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(57) Abstract: The invention refers to single-ended test of a loop (2, 3). A test device (TD1) is connected to a remote device (3) via
& aline (2). The remote device is powered on and transmits intermittently handshake signals (HS1), which can disturb the loop test.
& A receiving and calculating unit (RE1) detects the handshake signals (HS1) and orders a sending unit (SD1) to send a halting signal
o (NAK-EF) to the remote device. The latter is halted for predetermined silent period of time, during which the test or a part of it is
performed. If required the halting of the handshake signals is repeated. The test device sends a broadband loop test signal (S1) and
receives a reflected signal (S2) during the silent period. A frequency dependent echo transfer function is generated from the signals
(81, S2) and is used for generating desired properties of the line (2) such as its length (L).
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METHOD AND ARRANGEMENT FOR LOOP TEST OF A DISTURBED LINE
TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method and an arrangement
in the area of single-ended test of a signal line being

subjected to disturbances from a remote end device.
DESCRIPTION OF RELATED ART

In today’s telecommunication it is essential from an
economical point of view to use existing copper wires for
broadband transmission. These copper wires, often called
twisted-pair copper loops or copper access lines, have among
themselves very different properties from a broadband point
of view. Telecom operators therefore have a great interest
in testing the properties of the lines to be able to fully
utilize their transmission capacity. The abovementioned is
discussed 1in an article by Walter Goralski: “xDSL Loop
Qualification and Testing”, IEEE Communications Magazine,
May 1999, pages 79-83. The article also discusses testing

possibilities and test equipment.

The transmission properties of copper lines are more closely
discussed in an article by José E. Schutt-Ainé: “High-
Frequency Characterization of Twisted-Pair Cables”, IEEE
Transactions on Communications,Vol. 49, No. 4, April 2001.
Propagation parameters of high bit rate digital subscriber
twisted-pair cables are extracted by a wave propagation
method model. The frequency dependence in the properties of
the transmission line and the influence of the skin effect

on these are studied.

Testing the transmission properties of a 1line can be
performed by sending a test signal from one end of the line
and measure it at the other end, so called double end test.
That method 4is labour intensive and expensive. A more

frequently used method is to send a test signal from one end
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of the line and measure on the reflected pulse, so called
Single-Ended Loop Testing, SELT. In an article by Stefano
Galli and David 1L Waring: “Loop Makeup Identification Via
Single Ended Testing: Beyond Mere Loop Qualification”, IEEE
Journal on Selected Areas in Communications, Vol. 20, No. 5,
June 2002, is discussed the influence of different types of
line discontinuities and generated echoes in connection with
single-ended testing. A mathematical method for handling the
echoes 1is presented and also an experimental validation of
the method.

It is an obvious choice from a technical point of view to
use a laboratory-type measurement device for performing a
SELT. Using such a device is however expensive. Irrespective
of that, the measurement can be influenced by disturbances
which arises when a Customer Premises Equipment (CPE), that
is connected to the remote end of the 1line, 1is trying to
perform a handshake procedure. The handshake procedure makes
it difficult to analyse the measured echo-frequency response

and the normal noise on the line.

In single-ended testing it is advantageous to, instead of
the léboratory device, use a transceiver as a part of a
mesurement device for the loop under test. The broadband
communication transceiver 1is however no perfect voltage
generator but introduces distortion in the measurement. How
to remove this distortion is discussed in a standardization
paper by Thierry Pollet :”How is G.selt to specify S
(calibrated measurements) ?”, ITU .Telecommuni-cation
Standardization Sector, Temporary Document 0J-091; Osaka,
Japan 21-25 October, 2002. A calibration method is
presented, based on a one port scattering parameter S;;, that
includes transceiver parameters which are generated during a
calibration. Also in a standardization paper by Thierry
Pollet : ”Minimal information to be passed Dbetween
measurement and interpretation unit”, ITU Telecommunication

