECnglgaghgﬁﬁgk%g%%s+ Hg'qh%li%@'%Qg%u%%%%n%%ei%%f%étélo%nc@gsé%%Q%h
coupling from the modems 22, 24 and 26 of the first
group via the communication interface 30 and receiving

15 unit 34, step 62. As mentioned earlier, these
measurements are typically error samples. BRased on
these error samples the pilot sequence transmission
control entity 48 then determines weights to be applied
to the signals transmitted on the communication lines

20 14, 18 and 20 leading to the modems in the first group,
step 64. These weights are then supplied to the
transmitting unit 32, which applies them on the signals
intended for the modems in the first group, step 66,
and then transmits these weighted signals to the modems

25 in the first group. These weights have here been
selected for cancelling cross-talk on theses lines 14,
18 and 20 and thus to enhance the efficiency of the
communication on the lines leading to the modems in the

first group. How weights are selected is described in

30 more detail in the ITU-T recommendation G.993.5.



20 reserved to be used only by lines |eading to nodens of the second group,
i.e. to nodens that do not support vectoring. Using this principle it is
possi bl e wo 2081096603t at € transiti ons of the SYNCH synbol $CTiSE@011/050@BSi t i ONS
from+1l to - 1 or from-1to +1. 25 One variation of this schene is based
on the assunption that the crosstal k abong lines leading to the first group
of nodens supporting vectoring is sufficiently cancelled, which neans that
a pilot sequence 30 transnitted to a | egacy nodem does not have to be

or t hogonal tGﬁﬁhénﬁﬂﬂéﬂO§e@@§n@e§“ﬁﬁ&ﬁsﬁﬁi@@W@@ﬁ@ﬂ%§ | ilfes @@ gt o t he
modens in the 48t 97 QuR, ;-8 E&r%&bHﬂﬁgﬁa% SURRQILA NG ygctoring. Wien

qual ity nmeasurenments in icative sst ou&llng such as error sanples
are coll ect edredtiomslgomzllyckiohze; comans dat |tdnre lsenesd eadiupg negyattherdlggacy

nodens that 5 contrl te to the errol sanpl According to this
Tartati on e TR T dte CRage L (oD £35n CEYZHPRE | mport ant
that the d%t%1&%@%&”@%@€megfh&%tEQ%em%éd%dtQ% %ﬁﬁ@ﬂ@kﬁk&UQhQﬁS a 10 change
of elenment value as the nodens in the first group receive pilot sequences.

Thi s neans t Fdeniseria |t§leor$|e5¢0@rﬁﬁe deare SHarrge Sftedm Fhange resiuestst o +1.
Thi s al o megns gt i yiac! FoBich, S0 Seauenass apsianedta.a | ne

| eading to a l'egacy no en1 i°C sequences are to used for
fowﬁm;apwwmmmmmmemtﬁ$em@mM@£WRMﬂ@@mmm§@mmM£ Thi s forned
pil ot sequence may al so be terned a hybrid pil ot sequence The el enents of

one of the s&EFRERCES RAVEHalin tody dof %Mm?géaﬁ$§¥eﬁr SPdt’Es 6E+1%r -1 and

the 20 e'Q@EQk%r%%pb%%.Q%h%rphﬁ%to%%%%b%%eV%b%%oqre%%%k%t Kow. fhits, may be
i mpl emented in the device of 'fig. 4, is schematically shown by the nethod
st eps depi ct & isenfti,g.the. transmission of the pilot sequence is

furthermore fast.

However, especially if the number of modems is low, it
15 is possible to avoid such provoking. How the inventive
principle can be used without providing a change is
schematically shown in fig. 6, which shows a flow chart
of a method according to a second embodiment of the
invention.
20
Here the first element investigating entity 38
investigates the expected synch symbol element value,
step 68, and the second element investigating entity 40
investigates the pilot sequence symbol element value,
25 step 70, and forwards their results to the decision
entity 42 in the same way as in the first embodiment.
The decision entity 42 also here determines if the
values correspond or not, here that they are the same,
step 72. In the case of the values corresponding, the
30 pilot sequence symbol element is selected by the
decision entity 42 in the same way as in the first

embodiment and one element of all pilot sequences



25 First the pilot sequence transm ssion control entity 48 of the pil ot
sequence transm ssion control unit 36 transmts the first sequence Si, step
92, whi chwoayi#ogpéoeal |y be done with the hel p of the traossekdiingpo3d unit
32. Also here there may be a checking of el ement val ues agai nst expected
SYNCH el enent val ues perforned by the3éntities 38, 40 and 42. However the
elements of 40 this first sequence nmay be pre-selected to have val ues that
t he | egacy nodem expects. It is therefore possible that a check is only
made after t & aismstt teslgiendéchas eder i ansd tired sITverieff tem tied pi | ot

sequence 5 tr 1.SSis0n tr tity 4 S a econd
sequence S2 iegﬁ'fi;{l nzlr?‘i’t tse%?) g;%lép%ngo é&/\/gc\%?lé%zqel %%e%n:eg o?Letsfhi s second
sequence S2 hiase rtihve dopplasictve ryalilfe tofe vt e eloenentrseafocive fsitest 72equence

Si. This neans that the transm ssion of. the second 10 sg{]{uence S2 cannot be

performed until® &P e Tedddy Hod&ninss MeqrestEds a6 erange. Such a

request may be pHeveked torlsddRMOKEhoThics diRans tihat e Midot sequence
transm ssion control unit may provoke the state change or wait until the

| egacy nodemvieddiestnd 115 tie, VEHeSpo e Sisipaniie Hoi estchg oduliys thesé Sicecei ve
orthogonal pij0t ;seqyences at .the sanme ti rg;%.lo'l;his%qn%%%% t hat each pil ot
sequence assigned to a nmodemin the first "group s transmtted twi ce, once
t oget her w t hrzhenfiigsstorseguenecd amd itther sagaian thegetinert widduanhe 20 second
sequence. Furthernmore, error sanples are returned for each of these

transnitted EIEHEM'S SEHOIH e SEY st Tafd HHE 'sEEWESEquences. These may

be storedjipn he iRl SLAURNGES 1t ILANS WS S0 MaGONRle BN Y B d R ,
separate nenory which this entity has access to. Once 25 both sequences Si
and S2 have bedmet rramagmiitst ekpadte dilnott hse et itrtanyrilssiloweyemt r ol

entity 48 compares the elements of Lhe (wg sequences witha pid of sequence
el ement sel ection criterion useda for fornmng a pi sequence "assigned to

the second cemmiircat ittt iclemed@ sThifs tiears Hdtapitihe eleefi@mtcs 0fare
correspondi n% sequence positions are caonbined for providing resulting
eing sent while the decision entity 42 1s waiting.
15 However, these elements would in this case have to be
resent later when there is a correspondence of symbol
element values in relation to the second communication

line 16.

20 The decision entity 42 thus waits until there is a
change in expected SYNCH interval symbol element value,
which change may again be caused by a request for a
change of state. It thus waits until a subsequent
synchronisation interval is reached after the expected

25 value corresponds to the intended pilot sequence
element value. In this case the request for a change of
state would be a request sent by the legacy modem on

its own initiative uninfluenced by the DSLAM.

30 This second embodiment has the further advantage of
avoiding manipulation of the legacy modem. The legacy

modem thus operates more smoothly than in the first



41 conbinations form ng a pilot sequence assigned to the second

comuni cation line. The pilot sequence transm ssion control entity 5

t her ef or eweebentossoane el enent in each sequence, where tlpesseedi@nsnss have
the sane positions in relation to each other in the sequences, step 96.
They may initially be the elenents in3the first positions of the sequences.
These sel ected elenents are then conpared 10 with the selection criterion,

step 98, and then the one of themthat fulfils this criterion is chosen,
step 100. |t SIesligREGses oHve &l erfdrits FOMcamemér Mehe 1Riacstt o g& Ysecond

sequence that; ful fil pi .ot S nce el teselectign crijterion.
Typically t he o) etﬁg%lgg%ﬁbélnlﬁh?bh agoatVa E%GEhgi i's %h%lséﬁé as that
of the assi gmediupirioat. Jequente elhemerftoreThe pifl dhtseguente treaism SSi on
control entity .then investigates if the elenents were the |ast of the

sequences, step 5102 and % e diSemBhCiE el Ectéd Si i SEXEF Ssequence,

step 20 104, if-OfHNshares e elerRn! $etdde SaERNd NeSiditoRs 1@t he two
sequences. This then continues until all elements have been conpared. This
means that tHhe& $thep Pefl ctheesivuggass aper fPaaree T o edch dhendrtrsgosition in

t he pil ot se?gﬁggﬁ_%q%%éﬁ% 9 be fi Lqﬁgf%% @@%a%§“§he 25 conpared el enents

were the | as the sequences, ste t hen € pilot sequence
transm ssion control entity sel ects neasurenents provi ded by the nodens in
the first grqup, i.e. nmeasurenents provided by the nodens 22, 24 and 26,

step 106. MFPé PEAHTEUINr IS N L36 teds (et S "YEMECO8d t&fe PamdF t hose

neasureneﬂbss%@%%n&%y%eQ%%&e%ﬁQ%ri%.ﬁ%b%kboﬁmb%nih% Q@Qﬁ%ﬁmﬁ%ﬁu%%%e
elenments. 42 It can thus be seen that one el enent value transition is

requi red as treseltlwo rsdgiencesiensgch thari g sa thendta séf aaopiritotofsequence,
are being transmitted, Tis 5 neans thatthe L rst of these sequences being
transmtted has € ement val ués thatFare thé Same 'as theelegacy em
expects. Thenrteidlhebwa shat eshchangedieguesthalss tpreo\seked varl vawaithad. After
such a state change request has been received the second sequence is 10
transm tted, Favidrg O EEPoiitE Serdmtardl dé. Bad S5l Sa edGuénces is

transmtted, 4R mdens Ji the SISt Qroup recely & dfg Rid0l Seqyences
assigned to the communication lines |eading to them This also neans that
the total |ergtlymbiolsequerce eledmentthateces wé@ Ippme as that which a

legacy modem initially expects in the SYNCH interval.

