METHOD FOR TRANSM SSI ON LI NE AN =LLYSI S TECHNI CAL FI ELD OF THE | NVENTI ON
The present invention relates to the field of transm ssion |ine analysis.
BACKGROUNRO 2010@84k97¢ Di gi t al Subscri ber Line) technol ogypcsisebooassigbBsl2, the
use of the spectrum available for the service is governed by a band pl an,
which is usually part of the standard. The plan specifies, for each end of

the | oop, which bands e I V. re.Lnot be used for
transm ssi on (pass banégrﬁgﬁdg‘%i kﬁ‘&\ﬁ%ﬂ%gioﬁsﬁ%ﬁb%fsoA PSD ( Power
Spectral Density) nmask specifies the permtted transmt power for the
bands. Normally, sone bands, upstream bands, are reserved for transm ssion

by the CPE (Custoner Prem ses Equi pnent) , whereas ot her bands, downstream
bands, are reserved for transm ssion by the DSLAM (Digital Subscriber Line

Access Ml t4 fﬁ@h FHreshe e Qklir¢8y Thus, a band which is a passband
in the bandhgpyfan or one er?geo%l thggf%oop will be a stop band in the band
plan for the other end of the |oop. There may be bands which are not

i nt ended f dfha ransaessi onvantabh (relgteshey atlee stopldands timansme ssand pl an

for the cenfral %}Hr%épsel end as well as being stop bands also in the band
OonEer e

plan for the cus Srid) . This may be to prevent interference with other

systens. Di fferent band plans may be used depending on the setting, i.e. the
ci rcunst ances and the | ocation on the | oop where transm ssion takes pl ace.
E.g. the PSD nasks are (naturally) different for the custoner and central

office BACKGROUND

In DSL{ Digital Subscriber Line) technology, such as VDSLZ,
19 the use of the spectrum available for the service 1is
governed by a band plan, which is usually part of the
standard. The plan specifies, for each end c¢f the loop,
which bands (freguency intervals) are intended to be used
for transmission (pass bands) and which may not (stop
15 bands) . A PSD (Power Spectral Density) mask specifies the

permitted transmit power for the bands.

Normally, some bands, upstream bands, are reserved for
transmission by the CPE (Customer Premises Equipment),
20 whereas other bands, downstream bands, are reserved for
transmission by the DSLAM (Digital Subscriber Line Access
Multiplexer) at the central office. Thus, a band which is a
passband in the band plan for one end of the loop will be a
stop band in the band plan for the other end of the loop.

25

There may be bands which are not intended for transmission
at all {e.g. they are stop bands in the band plan for the
central office end as well as being stop bands also in the
band plan for the customer end). This may be to prevent

30 interference with other systems.



ends of the |loop, but may also be different for different applications,
such as fiber-fed cabinets near the custoner end as opposed to copper
connect i onoablo/dsl7way bet ween customer and central of f ipceisSEBandsphans and
PSD masks may al so differ between differént markets or operators dependi ng
on regulatory requirements designed to limt interference to/from other
equi pnent. In general, it is not possible to design a transmtter to be
absolutely quiet (i.e. to transmt no power at all) m sone frequency bands
while transmtting at normal power in others. In particular, when

transmitting MarHassphandpoahnB0KAB! I ansth tapovesidhess whkl salways, be
side | obes and nternodul ati on products in the adjacent stop bands, i.e. a
| eakage of pdwer tPAt ¢ HREBAABS CHota Icht ERdled OF8E 1 PR amsni 98§ ohCOFoMhERES

reason, the ReResks, Al lowéscephain smallgtyansyil. power alsorin the stop
bands. Single Ended Line Testing, SELT, is a nmethod for testing a

transni 8si ofPdture (oopy heehn ¥ edairr eshacriehsmar ol epdnbrat heflfine
only. Typicgldy gesicgnal; of, soge: king 'aS.Ls%erEetQi‘LEP@réhﬂ?S@ggcﬁf@gﬁg ki ng

signal, such as an echo is received. Fromthe relations tween the sent
and the receiidedaiigned,, $uwfor pat ifodpeabder tdrbinate amnekb it $her operttines may
be deduced. i in e SEL T, ri pul i.S sent
to the Iinéﬁkghégf2é ??ﬁgbgghocgggggfSﬁggggﬁxéP E#%% ?g%re§%¥dg)i%ﬁg ects
in the |inewsorse seedt asnpeaks ahftikeschidacdir péanandnche? Posineson mayti ne

on the, gurv | ves, i ' hout er the line t def ect
1§ 59;} £S¢ 4\ qn bf&i "Q{E ]ir
| ocat ed. Fﬁg'( réhuenc;c}5 é%in(ié s¢ oﬁ§3}ytSS€L qg?%?ﬁ%ﬁﬁu§$%end§ng
on regulatory regquirements designed to limit interference

to/from other equipment.

In general, 1t 1s not pcssible to design a transmitter to be
absolutely guiet (i.e. to transmit no power at all) in some
15 frequency bands while transmitting at normal power in
others. In particular, when transmitting in a pass band at
normal transmit power there will always be side lobes and
intermodulation products in the adjacent stop bands, i.e. a
leakage of power into the bands not intended for
20 transmission. For this reason, the P3D masks allow a certain

small transmit power also in the stop bands.

Single Ended Line Testing, SELT, is a method for testing a
transmissicon line (locp) which requires actions at one end
of the line only. Typically a signal of some kind is sent
25 to the line and a resulting signal, such as an echo is
received. From the relaticnship between the sent and the
received signal, information about the line and its

properties may be deduced.

30 In TDR (Time Domain Reflectometry) SELT, a brief pulse is
sent to the line. The resulting echo as a function of time

is recorded. Defects in the line may be seen as peaks in the



wherein a nore or |less stationary signal covering many frequencies is
applied to the line for a certain tine. The resulting reflected signal as a
functi on wb 2h1omgwency, is recorded (i.e._anplitude and pohase2asosisfunction
of frequency) . The received signal as a“function of frequency is then

di vided by the sent signal as a function of frequency, to get an echo
frequency response. Various adjustnents and ot her nani pul ati ons can be nade
in order t % Epr EYENE diFTer ERE 199 PrpetBi s MeByClys& G THeVE nferge

Fourier transfonm: e R $8.JreSPANSR.0f i hBer hi Nge FBY: bes generaled
mat hemati cal |l y. When nmaki ng a nmeasurenent, there is often a desire for

greater accuracy, to be able to better resolve the | ocation and ot her
characteri sk?s SFrSBIANYY arfPistiier A9MEchometagts SEBP 11611 2g0@eAbpd

descri bes a,JOR {(1i 78 Rerai noRefi et Oﬁtar%n%bhogi%§Iei&w%ﬁ@| h¥ny
desi gned edge regions of TDR gulses makes it possible to add the
cor r espdndi W tiahc idomal h eehoesdt §0pldduce s i tebander kpil séinespdhse

measur enent .. fhjs; @l | egedly: sl wegnkhe L obl em o jhow 40 g%gﬁén@g! ejthan
just the first defect on a line. I'TU-T standards G .993.2 and G .992. 5
descri be theeDSIsZ anth ADSL 2amt Bndde dsair@speisvel §5 SUMMARYNCRITRE of

| NVENTI ON Wg%gﬁﬁgﬁhog a FDR SELT neasurenent on a DSL |ine intended for a

t echnol ogy such as "VDSL2, a signal may be sent in one of the pass bands and

the resulting signal received. For better accuracy, it is desirable to nmake
t he measur eéhfgnt received signal as a function of freguency 1is then

10 divided by the sent signal as a function of freguency, to
get an echo freguency response. Various adjustments and
other manipulations can be made in order tc¢ represent
different line properties. By use c¢f the inverse Fourier
transform, the impulse response of the line may be generated

15 mathematically.

When making a measurement, there is often a desire for
greater accuracy, to be able to better resolve the location
and other characteristics of faults and other line

artifacts.

20

EP 1 111 808 Al describes a TDR (Time Domain Reflectometry)
method wherein specially designed edge regions of TDR pulses
makes it possible to add the corresponding time domain
echogs to produce a wideband impulse response measurement.
25 This allegedly sclves the problem of how to detect more than

just the first defect on a line.

ITU-T standards G.9%3.2 and G.99%2.5 describe the VDSLZ2 and
ADSL2+ standards respectively.