Standardization Sector, Temporary Document OC-049; Ottawa,
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Canada 5-9 August, 2002, the one port scattering parameter
S13 is discussed. Also when using the trasceiver for the SELT
the remote CPE can disturbe the measurement by trying to

perform a handshake procedure.
SUMMARY OF THE INVENTION

The present invention is concerned with the abovementioned
problem how to avoid the influence of a handshake procedure
on a single-ended loop test of a copper access 1line
connected to a CPE. As long as the line stays inactivated
the powered on CPE will try to perform a handshake procedure
transmitting intermittent handshake signals. Due to these
handshake signals it is difficult to analyse a measured
echo-frequency response when the connected CPE modem is

powered on.

Another problem arises when a transceiver is utilized in
the single-ended test of the line. The problem is how to
also compensate for the influence on the SELT measurement

of the transceiver itself.

Still a problem is how to generate and store transceiver

values for the compensation.

The problem 1is solved in the following manner. In the
handshake procedure the CPE transmits intermittent
narrowband signals, handshake tones, of predetermined
frequencies. The handshake tones are detected by the device
performing the SELT measurement and the handshake tones are
halted for a time interval. During this interval the SELT
measurement is performed, if necessary after repeated halts

of the handshake tones.

When using the transceiver for the SELT measurement, the
problems in connection with that are solved by calibrating a
test transceiver, which is a typical broadband communication

transceiver, and generate transceiver model values. These
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values are stored and are used in the transceiver for
communication purposes, which is connected to the loop to be
tested. A test signal, as reflected by the loop, is measured
at the communication transceiver, giving a loop test result.
The influence on this result by the communication
transceiver itself is compensated for with the aid of the

stored transceiver model values.

A purpose with the present invention is to improve the SELT
measurement of the access line, when the CPE sends its

intermittent handshake signals.

Another purpose with the present invention is to compensate
for the influence of a transceiver on the SELT testing of

the line.

Still a purpose 1is to generate and store transceiver values

for the compensation.

An advantage with the present invention is that the SELT
measurement of the access line can be performed when the CPE

sends its intermittent handshake lines.

Another advantage with the invention is that the influence
of the transceiver on the SELT measurement of a copper

access line can be compensated for.

A further advantage is that .transceiver values for the
compensation can be generated and stored and can be applied
for all standard broadband transceivers, based on the same
hardware as the tested one. Hence a costly procedure of

calibrating an actual transceiver will be eliminated.

Still an advantage is that the generated transceiver values

have an easily understandable meaning.

Still another advantage is that the test transceiver can be

any one of the transceivers used for communication purposes.
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The invention will now be more closely described with the
aid of embodiments and with refernce to the enclosed

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a simple block schematic over a test device

and a transmission line;
Figure 2 shows a frequency diagram with handshake tones;

Figure 3 shows a time diagram with periodic handshake

sequences;
Figure 4 shows a flow chart for SELT measurement;

Figure 5 shows a simple block schematic over a transceiver

and the line;

Figure 6 shows a somewhat more detailed block schematic over

a part of the transceiver and the line;

Figure 7 shows a block schematic over the transceiver

connected to an impedance of known value;

Figure 8 shows a flow chart for generating of transceiver

characteristic values; and

Figure 9 shows a flow chart for generating of an impedance

value for the line.
DETAILED DESCRIPTION OF EMBODIMENTS

Figure 1 shows a simple block schematic over a test device
TD1 at a central office, connected to a remote device 3 at a
customer’s premises via a digital subscriber line 2 (DSL) .
The line is seen from the end of the test device, and this
end is called the near end of the line while the other end
at the device 3 is denoted as the remote end. The line 2 is

a conventional copper line of a length L, which has certain
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properties, such as signal attenuation in different
frequency ranges. The test device has a sending device SDI,
a receiving device RE1l and a synchronizing device SH1. The
latter is connected to the sending device SD1, which in
turn is connected to the line 2 and to the receiving device
REL.