The above mentioned variations of the invention are

20 with advantage, either singly or jointly, combined with
the second embodiment described above. However they can
with advantage also be combined, singly or jointly,

with the first embodiment.

25 As mentioned above there may exist a need for limiting
the number of changes in pilot sequences transmitted on
lines leading to legacy modems, because it may be
difficult or undesirable to make a legacy modem expect
new SYNCH symbol wvalues.

30
It is here possible with a delay between sign changes

in pilot sequences between the lines leading to modems



15 the |l egacy nmodemw || be two pilot sequences long. Here half the error
sanples fromthe first sequence may be used together with a half fromthe
second sesoenA9sen20r der to determ ne the crosstal k contcirsetéiansdosom t he
comuni cation line leading to the | egacy nodem It can 20 thus be seen that
el ement val ues of these two sequences3are chosen for formng one pil ot
sequence of the | egacy nodem where half may be taken fromthe first
sequence and the other half fromthe second sequence. The neasurenents

i ndi cative ofilcrésstialne tcSupibngnferld 125 rlegsived Hor indens fddéms in t he
first group i | ati to l.e ransm.t ence wever,
only the neaé%?%ﬁ%ﬁ%ggﬁﬁﬁtqﬁggéﬁgggﬁ g%ﬁ%iﬁgdq%nkggfgﬁﬁ%hq%b§&l?%én

el enent s ar e té$el eciced.refling mdans thiratoidrlty stthese ore dsumwerentls narse used
when determ ni ng .weights, 30 i..e. en determ ning nmeasures to be applied
for cancel |1 NG eHESsta RO iih, ' FElRE G 16 EhE. Secind 1EaRmu cat i on
line. 43 bnicasRdher &A@ d Wa 1egach P des Laneet ed e the ASLAM it is
possi ble that the pilot sequence assigned to one of the lines is one

wi thout state transitions, 5 i.e. one having el ement values of either only

+1 or -1, whi ther Lin t t.hat -t t her. are used for
form ng one 6%$§%Q§%%hgﬁbgﬁef%ﬁgﬁﬁgﬁgﬁzzgﬁﬁﬁgﬁg%gﬁggbJdgggﬁﬁgﬁﬁﬁﬁghner. The
total nunber tof 1sigais chakge requesies fiorkr sobtaidiinng teompldets synbol 10

sequences is here limted to two or less. In case there are nore than two
| egacy nodensERER TRE FOIAGHIAG prAi ATPISE iy Be TESEq ™ Selepdat MRy

crosst al kK 1@stjMRtdon A 0mtwe JragRacY Hodens at;1gne tine. 15 If there are N
comuni cation lines | eading to | egacy nodens in the second group, then this

Per Line channel estimation may be perfornmed through iteratively
al ternating Q%%o%fs% uences .on t hese N conani%%tion 20 lines according to

the fol | ow ng prinCIDee;equlred properties o e p1lot sequenceés

used for estimating a weight or crosstalk coupling
coefficient is that the different pilot seqguences

15 should be orthogonal to each other. With one legacy
modem it is possible to let the pilot sequence assigned
to the communication line of this modem have only one
symbol element value, which may be either +1 or -1. In
this case the +1 or -1 on all synch symbols should be

20 reserved to be used only by lines leading to modems of
the second group, i.e. to modems that do not support
vectoring. Using this principle it is possible to avoid
state transitions of the SYNCH symbols, i.e.
transitions from +1 to - 1 or from -1 to +1.

25
One variation of this scheme is based on the assumption
that the crosstalk among lines leading to the first
group of modems supporting vectoring is sufficiently
cancelled, which means that a pilot sequence

30 transmitted to a legacy modem does not have to be

orthogonal to the pilot sequences transmitted on the

lines leading to the modems in the first group, i.e. to



In a first step the special pilot sequence, +1 +1 ... +1 (reserved for
comuni cation lines leading to | egacy nodens) is transmtted on lines 1 -
(N-1) 25 wormuidm@emeusly with two sequences on line N, i persa2fiinsiozsequence
havi ng one el enent value, +1 or -1 followed by a second sequence having the
opposite sign on an Nth line. Measurefents indicative of crosstalk
coupling, like error sanples, are then obtained from 30 the conmuni cation
lines |l eading to the nodens supporting vectoring. Then el enents of the
sequences aréf@h6§éﬁmﬁoﬁU®®Qﬁﬁﬁ?%aWﬁqﬁﬂiﬁ%huéﬁﬁél6Wa@miwmr1Ilne 44 and

the error sampl, %zlr%%te?{t%e‘ind’lcraec'l% UF t% et llrkg%%mepﬁi' %B Qferf he chosen

el enents sel ected for use in vectoring. eated or al
l i nes Ieadln@ru@rie@a¢yem0@emscdﬂmesua&ﬂuiuluﬁ omgxt téwrot her line, |ike for
instance line N1, .may recei.ve t he palr of zﬁgh nces and the o her | i nes

t he speci al &qmﬂv%ﬂ%m@ﬁEb e iSGRGY 806y “al k

coupling agewghqnc%@tQQ%@h@eqdfww@t@y%dQO@@ﬁ@yggJcnlIlnes | eading to the
nodens supporting vectoring. The above described way of operating is then

continued for the (NN2)th line, (N—3) l'ine etc until all N lines 15 have
received the Qﬂﬂfﬁjl dt%e%%_% E%Q%%%'%%% %%E%EIQ%h%%angb ationto

t hese sequences has been 0 eratlng as “sever al
advant ages. Eh61EO&&MS2®stBmeekeqmﬂkedmﬂdﬂtah& ltees tdhan darcaequal to N (1
single line QLR transit + 1 nulti-line OLR tranS|t) N*2 pil ot sequence |ong

error sanpl e FEGHSIHEEG 19 e TvsSfisne is dvien g Sword @éoé]ﬁpm fately N 2°N
time of statennapsidd en el FAud dd nes mhddd M 8Hld nesil 16

group receive pilot sequences. This means that there is
only one state change from +1 to -1 or -1 to +1. This
also means that in fact there are two sequences
assigned to a line leading to a legacy modem, which two

15 sequences are together used for forming a pilot
sequence or the equivalent of a pilot sequence. This
formed pilot sequence may also be termed a hybrid pilot
sequence. The elements of one of the sequences have all
one of the values or states of +1 or -1 and the

20 elements of the other the opposite value or state.

How this may be implemented in the device of fig. 4, is
schematically shown by the method steps depicted in
fig. 9.

25
First the pilot sequence transmission control entity 48
of the pilot sequence transmission control unit 36
transmits the first sequence 31, step 92, which may
typically be done with the help of the transmitting

30 unit 32. Also here there may be a checking of element
values against expected SYNCH element values performed

by the entities 38, 40 and 42. However the elements of



25 time. The functioning of sone variations of the invention may
furthernore be described in the follow ng way. 30 The set of pilot
sequenceswbaotrmossoansnitted to the communi cation |ines etTaEy@esmsng group
may for purposes of neasuring crosstalk coefficients be 45 described by a
pilot matrix. A vectoring group is typbcally all the nodens that are

i nvol ved in vectoring, actively or passively. Apilot matrix furthernore
conprises row vectors and colum vectors. 5 Each columm vector of the pilot

matrix corredpordd 6 t KEBPIES TseqiRen e TG Bedent o havsarilewsar
cormuni cat i on i, E4eh 10w, tmg.rex fo e l%'t: Qt 'E%terr‘e’éf\?%g_ﬁa%%%‘l%q% to a

set of synbols to be transmtte i nultaneously (in a interval) to
the 10 comunihgat isorhldakes si rrillye meeet erfitky gheudiddencegueheepinlagt mat ri x

has a nunber _of col untms .equal t he nunber of lines in the vectoring group
and a nunber ST dv BRI St (RETGE oret Re 1o GE Bedtences. 15 The

pi | ot sequenges At Qfithogenalr 10 2ach oulema eaning thate tie scal ar
product of any two columm vectors in the pilot matrix is zero. A
transcei ver @§idongt selgleoss Gal isettweniemitited, VEUS®) %20 mey sye pr ovi ded by