30



with a strong signal and a | arge bandw dth. However, the transmt bandw dth
and signal power are limted by the band plan and associ ated PSD nasks.
Certai n astoantoages7may be achieved by transmitting in tlperands/oncity

i ntended for transm ssion (the stop band%) , contrary to the intention of
the standard, while still keeping the transmt PSD in accordance or
substanti al | K in accordance with the standard. The PSD bei ng substantially

according Ys PEndHEd INMENRESQNcont ext neans that the power nmay exceed
the PSD nmask limt sonewhat, but is still |ow enough as not to cause
unacceptable interference to e.g. other systens, and still very nuch | ower

than the P$Ddreviedisiral | eWedRi s HIAS Snbasngsenantt used af aISIr egil@r intended
transm ssion. In soq{s and plans, there may be a stop band which, is

si gni fi canttd Vi deic Bhy B tae PSS bahdsi 9D Eanpt eSeith SongR/DsL2

band plans ot heespaekr YAWHEORWE tBe 30= Mzt i15y | tpnded -creijther, for
downst r eam nor upstreamtransm ssion, I n or der to protect agal nst

unacceptabl e interference to other systens. By transmitting the FDR SELT
test signal®9n EicRTa BANT2Vsi ng 4 PSBSEHAPEofBI M8seor N5t "PRAREETENT

subst ant i akdiyt rcoaplsiresnyi téi dde PSRamaski a agaeaswaenent . camhe drmder phi ch
has a greater bandwi dth than if a pass band had been used while still not

creating urd@ESptablrenidéiferenc e L R agr & pafdwk B H &5 Ve Fhrbved

resol uti on when shihnespreperthesshMibesti me domain are to be
estimated. Since the signal (and hence the echo) is quite weak, the Signal

to Noise Ratio (SNR) will not be as good as when o _
10 Certain advantages may be achieved by transmitting in the

bands not intended for transmission (the stop bands),
contrary to the intention of the standarxd, while still
keeping the transmit PSD in accordance or substantially in

accordance with the standard.

15 The PSD being substantially according to the standard in
this context means that the power may exceed the PSD mask
Ilimit somewhat, but is still low encugh as not Lo cause
unacceptable interference to e.g. other systems, and still
very much lcwer than the PSD levels allowed in pass bands

29 and used for regular transmission.

In some band plans, there may bpbe a stop band which is
significantly wider than any of the pass bands. For example,
in some VDSLZ band plans, the spectrum from 8 to 30 MHz is
intended neither for downstream nor upstream transmission,
25 in order to protect against unacceptable interference fo

other systems.

By transmitting the FDR SELT test signal in such a Dband,
using a PSD that complies or at least substantially complies
with the PSD mask, a measurement can be made which has a
30 greater bandwidth than if a pass band had been used while
still not c¢reating unacceptable interference. A greater
bandwidth gives improved resolution when line properties in

the time domain are to be estimated.



transmtting a stronger signal in a pass band, where nuch stronger signals
are allowed according to the PSD mask. This di sadvantage may be at least in
part conpegodteadsdor bysendi ng the signal during a | ongecTiSEd®Osu36k
averaging the echo in order to inprove §NR) . The signal is preferably as
strong as the PSD mask allows to get as good SNR as possible, but if other
circunstances require it, a weaker signal may of course be used. Conbining

nmeasur ementS-HGE diFR¢ eféffabandd’d sharEar Cher St ol f npidvE rEsdtut FoR in

the tinme doymig) F@Mewi,sesimjyo_tm@ﬂﬁﬂi tEing Mt hpkhessraxteumaal | oued PSD
in all pass bands and then conbining these neasurenment results will give
rise to si dearshedtilpct e BfrendokmicAIbadause df PERE Fapsl i lidiee much

rrasur ements GAYRRD. i bhe: 8t Of Dands o, AaTEAMRIGYY QUeT - COT) GHAUR.

frequency band woul d have been desired. Instead of” a normal contiguous
measur enentTroverdig agivige tegng@aof ber éduengisés 1pwkkeel woubanerthdr foe Ayl | ow

power, or /.0l D of, t top. ;band t s, 0f range)
neasurenen§%§ﬁ§¥mgé§%§déb H fhgggﬁﬁ?eﬁegg) andgnbrefgggﬁlyvus?%g%%he
maxi num al lsowed iPSPs defr the ipartieubdr} bands, and those results then

concatenated in the frequency domain. At |east a neasurenent in a stop band

and a measwienent,jn an adiacentpass bandnaracdesirdp hbe,r ssubis of

whi ch may be concat enat ed. npar to a nmeasurenent on only one pass band,
or concat enattedapeasurendiits ¢h severiallepassibands ¢iher womcovaAtEyoess)

such & Jreasyrefient has a A gher ngi.se level, byt nuGh hetter time

resol ution. result of a neasurenent band 1s usually expressed

Combining measurements in different bands i1s a further way
te improve rescoluticon in the time domain. However, simply
transmitting with the maximum allowed PSD in all pass bands
and then combining these measurement results will give rise
15 to side lobes in the time domain because of the gaps in the
measuremnent caused by the stop bkands. A measurement over a

contiguous freguency band would have been desired.

Instead of a2 normal contiguous measurement over a wide range
of frequencies (which would either be all low power, or else
20 vioclate the PSD mask of the step band parts of the rangej,
measurements may be made in the different Dbands preferably
using the maximum allowed PSDs of the particular bands, and

those results then concatenated in the frequency domain.

At least a measurement in a stop band and a measurement in
25 an adijacent pass band are desired, the results of which may

be concatenated.

Compared to a measurement on only one pass Dband, or
concatenated measurements in several pass bands (i.e. non-
contiguous), such a measurement has a higher noise level,

30 but much better time resclution.



as an echo function in the frequency domain, i.e. the quotient between the
recei ved and the sent signal as a function of frequency. In principle, the
guot i ent we mtocadrect ed by the used PSD, and hence reswecrsesmyobssconbi ned
directly . If the AGC | evel of the receiver is not precisely known, the
measurenent results fromdifferent bands may not fit perfectly to each

ot her at the band edges, which may give rise to side | obes_that ma

decr ease t H&'& | Fes¥ksof it PoMeGPUERESEoN et P ut eneita L ¥k §Xﬁﬁ§¥6%d

addressed hys vari ousnhadj gshaENd L t eghnitgues s rEQliefXamMi@sa fih)e neasur eent
signal for a stop band may be made a little wi der than the band, so as to
extend a | 943t 917t oPERECPESPEEE | VECFAYEaRdd. UTife ABRSurthitls @&y fhen

be scal ed, @ achgi verbestedidndn the 1£9ien -9t oveld apucthenpass band
measurenent result and the stop band neasurenent result in the region of
over | ap® maye iffer-ase e g t weed adapt ednd oheREe preenses yey @Qcﬁoﬁghéﬁﬁ

Anot her ainBﬂ&ﬁﬂ?ﬁ to make a neasurenent over a w de frequency range (e.g.
the entire range supported by the transceiver) at | ow power (e.g. stop band
| evel s), then make hi gh power neasurenents in the pass bands. Each of the
pass band neasiUrenEnt resul taf ddif tisieibersdal edtsorasiee lackneys, athest

fit to the %%%H%%H@a%m resyl tsyf ofe fLaquenci es thay they haye in
common. A conbined result can then be nmade fromthe high power pass band
resul ts andamedtlop bandaphr rshel tdle Wideband reegsty. Whidis may agdvdat age

of thelénvgﬁkkpqugh?idé”f&ﬁ@éeghg{nﬁay decrease the time resolution of

the combined measurement.

This may be addressed by various adjustment techniques. For
example, the measurement signal for a stop band may be made
a little wider than the band, so as to extend a little into
ib the respective pass bands. The measurements may then be
scaled, to acheive best fit in the region of overlap. The
pass band measurement result and the stop band measurement
result in the region of coverlap may then be be further

adapted to fit precisely to each other.

20 Bhnother apprcach 1s to make a measurement over a wide
frequency range (e.g. the entire range supported by the
transceiver} at low power (e.g. stop band levels), then make
high power measurements in the pass bands. Each of the pass
band measurement results can then be scaled so as to achieve

2h a best fit to the wideband measurement results for
freguencies that they have in common. A combined result can
then be made from the high power pass band results and the

stop band parts of the wideband result.

