1 METHOD FOR TRANSM SSI ON LI NE ANALYSI S TECHNI CAL FI ELD OF THE | NVENTI ON
5The present invention relates to the field of transm ssion |ine anal ysis.
BACKGROUND In DSL( Digital Subscriber Line) technol ogy, such as VDSL2, 10
the use of the spectrum available for thelservice is governed by a band
plan, which is usually part of the standard. The plan specifies, for each
end of the |oop, which @ﬁﬂﬁ??fEQﬁnRﬁﬁ%ﬁMﬁﬁﬁ%oNaP§;Ea9§ BE&fded to be used
for transm ssion (pass bands) and which may not (stop 15bands). A 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), 20 whereas other bands,
downst ream bands, are reserved for transm ssion by the DSLAM (Digital
Subscri ber L] S i ) entral office. Thus, a band
which is a psgggﬁﬁggﬁnF.'E65§#§é§¥éﬂﬁb%%ﬂgﬁ£ 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
whi ch aré norhénterdedtf amvanansm ssdltad abl the. Fidlheyo@ar ershepibancs in
t he band pl an,for thf central office end as well as being stop bands al so
in the band gF%ﬁ fof-Yhe°customer end). This may be to prevent
30interference with other systens.

BACKGROUND

In DSL( Digital Subscriber Line) technology, such as VDSLZ,
10 the wuse of the spectrum available for the service 1is
governed by a band plan, which 1s wusually part of the
standard. The plan specifies, for each end of the loop,
which bands (frequency 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 Dbands, 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.



2 Different band plans may be used depending on the setting, i.e. the
circunstances and the | ocation on the | oop where transm ssion takes

pl ace. E.g.the PSD nasks are 5 (naturally) different for the custoner and
central office ends of the loop, but may &l so be different for different
applications, such as fiber-fed cabinets near the customer end as opposed
to copper connection all the way between custoner and central office. Band
pl ans and PSD masks nay 10 also differ between different markets or
operat ors depending on regulatory requirenents designed to limt

i nterferencept efFErom obhey %Q‘éinl%m%@y ho gener dkpehbiihg ROt NRSSibieitg,
design a transmtter to be absolutel’y quiet (i.e. to transmt no power at
all) in somel.e5 fonequehcgnsdrdsaghi dedt FaRsMiadtigratomorhal fealeriere
others. |n parLicylesionhen keansmitddag in g pass hand aipnorRld ransa t
power there w al ways be side | obes and internodul ation products in the
adj acent Sst opnbandslly) edidfeeakagefof pbrercisitandrheabandsmorli neehied

for 20 trangm,ssiqn.. .For S S t S w e I |
transmt povv%rnjgl éjg itn g hleg)é%bpgggng{sgy S%]%Sg egﬁg?ég%fﬁjﬁé%m%ﬁcnaggﬁgﬁf%@i S
a net hod forapesicagienstr ansnhssisonfibhere-{d¢doppbwhéeth mequi rese actsomseat

one end of the_. line onl T%ﬁpi cal | gga si gnal_ of somealftilnd kils Sent bg§wégnthe
, [

line and a r%rslijjl ta}Sngogp Raf, SUcACRECAn eohyT'st Pecs] ved? Fr om’t he

rel ati onshi pcbetween the senttraid ¢heicecebBued silgmed ,anaf ecPatnaorksaboay
the lln?oandaigg BE?PSthggwgg% ggfggggggdmarkets or operators depending
on regulatory requirements designed to limit interference

to/from other equipment.

In general, it is not possible to design a transmitter to be
absolutely quiet (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 PSD masks allow a certain

small transmit power also in the stop bands.

Single Ended Line Testing, SELT, is a method for testing a
transmission line (loop) which requires actions at one end
of the line only. Typically a signal of some kind is sent
25 to the 1line and a resulting signal, such as an echo 1is
received. From the relationship 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



30ln TDR (Ti ne Domain Reflectonetry) SELT, a brief pulse is sent to the
line. The resulting echo as a function of tinme is recorded. Defects in the
| ine may be seen as peaks in the 3 echo curve, and the position in tine on
the curve gives information about where of the line the defect is |ocated.
FDR (Frequency Domain Reflectonetry) SELT is a nethod wherein a nore or

| ess stationary signal covering many 5 frequencies is applied to the line
for a certaiﬁcgpnéﬂﬂﬁhh re’dl tiheg pedieteld 18 ghHle a®na FimcteNSofIL1ves

frequency, | EFRES&%Q?& ((jéb&t %{H?—:lﬁet ;bq}e 0 jphase nas d@fEHECE@somoﬁétedio

frequency). e received signal as unction of frequency is then

di vided by the sent signal as a function of frequency, to get an echo
frequency reEpBnséfryavenes adpusimentel heet otdiery mantihdl ations? cahcbeddade

in order to nt_ di rent. |i pr i By ;usg 10f LberiAverse,
Fouri er tran§$§%§$ﬁtﬁz fiﬁﬁ% sggregggﬁségg?g%¢é§%¥'nelﬁgy becgengraﬁed Y
15mat hemat i cakéguehens naki agraindasur enent Lindeferi ¢ cfardmia degise Tiog

greater accu b I bett er, resolve | acati-o J%Qﬁl ther .
characterist%%§M%¥£$%u?F§9§§BE§tﬁ%ﬁﬁﬁpheggrfﬁf%%@%?ygg EE % 171 %&%yauls
descri bes a TR {Jede Domain Repléctidaet ey}l nethhee wher eian sheritaldy of

desi gned edg§réggé8g§)pf TDR pul ses ,
The received signal as a function of frequency 1is then
10 divided by the sent signal as a function of frequency, to
get an echo frequency response. Various adjustments and
other manipulations can be made 1in order to represent
different line properties. By use of 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
echoes to produce a wideband impulse response measurement.
25 This allegedly solves the problem of how to detect more than

just the first defect on a line.

ITU-T standards G.993.2 and G.992.5 describe the VDSL2 and
ADSL2+ standards respectively.

30



makes it possible to add the echoes to produce a w deband i npul se 25Thi s
all egedly solves just the first defect |ITU T standards G 993.2 and G 992.5
describe the VDSL2 and ADSL2+ standards respectively. 4 SUWARY OF THE

| N\VENTION  Wien maki ng a FOR SELT neasurénent on a DSL |ine intended for a
technol ogy such as VDSL2, a signal may be sent in one 5 of the pass bands
and t he resufP¥MRRE| QA aTHE cBBNEON-0or better accuracy, it is desirable to
make the neasurenent with a strong signal and a | arge bandw dth. However,
the transmt bandwi dth and signal power are limted by the band plan and

associ at ed PgR:Aesk%ind0 Cerpri peadvani-agesneny he aghibgved by tiansiidd i ng
in the bands not intended for transm ssion (the stop bands), contrary to

the intenti ohCHf 2t RECBRAATEY dSUGRI P& YPPLE- kée&ﬂﬂ&aéhéﬁﬂféﬁéﬁqpq¥§§|9Pe

accordange oprsubsStgdd aldyud RGOl dance Wity khenst ardaedyedSThe PSD
bei ng substantially according to the standard in this context neans that

t he power % exceed the PSD mask |imt somewhat, but is still |ow enough
as not to calidé DRREEEPRABIEATW eff et ndesiprRlYy CotRRKS syRE SRR SRR ST | |

very nuch | opefnt hanst henPSRibeuel sardd | qwerds dide pasaanands. 20andwsed {1«
regul ar transm ssi on.
transmit bandwidth and signal power are limited by the band

plan and associated PSD masks.