As mentioned above it is essential for a nethork operator
to be able to utilize the already existing copper line 2
for the broadband transmission. The operator therefore must
know the line properties, such as the length L, signal
attenuation and transmission capacity. These properties can
normally be determined after a measurement, which is
advantageously performed from the near end of the line as a

so called Single-Ended Loop Test, SELT. The parameters are
related to a 1line input impedance Z,(f) which can be

evaluated using transmitted and reflected test signals.

The test device TD1 transmits such a test signal, a
broadband loop test signal S1, which 1is reflected by the
remote device 3 and is measured by the test device as a
reflected signal S2. With the aid of a quotient S82/S1
parameters of the line 2 can be determined, as will be
described in detail below. The measurement of the reflected
signal S2 can however be disturbed by the remote device 3,
which tries to perform a handshake procedure. To avoid this
disturbance, first the presence of a handshake signal must

be detected.

During the handshake procedure the remote device 3
intermittently sends a narrowband handshake signal HSI1,
which can interfere with the signal S2 and render the line
measurement more difficult. The interfering handshake
signal can however be detected. The loop test signal S1,
used in the present embodiment, has a frequency in the
range of 0-1104 kHz or higher. It is based on a measurement

signal that has a number of orthogonal frequency points
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coinciding with the so called Discrete Multi Tone signal.
This signal is used for modulation purposes in the ADSL
standard ITU-T G.992.1 The test device, that measures the
reflected signal S2 in this frequency range 0-1104 kHz,
therefore can be used for the detection of the handshake
signal. A noise signal in the range of 0-276 kHz or higher
is also to be measured by the test device and also this
measurement can be used for detecting the handshake signal
HS1. The handshake tones in standardized DSL transmission
due to the ITU-T standard G.994.1 uses narrowband signals
modulated with plain DPSK scheme. Due to its limited
bandwidth it is fairly simple to distinguish the individual
frequency position of these handshake signals. In for
example ADSL there are three sets of mandatory upstream

handshake tones, based on a frequency fy; = 4.3125 kHz:
ADSL Annex A : N=[9, 17, 25]

ADSL Annex B : N=[37, 45, 53]

ADSL Annex C : N=[7, 9]

The handshake tones have the frequency F = N x f5 . One or
more of the above tones may be transmitted during handshake

for one specific annex setting.

The above handshake signals can be observed as narrowband
disturbance in a noise measurement, delivering a mean value
noise floor over frequency. In figure 2 is shown handshake
tone disturbance in such a noise measurement. The figure is
a diagram with the frequency f in kHz on the abscissa and
the signal level A in dBm/Hz on the ordinate. In a
frequency range from about 200 kHz and higher the noise NS1
has a rather constant level. In the range 0-200 kHz the
handshake signal HS1 can be observed. The figure shows that
the particular remote device 3 connected has four tones
active during the handshake. By identifying these frequency

tones in the spectra it appears that it is an ADSL Annex A
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set, fulfilling the mandatory set of handshake tones, and

with an optional additional tone from Annex B.

Further, handshake tones are transmitted following a
standardized time scheme. The signals are not continuous
but sent with periodic intervals leaving the line silent in

between. For example the standard ITU-T G994.1 states:

"If a NAK-EF message is received in any state, the receiving station shall return immediately
to the initial G.994.1 state (R-SILENTO for an HSTU-R, C-SILENT! for an HSTU-C) and

remain silent for a minimum period of 0.5 s. It may then initiate another G.994. 1 session.”