30 It is an advantage of the invention that increased time

and/or spatial resolution may be achieved.



and/ or spatial resolution may be achieved. A further advantage is that

hi gher resol uti on neasurenents may be nmade w thout serious interference
wi t h ot hewoysmme7or |ines. Another advantage is that rcglserowesshauti on
nmeasurenents can be made w t hout violatiﬁg standards requirenents. Yet

anot her advantage is that except for the PSD limts of the applicable PSD
mask, there are no special requirenents on the shape of the PSD curve of
the sent sifyndPrtAETbERY284GEE or° oflel wisehest PRECART 480 aREAGETFESRREt t he

sent signalycan,penaqpoperahul essshati epacyrskgpat andnneikserr eduetian by
averaging over tinme is easily inplemented. A further advantage iS that

measur ement®t caii'dfe made by a standard DSL transceiver. Metallic access for
speci al test equipnment is not needed. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 shoys:idie RERAmsIe ofs an\SL2 RN thlogUnR a2 ,$BRWe tancgxanpl e

of PSDs of echo measurenents m non-overl appi ng but adjacent bands (one
st opband artF g asisand) Vickpgare 3tahensda sedubr¥esiSrul ate a SELT
measurenent on a 500 nmeter long cable with a bad splice (2 ohm series

resistance)yat 20-ARLET Jhromibhe xTUrnkhe ddgure @l:soshomsy a) $honal ograph
showi ng the transmtted S|gnal (T) and sonme of the received reflections

(R) . Figuilee 42ehbhealgraph B7SEchotisredPsPance Swsing LoRISFIUBARBSDSP. 2 9
-03- 2010 Rigurg. 558h0us,2 9raprh<ef ©che v distanse using the.pwhelay

edges or otherwise.

10 Still an advantage is that the sent signal can be a more or
less stationary signal and noise reduction by averaging cover

time is easily implemented.

A further advantage is that measurements can be made by a
standard DSL transceiver. Metallic access for special test

15 equipment is not needed.

BRIEF DESCRIPTICN OF THE DRAWINGS

Figure 1 shows the PSD mask of a VDSLZ band plan.

20 Figure 2 shows an example of PSDs of echo measurements in
non-overlapping but adjacent bands (one stopband and one

passband) .

Figure 3 shows a setup to simulate a SELT measurement on a
500 meter long cable with a bad splice (2 ohm series
25 resistance) at 50 meter from the xTU. The figure zlso shows
a signal graph showing the transmitted signal (T) and some

of the received reflections (Ri).

Figure 4 shows a graph of echo vs. distance using only band
DS1.



17 MHz band incl udi ng neasure -+ EC8 Yy
of echo vs. distance using all ﬂfhﬁéﬁitibéﬁggng
in the rewoi2ow/dsagrds . Figure “graph of "echo v®CTHESWANEB4USI Ng

t he whole 17 MHz band i ncl udi ng measur ements on recei ve bands %lg _\ﬂ'at_%%ac
errors in sone receive bands. Figure 8 shows a graph of a neas d
frequency domain echo wwth a step at the edge between two bands. Figure 9
shows a graph. which_di spl ays how the step of figure 8 was corrected.

B ouree 20 AMBTHE CRORTPIBuSc AEAED Gif s ire i St Hoda:s DA FghoLe
DESCRI PTI ON OF #VBORE MENTS: SidiH @ riendad-drigh@ sTest reSBLTE baalbs.utilizing

noi se and echo neasurenents can be very powerful in diagnosing problens
that prohibit or severely disturb communicatjon in a teleconmrunication
system High%%%%ﬁ?utfoﬁhF@§uI?s e r €Ta fFae ﬁ@%suﬁ%ﬁﬁﬁ?“ﬁhn&ﬁﬂ&@h ahd in
order to achteyesgoedpangRal ah®- Nei:senRatdio, (8 htgh Adr@nsmht henereSpeedral
Density %PSD is desired in order to keep neasurenent tinme down. However,
SELT tooPs iR2pFfnciple need to conply with the same band pl ans and PSD
masks as used for normal operation of the systens. Usually, regional

regul atory PSRyaBsks 8hs@sexi strabh agdiddrn ¢ tdwes sl bandh i anse R 0& der
to ensure conpatibility between nultiple conmunication standards (e.g., both
ADSL2 Annex A/ a¥dzMeRngr é8ehtdingt Rea Saheneteesen netddi ke Monady e ysth

allowed to vigtaterdPs 180MA Fdeeive bands.

2ends o1 O Sof 1oy S ud 2P

Figure 8 shows a graph of a measured frequency domain echo

10 with a step at the edge between two bands.

Figure 9 shows a graph which displays how the step of figure

8 was corrected.

Figures 10 and 11 show flow charts of measurement methods.
DETAILED DESCRIPTION OF EMBODIMENTS

15 Single Ended Line Test (SELT) tools utilizing noise and echo
measurements can be very powerful in diagnosing problems
that prohibit or severely disturb communication in a
telecommunication system. High-resolution results require a
wide measurement Dbandwidth and in order to achieve good

20 Signal-to-Neoise Ratio, a high transmit Power Spectral
Density (PSD) is desired in order to keep measurement time
down. However, SELT tools in principle need to comply with
the same band plans and PSD masks as used for normal

operation of the systems.

25 Usually, regional regulatory PSD masks also exist in
” addition to the DSL band plans, in order to ensure
compatibility between multiple communication standards (e.g.
both ADSL2 Annex A and M) present 1in the same access
network. No system 1s allowed to violate the regulatory

30 limits while one system can violate another system’s

RECTIFIED SHEET (RULE 91)



limts while one system can viol ate anot her system sstandard band pl an and
PSD mask if allowed by the regulatory limts . These PSD nasks are needed
to: - |inmvp2bamosksyd Crosstal k (FEXT) |evels, thus proteeCisg2@monmsm cati on
on nei ghbor lines {e.g. sane or other DSL flavors, POTS, ISDN) -- limt
Near - End Crosstal k (NEXT) | evels when transmt and receive bands are
over | appi ng {comon problem w th echocancel |l ed systens and when different
systens ar &taikaddi RabRerdaneatdbFalbitadsr } £l pid PWodt Pof L BanBe el 35Pons
such as sidelobes and internodul ati on products fromthe transmt band

| eaking into the receive band {primarily for frequency division duplexing
systens) For DSL technologies, the PSD limt mask specifies the maxi num PSD
both for the transmt bands and for the receive bands (spectral |eakage).
This mask is separate for xTU-R and xTU- 0 side. Existing ADSL SELT tools

are intended ker pGantraks Ok Fice-4 L) Wepl oynent and typically use a flat
PSD at about -40 dBm Hz since a flat PSD sinplifies the neasurenent and

anal ysis. Such_a signal viaolates the COside ADSL PSD | imt mask regarding
t he upstream (stobbafd) &id P Sadsd bi YERTF ol§VEhSupsttEant bf L wiet Hibor

lines. It mayheweverostidd beiahbowed: acLor ding t ossggulAt oby nki-m psr si nce
there are other systens that use this spectrumbut this approach is not

al wvays feadilblverand 8éfi ni#8¥Y not for hi gher frequencies, e.g. for VDSL2
upstream bands ot her than USO.

-- limit Near-End Crosstalk (NEXT) levels when transmit and
receive bands are overlapping {(common problem with echo-
10 cancelled systems and when different systems are mixed in

the same cable binder)

-= limit out-of-band emissions such as sidelobes and
intermodulation products from the transmit band leaking into
the receive band {primarily for frequency division duplexing

15 systems)

For DSL technologies, the PSD limit mask specifies the
maximum PSD both for the transmit bands and for the receive
bands (spectral leakage). This mask is separate for =xTU-R
and xTU-0 side. Existing ADSL SELT tcols are intended for
20 Central Cffice (CO) deployment and typically use a flat PSD
at about -40 dBm/Hz since a flat P3D simplifies the

measuremaent and analysis.

Such a signal wviolates the CO~side ADSL PSD limit mask
regarding the upstream (stopband) and may <cause bit errors
25 on upstream of neighbor lines. It may however still be
allowed according to regulatory limits since there are cther
systems that use this spectrum but this approach is not
always feasible and definitely not for higher Ifreguencies,

e.g. for VDSLZ upstream bands other than US50.