10 Certain advantages may be achieved by transmitting in the
bands not intended for transmission (the stop bands),
contrary to the intention of the standard, 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
limit somewhat, but is still low enough as not to cause
unacceptable interference to e.g. other systems, and still
very much lower than the PSD levels allowed in pass bands

20 and used for regular transmission.

In some band plans, there may be a stop band which is
significantly wider than any of the pass bands. For example,
in some VDSL2 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 to

other systems.

By transmitting the FDR SELT test signal 1in such a band,
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 <creating unacceptable interference. A (Jreater
bandwidth gives improved resolution when line properties in

the time domain are to be estimated.



In sonme band plans, there nmay be a stop band which is significantly w der
than any of the pass bands. For exanple, in sone VDSL2 band pl ans, the
spectrumfrom8 to 30 MHz is intended neither for downstream nor upstream
transmission, 25 in order to protect agaiPnst unacceptable interference to
other systens. By transmtting the FOR SELT test signal in such a band,

usi ng a PSD Bhagecéipl i B0rl afl andadternsishstlamt eahPy cenpfiée wieh kv he-'FsD
mask, a measyrement canybe.mmde (whi cfpias @130 @reater handwidt Aot haned f a
pass band had %een useg\‘v\%{g still {lisoh.{mcr eé;i ngn unacceat ab?e i nt esrfer ence.
A greater bahdahsnhtiginesai mrovedn esoinal oAnwlerrdshebpndperticds ifi¢he
time domain e i_mat e 5 S t (W5 (and hencesthhe, egho)
is quite mea%g?%(ge]gi gsﬁggltnag% N%;:ge ?fgt%e%( S:%E)C%\%\ng?ﬁbno?@beﬁas good as when
transmit bi ngThist dongdvasiagalman lae passldéand, imhez et noohpst s drerer st gnal s
are all owed rdin o_th S . .5 I.S..di % e;‘ga]%/ t ast
in part corrpggllg%frg% fg'%% Eﬁgggﬁd:%#gﬁsﬁe 3i é%g{géaulrt?ﬁg g%l%%gaer af%}@(aatndee

aver agi ng t heciechonisragdero tiong mpreoVENESNR) . The signal is preferably as
strong as the PSD mask allows to get as good SNR as possible, but if other

ci rcunst ance, 10.require it,.a ker _signal C S
ool i ng. menlGr SHENT 1 BT FarERT pandeer S T ther iy T ok oraus t©
resol ution igethed i geodomaim. abowevesibkd npbytt ransmititeimgewthms hences

i |l owed PSD in all bands .and th mbi ni ng th t
resul s hi |1 GRY7T i Se ASTU] de-droHed n thé L6 GomiT i because of t he

gaps in the neasurenent caused by the stop bands. A neasurenent over a

cont i guous fcequencyy basdswoahdnhave nbedif esintedandst €ad aof far ricrmakay

cont i guous asurenent over a w de ran of frequencies (which would ejther

be all | ow poher™&PVEl s&5U0 Vidl at® (Hhe Péﬁl%gf?m8%nth P Band ParY s

of the range}ram®asth e nstimayhbemaadeunn atthewddf feepentn beindsp ¢ ©f lesaadd y

usi ng the naxi%mg%al | owed , PSDs of the particul ar bands, and those results
e

t hen concat et PR CREPERLHHeAEF SGomEaT I eMeRt TEA4 58 MEdslur&hEnt T3 a

stop band angoas@ASUSBEENEni Rhe2% idR adimGentRrsschard aie gesd red, chde
results of which may be concat enat ed.
measurement caused by the stop bands. A measurement over a

contiguous frequency band would have been desired.

Instead of a normal contiguous measurement over a wide range
of frequencies (which would either be all low power, or else
20 violate the PSD mask of the stop band parts of the range),
measurements may be made 1in the different bands 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 adjacent 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 resolution.



Conpared to a neasurenent on only one pass band, or concatenated
measurenents in several pass bands (i.e. noncontiguous), such a neasurenent
has a hi gher noise | evel, 30but much better tine resolution. 6 The result
of a measurenent in a band is usually exprfessed as an echo function in the
frequency domain, i.e. the quotient between the received and the sent
signal as a FThActeerlef offr equeseuremepy i Hei pl ®anchd ustiehty | 8XpHes H=d

affected by Lbe ysed Ap. apdienceResulls (T e comainad i rectly.cid

the AGD | evel of the receiver is not precise nown, the nmeasurenent
resul ts fronmudptfenentodiarmds nahenored¢eivedr foect | fheo sech ctitvealat aghed

band edges, Lch. may @iv rj to-sjid ha y e ;the tine
resol ution o?ﬂ%ﬁglgﬁnﬁg%egr%ggéﬁ§%he%?{ §ﬁ#§gﬁé§ébe%§'dr%g§g%§@§ various
adj ust meat t ethatga@sbyFoheexanrpl €S henme dsurcenentsslgmanaf ore acetioprddnd
may be nmade siéiétie wi der than the band, so as to extend a little into
15t he respec Fve %a%s bands. The neasurenents may then be

If the AGC level of the receiver is not precisely known, the
measurement results from different bands may not fit
perfectly to each other at the band edges, which may give
10 rise to side lobes that may 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
15 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 overlap may then be be further

adapted to fit precisely to each other.