This means that if an operator wants to perform a SELT
measurement of the line 2 from the test device TD1l, the
handshake procedure from the rémote device 3 can be halted.
The handshake signals HS1, e.g. as described in figure 2,
are indicated by the receiving device RE1. The
synchronizing device SH1 orders the sending device SD1 to
send the NAK-EF message, which halts the handshake tones
HS1 for a time interval of at least 0.5 seconds. During
this interval the loop test signal S1 is sent from the
sending device on order from the synchronizing device SH1
and the reflected signal S2 is received in the receiving
device RF1l. To get full information about the line 2 it may
be necessary to resend the loop test signal S1 and repeat
the SELT measurement procedure. The complete measurement
will then follow figure 3, which is a diagram with the time
T on the abscissa, showing SELT measurement synchronized
with handshake signals. The figure shows the handshake
signals HS1 followed by the NAK-EF message and interleaving
time intervals TI1, used for the SELT measurement. It
should be noted that it is only the SELT measurement that
is to be performed in the time intervals TI1l. The
calculations concerning the line properties based on the

SELT measurement can go on continuously.
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As an alternative to the standard ITU-T G.994.1 there is
an ADSL standard ANSI T1E1.413 using a different method for
handshake.

The SELT measurement method described above will be
summarized in connection with a flow chart in figure 4. In
a step 401 the customer premises equipment CPE, the remote
end device 3, is connected to the remote end of the line 2.
The test device is connected to the near end of the line in.
a step 402 and in a step 403 the handshake signals HS1 are
transmitted from the CPE. In a step 404 the handshake
signals HS1 are indicated in the receiving device REl. The
handshake signals are halted for the time interval TI1 of
prédetermined duration in a step 405. In a next step 406
the SELT measurement is performed and in a step 407 it is
investigated whether the SELT measurement is ready. In an
alternative NOl the method step 404 is repeated with an
indication of the handshake signals. Then the method steps
405, 406 and 407 are repeated until the alternative YES1
after the step 407 is the actual one and the procedure ends

in a step 408.

Below will be described in an embodiment how the single-

ended loop test, the SELT, is performed.

In figure 5 is shown a transceiver 1 connected to the
remote device 3 via the line 2. The transceiver is suitable
for communication purposes and is described such that the
SELT measurement can be explained. The transceiver 1
includes a digital part 41, a codec 42 and an analog part
43, the so called Analog Front End AFE. The digital part
includes in turn a digital signal generator 13 and a
computational device 11 interconnected with a memory device
12. The transceiver 1 also has an input 63 and an output
64. The generator, which is connected to the computational
device 11, sends a broadband input loop test signal v, to

the remote device 3 via the codec 42, the analog part 43
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and the line 2. A reflected broadband loop test signal vy
is received in the computational device from the line 2 via

the analog part and the codec.

The broadband loop test signal vj,, sent for such measuring
purposes, 1is reflected back over the line 2 and is noted as
the loop test signal veout. As will be described below, the
signals vi, and vy, are used in the (ietermining of the

properties of the line 2.

What the operator in fact needs to know is the input
impedance Z,(f) of the line 2 including the remote device 3,

measured from a transceiver interface 5 and being
independent of the transceiver 1 itself. A first step in

getting the required line properties is to generate an echo

transfer function H,, (f) for the actual line 2. This is

echo
calculated by performing a frequency translation of the
broadband signals vji, and Veuw, resulting in signals Vi, (f)
and Veut (f) in the frequency domain. The transfer function is

generated by the relationship
Htcha(f)= vout(f) /Vln(f) (1)
in which the frequency is denoted by f.

Naturally, the function H, (f) includes properties of the

transceiver 1. Below it will be described by an example how
the required line properties of the line 2 can be obtained

with the aid of the frequency dependent echo transfer
function H,, (f). First, the transceiver analog part 43 will
be described somewhat more in detail in connection with

figure 6. This is to throw light upon the difficulties in

characterizing the transceiver 1 in a simple manner.