30 Since the dynamic range of a communication receiver is

limited by the effective number of bits in the Analog-to-



Since the dynami c range of a communication receiver is limted by the
effective nunber of bits in the Analog-toDigital converter, an Autonmatic
Gai n Contwol20{0AG@)77i s of ten used to adapt the input si gm@lr/siEmoa/Okaal whi ch
best utilizes the dynam c range. Tine rédol ution is inversel y proportional
to the nmeasurenent bandw dth, which inplies that, in order to achieve high
resol ution, neasurenents should be perfornmed over a | arge bandw dt h.

However , wHr® ifsiing & Wa defan s RHaF orC tGmedlonain it @hal st s, 15t of§en

inrportant NAed O ¢ f&andggBS ‘clﬁ‘e”h%ﬁdteqlé%@%ldoﬁé' Ny i1&emnORrTRASULEd:
frequencies within the band. These gaps can be seen Iike multiplication

with a rectdngulZes WhedoWwn#ii-eh#ASEt me- domai n transl ates to convol ution
with a sine function (sinc(x) sin (px )/ (px ) ). Such a convolution

causes excessid/e-oddingiing’ 1%“%&&1%@@3}";3&%;)%‘&%%? k%V%heOfnetaB'éréfngﬁt
function and sidel obes froma strong écho can de the main | obe of

weaker ‘echdanspadthf r onngahs, irgmyi asypénat, stiep &rdieépl Ho ¢ Heige vof bllébe in

the frequency domaip, théam&'er%sm Is%u@&f%%ts efrpreblemin & 91 YDeL2 is
that the transmission band is split into nulti I:IDe bands separat ed %

receive barifcﬁs%{htlrdé;rhlsm%@r@ﬁﬁrgap‘sf)en ABLhough thﬂﬁk@alld VOSIIEt r épsceiipers are
Eﬁgggl-ﬁi ﬁfe est (S&Wtoégﬁ yd:l%e #I?qg%sg%gtmgtg;:egﬁbg%ggl(%épf iinn atb/f)SLZ
DSLAM vvoul d‘fnmmrﬂqy n&an:z B meads 6 ement-gasdwedt hl ofqueass ashani BhivHz Ehe. e,
pgtsol uti on W ﬂ[hlaﬁhtgg %A\Héeﬁrgsésa? el %%}A%)S%l}gﬁ?g%?vi&tthhe
at t ai nabl e reegeingtilen. Usimpwanothierh dowmst remerbdandife. granslates to

convolution with a sinc function (sinc(x) = sin{nx)/{(mx)).

Such a convolution causes excessive “ringing” due to the

high sidelocbe level of the sinc functicon and sidelobes from

15 a strong echo can hide the main lobe of a weaker echo. Apart
from gaps, any type of step or rapid change of slope in the

frequency domain will cause similar effects.

A problem in e.g. VDSLZ 1is that the transmission band is
split into multiple Dbands separated by receive bands
20 {transmission gaps). Although typical VDSL2 transceivers are
capable of 17 or 30 MHz bkandwidth, limiting e.g. FDR Single-
Ended-Tine-Test (SELT) to only the first downstream band
{(D31) in & VD3LZ DSLAM would usually mean a measurement
pandwidth of less than 2 MHz, i.e. not much more than the
25 2.2 MHz available for ADSLZ+. The achieved resclution will
in this case be less than 20% (3 MHz / 17 MHz) of the
attainable resolution. Using ancther downstiream band (e.g.
DS2, DS3; instead of DS1 c¢an give slightly better time
resolution if the used band is wider but the improvement is
30 marginal and the attenuation will increase due to the higher
frequency, leading to reduced SNR. Using multiple downstream
bands together in a time domain analysis of a FDR
measurement result is also not trivial due to the frequency

gaps menticned above.



DS2, DS3) instead of DSI can give slightly better time resolution if the
used band is wider but the inprovenent is marginal and the attenuation wll
i ncr ease woeaotowetidve hi gher frequency, |eading to reducedcBNR20009513g9
mul ti pl e downstream bands together in a“tinme domain analysis of a FDR
measurenent result is also not trivial due to the frequency gaps nentioned
above. (However, a frequen%% domai n approach could stil| be used, e.

. : g.
adapti ng par$it&'s ih ATRBURTCYT daME FENSMPLOPER 15N I vt T wi BhotESfaul t s)

to the neasurgmentapesid tsapindheryeasuneddaequency bandsm)s& furthee
problemis that when a w deband FDR echo neasurenment is perforned b

concat enat i ¥ T/tiitHIce tre gt Bt 1 &ﬁﬁ?eF@ﬁ?UPEE?§Ettiﬁﬁy§¢ﬁhy0§pp¥9€in

the receivefsadigadi notPedlgcoRLRUIties in the concatenated signal if the
AGC gain steps are not perfectly known. This will create effects simlar to

the frequency domai n gaps al beit usually not as severe. The problens can be

sol ved by per fiotiiy mitepien FOR echr hreadiement sWidoeandn BERdschRBE

i ntended f gfeddiansmngsi ons USing rdirfker ent, ( oveld RRRLAG tOhgad] AGERE) 1 parts
of the avail abl e spectrum and using PSD | evel s that do not "viol ate

appl i cabl e "MSDUNSGHGES  Thedd LrEasir eAbht s satéipneén B4l edPpivpeiny, the
ensure a ContdJiueys e?EQd?Egba&g %ﬁ%%mt@%@i%@@%at%atﬁ% tgokeg%ﬁﬁ%geband

echo neasurenment with high resolution and | ow sidelobe levels in the tine
domai n. |f Sigdeédsary, thepbatedappasicdrente aret peef be oy ahdoaver 3héd m

order {@ inprove thg: SNR¢dlLRoughy, & modem i 8,00t $UpRAsed 44, AngaLL on

t he receive
albeit usually not as severe.

The problems can be solved by performing multiple FDR echo
measurements, even on bands not intended for transmission,
using different (cverlapping or adjacent) parts of the
15 avallable spectrum and using PSD levels that do not viclate
applicable FPSD limits. These measurements are then scaled
properly, to ensure a continuous echo at band edges, and
concatenated to form a wideband echo measurement with high
resolution and low sidelobe levels in the time domain. If
20 necessary, repeated measurements are performed and averaged

in order to improve the 3NR.

Although a modem is not supposed te transmit on the receive
bands or other Dbands outside the intended transmission
bands, a certain transmit PSD level must be allowed in those
25 bands (stopbands) due to spectral leakage from the transmit
bands {passbkands) as mentioned in above. If the transmit PSD
is kept below the limit, it should be possible to transmit
in the receive bands without disturbing neighbor lines. Of
course, the BSNR will typically be much lower than for

30 transmit bands.

PSD limits outside the intended transmission bands in VDSL2

are typically about -100 dBm/Hz and scmetimes even lower but



bands or other bands outside the intended transm ssion bands, a certain
transmt PSD | evel nust be allowed in those bands (stopbands) due to
spectral weakagmssfmom the transmit bands (passbands) aspoeskeanesisiin above.
If the transmt PSD is kept bel ow the Iilr?it, it should be possible to
transmt in the receive bands w t hout disturbing neighbor Iines. O course,
the SNRw il typically be nmuch Iower than for transmt bands. PSD limts
out si de t he'ii it eRldke: $+amsni s&Po% BSAASTFREVDSLE2MEr e & ypithH ye@Boutarnioo
dBm Hz and songt i}jgesa&]}ﬁqgehqv\er butwith sufficiently | ong neasurenment tine,
a useful echo can still be acquired. A s an exanple, figure 1 shows VDSL2
band plan B7-9 [G 993. 2 , Anmendnent 1 ] . It has three_downstream bands
(DSI - DS3)Rs:arf! ORIt ridemtsandsSHAUSO SRR Wigde PRe Bowdst. G 086 225 -
138 kHz) i saotandrsdi blie in the figure since it is too narrow for the used
frequency scale. The w dest transm ssion band is DSI, which is about 3 Mz
w de. Sonme ADSL SELT inplenentations already today transmt on the ADSL
upst r eatn f ridquehti 88 eF t ROYhe: SRitfe At s P§P)¥%1s’f 8¥3Hoﬁﬁ§t Fedi PPEGUEARI es

(e.g. -40 dBHAdF) (usdhi-symeans;Hdat dheyiastyal [ysyiobate they ADSE) 15
downstream PSD mask but this is possible in sone tel econmuni cati on networks
si nce oper &t sVhsHal ¢y 1Ravid ot heFusyseensel iKe 1SDRCAnd2SHDIL feheidei ng
crosstal k atsdhesefsequencigs and crosstalk coupling is I ow However, this
approach is not always feasible and definitely not for higher frequencies,

e.qg. for
g The widest transmission band is DS1, which is about 3 MHz

10 wide.