20 Another approach 1is 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

25 a Dbest fit to the wideband measurement results for
frequencies 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.



scal ed, to acheive best fit in the region of overlap. The pass band
nmeasurenent result and the stop band neasurenent result in the region of
overlap may then be be further adapted to fit precisely to each other. 20
Anot her approach is to make a neasurenent ‘over a wide frequency range (e.g.

the entire range supported by the transceiver) at |ow power (e.g. stop band
| evel s), thef rakéhkirglrPoiidrdteassr ERBAt N aher i3 BartsTeFaehc® the

pass band measyr ggent jLesylds gand.nen e seal &d 508,19, achi ey es 2o andest
fit to the wdeband neasurenent results for frequencies that they have in

common. A cofbi hedesesult can then be nade fromthe high power pass band
results and the stop band parts of the wi deband result. 7 A further

advant age iSARQ@ﬁePi9@?5%{%€§|PéiQﬁageﬁ§g$§??95§oﬂ@ﬂi§§ HBLE, WEDOUS can

serious interference wt er systens nes. _ Anot her advantage is
that hi gher besohdeiohtpas uriensitina &t Bivke nvsd e egivtlfenenisel at i ng
standards requi renents. Yet another advantage is that except for the PSD

mts of 1hecapphicanle BYDATRSK, I Nelf, ar g, 00, 8PesL ak nbeqf efERLSs ofe t he

shape of the PSD curve of the sent signal, at band edges or otherw se.
10Still an atvantagéitsbihabSbhaasént ditgnal aen be apeoiel oreflessements

stationary sjgn a i r.eductd.on veraging rt i s easi
i npl enent ed.blg %hef %?ltaﬁgr %gdvtz%t ?gée[?i CS:Q%[Y'I%'[ Sﬁegégres(r%\\éﬁt sSlggeﬁilﬂe n%téjeﬂ)%rflda
standard DSLetiganscei o@rerwetal | i c access for special test 15equipnent is

not needed. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the PSD mask
of a VD%bZ bgpglplgg'advantage is that the sent signal can be a more or
less stationary signal and noise reduction by averaging over

time is easily implemented.

A further advantage 1s that measurements can be made by a
standard DSL transceiver. Metallic access for special test

15 equipment is not needed.

BRIEF DESCRIPTION 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 also 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.



20Fi gure 2 shows an exanple of PSDs of echo neasurenents in non-overl apping

but adj acent bands (one stopband and one passband).
to simulate a SELT neasurenent on a 500 neter

(2 ohmseries 25 resistance) at 50 meter fromthe xTU. The figure al so

shows a signal graph show ng the transmtted signal (T) and sone of the
recei ved ref Fegbrens ERPYS Bi §ir®l4 hGifd% Yr-apht TREG P A9 it apeete

using only bandyu8 FiQurens &hows e aharhLft secho reseidesbaneg. using the

whol e 17 MHz band includi ng neasurenents in receive bands.

a graph of echo vs. distance using all transmt bands and setting 311(f
zero in the Fégerve BhaN@YS FRguFerP siidwsealgr aph of &7 afs. YdirsPa

using the whelgndy; Mz banrd ingl %@E@%@E@M@gﬁn&é o f£cehve rhands-bie
|

with AGC errors in sone receive bands.

gure 8 shows a graph of a

Figure 3 shows a setup
| ong cable with a bad splice

Figure 6 shows

to

measur ed °f r eg@@Aey domai n echo 10with a step at the edge between two bands.
Figure 9 shows a graph which displays how the step of figure 8 was

corrected.
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Figure 7 shows a graph of echo vs. distance using the whole
17 MHz band including measurements on receive bands but with

AGC errors 1n some recelve bands.

Figure 8 shows a graph of a measured frequency domain echo

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

Single Ended Line Test (SELT) tools utilizing noise and echo
measurements can be very powerful 1in diagnosing problems
that prohibit or severely disturb communication in a
telecommunication system. High-resolution results require a
wide measurement bandwidth and in order to achieve good
Signal-to-Noise Ratio, a high transmit ©Power Spectral
Density (PSD) 1is 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.

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

limits while one system can violate another system’s



Figures 10 and 11 show fl ow charts of neasurenent methods. DETAI LED

DESCRI PTI ON OF EMBODI MENTS 15Si ngl e Ended Line Test (SELT) tools utilizing
noi se and echo neasurenents can be very powerful in diagnosing problens
that prohibit or severely disturb conmuni €ation in a tel ecommunication
system High-resolution results require a wi de neasurenment bandw dth and in
order to achbevedegeddoand Sianarnd oENoi Bes Ratf 02 LR GhPY r Bk nf 9Pt Ty
Spectr al Denﬂﬁyt%.PSD) is desired in order to keep neasurenent time down.
However, SELT tools in principle need to conply with the same band pl ans
and PSD masks as used for normal operation of the systens. 25Usually,

regi onal regulatory PSD nasks also exist in addition to the DSL band pl ans,
in order to ensure conpatibility between nultiple comunication standards

(e.g. both ARSLZ2. Apaex Aand M resent.J.n the sane access network. No
systemis allowed to violate the regulatory 30limts while one system can

viol ate another systenmis 9 standard band plan and PSD nmask if al | owed by
the reguPatory Hiifilts. FaheBed PSporasRe Kar € eddedevy el sel itHYS FaFoBper1ng

Crosstal k (FEXD\EV8! oy tRUS REQLESLHENG GAMAMUNLCALT 08508 NS 9BRAE | i BES
(e.g. sane or other DSL flavors, POTS, | SDN)

- I'i'mit Near-End Crosstalk
(NEXT) | evel lawens t rR@i&mi tIHM recei ve bands are overl appi ng (conmon
probl em wi th echo- 10cancel | ed systens and when different systenms are m xed

in -— 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 1limit 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-O side. Existing ADSL SELT tools are intended for
20 Central Office (CO) deployment and typically use a flat PSD
at about -40 dBm/Hz since a flat PSD simplifies the

measurement and analysis.

Such a signal violates 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 other
systems that use this spectrum but this approach 1s not
always feasible and definitely not for higher frequencies,

e.g. for VDSL2 upstream bands other than USO.

30 Since the dynamic range of a communication recelver 1is

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



the sane cable binder) - limt out-of-band em ssions such as sidel obes and
i nternodul ati on products fromthe transmt band | eaking into the receive
band (primarily for frequency division dugl exi ng 15systens) For DSL

technol ogies, the PSD limt nmask specifie Othe maxi num PSD both for the
transmt bands and for the receive bands (spectral Ieakageg. This mask is
separate forPk#iteR GABVRTLED spBeAUERMSEAg CADSL CSRET CtloolAF@r et nterftfed

for 20 Centrakcgffige deploymephcand; §ypi cald y usecqehl afn PSP ate #bout
-40 dsm hz since a flat PSD sinplifies the neasurenent and anal ysis. Such a
si gnal viol ateslihes ChesidEMOSE PIMYi mit mask regarding the upstream
(stopband) and may cause bit errors 25 on upstream of neighbor lines. It

may however gtjll rQ@o%iP&_ﬁ‘?dié‘C?H{szQQl%o &9 @t ory1 14 t e shogs thrLe are
ot her systens that use this spectrum bu EIDhI s approach is not always |
f easi bl eSandPdedvhiltlel y whdichf oimpl gher fhadgquensi esrder g.td opchbSr2 upsih eam

bands ot her 1 Woll o] , an i i n
(ACGC) is oft%%gﬁ]élgg%%’ a gsgigﬁgg%ﬁ%u%%l%ﬂ btéto Ld(,%lif eve %%Pb%tg%e

utilizes thebdydandichr aHgeev&r pe whesolugiron & swiidekpsédl yignegorfidonalimeo

t he measure b i dth, 'c.i@.!i at, _in._arde o] i ave hi gh
resol ution, ngrrgrg%%rl e%@%&gégbuﬂ} bgsper oo‘r%%éﬁov%?ﬂ at?a:}b%av aﬁ%éngdt%\hﬁ. e
However, whefiresuamgew vodeband isieggnahofienes smeedomaequanaliygsi syititin sthe

i nportant, not_to haye gaps_in the frequenc omai n, j.e..non-neasur.
frequenglbes k\?\??%i naft eg%log%%ﬁd.cafheés gséepesﬁlcgﬁkﬁe Ig%ietnlﬁ)% %a% i ;V)Vlli%glat&llon
W th a rect angutafigwi axdowwinhdeh | whiiche- demaitiria-aislaaitres toacorcdut | on

ith i f tjon. (si i / . _Such | uti
oxcosei ve - rPHOTHESCHAR PoLhhe hiGie sEHBFBLET doarcdF tre SHROPFACERDh: and
si del obes freomHi5aa sbHEOTUELHD CRMNIsdectbessbrd Mahegahga weakertcecthioe