t he DSLAM T%%VE%%@%; n%rg tt%itshes r QWS %fqué%o%i IS%t HIRLY it)ﬁet o the lines of
p an% re (efcr I

t he vectoring group, ceives om t'he vectoring nodens only)
measur enent s oppdisdatee vefl uer @Fs-th2b dlaenceuplfi nid fitrhe fsergmeafccer r or
sanpl es, one for each line, for each sent row of the pilot matrix. Hence,

the received Sérr ditiSafiites iy tod e A58 5y Odin Odr Mo S&THIE matri x,

wher e each ocaldym cQ IsespeRES f @ JdriFe R IMiiGH 1a MeehoriRg 1Rdem 1.e. a
nodemin 30 the first group, is connected, and each row holds the error

sanpl es receimgeigni masesponss teol tthe tegrdiargnofe .a Suow ¢f ehwiesit oteymat ri x.
Hence, the ekko%f%@y%é%.%Ei%kérovoked. This means that the pilot
sequence transmission control unit may provoke the
state change or wait until the legacy modem requests
15 it. The modems in the first group here receive
orthogonal pilot sequences at the same time. This means
that each pilot sequence assigned to a modem in the
first group is transmitted twice, once together with
the first sequence and then again together with the
20 second sequence. Furthermore, error samples are
returned for each of these transmitted elements of both
the first and the second sequences. These may be stored
in the pilot sequence transmission control entity or in
a separate memory which this entity has access to. Once
25 both sequences S1 and S2 have been transmitted, the
pilot sequence transmission control entity 48 compares
the elements of the two sequences with a pilot sequence
element selection criterion used for forming a pilot
sequence assigned to the second communication line.

30 This means that the elements of corresponding seguence

positions are combined for providing resulting



46 has a nunber of rows equal to the length of the pilot sequences, and a
nunmber of colums equal to the nunber of lines to which vectoring nodens
are connewbedi2/®dsibbese error sanples are used for neasurPCTSESHOHSI03Y K
coefficients. For purposes of neasuring crosstal k coefficients, it does not
matter in which order the rows of the4pilot 10 matrix are sent to the
lines, as long as the VIU-0 keeps track of the correspondence between
transmtted rows of the pilot matrix and received rows of the error sanple
matri x (i.e. COOIRRTLHONS $RAGRY WwhibdH dowesicie esraiInsaice thgt ri x was

recei ved as r | t 1.Nng - particular row of the pilot matrix).
Thi s foIIom5%¥¥§%#%ﬁéﬁﬁg%gcﬁﬁg%negéﬁﬁ¥f the order of the rows of the pil ot

matrix will be rearranged, the scal ar product between colum vectors wll

not change, %nd hgﬁpe orthogonality wi.ll be presegﬁgd. 20 Further, it also
does not mat t&F For-Ihé Se [GETEHSIONg COrosstal® ' édef ficients i f the

sendi ng of st he dews @f dheRid ofhdmalime nfrakes RIAC e domeeRS e ke SYNCH
intervals or not, again provided that the VIU-0 25 keeps track of the
cor r espondend@Sset e5drft heoiRs téfe e Spidost tiets X Narg leédeinvd® rows of

the error sa%%k%_@R_%hxinF%%eeé%zﬁl%Fe%gc%%% of, tiggng issues, or for ease
of inplenentation, it nay be desi abl e to send other data‘in between the
sendi ng of radws timltihe bai lthle 3Q ematrtsx,inf aheeXdnpite pa sdurmn sr @f \teéet or
consisting of a vector of the pilot matrix with an el enent changed, or
sequences. These selected elements are then compared
10 with the selection criterion, step 98, and then the one
of them that fulfils this criterion is chosen, step
100. It thus chooses one element from either the first
or the second segquence that fulfils the pilot seguence
element selection criterion. Typically the one is
15 chosen which has a value that is the same as that of
the assigned pilot sequence element. The pilot sequence
transmission control entity then investigates if the
elements were the last of the sequences, step 102, and
if not a new element is selected in each segquence, step
20 104, for instance the elements in the second positions
of the two sequences. This then continues until all
elements have been compared. This means that the step
of choosing is performed for each element position in
the pilot sequence that is to be formed If however the
25 compared elements were the last of the sequences, step
102, then the pilot sequence transmission control
entity selects measurements provided by the modems in
the first group, i.e. measurements provided by the
modems 22, 24 and 26, step 106. More particularly the
30 measurements selected are only those measurements that

have been made in relation to the chosen sequence

elements.



47 even repeating the sending of one or nore rows of the pilot matrix. The
| egacy pilot conbination of a particular row of the 5 pilot nmatrix is here
defi ned asoaosussoect or of the row vector of the pil ot wrarSEX11/080089 Sting
of the elenents of that row vector which reside in the colums
corresponding to lines to which | egacy2nodens are connected. 10 Further,
the | egacy expected conbination is here defined as a row vector where the
el enents are the synbols which the respective | egacy nodens expect to
receive in the SYNCH intervals. 15 Hence, if the | egacy pilot synbol

combi nat i on gf. &.L0wof. Wie Dot It i x TBLGReS. Lhe Jeqacy gxpected synbol
" "he pi

conbi nation, then that row of t ot matrix may be sent w thout causing
any | egacy nodemeomicensiaderchicdze 20a eceineedasal wechs hernrioneaus. Now, in
order to neaﬁyretégos talk coefficients, the pilot matrix needs ta be sent.

However, if tiéd&gacy pitot cofiiTatiton 6 &9 T6WSdods Svot Thetch t he

25 legacy expRehed tgerbithal ifanstt REN teId-Qr S JREREGULe \Wf ch is
undesirabl e. Therefore, if the | egacy expected conbination does not match
the | egacy pitlretsgeifdiedatioen edfemgnitowadfictshd 3¢ gilcott hgatseime, ashé&gTU-0 nmay

provoke one ‘i\rﬁg%?{;(em%fdeﬂnh% egacy mhdens ;o rreg“%sct 2 ¢hange of state (e.qg.
OLR request) ich causes themto expect a dif erent

request is provoked or awaited. After such a state
change request has been received the second sequence is

10 transmitted, having the opposite element value. Each
time a sequences is transmitted, the modems in the
first group receive the pilot sequences assigned to the
communication lines leading to them. This also means
that the total length of sequence elements received by

15 the legacy modem will be two pilot sequences long. Here
half the error samples from the first sequence may be
used together with a half from the second sequence in
order to determine the crosstalk contribution from the
communication line leading to the legacy modem. It can

20 thus be seen that element values of these two sequences
are chosen for forming one pilot sequence of the legacy
modem, where half may be taken from the first sequence
and the other half from the second sequence. The
measurements indicative of crosstalk coupling were

25 received from all modems in the first group in relation
to the complete transmitted sequences. However, only
the measurements that have been obtained in relation to
chosen elements are selected. This means that only
these measurements are used when determining weights,

30 i.e. when determining measures to be applied for
cancelling crosstalk coupling, in relation to the

second communication line.



48 conmbination as a result of the execution of the request. Hence, the
VTU-0 may change a comruni cation quality conponent such as the output power
for a parwbpuizamedoene, so as to cause the | egacy nodem POTSEL@EAUSHEY a
change of state such as nmaking an OLR request. The nodem or nodens to be so
provoked are chosen so that the new | égacy expected conbination will match
the | egacy pilot conmbination of a row of the pilot matrix which is to be
sent. 10 Further, in order to reduce the nunber of such provocations
needed, the sending of rows and the provocation of requests may take pl ace

in the foll ow _ng. _fashi e I f j i i in.figure 10. 15
As | ong as tﬁ%}gigg%q¥%ﬁﬁe?ﬁxiﬁgﬂ%f$%%%%%gﬁé§%qwﬁéggégﬁg%ﬁgﬁhgyepiIot

conbi nati on mMelléies tt he lregadp lex péetted heonhilnat iseaucnlen aslsdseacows ar e
transmtted. If a | egac dem makes a request for a state .change (such 20
as an OLR red@est’ ngi SEnitth SOVE (Y Feddts & 6 S angitng i ne
condi ti ons), it Ren diAnSHiSS QN SR Ya00Rld nues WHd other wows off the
pilot matrix for which the |egacy pilot conbination now matches the | egacy
expect ed conbitddtsi die 25 hgerd itnigehé@ sarte’onG Sfanenivsrs tdws: dlodeiidesi | ot matri x

to betransmé&f%ékr;%ﬁi?%ﬁﬂ%g‘§@§%ﬂ¥&9%e Thination mutches the
current | egacy expect ed conbi nati on,  then one or nore nodens are provoked
to request aichamhge abfovd0 detsatre bicel ghan@eR .r @guesiot asuchunideat «tthe new | egacy
expected conbination will match the | egacy .pil ot

state change requests for Obtaining complete symbol

10 sequences is here limited to two or less.

In case there are more than two legacy modems then the
following principle may be used for updating crosstalk
estimation from two legacy modems at one time.

15
If there are N communication lines leading to legacy
modems in the second group, then this Per Line channel
estimation may be performed through iteratively
alternating pilot sequences on these N communication

20 lines according to the following principle.