Some ADSL SELT implementations already today transmit on the
ADSL upstream freguencies with the same flat PSD as for
downstream frequencies (e.g. ~40 dBm/Hz). This means that
they actually violate the ADSL downstream P3SD mask but this
15 is possible in  some telecommunication networks since
operators usually have other systems like ISDN and SHDSL
generating c¢rosstalk at these frequencies and crosstalk
coupling is low. However, this approach is not always
feasible and definitely not for higher freguencies, e.g. for

20 VDSLZ upstream bands other than USO.

In this invention, gaps in frequency when performing normal
FDR echo measurements cn transmit bands can be mitigated by
also performing echo measurements on The receive bands,
using the PSD limits intended for spectral leakage. In
25 principle, transmit and receive bands could be measured
simultaneocusly (e.g. with a single test signal where the
power 1is much higher in the pass bands than in the stop
bands, for example several orders of magnitude higher),
however in order to best utilize the dynamic range of the
30 transceiver {and not to violate receive band PSD masks due
to the combination of transmitted signal and spectral
leakage from neighbor bands), receive and transmit band

measurements are preferaply performed separately. Also, with



VDSL2 upstream bands other than USO In this invention, gaps in frequency
when perform ng normal FDR echo neasurenents on transmt bands can be

m t i gat edwbyosl@per f ormi ng echo neasur nts on the receiskeovandsy usi ng
the PSD limts intended for spectral |eakage. In principle, transmt and
recei ve bands coul d be neasured sinmultaneously (e.g. with a single test

signal where.th ower is nuch higher in the pass bands than in the stop
bands, for @%@Hﬁ? T Severaf e ot et ?ﬁﬁﬁﬁﬁé&k?qﬁﬁﬁﬁﬁ)fﬁonhéﬁé%e§tq9?gﬁﬂder

to best utiphzepihe dyhmad cwiBngenodrtde: thanscgiyere{iand dQin:10 v aliat e
recei ve band PSD nmasks due to the conbi nation of transmtted signal and

spectral | eak3gRa 1Y ont $& GHBbrthsarfdeadyr ddi vERanl thahsni t band

nmeasurenents are preferably perfornmed separately. Al so, wthsinultaneous

nmeasur enent anSpeetipak |eakagesf iem st [ 9ngarupasshapg sh grabwwi ldcho
interfere with the weaker signal in the stopband, reducing the already |ow
SNR f ur Pher "CARREXAHPTe o tRPR- P PREUrA RGMHItchPERehs 16 -

measur enent snkn NARPHRVRN | ApPI Qﬁuebuﬁaégbéﬁﬁntisbaﬂ_@%uf@cﬁ e, energtophang, and
one passband is neasured. In the shown exanp it would al so be possible

l e
to neasure BYeFPaPl firleqliEHéflesi Wit h 2% PBESaIL1e00 UBHPRE AR P¥eh medsur e
agai n with a-bigher; BSO, i theppasshandsy dfh grdelnd oddd ystdabe thein

enhanced resol ution achieved with the current invention, a sinulation was
per f or med w't R a® FDRIISEL TP Thedsurtdire e ssihvaadse0 neter | ong ETSI 0.5 mm cabl e
with a bad cable splice (2 ohmseries resistance) at 50 neters fromthe
xTU, asgshown in figure 3 . Figure 3 also shows a signal graph show ng the
transmtted

In order to illustrate the enhanced resolution achieved with
the current invention, a simulation was performed with a FDR
SELT measurement on a 500 meter long ETSI 0.5 mm cable with
a bad cable splice (2 ohm series resistance) at 50 meters

15 from the xTU, as shown in figure 3.

Figure 3 also shows a signal graph showing the transmitted

signal {T) and some of the received reflections (Ri).

A freguency domain echo U{f)is calculated as:

 R(O . .
VD=7 RD= ZR,(.f)

20 where R{f)is the received signal and 7(f)is the transmitted
signal. By dividing the received signal RI(f) with the
transmitted signal T{f), the echo will in principle not be
affected by the used PSD and hence the large PSD difference
in figure 2 is compensated for automatically. As shown in

25 figure 3, the received signal is a sum of several different
components R,(f)} with different delays depending on the
traveled path from transmitter to receiver. Further, since
T(f) contains the transmit PSD level, the resulting echo
should ideally be independent of the used PSD curve apart

30 from BSNR, which will be proportional <to the PSD. The



signal (T) and sone of the received reflections (Ri). A frequency domain
echo U(f) is calculated as: where R(f) is the received signal and T(J) is
t he transwot2vadesizgnal . By dividing the received signal pREfSE20mbikiskhe
transmtted signal T(f), the echo wll it principle not be affected by the
used PSD and hence the large PSD difference in figure 2 is conpensated for
automatically. As shown in figure 3 , the received signal is a sum of
several di fF&RPet @SfforfeMcs RYWIeiint i iddrerent/ (Gl ays taeperairngcdadt he

travel ed pq{ from t(i?ﬂé%’%}tﬁﬁsw{{%ﬁi \iﬁg'tslzeur'%%eﬂ[sd:e%‘ine%e 1Tr§ :Jg)rggpt ions

the transm eve e resulting ec ou be" i hdependéent of

the used P3Rtcusvezaparktés orcbbRrewioeReWdd Depr oportionabsto & gy PSD.
Theuncal i brated echo frequency response U(J) is then corrected for any
(linear) diBtiért il iarathen r aFscecyer i nsor dérepdygeticaceabedr ated #eho
responsg or; Pty g=eburn | 088 _SU k) 145Thi $pcall i on_ppo re.Ls

al ready descri bad T2 W0 200@/%1003%3’&6? (u@%?68%5?51255‘8&E%?%22§955b? and
will not beatgpdsced drar.e. FRUEhder , ihnoodder tico gt @ time-donaim echo

response, V.n the return Joss 1 1 (Z) is filtered, e, g. by multipljcation
with a suitabi r\ﬁler’idd\_m(btmcﬂ‘%nr?EEﬁgla%O&SKa?ESQS vﬂisndgiv\,ft%‘?%dft hend an®Y
i nverse Di %ﬁﬂ%ﬁ%f%&'i_%h Ty anst ar mk 5. appl | @dnaBy PEL{ANMANIShAE a5

substitution d - ‘tré%‘p- distance and v = velocity of propagation v we get
an approxi Fet4iS&T f ofiPvechoald. dhshance: f ubeY$ove UsPhgcantechourier

TEASUrGIENtr dhhand, 5! bt RetnesPSD. ShouR: 9 £GUs sk WhED Rer for i ng an

echo neasur enent grves an s

2d
{=—, d = distance and v = velocity of propagation
Vv

we get an approximation for an echo vs. distance function

Sh(d):“ﬁl[ggl-

15 Using an echo measurement in band DS1 with the PSD shown in
figure 1 when performing an echo measurement gives an s (d)
result which does net reveal the existence of the bad
splice since the reflection is drowned by the stronger echo
from the impedance discontinuity between the DSLAM and the

20 cable. This 1s displayed in figure 4 which shows Eche wvs.
distance using only band DSl (approx 3 MHz). The bad splice
at 50 meter distance cannot be resolved due to the mainlobe

width of the near-end echo.