Apart. from gaps, any lype of siep of,Lapid change of sLope, . the freaency

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. VDSL2 1is that the transmission band 1is
split into multiple Dbands separated Dby receive bands
20 (transmission gaps). Although typical VDSL2 transceivers are
capable of 17 or 30 MHz bandwidth, limiting e.g. FDR Single-
Ended-Line-Test (SELT) to only the first downstream band
(DS1) 1in a VDSL2 DSLAM would usually mean a measurement
bandwidth of less than 3 MHz, i.e. not much more than the
25 2.2 MHz available for ADSL2+. The achieved resolution will
in this case be less than 20% (3 MHz / 17 MHz) of the
attainable resolution. Using another downstream band (e.g.
DS2, DS3) instead of DS1 can give slightly better time
resolution if the used band is wider but the improvement 1is
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 mentioned above.



A problemin e.g. VDSL2 is that the transmi ssion band is split into
mul ti pl e bands separated by receive bands 20 (transm ssion gaps). Although
typi cal VDSL2 transceivers are capable of_ 17 or 30 MHz bandwi dth, limting
e.g. FDR Si ngl eEnded-Li ne-Test (SETT) to B%Iy the first downstream band
(DS1) in a VDSL2 DSLAM woul d usual | y nean a neasurenent bandwi dth of |ess
than 3 Mz, i(H@YeHBE, micH HRBE Harf THel 25°P oMl 498 Pabité forPeADst o4,

The achi eveder §50luhb@RnW IariapekBirs cases bgohess orhan 209 Mizod  LimdhHz)
of the attainable resolufion. Using another downstream band (e.g. 052, 053)
i nst ead of D$1iEhRAWEHEheus| ifghtlits)betPer the mengaspIqavn ifestiésused baEil is
w der but thﬁe%ggg MeppOt d -3 Jmygihal and the attenuation will increase
due to the higher frequency, 1eading to reduced SNR Using rmultiple

downst ream bands together in a time domain analysis of a FOR neasurenent

result i§ alBo ASEtheFvi aFolbent oishe thedqueey gaps wwethiasred Ebveschal
(Fovever, 8 heSOUEDRY,EOMRIL aPPLOAGINGRI dol| I LoREa SR i £y 0. RURPILTY

paramnmeters in a node ransmssion line (wth/wthout faults) to the
measur enent mesalirsnefits he diebsenett f rAGUensytbangs. )n&y A dpptheripr obhem

s that when, g uideband FDR eoho Jeasucenenh, | s; per Lor med by concaatating

mul tipl e neasureénents, ngs my ap e receiver,
| eadi ng to désgoali ndi tihes AGT tdeeimonatapenated reitgrairfidcttlhe WMGIgai Ahss eps

are nOtleerfsgihyc5QQNXi gP%gcgé) %@ﬂfl %reééetﬁﬂge%%%ﬁ&éﬁl%an%gd}peg%%s
frequency donain gaps al bért usually not as severe. e problens can
sol ved by peatloeintngswal iy plec RBR soclerareasur enents, even on bands not

i ntended for transmi ssion, using different (overlapping or adjacent) parts

of the 15 avajl abl e ectrum and using,PSD | evel s _t.hat dag .not vi€5 t
applicable P e|p§992gm%h§§g %g%sﬁ?e%%%t Ya §r?ﬁéﬁl§8aﬁggjﬁ#8ﬁ%r ﬁ? %ho
ensure a conhéasovsnecho, atvbandredgesds andtcaontatrerat etbt otFenmmaswidepand

echo neasur enent mﬁéh ?i h respl ution and Iom1sigflobe Ievelstin gge %ine
domain. If 26°hece %%.?EEQ%pe‘%%ﬁf%ﬁ%ﬁﬁﬂ%ﬂ@%ﬁsaijécﬁgFﬁorﬁﬁa Snd°averaged
in ordel5to 40Pl oyeld hepSNRuAl Ehougbiagnedemiliessanat Sippasedndo vt anstet
on the receive bands. or other, bands ogﬁside t he i ntended transm ssion
applicable PSD 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 SNR.

Although a modem is not supposed to transmit on the receive
bands or other bands 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 (passbands) 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 SNR will typically be much lower than for

30 transmit bands.

PSD limits outside the intended transmission bands in VDSLZ2

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



bands, a certain transmt POD | evel nust be allowed in those 25 bands
(stopbaim .$) due to spectral |eakage fromthe transnmt bands (passbands)
as nentioned in above. If the transmt POD is kept belowthe limt, it
shoul d be possible to transnit in the recefve bands without disturbing

nei ghbor lines. O course, the SNRw |l typically be nmuch | ower than for
30transmit behds. SPODIFIANESY odOsId G FB iR d et andniisSitod Paida Far
VDSL2 12 with;sufficienty.d ong measurenent time, a useful echo can still
be acquired. As an exanple, tfigure 1 shows VDSL2 band plan B7-9 [ G 993. 2,
Amrendnent 1]. 5It has three downstream bands £031 - 033) and four ugstream
bands (USO -28338) @kereleheligwest 1 (&/sors 28DSLE 3gandyples ROTOvisi HPe-in
the figure sm(ggdrhén%sl]tpo narrow for the used frequency scale. The
wi dest transm ssion band is 031, which is about 3 Miz 10 wi de. Sonme ADSL

SELT i nplenentations already today transmt on the ADSL upstream
frequencPes W thashéhsame dplastpsbna®aiele ddidstT damf r@ﬁgeﬁ%ﬁl%su?%?@e.am40

dRnt Hz) . Thi saABanspshat. ey aghual! ¥nkl alke d heyAPSL) dounstyeam ASD gask

but this 15 is possible in sone tel ecommunication networks since operators
usual | y havenet herisépdeens | the [FSONrgnds SHBSL1igener atdngnerssyt dld athe

t hese frequengjgs S coupling is Il ow. However, this approach is
not al ways f%gés(?b{@g%ﬁ%&%zf%%]{%ély not for higher frequencies, e.g. for