In a first step the special pilot sequence, +1 +1 .. +1
(reserved for communication lines leading to legacy
modems) 1is transmitted on lines 1 - (N-1)

25 simultaneously with two sequences on line N, i.e. a
first segquence having one element wvalue, +1 or -1
followed by a second sequence having the opposite sign
on an Nth line. Measurements indicative of crosstalk
coupling, like error samples, are then obtained from

30 the communication lines leading to the modems
supporting vectoring. Then elements of the sequences

are chosen for forming a pilot sequence of the Nth line



49 conbi nation for one or nore unsent rows of the pilot matrix.

Transm ssion of rows then continues in the same way 5 (provoki ng requests

when neceweani)oosdori | all rows of the pilot matrix haverproesr2dman®so tt ed.

Anot her way to reduce the nunber of provocations needed which may be used

together with the way descri bed 10 abé¥e, is to select pilot sequences for
the | egacy nodens such that the nunber of |egacy pilot conbinations is as

| ow as possi ble. For exanple, one of those pilot sequences may be sel ected
as a sequencénghére e el smEmlesaldbtrave Re et vanuéo 5 een all the

rows of the pil.at tri v e transm a r di.-ng error
sanpl e natriElﬁggngggﬁoéeggi3&%,%?¥m§?ﬁ%ﬁ%%&%ggé?%?%Qggﬁpg#ﬁfgggbJghlculate
t he crosst al kecaeffingi.ent s usi ng known 20 nmet hods. Wth reference to figure
10, nore specifically a pilot matrix may be transmtted to the lines as

follows. 25 In a step 108 the VIU-0 checks if there are rows in the pilot
mat ri x whi gh mpged it the rseripedfe Naor tthe sendisng Lfqithe tRi helgamtrix is
finished, step 114. Else, the VIU-0 checks if there are any rows of the
modems. This means that next another line, like for
instance line N-1, may receive the pair of sequences
and the other lines the special pilot sequence. The
measurements indicative of crosstalk coupling are then

10 obtained from the communication lines leading to the

modems supporting vectoring.

The above described way of operating is then continued

for the (N-2)th line, (N-3) line etc until all N lines
15 have received the first and second seguences and the

processing in relation to these sequences has been

performed.

This way of operating has several advantages. The total
20 time required will be less than or equal to N* (1 single
line OLR transit + 1 multi-line OLR transit) N*2 pilot
sequence long error sample acquisition time. The time
saving will be approximately N/2”N time of state
transition only. For 4 lines: 1/2 time 8 lines:1/16

25 time.

The functioning of some variations of the invention may

furthermore be described in the following way.

30 The set of pilot segquences to be transmitted to the
communication lines of a vectoring group may for

purposes of measuring crosstalk coefficients be



30 pilot matrix which need to be sent and for which the | egacy pil ot

conbi nati on matches the | egacy expected conbination, step 110. If there is
one or nowe 28166020 rows, one of themis transmitted tectrsediiinsm3o step
112, and the process repeats fromstep 108. If there are no such rows,
one or nore OLR requests are 5 provokéd, step 116. Then it is again checked
if there are matching rows, step 110. If the provocation of the OLR

request (s) was successful and there was no spontaneous OLR request 10 from
anot her | egadpsesdédad theld thdcd WU e AatVEliteg EWES)P Yo Use transmitt ed.

If this is ”a]c?’éﬁ%faﬁelﬂt %grl{)ﬁ:gl%eﬁlg%%t it’i‘l‘éecs_a‘@et rln%to%?ze%l ' and so on. If it

is not the c provocations nust be done until the
| egacy expectved teamionatioan viredtyc lves calses il llvegadc pigidtotnagomx nati on of a

row to be sent. The first and .second enbodi nents as |1 as variations
descri bed ab%?eft&@vfgorrﬁ S8 16 S dOd NG SHA3Ss 4l Igoﬁfm@aé’@%qrsmderm wer e

in showti e, face @lintere 20 acti eley Jiacrl WaRa iandairdhaned tid ng dat a
fromand to the DSLAM 10. However, it is possible that a [egacy nodem
connects to &hBSIEAWPRHesah@Ecare &lor sadyt rsdéndain itwd fti r st gr oup bei ng

In ShOM@InE.(ﬂx%ﬁad]%%tQ%nh%q%EQd a hﬁIQhJR%k%Q&‘W%yxhél%HﬁEﬂ?%P%ﬁr&atlon of
the 25 invention 1S concérned Wt this situation. W char Ofl a nunber
of method st eps reapdmnandltong thits oFi tayatticdrs it $ehemamisedaldtydshown in fig.
7.

simultaneously (in a SYNCH interval) to the

10 communication lines in the vectoring group. Hence, the
pilot matrix has a number of columns equal to the
number of lines in the vectoring group and a number of

rows equal to the length of the pilot sequences.

15 The pilot sequences are orthogonal to each other,
meaning that the scalar product of any two column

vectors in the pilot matrix is =zero.

A transceiver unit at the Optical network unit (VTU-0)

20 may be provided by the DSLAM.

The VTU-O transmits the rows of the pilot matrix to the
lines of the vectoring group, and receives (from the
vectoring modems only) measurements indicate of cross-
25 talk coupling in the form of error samples, one for
each line, for each sent row of the pilot matrix.
Hence, the received error samples may be described by
an error sample matrix, where each column corresponds
to a line to which a vectoring modem, i.e. a modem in
30 the first group, is connected, and each row holds the
error samples received in response to the sending of a

row of the pilot matrix. Hence, the error sample matrix



51 showtinme this is done through a joining procedure which is perfornmed in
3 phases; 1. The lines that are in showmine | earns the crosstalk from
t he j oi niwg 2bizm@edor order to be able to 5 cancel it. 2pcThe2gi@iomioss |ine
| earns the crosstalk fromthe existing lines and cancel this crosstalk

3. The joining line goes through the ¥®SL2 initialization phases nodified
for updating crosstalk 10 cancellers and finally enters showtine. This can

of course not be followed when a | egacy nodemin the second group is to
enter Showti M&S Foweder af wewsd Ssetebefef itéicall SO thhe It ithst Pstlef coul d be

fol l owed 15 ij pfder Lo ayoid degradatd o i %ntsh%qgl% | gl %@fezf he
modens in the first group as the | egacy modem enters showtime. Therefore as
a nodemin the decend tgr otnp,chs wehr tag inlye rR2@lemzdeme2 & onne dieidng connected to
the DSLAM 10 via the second conmunication line 16 in order to allow the

user of the nmbdemto access a data conmuni cation network such as the

| nternet, thenegaey mdem28 sende adhandshake shanaly e ddhe -D8LAM 10. The
DSLAM t hus 25 recei ves a handshake signal, step 78. This handshake si gnal

i s further norcesfdriwdredeéd -t o t he handshaking entity 44 via the receiving
unit 34 and conmunication interface 30. The handshaking entity 44 then
makes sure that no respondi ng handshake is sent. Instead it orders 30 the
pi |l ot sequencert panRises T aoatsioli nentdrios s48 1tko deesFdrd ana <, ha thandshake
with a pilot sequence being assigned to the second comruni cation |ine 16,
step 80. does not matter 1n which order the rows of the pilot
10 matrix are sent to the lines, as long as the VTU-O
keeps track of the correspondence between transmitted
rows of the pilot matrix and received rows of the error
sample matrix (i.e. so that it is known which row of
the error sample matrix was received as a result of
15 sending any particular row of the pilot matrix).
This follows from the fact that even if the order of
the rows of the pilot matrix will be rearranged, the
scalar product between column vectors will not change,
and hence orthogonality will be preserved.
20
Further, it also does not matter for the purpose of
measuring crosstalk coefficients if the sending of the
rows of the pilot matrix takes place in consecutive
SYNCH intervals or not, again provided that the VTU-0O
25 keeps track of the correspondence between sent rows of
the pilot matrix and received rows of the error sample
matrix. For example, because of timing issues, or for
ease of implementation, it may be desirable to send
other data in between the sending of rows in the pilot