However, when performing echo measurement with the full 17
25 MHz band and the PSD levels from figure 1, the bad splice at
50 meter distance 1is seen clearly as displayed in figure 35,
The figure shows echo vs. distance using the whole 17 MHz

band including measurements on receive bands.



result which does not reveal the existence of the bad splice since the
reflection is drowned by the stronger echo fromthe inpedance discontinuity
bet ween twe 208loéM7and t he cable. This is displayed in fipguse2ehonkizeh shows
Echo vs. distance using only band DS (alpsprox 3 MHz) . The bad splice at 50
met er di stance cannot be resol ved due to the mainlobe width of the near-end
echo. However, when perform ng echo neasurenent with the full 17 MHz band
and the PSDIevErS $rom$iquite 190 PRBEShabiagpbreanat "s5oneeakedi §Pante is

seen cl earlynas sdi-sphayed ddudd i €c8 i nthe,t bk e Shaws .achon Vs, dicgtance
using the whole 17 MHz band includi ng nmeasurenents on receive bands. The

far-end echtiate 500°HRtIErS hdse et Hirdh ieakdy due te tthe gucengower

attenuati ongigf §he wdebapd; 5L9nalq Al sgy i ihe paLsenfilioes, hass|nerpased
dramatically due to the much lower SNR in the receive bands. Still, the
mul ti bahd sygnal upsfvér yruséftiFcto stEEmpr obbeds ¢l osket ¢ ramemitter.

transm ttery; & so. e, poise £laar iR the. myihand et bogogoulglbe Lwer ed
to some extent by filtering. This filtering does not have to be applied to
al | bands; }aweed beo benef icitant dry thiel wantred digmalfitigeoniny ficksencthe
noi si est bands, whigh typhoald yyould he e recelye pands, Thisayoyld

al I ow reducing noirse whi'le still keepi ng nost of e Thcreased resol ution .
To show t hath4 heanee@i végbahd techo: iypaSurienenth¢ eabliyiénapr buesst hehiesul t,

we al sp.tri to fill t ga b en the transmt bands wt const ant
val ue,?%. g.&g)e coai]hl@)J e(‘:vﬁhc}%fio g%r o’”el%ign\et ose ﬁan%g.%@‘?hi s%%l “koeugﬁangi(i%%e)w
| evel s | ow beduaingt eadjissi delidlke bevel s ksiddinignonesse odr atiad | dalclrgaasdseen

resolution.

To show that the receive band echo measurement really
improves the result, we alsc tried to fill the gaps betwsen
15 the transmit bands with a constant value, e.g. set the echo
to zero in those bands. This will keep ncoise levels low but
instead, sidelobe levels will increase dramatically as seen
in figure 6. The figure shows echo vs. distance using all
transmit bands and setting S11{f} to zeroc in the receive
20 bands. The bad splice at 50 meter distance cannot be seen
due to the high sidelobe level of the near-end eche at 0

meter.

The results so far assume either an ideal AGC or some method
tc properly scale echoes measured in different bands in
25 order to form a <c¢ontinuous echo when concatenating the
measured bands. If this 1s not the case, we can get results
similar to figure 7 where all bands were measured but the
echoes in two of the receive bands were multiplied by a
random number corresponding to that AGC gains were not
30 perfectly known. Here, the sidelobes will make it difficult
to see the bad splice. Figure 7 shows echo vs. distance
using the whole 17 MHz band including measurements on
receive bands but with AGC errors in some receive bands. The
bad splice at 50 meter cannot be differentiated from the
35 sidelobes.



in figure 6 . The figure shows echo vs. distance using all transmt bands
and setting SIl (f) to zero in the receive bands. The bad splice at 50

met er di swenos/wavnot be seen due to the high sidel obe lpersik2b/o51389
near-end echo at O meter. The results so%ar assume either an ideal AGC or
sonme nethod to properly scale echoes neasured in different bands in order

to forma caonti nuous echo when concatenating the neasured bands. Tf this is
not the cage"h@an" et PFeRuttsvWsii PSP 56 G guiire® 7edeTer 2199 pihds fer e

neasured bwxddfia cechoas | Awp pfciheq recehve handpewer @i vuht tpE edrBy a
random nunber corre%pondlng to that AGC gains were not perfectly known.
Here, the siRfél obes Ball | L1eakes i Pediveencul fat g idecd e 556 196! i &9 géire 7

shows echo afgydiisf ane@MShingsbhe wheleidds M band inclygdi.:ng measurenent s
on receive bands but with AGC errors in some receive bands. The bad splice

at 50 nmeter cannot be differentiated fromthe sidel obes. Although the
probl ent wi th AGERBEFBr "iasOBkadyerated (adidecekaRpresabdié, ®Hfs prREBl em

is not unlikgly ghvenyie,ladgespan-0ip&shk | avel sohet weshs t nanspi-toand

recei ve bands as shown in figure 1 . Sone solutions to this include: --

Measure w tHoutl'eveér] &pe( ddjffaesantbanddy and make sure that the neasured
echo response is continuous by proper scaling of the different bands

Measure w thoutyQuerd-ap tadhacentybands) angssse@ palnam ahgor ,other data
nodel to fit the measured data at the band edges and extrapol ate towards

t he nei ghbdiolpamaics crreatehan drtef Meral &veriidp Her weewns berrdsdata ofé or
MOreé 105 the band edges and extrapolate towards the neighbor band to

create an artificial overlap between bkands at one or more

frequencies.

-- Make sure that the measured bands always overlap at least
slightly and use this overlap to adjust scaling of the

15 measurements with e.g. a least sguares fitting

-- Calibration of the different AGC levels in the receiver
in order to improve the error between selected AGC level and

actual AGC level..

-—- Using the same AGC setting for all measurements that
20 should be concatenated to a single result (may result in bad

utilization of tThe dynamic range of tThe receiver).

An example of how the problem lcoks in freguency domain is
shown in figure 8 with a large step at 14 MHz where DS3 and
25 US3 meet. The step was caused by insufficient calibration of

the AGC.

The result when US3 measurements are adjusted so that the
Uncalibrated echo response (UER{f)} beccmes continuous can
be seen in figure @9, which shows the step corrected by

30 adijusting the level of the echo response in the last band in



frequencies . ~~ Make sure that the nmeasured bands al ways overlap at | east
slightly and use this overlap to adjust scaling of the nmeasurenents with
e.g. a | emehoageasres fitting -- Calibration of the diffecest2i&0sizevels in
the receiver in order to inprove the err'dr between sel ected AGC | evel and
actual AGC level.. Using the same AGC setting for all neasurenents that
shoul d be concatenated to a single result (may result in bad utilization of
the dynani Ci%ge 6F 9 r ecei V&Y AFadEipicd o She&ehe PBPEBE emtt Boks in
frequency doimiindcssisshewnsiyn figure 8 with a large step at 14 Miz where DS3
and US3 neet. The step was caused by insufficient ca.libration of the AGC
The result when US3 neasurenents are adjusted so that the Uncalibrated echo
response (UERUEY) @BEcotes "EGRtirRiIGus ' th BEedder i v5f itGurease, awnhitéR5hows
the step cordecheddy adiusting Lhgel evel10f-4he echo: responsenkpet berl ast
band inorder to get a snmooth transition between bands, i.e. continuous
UER(f) .5 A Vidt i aapalie meds didavgtiiinth ovet| apes fd lnalike @r f PPstHfeasur@nent
covering the,ole range that the dransegivert i §,6apable of ci®asuLi-pgy €. 9.
the full 17 or 30 MHz. " (A sna?ler range i s possible, but it should at”| east
partly coveroighe oo tigandaand avdeopaseapandyndhe first neasurement is
preferably made with a flat PSD | evel which is the maxi num all owed PSD in

the band which has.thed.owestall oned Pebe gy theidTeasu egent Usesghhe
stop band allowed PSD, typically -100"dBnf Hz.
level which is the maximum allowed PSD in the band which has

10 the lowest allowed PSD. IT.e. the measurement uses the stop

band allowed PSD, typically -100 dBm/Hz.

Further measurements are then made in the pass bands, using

PSDs allowed in those bands.

Fach of the further measurements are then scaled so as to
15 produce a best fit between the further measurement result
and the first measurement results for at least some, but
preferably all of the frequencies that are present in both

measurements.
Best fit may be by least sguares or some other method.

20 A single concatenated echo frequency response result for the
whole covered frequency range may be generated by simply
discarding the parts of the low-power (e.g. low SNR] results
Lhat are within  the region of overlap, and  then

concatenating the remaining data.

25 A more elabcorate method is that the results of the first and
second measurements for frequencies that are present in both
measurements are combined using a weighted average,
preferably with a high weight for the results with a high
SNR, e.g. the pass band measurements, sc¢ as to create a

30 single, concatenated echo frequency response result for the
whole covered frequency range. This will reduce the

influence of nolse.