20VDSL2 upstream bands other than USO. In this invention, gaps in frequency
when perfornThg mocdesk RDRrsclicsieasuraneénts OFltransimlt banddosdn beMHz
mtigat §FJ by also perform ng echo neasurenents on the receive bands, using
the PSDI'imts intended for spectral |eakage. In

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

20 VDSL2 upstream bands other than USO.

In this invention, gaps in frequency when performing normal
FDR echo measurements on transmit bands can be mitigated by
also performing echo measurements on the receive bands,
using the PSD 1limits intended for spectral leakage. In
25 principle, transmit and receive bands could be measured
simultaneously (e.g. with a single test signal where the
power 1s 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 preferably performed separately. Also, with



25 principle, transmt and receive bands coul d be neasured sinultaneously
(e.g. with a single Lest power is nuch higher in the pass bands than in the
bands, for exanple several orders of magnitude however in order to best
utilize the dynam c range of the 30 transt?di ver (and not to violate receive
band P30 masks due to the conbination of transmtted signal and spectral

| eakage fronfhBPYRBOFOBDANBSISUFERI Ve FPRItFEnsHt el Mfstieneht e % e

preferably pEéEQEQﬁ&‘ §§<ﬁﬁ£§tﬁm AL 80yt hyi 13 S dTU| L ARSOUS FRAS UL e NEIY |,
spectral |eakage fromthe stronger passband signal will interfere with the

weaker signaPtPpbaneé, stepbeai theducitrpdvhe cal PERAFUrWeSNR further. An
exanple of this is shown in figure 2 which shows echo 5 neasurenents in

non- over | apphpg Huhadi asentnbands, Hese, one stepkand and-anespassband i s

measured. In the shown exanple, it would also be possible to measure over
al | freqgl@encinesswrehent PBSrof non6oveBhi PR zMd Pilfena et &gaids -wi 1hrer

hi gher PBS i g,Lhepasshandsnalddd gedepaha 114 ugkaatechhe ennangedsyoun
resol uti on acﬂleve wth the current i nvention, a sinulation was perforned
with a FDR BEkImpkasuriénempudad aabe0 ret epclsenylFl STo 0.8 arnsablogewi talh

bad cabl e spkige, (2.00m ﬁle@%ez? E§B'8%ai‘§86.§ﬁmfﬁz ”Eﬁﬁ@ﬂééfﬁ@%%?@ Xd&inas
shown in figure ) %%gure al so"shows a signal graph show ng the
transmtted sighat {IJhandPSonen ofhd he gdeeideed reflections (Ri). A
frequency domain echo U(f)is calculated as: Uf)=RU) , R( f) = ERL(f) T(f)
20where R(f)is the received signal and T(f)is the transmtted signal. By
dividing the received signal R(f) with the transmtted signal T(f), the
echo will in principle not be affected by the used PSD and hence the | arge
PSD di fferente bndérgtirei2liistcanpenbat edhfincedutresaticabhyachseshdwiiin

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 frequency domain echo U(f)is calculated as:

R(f)
U(f)—m,R(f)—ZR,-(f)

20 where R(f)1is the received signal and 7(f)is the transmitted
signal. By dividing the received signal R(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 1s 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 SNR, which will be proportional +to the PSD. The



25 figure 3, the received signal is a sumof several different conponents
R1(f) with different del ays depending on the traveled path fromtransmtter
to receiver. Further, since T(f) contains the transmt PBS | evel, the

resul ting echo should ideally be independeht of the used PBS curve apart
30from SNR, which will be proportional to the PSD. The 14 uncali brated
echo frequencoycadesiponsed UeEhoi sreheancor reepedseol(dny i(d i eer ) ceirse@rad on

in the t i i der to, get a .calibrated ech i nput
oturn | ogs CRET FY TS "ET br i O proCen 7 s CAFH8aay  abscrt 40N WO 5
2004/100512 AL+ (US- 51069163 (o &l 1629d3%d 80d 1wk nalc he repeat sdohere.

Further, in order to get a tinme-domain echo response, s11(0, the return
| oss S11(f) Thifil tetedraeign byrowddiupdi cati onlwdddy a Sescabbed wi idowo

10‘r|]'rains1? rmi e.. yWIpn or i ny’ en’su Sitl u |oné d A |st;31n::e and
A A TR S LR o e i g

v - vel ocityrepeptopagatreon Fuetget, an mppréaxt nadi gptf ar @imeohgnaisy echo
di stance function i(d)=(2d\ V 15 Using an echo neasurenent in band DSI wth
the FED showhR€PRORFgGur &) whéReperdiori ngPeh okd) mégsdridisiit i v -anP0d)

resul t whi ch,doesonol Leygal, iie exI51eRes of, 10fpad ARILER SLAGE Lhe o
reflection i s drowned y the stronger echo from he i npedance discontinuity
bet ween t he BSLAM andithHew20 calbl e.tddns bs diispleayed iPifdrpire 4F@hithr

shows Echo vs. _distance using only band 051 .(approx . bad splice
2t 50 meler ' F et anea chnrot BT el vt s e T s ebE g hoof "t he
near - end echo. However, when perform ng echo neasurenment with the full 17

2d . .
t=—, d = distance and v = velocity of propagation

1%

we get an approximation for an echo vs. distance function

sp(d) = Sn(%j .
v

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 not 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 is displayed in figure 4 which shows Echo vs.
distance using only band DS1 (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 is seen clearly as displayed in figure 5.
The figure shows echo vs. distance using the whole 17 MHz

band including measurements on receive bands.



25 MHz band and the PSD |l evels fromfigure 1, the bad splice at 50 neter
distance is seen clearly as displayed in figure 5. The figure shows echo
vs. distance using the whole 17 MHz band i ncl udi ng measurenments on receive
bands. 15 The far-end echo at 500 neter has become nuch weaker due to the
strong attenuation of the w deband signal. Also, the noise floor has

i ncreased dr &hat feareyddaehe oathdORuéle tegwdra SSR GOt WL Ghe ceF 3 hafiths . tO
Still, the muLi Q%}% | onat e §a 01 YET b rusefdl Lodelect s probl emuiclhose fo
the transmtter. sé?ftﬁe %o?%el l oor in thelnﬁltiban% %Ethod coul d be

| onered to soaesexfentrbhasifnereaged TRFendtlearlnglwoelso nbre maveh t ower
applied to aklrbands;, Lt : icial . fer t { edpsignal; La0ny
filter the n%#%igs %%%dg%%%ﬁ?%hq%%$ %bi%g F?’m&%ﬁhmﬁg tﬁe recef’e‘bands.
Thi s woubd abVéow rnedifcilngtooideeantti | prebiéhs kedpiseg hostthef thensncteased
resol ution. show .t hat the receive bhan ch nent | .y knproves
the result, %gsgfsg&F?ig'lFS ff??o¥héubagg%beﬁﬁggﬁg%égthet?%%ﬁsﬁ%P&Egﬁ%%
Wi th a const aotevaliuep eoge setethebgchiolterzego Tinis hdsetbands. ddds snwk | |
keep noi se | evels Io%%but i nst el.obe, | evel s mﬁllequreage