30 matrix, for example a dummy row vector consisting of a

vector of the pilot matrix with an element changed, or



52 This pilot sequence has to be sent at the sane tine as the other pilot
sequences are being sent to the first group of nodens. This neans that even
t hough t hwoeoizseem2] i mitation to transmitting in a SYNCheci/sEesiv@sosn 5 the
second conmuni cation line 16 | eading to the | egacy nodem 28, the pil ot
sequence does still have to be transni?ted sinultaneously with the pil ot
sequences of the nodens in the first group, and these may be transmtted in
SYNCH i nterval s. The handshaking entity 10 44 then nonitors the

t ransm ssi on SRt FERSIAGNIs éGiFe FC@ Byt Ivd FiNlCoC T's EQIFEn Ee s &fsilssi on
control entitp\h%% é‘%‘r&i@{s’ | ong as a conpl ete sequence has not been
transmtted, “step , It continues to wait. However, as soon as the

conpl ete pil ot sequence has been 15 transmtted and the other |ines have

| ear ned t he (;rros talk framthe joi.ning | egacy line and cancell ed the FEXT,
step 84, the MAndSHAKINE et ™ int?rtg‘é)lns hé Bt Feddendd fa ssi on

control entity 148 tRthaspand Ho o e hardshake wihadtesporse handshake 20
signal, step 86. It can thus be seen that the handshaking entity 44

recei ves a hawdsivakef tém the ofoderhiile t kersecdnd agoduphas silemen tisei ng
connected to the,first communicati.on t&%l@nlg%t sequence

l.i ne,, or.ders t

transm ssion control entity to respon e{égdt el%ha%l(?shake with the pil ot
sequence conewrrertdonddirich teendinkg pid othisequences toddre rmodens in the
first group and perfornms a respondi ng handshake only after a conplete pil ot
sequence has BEEFIEnsnitted to all nodens in the first group 53 Wen
this has hegen done the | egacy nodem gets connected to the DSLAMin a known
way as is for instance described in the I TUT reconmendation G 993.2. 5 The
oper ati on of Furdheggadyengdemdys expedtsd gembadiaiyi onhils detrievity. It cannot

deci pher the pidiol sequence,| {, Lecsl yed Foweven o it doeg under stand ¢ hat
the data it receives 1's no respondi ng handshake. erefore waits for a

respondi ng hardshake whlitthmahehoweyesc taort ilrue o mbllesend pands haki ng
signals. It is here furthernore possible that the pilot sequence

transni ssi on TEGREME Hnithef @rYtNﬁ@E E8PriedEs a channel estimating entity 46.
This chanpegl estimating entity 48

Hence, if the legacy pilot symbol combination of a row
of the pilot matrix matches the legacy expected symbol
combination, then that row of the pilot matrix may be
sent without causing any legacy modem to consider the

20 received value as erroneous.

Now, in order to measure crosstalk coefficients, the
pilot matrix needs to be sent. However, if the legacy
pilot combination of a sent row does not match the

25 legacy expected combination, then errors may occur,

which 1s undesirable.

Therefore, if the legacy expected combination does not
match the legacy pilot combination of a row of the

30 pilot matrix, the VTU-O may provoke one or more of the
legacy modems to request a change of state (e.g. OLR

request) which causes them to expect a different



15 may order the pilot sequence transm ssion control entity 48 to send a
signal for fast channel estimation to a nodemin the first group. This may
in this exenplxotaset hernmore be sent in a art of a nodempicmiske@hiozomts on
procedure assigned to echo-canceller settings, this 20 nodeminitialization
procedure is here thus a VDSL2 initia#Bzation procedure. This signal wll
normal ly have to be transmtted in the intervals corresponding to the synch

interval of the other active nodens. It is thus transmtted at a point in
time corresp&RdiAEats oP5 ashée Syaveh b miferoidl Sofe td ot 1vdr thsdens in t he

first group. TSJMBY Allaw 3 {ashed LansKhasion Ol ol Sequences and
thus a faster cancel’l ation of cross-tal ang]le tering of show tine for the
| egacy nodemagu3Q iTlye qoircainesequerde atsr amsmosgicon eomarolfouniat and its
entities may with advantage be provided in the formof a processor with
associ ated pFogrdam r %ienclsl?diaﬁg t%fa@&ﬁpﬁt%@r %ﬁﬁé&yarlﬂo de %or

per f or m ng st he fuengt ioralinge off the thi IRi-rseauensea iy arsmrssi on control
unit. It should be realized that this unit may al so be provided in the form
of hardware, 18kesftor iThst vcen 1t Fedessm® o &9 AFpvicd®d @reSpeci fic

| ntegrated Gpeuid( A% Oh. The COMULEL Rrogram cade Ty 2l.8q e fngvi ded on
a conputer-rea abl e means, for i NSt ance i'n the formof a data carrier, like
a CD ROM di samaarcha tienmireyyastyi ¢, owhicelmbdinlalt liomplogmentr ciwhe f umet i on of t he
above- 10 descr.i bed pil ot sequence transm ssion control unit when being

| oaded into FHe CdbFEIrENtTdired 15r S¢r & ®&RSry and run by the processor.
One such g@nputer program product in the formof a CD ROM disc 88 with such
a conputer programcode 90 is schematically shown in fig. 15 8. The
transmitting Fwittheray ity pirciald y checalugenviéist inomée tVDSL Zugddi ng an

nodul ati ng unirto,vov(\:hi c%nrgod%le%te%s %@% tran lrrq' ts data tq tdhechréoderrs, whi | e
the receivi nﬁ) TN o3g nay "5€ “a “ConveéntiTonal AVosL 2 “déc §di ng and denodul ating
uni t, which reeesioves iand cderedulcates ndat a ficomithe medens. fBheowing

comuni cation interface may furthernore be a conventional subscriber |ine

interface. 252FReCd aré £XF0WEEr °6f “woditf ilGatdichd aveat 1dar 198t fade t o t he

present iR¢ention apart fromthose that have already been described. The
pi |l ot sequence transm ssion control unit may for instance be provided
wi t hout handgisakiong arsd tdlsarnelr cestowsatinng hentaitliogs maltr iixs wéllese the

legacy pilot combination matches the legacy expected
combination, then those rows are transmitted. If a
legacy modem makes a request for a state change (such

20 as an OLR request) by its own initiative (e.g. because
of changing line conditions), then transmission simply
continues with other rows of the pilot matrix for which
the legacy pilot combination now matches the legacy
expected combination.

25
When there are no further rows of the pilot matrix to
be transmitted for which the legacy pilot combination
matches the current legacy expected combination, then
one or more modems are provoked to request a change of

30 state (e.g. OLR reguest) such that the new legacy

expected combination will match the legacy pilot



30 possible that the at | east one data sequence being investigated is not a
pi |l ot sequence but anot her sequence used for obtaining the pilot sequence.
It is 55vbuntdhwsemere possible that the transm ssion of perseentssossed i n
pil ot sequences are transmtted before the conparison instead of after as
in the first and second enbodi nents. Farthernore, in the second enbodi nent
5 described above, the decision entity selected pilot sequence el enents for
transm ssion as soon as the conparison indicated that el ement val ues

cor r esponded COBREEEH 1@Thdor 10185 REU M TFo WENPEN th & OFigaloifz édiet fedtl tthat it may
wait sone be%%%§i ansmitting a pilot sequence 10 elenent. Therefore, while
the i nvention has been described in connection with what is presently
considered to be nost practical and preferred enbodinents, it is to be 15
understood that the invention is not to be limted to the disclosed

enbodi ment s and@\AFSEH NS B Sork e COOFAS?, s Gt AdEd A cover

various nodi fiGakicgns@and insahenrh ad-eRRgeENt Sinthher:afionedhe i nvention
isonly to be limted by the following claims. 20 56 CLAIMS 1. A nethod for
limting crodsdcalrk Lgdt wedry ippdevs (022n transmitted.

Another way to reduce the number of provocations needed
which may be used together with the way described

10 above, is to select pilot segquences for the legacy
modems such that the number of legacy pilot
combinations is as low as possible. For example, one of
those pilot sequences may be selected as a seguence
where the elements all have the same value.

15
When all the rows of the pilot matrix have been
transmitted and the corresponding error sample matrix
has been received, it will be possible for VTU-O to
calculate the crosstalk coefficients using known

20 methods.

With reference to figure 10, more specifically a pilot

matrix may be transmitted to the lines as follows.

25 In a step 108 the VTU-O checks if there are rows in the
pilot matrix which need to be sent. If not, the

sending of the pilot matrix is finished, step 114.

Else, the VTU-O checks if there are any rows of the
30 pilot matrix which need to be sent and for which the
legacy pilot combination matches the legacy expected

combination, step 110. If there is one or more such



24, 26, 28) connected to a set of conmmunication 5lines (14, 16, 18, 20),
where there is a first group of nodens including at | east one nodem (22)
connect edwb@or/doss0st comuni cation |line (14), where thepowgenrsi105oohe
10first group support vectoring, and a second group of nodens including at

| east one nodem (28) connected to a se@ond communication |ine (16), where

t he nodens of the second group do not 15support vectoring, the nethod being
perforned in a device (10) for providing access to a data conmuni cation

net wor k and é@Wﬁ%l§FﬁgOf2¢hﬁHVé§t¢g@@ﬁﬁ@t65@1t@BFhﬁhél@ﬁﬁecﬁé@FValue of an
element in a %&”C%_%n%%%$&> ehse&% o JRYNCH), 1 ?@ 1fgcei ved by a nodem
iat

(28) in the secdnd group e se commini cati on 1 ne (16) in the set

of 25communi cation |i nes, |nvest|gat|ng (52; 70) the value of an el ement of

at | east one . t%_sequence assigned to the second conmnuni catign Ilne 30
ere are no such rows, one or more OLR requests ar

5 provoked, step 1ll6.

Then it is again checked if there are matching rows,
step 110. If the provocation of the OLR request(s) was
successful and there was no spontaneous OLR request

10 from another legacy modem, then there will be matching
row(s) to be transmitted. If this is the case, the
process continues with step 112, and so on. If it is
not the case, then further OLR provocations must be
done until the legacy expected combination matches the

15 legacy pilot combination of a row to be sent.