Furt her measurenments are then made in the pass bands, using PSDs allowed in
t hose bands. Each of the further neasurenents are then scaled so as to
produce awvbesto/dsisd77bet ween the further neasurenent resulptTardoobbsishs r st
measurement results for at |east some, bift preferably all of the
frequencies that are present in both neasurenents . Best fit nmay be by

| east squares or sone other nethod. A single concatenated echo frequency

response reSeFtNgor theCT#Or et ¢ oV BRI r&UEHE T fge Sy -Be  geHéRSt 8d by

sinply discagsgdiag dhecpardsqdf shecdownomel (€ Dred10p, SNRE KLesukts Lhat
are wthin the region of overlap, and then concatenating the remaining
data. A norelel #BéPateImEt iR dcs Thai Peheslasiiiass dffthefilnstnamd §&€ond

measur enentsqdof Lrequenchesithat e pregentnd nohoth ppasyrenent $.3Le
conbi ned using a wei ghted average, preferably with a high weight for the
resul t s°wi treas W GIESNR, teeg wallidtpassr bahd tnessramets, so asltoteréate a

si ngl e, Con@%&n@ﬁ_dwgggﬁtf [FBQUENLY [ efeﬁé’%éu]@&ﬁeﬁ%e#mehﬁscg}é%red
frequency range. This will reduce the influence of noise. urther, in
order to prevererdi scomd niuien eshee wpiocbagsed chygnaise)l at (fhe edgeplef the

regi on of v b ! t . ght.ed av rasgﬁ_ e I :
differentl gyﬁg%af%)ﬁewhjgﬂggfsrg%é?ﬁ%)o%%wgp&{]égﬁgn.a%& e%%églgeg%ﬁgﬁt%gggl ow
power neasuwlemenmovirhe waiqghthef aredtibat cffeasareaent is set to 1 (and the
wei ght for the high power neasurenent is thus set to zero) , and then the

wei ght sparep graduglbly (for,examle, nigh power measurements are not

completely overlapped by low power measurements {e.g. the
case where each stop band measurement covers the stop band
and a little bit of each adjacent pass band), the region of
overlap will have an edge to a low power measurement on one
15 side and an edge to a high power measurement on the other
side. In this case, the weight is preferably set to 1 for
the low power measurement at the edge towards that
measurement, and set to 1 for the high power measurement at
the edge towards that measurement. In both cases, the
20 weilghts are gradually changed into an SNR-based weighting

when moving into the region of overlap.

In a wariant, the weighting is c¢hanged linearly with
frequency from 1-0 to 0-1 from edge to edge for the low-
power and high-power results respectively. I.e. at the edge
25 to the low-power measurement that measurement is used, and
at the edge to the high-poweser measurement that measucrement
is used, and in between there is a gradual change from one

to the other.

When an echo frequency response has been so obtained it may
30 then be further used, for example to generate the line
impulse response by inverse Fourier transform, as explained

above.



linearly with frequency) changed into an SNR-based wei ghti ng when novi ng
into the region of overlap. In a variant where the high power neasurenents
are not owopbsvmhkyr7overl apped by | ow power neasurenment s pCE/Sg20000€13¢AS e
where each stop band nmeasurenent covers the stop band and a little bit of
each adjacent pass band) , the region of overlap will have an edge to a | ow

power neasurenment on one side and an edge to a hi gh _power neasurenment on
the other sitéi§% thi s2tdse! t RECHeight | SUpkaeer aBilysseptisnl dlor thke | ow

power measufiei@iterinit hetedee tawandsethabopeasurenent, and set to 1 for
t he high power neasurenent at the edge towards that neasurenent. In both

cases, the weights are gradually changed i nto an SNR-based wei ghti ng when
movi ng int ot% hgl‘i‘é‘fﬁ ol of \overiEy 1 a it FimShie gueisngemenéhafged

linearly wigdud requancycbpomadsd ton0-3l trem edge t9 adge for,gde. | owpower
and hi gh-power results respectively. |.e. at the edge to the | ow power
neasur errent©t hdie ifchs b efents reae et aresthie: edgé e ol the @K@ﬁEB©M?er
nmeasur enentyd habe MRASULIRNtF dSliseds A, d etyee e '

change fronf%ﬂe%?o t he other.eﬁﬁen an echorg¥£qd%ﬁcgo%%s%gﬁgg‘%gg%%gg% SO
obt ai ned i tS¥y Renthbe flireheimpgbde fiHrsreXaspl ert &-hgenppateivhe dfi ne

i mpul se response by inverse Fourier transform as expl ai ned above. Fi gures
10 and 11 provide a further illustration of the measurenent nethods

di scl osed above, In figure 10, in a step 100, a first FDR SELT neasur enent
is made in & stopitantl. | a2 sebpr 1040, aal fasspr opepuyensgnt is made in

10 a stop band, as in step 100 of figure 10. In a step 111, one
or more further measurements are made (which may or may not
be in stop bands). In an optional step 112, measurement
results are adjusted and/or scaled toc fit smoothly to each
other. In a step 113, measurement results are concatenated

15 to form a single result. In a step 114, a line property is

estimated from the single result.

Results

The multi-band technique can improve time resolution for a
20 VDSLZ FDR SELT application about 5 ~ 10 times depending on
the used band plan, provided that echoes from the different
bands are properly scaled before concatenation. Typical
resolution improvement will be 5 - & times while a
resolution improvement of 10 would apply when using 30 Mz
25 capable hardware cn a 17 MHz bandplan with DS1 width of
about 3 MHz. The improved resolution allows much more
detailed information on problems on the transmission line,
especially for problems close to the xTU performing the
SELT. This is important since there is often a connector or
30 cable splice within tens of meters from the DSLAM in the CO.
1f this connection degrades, the problem will be visible

much earlier with this invention.



estimated fromthe neasurenent result. The line property may be the echo
frequency response, or sone other property such as the line inpulse
response wo 2btwepersi tion of a fault. ;f gure 11, in arersp200905133 first
measurenent is nmade in a stop band, as i step 100 of figure 10. In a step
111, one or nore further neasurenents are made (which nmay or may not be in
stop bands).. In, an optional_step 112, measur results are dj ust ed
and/ or scal Bt 09t - EHoLH] ytlieg BHE O Her” e‘Llrﬁbzf $t'ép! &‘f@?‘e Fedsir efent
resul ts areigonreakenated trxdorama Jungle Fasatd . 1bRa8ishep dit4, c@ khee
property is_estimated fromthe single result Results The multi-band

t echni que CENIHPFGVR FPHBTr &861Ut Poh fIGFER) vORICtHER SERAT apiFisi ct i B

about 5 10 {jppescdepgndhngeondhe ivsed band planepiQyi ded t-hat-echoes from
the different bands are properly scal ed before concatenation. Typical

resol ut Pon +HpRdverbhtimgiinde Bn- bEi nE§ WHIE a 96§§isdton GIRsEGRefent
of 10 voul dyappl - AeD, usiRGHR0; Mz, caBRBLE hBEWRER, ONrAcLPshz handpl an

with DSI width of ab The inproved resolution allow nuch nore
det ai | ed i nt@?hedd oh oW PBPolyers %’?ﬁ@qfel\tﬁ'%hsm%@?‘/bntm néragspeti &nglst or

robl ens cl t SiLS t
p 056 t Qe L hea XiT; p§é£@1 A Spr?@t s dhhspl magﬁﬁefc@a bgr nee

there is often a connector or ca ice wnthlntens ters fromthe
DSLAM i n t herxg@nl f inme st tonnektl Oredegr aelestivehel pr obk enrii Limbéedi siobl e

much eapl | é};ﬂ‘tt nt IS dfyentop. The ipostance . af the 1 e”&'rB”RW'g e
even higher for SELT in street cabinets and ot her rermte ocations due to
t he (CPE SELT).

Such a CPE SELT could be utilized to examine whether or not
a POTS/DSL splitter is present and, if there is no splitter,
also to characterize the telephone lines (home wiring)

15 inside the customer premises.