dramati cal | y"3%°s&8n 5 ¥ fgfgng%g I'GUIE shbns C8BnE S S dT staitde 13T

ance Using
all transm ttbhandsnaad Seighiang lléfi) yt dizeeo ithet he irdeeaityeo20dbandsiclhe

bad splice at 50 er di stance capnot be seen due.to e high si.del obe
| evel oﬁgt het}%ia?gzi)d é”&%cg‘t%@ metEr . TThet Vst %o ?Ih Sasg'fi i ?ﬁg?wan
i deal AQGO or rs@nein®t hed sko properlgtisical regshogs mrasused the dihtecentd
bands in 25 order to forma continuous echo when concatenating the neasured

bands. If thFeSP&uhb?the case, we can get results sinilar to figure 7
where all bands were neasured but the echoes in two of the receive bands

were nultiplited byoa rangomgnmbere &orvespend ngcho t hat sAGmgakns ruel ey not
30 perfectly known. Here, the_sidelobes will nmake it difficult to see the

bad splice. FFgEPEey Showseaehb: v¥e dilstaride aisity the" wHof e937° ME “BaRd
i ncl udi ng meggar ePEALS: ONHEEEEIT Ve thands- it it R AGQ erd of s s&: SO kesei ve
bands. The bad splice at 50 neter cannot be differentiated fromthe
35si del obes. t© zero in those bands. This will keep noise 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 =zero 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 echo at O

meter.

The results so far assume either an ideal AGC or some method
to properly scale echoes measured in different bands in
25 order to form a continuous echo when concatenating the
measured bands. If this 1is not the case, we can get results
similar to figure 7 where all bands were measured but the
echoes 1in 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.



16 Although the problemw th AGD error was exaggerated in the exanple
above, this problemis not unlikely given the |arge span of PSD | evel s
between transmt and receive bands as shown in figure 1. Some solutions to
this include: 5-- Measure without overlaplfadjacent bands) and nmake sure
that the measured echo response is continuous by proper scaling of the

di fferent bafdshougheabar ®@r@ltiesutyicverdGp cadpacErt a9 @tdusie athe

pol ynorri al ocohper 4abge0ugk st 9 Lhh hihe STeRUned data a1k the. badse

edges and extrapol ate towar nei ghbor band to create an artificia
over| ap bet wepanbafdsPaP dmeedrs npeevderqiiencsrst and - rgaRéveur@ndsatas he

reasur ed bandsoghuays-pyerl ap aloleastyaligt I and use b over! ap Lo

adj ust scaling o neasurenents w east squares fitting --
Calibration of the different AGO levels in the receiver in order to inprove
the errob betweédlraselrect'edtiAGT | eveklapd @stgalenaGramde)l . and makeUsfwget he

same AQGO sett] f al | re S t shoul d canGat e ed, L9- A
si ngl e resul txch%?naytq{reeshjletag:ér?{ig adggl}{t?%l irtze}?]logﬁs%of Qghecﬁgtnlam C ra?fgte g% Itg(file
receiver). Ancekanplef ofhdow fhergroblamd ooks in frequency domain is shown

infigure 8 with a large step at 14 Mz where 053 and 25053 neet. The step
was caused Dby i nﬁgggﬁfée%i%d@raé\}e%a% t(@%j’é@‘nt bands) and use a

polynomial or other data model to fit the measured data at
10 the band edges and extrapolate towards the neighbor band to
create an artificial overlap between bands at one or more

frequencies.

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

15 measurements with e.g. a least squares fitting

—— Calibration of the different AGC levels 1in 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 the dynamic range of the receiver).

An example of how the problem looks in frequency 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)) becomes continuous can
be seen in figure 9, which shows the step corrected by

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



The result when 0S3 neasurenents are adjusted so that the Uncalibrated echo
response (UER(f)) becones continuous can be seen in figure 9, which shows
the step corrected by 30adjusting the | evel of the echo response in the
last band in order to get a smooth transifion between bands, i.e.
continuous UER(f). A variant of neasuring with overlap is to make a first
measur ement €&UEEiI n§Ot heelhhoke FBAGENt harapRétipanskeivern5 Paneapabl e of
measuri ng, ecgntgggo%glﬁEﬁzfpr 30 MHz. (A smaller range is possible, but it

should at | east partly cover one stop band and one pass band) The first

measurenment is preferably made with a flat PSD | evel which is the maxi mum
al | owed PSD Pn Yl ddnd owhi e hlasindt e Hroweser i owesd PSD.Make Ehefirst

measur enent pses,thg. st opohand,gl | owed gg%gtm&gél l%a-tlopn?BeUa%scgw&@Per

measurenents are then nade in the pass usi'ng PSDs allowed 1 n those
bands. Each &f tdseafodet hef measurénent $-.are thivenfethl éd sor ag0t §Hz. (A

smaller range 1is possible, but it should at least partly

cover one stop band and one pass band)

The first measurement is preferably made with a flat PSD
level which is the maximum allowed PSD in the band which has
10 the lowest allowed PSD. I.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.

Each 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 1in both

measurements.
Best fit may be by least squares 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
that are within the region  of overlap, and  then

concatenating the remaining data.

25 A more elaborate 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, so as to create a

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

influence of noise.



15 produce a best fit between the further neasurenent result and the first
nmeasurenent results for at |east sonme, but preferably all of the
frequencies that are present in both neasurenments. Best fit may be by | east
squares or sone other nethod. 20 A singl eloncatenated echo frequency
response result for the whole covered frequency range may be generated by
si nply di scaFBFRfethelpapreess t@hér%wﬂboaﬁ:ﬁCP@FQ@U%W%Nﬁ{?-‘Eesi?ﬁi?%e’fl hiayY
are within thg;cegi g0 of.0ugrLapsrande.t bep:eanecat 69@2&&? theer QERLALBYoF
data. 25A nore el aborate nethod i's that the results of the first and second
measur enent sther Waladuatci esexder apg presenterhebort ffeasntéertsiar ghe

combi ned usi @aggsw%ifg ed ayerage, i@&gr agkytwet @d%g@i gh, waight of opofbe
results with a“high SNR~e.g. the pass band neasurements, so as to create a
30si ngl e5 comeatenamnedt ecHdef reguenty foespomnse mesghrehentt e waete toveér ed

frequency ra Thi i 1 . reduc paflu of i 8 .Fur y ol
order to preggﬁfj Eihé%c\(,)%n l|9hhu1—‘| ?#I%Ig %QSng%gug%g'%gy mneor:lilcgse%mgtnjct hleéje%lgggs (S)%gt he
regi on of ovepl aggrd)he awi ghtsnofthitechewakdight ed raverrageatdy befsel esbrgle

differently near the edges_of the overlap region, At _ . | ow
power 5 neasgﬁgﬁ%ﬁpy Wﬁgﬁméfﬁﬁge?gy)tﬁg Hﬁggsﬁpgﬁeﬁ %gﬁsggggg %gﬁgﬁglbﬁe
wei ght for thaehi ghvpowetnbeashk erenton sof hiwsesiefpt 0 zero), and then the
wei ghts are gradually (for exanple linearly with frequency) changed into an