The first and second embodiments as well as variations
described above were related to reducing cross talk in
case all modems were in showtime, i.e. all were

20 actively receiving and/or transmitting data from and to
the DSLAM 10. However, it is possible that a legacy
modem connects to a DSLAM when there are already modems
in the first group being in showtime. This may be
handled in a different way. A further variation of the

25 invention is concerned with this situation.

A flow chart of a number of method steps for handling

this situation is schematically shown in fig. 7.

30 When a line that is a member in a vectoring group is in

deactivated state and wants to initialize for entering



conparing (54; 72) the two values with each other, 57 selecting (59; 75)
the elenent for transmssion if the value of the el enent corresponds to the
expect ed welue/9a6vd Stransnmitting (60; 76) the sel ect edpelrseent/osmn3d he
second comuni cation |ine together with corresponding el enents of a nunber
of pilot sequences on comunication |bhes |leading to the first group of
nodens. 10 2. The nethod according to claim1l, wherein the investigated
data sequence is the pilot sequence assigned to the second comuni cation
line. 15 3. FW@Wﬁéﬁrﬁod:hdécdrSdud@@et Ghaloaiom 2 JwHereion B aslfel ienvidsGhgat ed
data sequenceg e nQQF%. %§pond to the val ue expected by the
nodemin the se on gr oup, F%er conprising 20waiting (74) until the
nodem of thelsecoﬁwmgﬂom@xexﬁeni$1$aum.wﬂamiumajlearns the

crosstalk from the joining line in order to be able to
5 cancel it.

2. The joining line learns the crosstalk from the

existing lines and cancel this crosstalk

3. The joining line goes through the VDSL2

initialization phases modified for updating crosstalk

10 cancellers and finally enters showtime.

This can of course not be followed when a legacy modem
in the second group is to enter Showtime. However, it
would be beneficial if the first step could be followed

15 in order to avoid degradation in the communication of
the modems in the first group as the legacy modem

enters showtime.

Therefore as a modem in the second group, such as the

20 modem 28, is being connected to the DSLAM 10 wvia the
second communication line 16 in order to allow the user
of the modem to access a data communication network
such as the Internet, the legacy modem 28 sends a
handshake signal to the DSLAM 10. The DSLAM thus

25 receives a handshake signal, step 78. This handshake
signal is furthermore forwarded to the handshaking
entity 44 via the receiving unit 34 and communication
interface 30. The handshaking entity 44 then makes sure
that no responding handshake is sent. Instead it orders

30 the pilot sequence transmission control entity 48 to
respond to the handshake with a pilot sequence being

assigned to the second communication line 16, step 80.



selecting (75) the investigated data sequence el enent for transmssion in a
subsequent 25synchroni sation interval after said expected val ue corresponds
to the i nwenderopiobot sequence el enent val ue. 4. The nerhogramcosmsng to
claim1 or 2, wherein if an 30investigated data sequence el enent does not
correspond to the val ue expected by the nodemin the second group, further
conprising provoking (56) the 58 nodemin the second group to request a

change of state and receiving (58) a request for a change of state, said
request for dhdfamgd odf ssIaEE CCalisisngt e ms@dEmath thise ss&Cord Mgr G&p t o

eXDECt.an e'% nkﬁ?%hﬁ&ﬁﬂﬁﬁj%% u%%%é%a%H% %Qﬂpgp%kgﬁ?Txﬁthgh%iq%khOd
according to claim4, erein the request for change of 'state is an
onl i ne r econfirgucatdfomodequeestThis n@anEhe et kot rachondiing hteoreclia m 4 or 5,

wherein the provaking a request for .a _change of e .conpri ses changing a
Communi cat | oRCqUAFTTY OB aReRt BETAS S2oant %o ST COHrgT AL nE. 7. The
nmet hod accer ¢inRg de@ ARY PheVindus tGlal minsherseilr ddhe Pidotneequenecs, assi gned
to the second cormmunication line is an avail abl e sequence with the | owest
nunber of vamgsleghd¥geghe pilot sequence does still have to be

transmitted simultaneously with the pilot sequences of
the modems in the first group, and these may be
transmitted in SYNCH intervals. The handshaking entity

10 44 then monitors the transmission of the pilot sequence
by the pilot sequence transmission control entity 48,
and as long as a complete sequence has not been
transmitted, step 84, it continues to wait. However, as
soon as the complete pilot sequence has been

15 transmitted and the other lines have learned the
crosstalk from the joining legacy line and cancelled
the FEXT, step 84, the handshaking entity 44 orders the
pilot sequence transmission control entity 48 to
respond to the handshake with a response handshake

20 signal, step 86. It can thus be seen that the
handshaking entity 44 receives a handshake from the
modem in the second group as it is being connected to
the first communication line, orders the pilot sequence
transmission control entity to respond to the handshake

25 with the pilot sequence concurrently with sending pilot
sequences to the modems in the first group and performs
a responding handshake only after a complete pilot
sequence has been transmitted to all modems in the
first group

30



20 8. The nethod according to any previous claim wherein the assigned
pil ot sequence for the second comrunication line is one having a first

el enent 2Aohodnb@s an expected val ue. 9. The net hod aceordiedgiismany of
clainms 1 - 6, wherein the elenent is an elenent of a first sequence (Si)
assigned to the second conmuni cati on bBne, where 30there is a second
sequence (S2) also assigned to the second communication |ine and the steps
of investigating values, conparing values and 59 transmtting an el enent

i s perfornedWen dhisenawemesnofdBet i hsed@aiRces NOTEM BIgd SmstleE cacsor di ng
to claim9, fuyrther ﬁ@i%ﬁPHESB”%nﬁ%%P%%h“%sFQ% %b%”?%%%g&ﬁmPOth sequences

with a pilot sequence elenent selection criterion for formng a pil ot
sequence assidged ited he $éeold Ucdnmetioatenoia tliiome Gared 3ctlkaosi ng, for each
el ement position in the corresponding pilot sequence to be 10fornmed, one
el ement fromeither the first or the

5 The operation of the legacy modem is not influenced by
this activity. It cannot decipher the pilot sequence it
received. However, it does understand that the data it
receives is no responding handshake. It therefore waits
for a responding handshake. It may however continue to

10 send handshaking signals.

It is here furthermore possible that the pilot seguence
transmission control unit further comprises a channel
estimating entity 46. This channel estimating entity 48

15 may order the pilot sequence transmission control
entity 48 to send a signal for fast channel estimation
to a modem in the first group. This may in this example
furthermore be sent in a art of a modem initialization
procedure assigned to echo-canceller settings, this

20 modem initialization procedure is here thus a VDSL2
initialization procedure. This signal will normally
have to be transmitted in the intervals corresponding
to the synch interval of the other active modems. It is
thus transmitted at a point in time corresponding to

25 the synch interval of the other modems in the first
group. This may allow a faster transmission of pilot
sequences and thus a faster cancellation of cross-talk

and entering of show time for the legacy modem.

30 The pilot sequence transmission control unit and its
entities may with advantage be provided in the form of

a processor with associated program memory including



second sequence that fulfils the pilot sequence el enment sel ection
criterion. 11. The nethod according to claim9 or 10, wherein the

15el enentwoabhiddesoki r st sequence all have a first val uepamgethie/osdossrent s of
t he second sequence all have a second opposite value. 12. The net hod
according to any previous claim 20fub#her conprising receiving (78) a
handshake fromthe nodemin the second group as it is being connected to

t he second conmmuni cation |ine, respondlng (80) to the handshake with a
pi | ot sequené@“&@gﬁGh@§oﬁéaﬁhéx§%h ded eeRAMTIEAS ¢hd iThe cZBeeRddriavent | y

w th sending ﬂﬁé %ﬁﬁ%ﬁ%; h%r%%%%ﬁ%s1% t@%nt§&?tu%f%”p1%nd
in y ar

perform ng ( spond shake onl a conplete pilot
sequence hasﬁMmﬂxlk&n&mdﬂmw%lahmd tioce g iitn mtahye afliscs egrrowy.ide@ 13. The

gﬁ;gggl acggr C:iLI n%heo f%lr?nl rgfl%arfdlflﬂratr%e,r C‘?errfosrl q st%rr]lccijlen%n t%l gr}al for fast

5 of an Application Specific Integrated Circuit (ASIC)
The computer program code may also be provided on a
computer-readable means, for instance in the form of a
data carrier, like a CD ROM disc or a memory stick,
which will implement the function of the above-

10 described pilot sequence transmission control unit when
being loaded into the above-mentioned program memory
and run by the processor. One such computer program
product in the form of a CD ROM disc 88 with such a
computer program code 90 is schematically shown in fig.

15 8.

The transmitting unit may typically be a conventional
VDSL2 coding an modulating unit, which modulates and
transmits data to the modems, while the receiving unit
20 may be a conventional VDSLZ2 decoding and demodulating
unit, which receives and demodulates data from the
modems. The communication interface may furthermore be

a conventional subscriber line interface.