Abbreviations

ADSL Asymmetric Digital Subscriber Line
AGC Automatic Gain Control
20 CC Central Office
CPE Customer Premises Equipment
DPBO Downstream Power Back Off
FEXT Far-End Crosstalk
NEXT Near-End Crosstalk
25 PSD Power Spectral Density
FDR Frequency Domain Reflectometry

SELT Single Ended Line Test



Downstream Power Back O f (DPBO function that has to be applied in these

| ocations. DPBO is needed to protect xDSL |ines originating in the CO from
excessi vewonogglsad7k generated by equip in renote | oeatrisepmo/nItzey PSD
shaping applied in DPBO wi || effectivel yﬂnarrow the transmt bands thus
decr easi ng resolution but this can be mtigated by the current invention.
Furt her, g }!;tnventlon is not limted to SELT in an xTU-0 but can al so be
used in e. g NXTRRSETFTEE SSEERA 10 Such a CPE SELT could be utilized to
exam ne whether or not a POTS/DSL splitter is present and, if there is no
splitter, alsonteechalaft exdezel ttheikehephpperhbagsy{home wiring) inside the
custoner prem ses. Abbreviations ADSL Asymetric D gital Subscriber Line
AGC Aut omati . CGai trol QO Central Ofice CPE Customer Prem ses

Equi prent ﬂb [3615:%%% TSR POWET BICk OFf FEXT Far-End Crosstal k NEXT
Near - End Crosstal k PSD Power Spectral Density FDR Frequency Domai n Ref

| ect onet ry SELTO:Shglte drrded dx redTest SNR Sbgpal cd p- Nab se=tRati0 VDSL2Ver y
Hi gh Speed Digital Subscriber Line xTU xDSL Transceiver Unit XxTU OxTU at

oper at of endTlg ﬂ?cfltﬁ)%?,&](c%’g en%lbl I%etchgt EoogT%%scrl err eerD ee) end of the

| oop (subscrl
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1. Amethod for estimating a transm ssion property of a tel ecommunications
transm ssion line conprising the step of Making a first frequency donmain
ref | ect owet2ow/dBikdzT neasur enment which cggprises t he st epsTsE20ensi3ng a
first signal to the line; receiving a résulting, second signal fromthe
line, and; estimating a property of the line in dependence of the

rel ati onship between the first signal and the second signal, characterized
in that the first SELT neasurenent is W§Q£H#$ a first stop band and in
accordance or substantially in accordan h the PSD mask, neaning that
the first signal is sent in a first stop band of a DSL band plan, the first
signal having a PSD in accordance, or substantially in accordance with a
PSD nask aslsochatretkivid hfrhe dztnidradiiary aad appldrias ient opaozpartiv culfara

sett] ng; whera dheysendingonl, Lhe bhrst: shonale Lakss plager 2 o A TBLhod

according to claim ther s gcond
frequency donmin ref Iectonetry SELT measur enent |n a first pass band
adj acent t(MaHm@gfirst st opsband rechenspasudenent comrlissitogesendi ngERT

signal to the | g%%en%nghégﬂ$ggﬂgrggggrggggﬂ;gxglqgn12 , Wherein the results

of the first and seco urenments ar oricatenated to forma single
measurenment result over a contiguous frequency range conprising the whol e,
or at |east pamndingf at Kerptequeney tanges bindhe first and second
measurenents.4 . A nethod according to claim2 or 3 wherein the power of

the signal S%Qk@ﬁ%&nhhg §%§8@gi§§PTé@§@§&r§¥gﬂglif%d%?%%%ahine, and;

10 estimating a property of the line in dependence of the

relationship between the first signal and the second signal,

characterized in that the first SELT measurement is made in
a first stop band and in accordance or substantially in

accordance with the PSD mask, meaning that

15 the first signal is sent in a first stop band of a DSL
band plan, the first signal having a PSD in accordance, or
substantially in accordance with a PSD mask associated with
the band plan and applicable to a particular setting where

the sending of the first signal takes place,

20 2. A method according to claim 1, comprising the further

step of

making a second freguency domain reflectometry SELT
measurement in a first pass band adjacent to the first stop
band, the measurement comprising sending a signal to the

25 line.

3. A method according to claim 2, wherein the results of the
first and second SELT measurements are concatenated to form
a single measurement result over a contiguous freqguency
range comprising the whele, or at least parts of the

30 frequency ranges of the first and second measurements.



orders of magni bude greater than the power of the signal sent for the first
SELT neasurenent. 5 . A nethod according to claim3 or 4 wherein the PSD of
t he si gnavoemnosham the second neasuren?%t i s the maxi mporakbavesisior the
band in which it is sent, according to e PSD mask of the band plan, or it
is the maxi num according to regul atory limts which specify a | ower PSD
than the PSD mask of the band, pl an. . /A nmethod according to claim3 , 4

or 5 wherei‘h edgBeHBYH 0ASCHFCT NG \tIPdGéF‘lWegs&ren%n‘t’h?%%Jtﬂt%h%rgo‘é’tﬁ’épPéd to

corresponding: edgen£e9k0As @bradiraceidcdRASLrCMentakesthdS: t 05 CLeakead
conti nuous concatenated neasurenent. 7 . A nethod according to claim®6

wher ei n t heQRRRt | BA NS Hradeldgsi weed eaust taglarde fPeYPhg Ot then wethad

accordi ng to.anyof 6laifs 3- srwherekn,eachn+ ndi vi dual SELT nmeasur enment
result is scaled so as to fit snobothly to each adjacent neasurenent result.

9 . A nethod accordlcﬁg to claim8 wherein the set of scaling factors for
t he i nd?Pvi dual® TGS TS Séll@cte@rudi MGeacisashesqalr 8§ £eting.

10. A net hag; accordidig t ecany+ak cLabhsql- Qe er&idhSELT nmeagur gnenksmyar e
made in several stggobands and sever al ﬁ;%ass bands, and the neasurenment

resul ts cortlat@ifst ed ¥ ot hor ArAdsilhgld igdasidr enfentelilesup econding ket hod
accordi ng t@sany, Of ot aly® ple k0 Wher eiy several. . SEL L neagur.enentis ,ar e, mde

and concatenated so as to cover substantially the whol'e of the fredquency
range of whichl@tarahshinies wusedhf orrsseridi ng tlveresi ghdl s thencapsb! ESof

10 mask of the band plan.

6. A method according to claim 3, 4 or 5 wherein edge
regions o©f iIndividual measurement results are adapted to
corresponding edge regions of adjacent measursment results

to create a continuous concatenated measurement.

15 7. A method according tc claim 6 wherein the adaption is

made using least sguares fitting.

8. A method according toc any of claims 3-5 wherein each
individual SELT measurement result is scaled so as to fit

smoothly to each adjacent measurement result.

20 9. A method according to claim 8 wherein the set of scaling
factors for the individual SELT measurements 1is selected

using a least squares fitting.

10. A method according to any c¢f claims 1-9 wherein SELT
measurements are made in several stop bands and several pass
25 bands, and the measurement results concatenated to form a

single measurement result.

11. A method according to any of claims 1-10 wherein several
SELT measurements are made and concatenated so as to cover
substantially the whele of the freguency range of which a
30 transmitter used for sending tThe signals 1s capable of

covering.



covering .12. A nmethod according to any of clains 1-11 which is used in
VDSL2 bands ot her than USO 13. A nethod according to any of the clains

1- 12 wherwonotomssdrr st SELT measur enent covers a frequercy/SEangesisio ch
partly or wholly covers at |east one stgﬁ band and at | east one pass band,
14. A method according to claim 13 wherein one or nore further SELT
measurenents are nmade in the at | east one pass band and wherein each one of

the furtherlSELT Hehlod eABRPIFERYI £8 PEYsEH ¢l &l Sasl b athi @veld BESE fit

bet ween t he f uridier ypasugeperpt resulitpand the first nmeasurenent result for
frequencies which are present in the neasurenent results of both

measurenents. 15. A nethod according to claim 13, wherein the power of the

part of thelkidhdledent a9 ads® Fand ofs Cey &L@imer ders shengighi thde

greater than the powernofsthgpar Rl rbhe s:gRRlerseNt-2hBet e ishopaband. 16.
A met hod accordi ng to claim2 , wherein the measuréenment according to claim
1 is matle sifurbantbuslyewst it heeadlasGhemeitcrof P21di angd at least one

pass band,

14. A method according to claim 13 wherein one Ccr more
further SELT measurements are made in the at least one pass
band

10 and whersin each one of the further SELT measurement results
is scaled so as to achieve a best fit between the further
measurement result and the first measurement result for
frequencies which are present in the measurement results of

both measurements.

15 15. A method according to <¢laim 13, wherein the power of the
part of the signal sent in the pass band 1s several orders
of magnitude greater than the power of the part of the

signal sent in the stop band.

16. A method according to claim 2, wherein the measurement
20 according to «c¢laim 1 is made simultaneously with the

measurement of claim 2.