SNR- bas weighti ng when noving into the region of overlap. 10ln _a variant
wher e tﬁg hi Sﬂ p%wg?a%‘stur gh’ﬁg?s WP Rlﬁtghcoﬁ‘ﬁwgffelr&e%%%rr r5'}1e|or|c1:];cescl 5y O\FIlVO%
power neasuresrplstéeygoviireapase wher owaphwstomehandeneasdr emeat g covees
t he stop band and little bit of each adjacent ss band),, .the regi on of
over Tap wi || CRabe A HEGgE T ST oW goter HeRe IR G o 5 SFaY BAAan
edge Lo a hi ghdpawar threaswienst «drH hedpdheit spaes bandhj steaseesgtibe of

weight is preferably set to 1 for the | ow power neasurenent at tjge ed%e
t owar ds t hat OHBAs@Pelent, NANG €8t YW §Ure t haY hPghSholer Sitealarendht P4

the edgestovwards that dreasggenent .o | Ri et BoGaseseddi@ement 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 weights are gradually changed into an SNR-based weighting

when moving into the region of overlap.

In a variant, the weighting is changed 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-poweer measurement that measurement
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.



20 wei ghts are gradually changed into an SNR-based wei ghti ng when novi ng
into the region of overlap. In a variant, the weighting is changed linearly
with frequency from1-0 to 0-1 fromedge to edge for the | ow power and

hi gh- power results respectively. |.e. at the edge 25 to the | ow power

measur enent that measurenent is used, and at the edge_to the high-poweer
measur ement fhIPTRBasHt edBAt 15 & 19%8nP i fWBétigent t hePerds1 A grddulie

change from prEshechbgt ohbefoayhensan achaddwrauency response has been so
obtained it may 30 then be further used, for exanple to generate the |ine

i mpul se response by inverse Fourier transform as explained above. 19
Figures 10 ahB 1i9pr8vie anfarfheP LPPustratireh &PRt RELheRsarer®RE et hods

di scl osed abpyge Iih fhoWE10bahh. @ step 10Qp arbir sty FRR,SElE-JpRasyr emgnt
is made in a stop band. In a step 104, a line property is 5 estimated from
t he meastr enBhtiresaft froge thaempprepertgnimy dsellithe edh6 fridtfueRreyprerty

response, or,gomgOthgr 8&9?9%%@8893/?%etsB%nEEr,‘e JTRASE EESPPNSEoRErEDE.

position of a fault. In figure 11,7 in a step 110, a first neasurenment is
made in 10a step bzhdthgs Lhnet dppridGeof répgonec1®r | fhg speplian eode or
nmore further cgpasurements are made (which may or may not

In figure 11, in a step 110, a first measurement 1s 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 1in stop bands). In an optional step 112, measurement
results are adjusted and/or scaled to 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 VDSL2 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 - 6 times while a
resolution improvement of 10 would apply when using 30 MHz
25 capable hardware on 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 1s important since there is often a connector or
30 cable splice within tens of meters from the DSLAM in the CO.
If this connection degrades, the problem will be visible

much earlier with this invention.



be in stop bands). In an optional step results are adjusted and/or scal ed
to fit other. In a step 113, neasurenent results 15to forma single result.
In a step 114, a estimated fromthe single result. 112, measurenent
snoothly to each are concatenated |ine pr %erty is Results The nulti-band
techni que can inprove tinme resolution for a 20 VDSL2 FDR SELT application
about 5 - 10TEPmeBPaEpRAAF NGt oREheNUSRE BNt bt ARS BYBVI Bed that echibks

from the diffgrent-dandsasl g0t OREH Yoscat edehetar el cancahpnaghon.toTypheal
resolution inprovenment will be 5 - 6 tinmes while a resolution inprovenent

of 10 woul d BPPN§LHmRA Fsieg Mz OZ5 cHpl)e Rarahare onad 172wHEFC Pe

bandpl an wi t h,DS1cwi dih of. about. 3 Mz . Thesd MpLoved seesalditi on ald owssiuch
nmore detailed information on problens on the transm ssion line, especially
for probPensléhese poiohsaxTupedfor gy tde SEITN TAkgesslvempoframstaihce
there is oft egt,or, Q. ahle 1ce W thin ten pebeLs £ 9

t he DSLANIinggﬂgrﬁgggl§§tﬁﬁgl€§%ﬁgc?P0n ég%%d%%%¥%ﬂ%5%r§gﬁin1mjI% %% g
vi si bl e nuchaeati¢er iwi tPRGiwilhvefiftonively The riompdrteanteadnithebands

i nvention w e n_higher f . .n.s t bi,net -?ﬂg r te
| ocati ons dujéh}lg fiﬁégﬁg\?\%g régr%gég\ﬁg!rjIngE glﬁ%( I%%O)&f ulﬁl%: I nto%cﬂg%y hgggto
be applied i nuthese lLovahtidns. DBBRBOhies, needed rntvengricinecis xBSL bithites to
originati.ng | he CO from.excessive crosstalk generated by equipnent.i
renot e ﬁgcat?g%%.l?hénbsﬁﬁghépiﬁé appl i 8457 n 5 %élﬁnef?é%tﬁgg g?n%?¥gw
the transmt (bapdsErhus decreasing resolution but this can be mtigated by
the current invention. Further, the invention is not limted to 10SELT in

an x117-0 buéugﬁnaalc%% %%L%S%%Jl% %eg'utxi-rl%z%dSEcL(;r examine whether or not

a POTS/DSL splitter is present and, 1f there is no splitter,
also to characterize the telephone 1lines (home wiring)

15 inside the customer premises.

Abbreviations

ADSL Asymmetric Digital Subscriber Line
AGC Automatic Gain Control
20 CO Central Office
CPE Customer Premises Eguipment
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



(CPE SELT). 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, also to
characterize the tel ephone Iines (hone wirjing) 15inside the custoner

prem ses. Abbreviations ADSL Asymetric %}gi tal Subscriber Line AGO
Automatic Gain Control 20 COCentral O fice CPE Custoner Prem ses Equi prment
DPBO Downst r edf PoWeraBaeR 1+ SEEBAt Far - End Crosst al k NEXT Near - End
Crosstal k 25PSD Power Spectral Density UDR Frequency Donain Refl ectonetry

SELT Singl e &ndedvbipenTgstspada SNRy Sianald-MNejese 1Ratd 0 VDSL2Very High
Speed Digital Subscriber Line
XxTU xDSL Transceiver Unit

xTU-0xTU at operator end of the loop (CO, cabinet etc.)