25 There are a number of modifications that can be made to
the present invention apart from those that have
already been described. The pilot segquence transmission
control unit may for instance be provided without
handshaking and channel estimating entities. It is also

30 possible that the at least one data sequence being
investigated is not a pilot sequence but another

sequence used for obtaining the pilot sequence. It is



estimation to a nodemin the first group in a part of a nodem
initialization procedure assigned to echo-canceller settings and at a point
in tinme csorespeedkng to the synch interval of the othercospdam®dsions t he
first group. 14. The nethod according to any previous claim further
conprising receiving (68) fromthe nodens in the first group quality
nmeasurenents indicative of 10crosstal k coupling of the conmunication |ines
at the tinme of transm ssion of the pilot sequences, determ ning (64)
wei ghts to b&UappIaré® ren Posaidiics §ihgis the e regmasiictatifor Iamees sand
app! Ying (60):cLhe HEANE, Abdae Lrans o9l ansle APkne Jdegs, of the first
group. 15. A device f&r provi di ng access to a data communi cati on
network for motdessi(s22, i24,tc26] o8 f tehre agevinc e hleeifig sar ranged domdbe
connected to one end 20 %f each of a set of communjcation lines (14, 16,
18, 20) and tHENOdETE Spei'ng "CETHEEted ‘o LOFp &t e nd® s "saitd
comuni cat 50 dddie®e IR here i@ dildrstergrioyp ofl Jmdens (122, 24, 26)
including at |east one nmobdem (22) connected to the device via a first
25conmmuni cat iseusngEe Clemeniierfent He ansdems 16N tife Sfoanstasgrité§p support
vectoring, ang, ag&%%@ld 19TQUR 9l o %”%1'e%%'n%d'v%91u%lts 'c%af?ft g%%%\ﬂ?&dem (28)
connected to th evice 'Via a second comuni cation 1ine (16), ere the
nodens of thecseeand ogheup da rotouduppoite V3V eet ardanid,z csaitth ade vihee:
conprising: a conmunication interface (30), . ,

1t may walt some before transmitting a pilot sequence

10 element.

Therefore, while the invention has been described in
connection with what is presently considered to be most
practical and preferred embodiments, it is to be

15 understood that the invention is not to be limited to
the disclosed embodiments and variations, but on the
contrary, 1is intended to cover various modifications
and equivalent arrangements. Therefore the invention is
only to be limited by the following claims.

20



61 a transmtting unit (34) connected to the communication interface and
configured to nodulate and transmt data to the nodens via the set of
comuni cavoaniddoes, 5a receiving unit (34) connected tecrse2qa0m0089 cation
interface and configured to receive and denodul ate data fromthe nodens,
and a pilot sequence transm ssion conbféol unit (36) conprising 10a first

el ement investigating entity (38) configured to investigate the expected
val ue of an elenent in a synchronisation interval (SYNCH) to be received by
a nmodem (28) Gl 1#¥e second group via the second communication |ine (16),
15a second el enent investigating entity (40) configured to investigate the
val ue of an elenent of at |east one data sequence assigned to the second
communi cati od .l Anectland fodetisioimentidys{4R) lbonfegureddtns conpare the

20two val ues mn&EIeEgP ?épeéogggcggéegé éhgeglggegémmunication

5 lines (14, 16, 18, 20),

where there is a first group of modems including at
least one modem (22) connected to a first
communication line (14), where the modems of the

10 first group support vectoring,

and a second group of modems including at least one
modem (28) connected to a second communication line
(16), where the modems of the second group do not

15 support vectoring,

the method being performed in a device (10) for

providing access to a data communication network and

comprising:

20
investigating (50; 68) the expected wvalue of an
element in a synchronisation interval (SYNCH) to be
received by a modem (28) in the second group via the
second communication line (16) in the set of

25 communication lines,
investigating (52; 70) the value of an element of at
least one data segquence assigned to the second
communication line,

30

comparing (54; 72) the two values with each other,



of the investigated data sequence for transmssion if the value of the

el ement corresponds to the expected value, and a pil ot sequence

t ransni ssworoontéel entity (48) 25configured to provi decrse2ashsmsed

el ement of the second comuni cation |ine together with corresponding

el ements of a nunber of pilot sequencé% assigned to the first group of
nodens for transm ssion to the nodens via the set of 30conmunication |ines.
62 16. The device for prOV|d|n9 access to a data communi cati on network
according to clatheabinghé? @i n/?hethavesengat efodat iesenuenteni 5Tt he pil ot

sequence ass'gnfﬁetQaiQS second &P@H@H£086£98s¢iﬂgs ?olgheTQopgﬁyége for

provi ding access to a data conmuni cafi on net according f aim 15 or
16, wherein if aaluayeshidgated data sequence el ement does not correspond to
t he val ue expected by the 10nobdemin the second group, the decision entity
is further configured to wait until the nodem of the

5 transmitting (60; 76) the selected element on the
second communication line together with
corresponding elements of a number of pilot
sequences on communication lines leading to the
first group of modems.

10
2. The method according to claim 1, wherein the
investigated data sequence is the pilot sequence

assigned to the second communication line.

15 3. The method according to claim 2, wherein if the
investigated data sequence element does not
correspond to the value expected by the modem in the

second group, further comprising

20 waiting (74) until the modem of the second group

expects said value and

selecting (75) the investigated data sequence
element for transmission in a subsequent

25 synchronisation interval after said expected value
corresponds to the intended pilot segquence element

value.

4. The method according to claim 1 or 2, wherein if an
30 investigated data sequence element does not
correspond to the value expected by the modem in the

second group, further comprising provoking (56) the



second group expects said value and select the investigated data sequence
el ement for transm ssion in a subsequent synchronisation interval after
sai d 15exwecvedov@bue corresponds to the intended pil ot peegreneds@EEMENt
val ue. 18. The device for providing access to a data comuni cati on network
according to claim15 or 16, 20wherei b8if an investigated data sequence

el ement does not correspond to the val ue expected by the nodemin the
second group, the decision entity is further configured to provoke the
modem i n the seBoRI"gEBUPNE 0SFeuestT AR hpgec@nrest at eCnEI25PEcei ve a

request for a change gfgstate;.sahd sequestofoloa shangecplostate causing

the nodemin the second group to expec elFenment w erent val ue

than before. 68tdéhe, reguéstefioesa thangechingtat® ssata oalsiheg

reconfiguration rquegt. 20. The device for providing access to a data
the modem 1In the second group to expect an element

5 with a different value than before.

5. The method according to claim 4, wherein the request
for a change of state is an online reconfiguration
request.

10

6. The method according to claim 4 or 5, wherein the
provoking a request for a change of state comprises
changing a communication quality component of the
second communication line.

15

7. The method according to any previous claim, wherein
the pilot sequence assigned to the second
communication line is an available sequence with the
lowest number of value changes.

20

8. The method according to any previous claim, wherein
the assigned pilot sequence for the second
communication line is one having a first element

25 which has an expected value.

9. The method according to any of claims 1 - 6, wherein
the element is an element of a first sequence (S1)
assigned to the second communication line, where

30 there is a second sequence (S2) also assigned to the
second communication line and the steps of

investigating values, comparing values and



5conmuni cati on network according to claim18 or 19, wherein the decision
elenment is further configured to cause a change of a communication quality
conponentwofoidmeseecond conmuni cation |ine when provoki rgTa&ER@EGUSHEY fOr a
change of state. 10 21. The device according to any of clainms 15 - 20,
wherein the elenent is an el enment of a9first sequence assigned to the
second comruni cation line, where there is a second sequence al so assi gned
to 15t he second communi cation |ine and the first and second el enent

i nvestigating ehffRsBsthiRI cONf¢HurRUtt bSiPoBseTHRatef 9Bl &5, the conparing

entity configured, gnggnggrgoyﬁlgg%%ggg%%he pil ot sequence transmn ssion

control entity configured to provi enents for transnission in respect
of all elenents of both sequences. 22. The device according to claim 21,

wherein the pilot _sequence transm ssion control entity. is 25further
confi gured tgl%o e 08 EmaRES 8T B6t I dhéhcéé%khﬁﬁ"a pi | ot sequence

el ement sekecti@hmEFiseRy0RohOEr {REM ARG 81PhiREsSeqUEHEr asghanedsto the
second communi cation |ine and choosing, for each el ement position in the

correspondi ng pilibt sefuentese3eree beltnenbdseonetepenenttefomeither the
first or the segopdcseguence that, fulfils Lhe,plloL seguence, glengnt

selection criterion.
communication line and choosing, for each element

position in the corresponding pilot sequence to be
10 formed, one element from either the first or the
second sequence that fulfils the pilot sequence

element selection criterion.

11. The method according to claim 9 or 10, wherein the
15 elements of the first sequence all have a first
value and the elements of the second sequence all

have a second opposite value.

12. The method according to any previous claim,

20 further comprising receiving (78) a handshake from
the modem in the second group as it is being
connected to the second communication line,
responding (80) to the handshake with a pilot
sequence assigned to the second communication line

25 concurrently with sending pilot sequences to the
modems in the first group and performing (86) a
responding handshake only after (84) a complete
pilot segquence has been transmitted to all modems in
the first group.