5 xTU-RxTU at remote end of the loop (subscriber side)

10



xTU xDSL Transcei ver Unit XTU- OxTU at operator end of the | oop (CO
cabinet etc.) 5xTU-RxXTU at renote end of the |oop (subscriber side) 10 22
CLAIMS 1. Anethod in a DSL system for estimating a transm ssion property
of a tel econmunications transm ssion |ine conprising the step of Making a
first frequency domain reflectonetry SELT neasurenent which conprises the
steps of sending a first signal to the line; receiving a resulting, second
signal fromthe |ine, and; estimating a property of the line in
dependence of the rel ationship bet weedMhe first signal and the second
signal, characterized in that the first SELT neasurenent is made in a first
stop band and in accordance or substantially in accordance with the PSD

mask, meanhngethadd in 4 hssif idisleetl gBRl ekSi®8NInd N & fdds3li s$tiep babgdepty a
DSL band plan, the first signal having a PSD in accordance, or

subst anPfaf| {e1eraeeeridand enni £ haasPSE ifisK 1asseerar edi v tHha FePard pl an
and applicable to a particular setting where the sending of the first

si gnal hakesgplaaceirihe sreyhedc-¢omi8inng-d he. fuiddier, stePr OfheasuBking a
second frequency domain reflectometry SELT neasurenent in a first pass band
adj acenthieh t peftiissts §hepsband, ofhe neasurenent conprising sending a
signal to the line

sending a first signal to the line;
receiving a resulting, second signal from the line, and;

estimating a property of the 1line 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

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,
the method comprising the further step of

making a second frequency domain reflectometry SELT measurement
in a first pass band adjacent to the first stop band, the

measurement comprising sending a signal to the line

and wherein the results of the first and second SELT measurements
are concatenated to form a single measurement result over a
contiguous frequency range comprising the whole, or at least parts

of the frequency ranges of the first and second measurements



and wherein the results of the first and second SELT neasurenents are
concatenated to forma single neasurenent result over a contiguous
frequency range conprising the whole, or at |east parts of the frequency
ranges of the first and second neasurenents 23 and wherein the first and
second SELT neasurenents are made in am3xTU-0 or an xTU-R and wherein the
power of the signal sent for the second SELT neasurenent is several orders
of magnitude greater than the power of the signal sent for the first SELT
measur efeft whepeim pee hodr Hecordisrsang! AETmmeankieeeents herd i rade signal has
a PSD iprgc ogpqaﬁgdﬁg%p the PSD mask. 3. A nethod according to any
preceding claimwherein the first and second neasurenents are perfornmed
separately 4. A nethod according to claim3 wherein the FED of the signal
sent fopngherhsgeond Weaspresentofi sthdie sirarpumealt! ofwed foe tdrecdyahdSERT
whi ch |1tn ggulsgnént afscoged\} f lt Oort e%sps? ”%%%1 {Jdtehg QQQQ pl:ﬁar’l %%) %owé the
maxi mum accor di ng to regulatory i s Eh spec a fower"p t he
PSD nmaskfoth¢ hei darid sphanfor5thd fmﬁshD(BEafIC@I’edBDgem@n‘any preceding claim
wherei n edge regions of individual neasurenent results are adapted to
correspondi ng edge regi ons of adjacent neasurenent results to create a
conti nuous concatenated neasurenent. 6. A nethod according to claimb5
wherein the adaption is nade using | east squares fitting. 7. A nethod
accordi Ag Romatyodf ackarntnd- 4owhdrein 1eanzrkeﬁen'di wirctuaff 1 *SELTs inpaslur lenend
resul t Eg scaled so as to % éﬁ@ 0 each adjacent neasurenment result.
24 8. Ref%dﬂxéGEEW&lnﬁl E?%l e|n the set of scaling factors for
the individual SELT neasurenments is selected using a | east squares fitting.
9. A nethod according to any preceding clai mwherein SELT neasurenents are
made in several stop bands and several pass bands, and the neasurenent
resu'tS3?O£C£é€ﬁ§§%gx&%d2%5nk% 259 prece fﬁgec aMﬂ&V%&%ln the first and

second measurements are performed separately

4. A method according to claim 3 wherein the PSD of the signal
sent for the second measurement is the maximum allowed for the
band in which it is sent, according to the PSD mask of the band
plan, or it is the maximum according to regulatory limits which

specify a lower PSD than the PSD mask of the band plan.

5. A method according to any preceding claim wherein edge regions
of individual measurement results are adapted to corresponding
edge regions of adjacent measurement results to create a

continuous concatenated measurement.

6. A method according to claim 5 wherein the adaption is made

using least squares fitting.

7. A method according to any of claims 1-4 wherein each individual
SELT measurement result 1s scaled so as to fit smoothly to each

adjacent measurement result.



10. A method according to any preceding claimwherein several SELT
measurenents are nmade and concatenated so as to cover substantially the
whol e of the frequency range of which a transmtter used for sending the
signals is capable of covering. 11. A nethod according to any preceding
cialmwhich is used in VDSL2 bands othgg than USO  12. A net hod according
to any preceding claimwherein the first SELT neasurenent covers a
frequency range which partly or wholly covers at |east one stop band and at
| east oRe pasdebhnd, ack®drdAngettrodcaecsr di n@/hﬁéeéhalﬁheusﬂher%f nsonkliny

more fugthet, SEFT, measur aenl 5. a1 eqpdenl ot he, At d east one. pass, bapg and

wherein each one of heasur enent resu Is scal
achi evelaabestgfdte hetiweengt he further measurenent result and the first
measurenent result for frequencies which are present in the msasurerrent

resul tsgyof otlﬂ g@ggurer&eor}ftd%n 14, A rret ho ac lonrdl ng _t.o cw%e@e ¥\Q erein
t he povver e part © S gnal ﬁldss and I's severa orders

of nagnméalsher@ﬁeeettser atrbarmatcme ﬁ)ﬁvme\t)sfraﬂhespapt fndsheastignadvesent pass he
stop bagd

nds, and the measurement results concatenated to form a single

measurement result.

10. A method according to any preceding claim wherein several SELT
measurements are made and concatenated SO as to cover
substantially the whole of the frequency range of which a

transmitter used for sending the signals is capable of covering.

11. A method according to any preceding claim which is used in

VDSL2 bands other than USO.

12. A method according to any preceding claim wherein the first
SELT measurement covers a frequency range which partly or wholly

covers at least one stop band and at least one pass band,

13. A method according to claim 12 wherein one or more further

SELT measurements are made in the at least one pass band

and wherein 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.

14. A method according to claim 12, wherein the power of the part
of the signal sent in the pass band is several orders of magnitude
greater than the power of the part of the signal sent in the stop
band.