30

13. The method according to claim 12, further

comprising sending a signal for fast channel



64 23. The device according to claim?21 or 22, wherein the elenents of the
first sequence all have a first value and the el enents of the second
sequence wbl2obkhey@2a second opposite val ue. 24. The deviprce/sEor11psm39 di ng
access to a data comuni cation network according to any of clainms 15 - 23,
wherein the pilot sequence transm ssi 60 10control unit further conprises a
handshaki ng entity (44) configured to receive a handshake fromthe nodemin
the second group as it is being connected to the second conmmunication |ine,
order the pil otesefiehtent Fansn'e8¢BnieoRt? of 16hE| ¥yOtR tespopd’to 15 the

handshake with acpi| olaseanence, assioned §0,Lhe, second; somgupication | ine

concurrently with sendi ng pi sequences to ft inthe first group
and perform a respondange haadshakeiontyanafiter a comptete pihet sequence has

been transmtted to all nodens in 20the first group. _25. The device for
provi di ng acces%ofﬁe%Pﬂ%?bn%oﬁﬂuﬁ?%afY%ﬂhné?ﬁ%gﬁagc%grﬁ?%gOF%eﬁlain124,

wherein the pilg@baseguencentr anset sgirompocontrol unit further 25conprises a
channel estimating entity (46) configured to send a signal for fast channel

estimation to a nodemin the first group in a part of a nodem
;ngﬁgZa“%QPr%ﬁﬂﬁﬁﬂﬁf%&%%ﬁ%f@%%%@%@&&%ﬁﬁ@ﬂ@ﬁ and at a point

further comprising receiving (68) from the modems in

the first group quality measurements indicative of

10 crosstalk coupling of the communication lines at the

time of transmission of the pilot sequences,

determining (64) weights to be applied on

transmissions on the communication lines and

applying (66) the weights on the transmissions to

15 the modems of the first group.

15. A device (10) for providing access to a data
communication network for modems (22, 24, 26, 28),
the device being arranged to be connected to one end

20 of each of a set of communication lines (14, 16, 18,
20) and the modems being connected to opposite ends
of said communication lines, where there is a first
group of modems (22, 24, 26) including at least one
modem (22) connected to the device via a first

25 communication line (14), where the modems of the
first group support vectoring, and a second group of
modems including at least one modem (28) connected
to the device via a second communication line (16),
where the modems of the second group do not support

30 vectoring, said device comprising:

a communication interface (30),



30corresponding to the synch interval of the other nodens in the first
group. 65 26. The device according to any of clains 15 - 25, wherein the
modens arwodbgideadozsubscri ber |ine nodens. 5 27. The devictsramaosm@sng t o
claim 26, wherein the nodens are Very-high-speed D gital Subscriber Line 2
nodens. 28. The device according to ahy of clains 15 - 26, 10wherein the
device is a digital subscriber Iine Access Miltiplexer. 29. A conputer
program product for limting crosstal k between nodens (22, 24, 26, 28)
connected to a sefraBspiteonwuantht (ofh) | Faese¢lad 48, th8, 20), where there

is a first grOUQ%@$%£P€§g?o§gfmtééfagé)aﬁ@cégﬁkﬁg%ééd'Eésﬁogﬁfaﬁgde”?(22)

connected to a provi di ng access a data communi cation
network for nodemd wvianamfirgitgonmunheatodemsinea (idg, ssbhese 20t he nodens
of the first group su gort vectoring, and a second group of nodens

i ncl udi ng at Ie%%gm%%g Pbti’th ¢ 285 tonnected to the device via a second

communi cat ison | 4 nee£d6) i ndhek er t e rodense of « & heo SEEONEL BHOMPC 8101 HOt
support vectoring, the conputer 25program product conprising conput er
pr ogr am code interface and configured to receive and demodulate
data from the modems, and
a pilot sequence transmission control unit (36)
comprising

10 a first element investigating entity (38)
configured to investigate the expected wvalue of an
element in a synchronisation interval (SYNCH) to
be received by a modem (28) in the second group
via the second communication line (16),

15 a second element investigating entity (40)
configured to investigate the value of an element
of at least one data sequence assigned to the
second communication line, and
a decision entity (42) configured to compare the

20 two values with each other and select the element
of the investigated data sequence for transmission
if the value of the element corresponds to the
expected value, and
a pilot segquence transmission control entity (48)

25 configured to provide the selected element of the
second communication line together with
corresponding elements of a number of pilot
sequences assigned to the first group of modems
for transmission to the modems via the set of

30 communication lines.



(90) on a data carrier (88) which when run on a processor formng a pil ot
sequence transm ssion control unit (36) of the device, causes the pilot
sequence woansmes@on control unit to: 30i nvestigate thecespeatssiosal ue of
an elenment in a synchronisation interval (SYNCH to be received by a 66
nodem (28) in the second group via thé2second conmuni cation |ine (14),

i nvestigate the value of an elenent of at | east one data sequence assigned
to the second comuni cation 5line, conpare the two values with each other,

sel ect the ellénentlhef deie denviest ibgaradlida a cseqgerice of 6t ansi ssion i f
the value of the,eleme OLT £SPQLAS LO 118 & gﬁ&tggaYﬁl ve, Vﬁ}@gré‘? rovide

the sel ected el enent o‘?é%}ﬁe second communi cat | Tne together w
correspondi ng eteaentsestiganedbestafspihetcsegsencespasst gneduencehe first
group of modens_fof transm ssion to the modens via the set”of communication
5
17. The device for providing access to a data
communication network according to claim 15 or 16,
wherein if an investigated data sequence element
does not correspond to the value expected by the
10 modem in the second group, the decision entity is
further configured to wait until the modem of the
second group expects said value and select the
investigated data sequence element for transmission
in a subsequent synchronisation interval after said

15 expected value corresponds to the intended pilot

sequence element value.

18. The device for providing access to a data

communication network according to claim 15 or 16,

20 wherein if an investigated data sequence element
does not correspond to the value expected by the
modem in the second group, the decision entity is
further configured to provoke the modem in the
second group to request a change of state and

25 receive a request for a change of state, said
request for a change of state causing the modem in
the second group to expect an element with a

different value than before.

30 19. The device for providing access to a data

communication network according to claim 18, wherein
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the request for a change of state is an online

reconfiguration request.

The device for providing access to a data
communication network according to claim 18 or 19,
wherein the decision element is further configured
to cause a change of a communication quality
component of the second communication line when

provoking a request for a change of state.

The device according to any of claims 15 - 20,
wherein the element is an element of a first
sequence assigned to the second communication line,
where there is a second sequence also assigned to
the second communication line and the first and
second element investigating entities are configured
to investigate values, the comparing entity
configured to compare values and the pilot sequence
transmission control entity configured to provide
elements for transmission in respect of all elements

of both sequences.

The device according to claim 21, wherein the
pilot sequence transmission control entity is
further configured to compare the elements of both
sequences with a pilot sequence element selection
criterion for forming a pilot sequence assigned to
the second communication line and choosing, for each
element position in the corresponding pilot sequence
to be formed, one element from either the first or
the second sequence that fulfils the pilot seguence

element selection criterion.
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The device according to claim 21 or 22, wherein
the elements of the first sequence all have a first
value and the elements of the second sequence all

have a second opposite value.

The device for providing access to a data
communication network according to any of claims 15
- 23, wherein the pilot sequence transmission
control unit further comprises a handshaking entity
(44) configured to receive a handshake from the
modem in the second group as it is being connected
to the second communication line, order the pilot
sequence transmission control entity to respond to
the handshake with a pilot sequence assigned to the
second communication line concurrently with sending
pilot sequences to the modems in the first group and
perform a responding handshake only after a complete
pilot sequence has been transmitted to all modems in

the first group.

The device for providing access to a data
communication network according to claim 24, wherein
the pilot sequence transmission control unit further
comprises a channel estimating entity (46)
configured to send a signal for fast channel
estimation to a modem in the first group in a part
of a modem initialization procedure assigned to
echo-canceller settings and at a point in time
corresponding to the synch interval of the other

modems in the first group.
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26. The device according to any of claims 15 - 25,
wherein the modems are digital subscriber line

modems.

27. The device according to claim 26, wherein the
modems are Very-high-speed Digital Subscriber Line 2

modems.

28. The device according to any of claims 15 - 26,
wherein the device is a digital subscriber line

Access Multiplexer.

29. A computer program product for limiting crosstalk
between modems (22, 24, 26, 28) connected to a set
of communication lines (14, 16, 18, 20), where there
is a first group of modems (22, 24, 26) including at
least one modem (22) connected to a device (10) for
providing access to a data communication network for
modems via a first communication line (14), where
the modems of the first group support vectoring, and
a second group of modems including at least one
modem (28) connected to the device via a second
communication line (16), where the modems of the
second group do not support vectoring, the computer
program product comprising computer program code
(90) on a data carrier (88) which when run on a
processor forming a pilot segquence transmission
control unit (36) of the device, causes the pilot
sequence transmission control unit to:
investigate the expected value of an element in a

synchronisation interval (SYNCH) to be received by a
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modem (28) in the second group via the second
communication line (14),

investigate the value of an element of at least one
data sequence assigned to the second communication
line,

compare the two values with each other,

select the element of the investigated data seguence
for transmission if the value of the element
corresponds to the expected value, and

provide the selected element of the second
communication line together with corresponding
elements of a number of pilot sequences assigned to
the first group of modems for transmission to the

modems via the set of communication lines.