Figure 6 1is a simplified block diagram over the analog
transceiver part 43 and the line 2 of figure 5, yet somewhat

more detailed than in that figure. The analog part 43
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includes an amplifier block 6, a hybrid block 7, a sense
resistor RS and a line transformer 8. The amplifier block 6
has a driver 61 with its input connected to the digital
generator 13 via the codec 42, not shown. I also has a
receiver 62 receiving signals from the line 2 and having its
output connected to the transceiver digital part 41, not
shown. The driver output is connected to the sense resistor
RS, the terminals of which are connected to the hybrid block
7. The latter has four resistors R1l, R2, Ré and R4 and is
connected to inputs of the receiver 62. The line transformer
8 has a primary winding L1 and two secondary windings L2 and
L3 interconnected by a capacitdr Cl. The primary winding L1
is connected to the sense resistor RS and the secondary
windings L2 and L3 are connected to the 1line 2. The

frequency dependent line input impedance at the interface 5
is denoted Z,(f) and the input impedance at the primary side

of the transformer is denoted ZL.., The termination of the
far-end of the line 2, the remote device 3, is represented

by an impedance ZA.

The signal vi,, now in analog form from the codec 42, is
amplified in the driver block 61. The output impedance of
the driver is synthezised by the feedback loop from the
sense resistor RS. The line transformer 8 has a voltage
step-up from the driver to the loop. The capacitor Cl has a
DC-blocking function. The transformer and the capacitor act
as a high pass filter between the driver 61/receiver 62 and
the loop 2, 3 with a cut-off frequency around 30 kHz. No

galvanic access to the loop is possible in this case.

In the present description a frequency-domain model of the

echo transfer function H,,(f) is used to calculate the

frequency dependent input impedance Z,(f) of the loop 2 and

3, as seen by the transceiver 1 at the interface 5. The
input impedance can then be used for calculating several

loop qualification parameters. This frequency-domain model



10

15

20

25

30

WO 2004/100513 PCT/SE2004/000566

12

of the echo transfer function H,, (f) includes three

parameters Z,(f), Z,,(f) and H,(f) which relate to the

transceiver 1. The parameters, transceiver model values,

fully describe the transceiver from this point of view.

The parameters Z,(f), Z,,(f) and H(f) are originally

deduced analytically from the circuits of the transceiver.
Some minor simplifications have been made in the analysis,
but the model has proved to be very accurate. In the
enclosed Appendix 1, “Simulation of the echo transfer

function for DAFE708” it is shown how the model of the echo

transfer function H,, (f) is derived.

The wvalues of the parameters are normally not calculated
directly from the component values of the transceiver, but
are generated from measurements in a calibration process, as

will be described below.

In the earlier mentioned standardization paper “How is
G.selt to specify S;; (calibrated measurements)?” the
scattering parameter S;; is expressed with three parameters

Cl, C2 and C3 for the transceiver. These parameters should

not be confused with the transceiver model values Z,,(f),

Z,,(f) and H,(f) of the present description. The parameters

Cl, C2 and C3 are dimensionless quantities and are not given
any concrete meaning, although they are successfully used to
model the transceiver. The transceiver model values of the
present description are recognized in the analysis and can

be interpreted directly:

The value H_(f) 1is the frequency dependent echo transfer
function for the transceiver 1 with open connection to the
line 2, i.e. when the line impedance is of unlimited

magnitude.
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The value Z,,(f) is the transceiver impedance as measured at

the connections to the 1line 2, i.e. the transceiver

impedance at the interface 5 as seen from the line side.

The value Z,(f) can be expressed as Z,(f) = Ho(f): Z,,(f),

in which the value Hp(f) is the frequency dependent echo
transfer function for the transceiver 1 with the connections

to the line 2 shortcut and the value Z,,(f) is defined above.

It is to observe that the transceiver model values are not
measured directly, but are generated in a process as will be

described below.

The echo transfer function H,,(f) of equation (1) can be

expressed as:

H,()Z,())+Z,(f)
Z, () + 2y (f)

Hecho(f): (2)

in which

Z,(f) is the earlier mentioned input impedance of the line 2

as a function of the frequency f ; and

Zw(f): Z,(f) and H_(f) are complex vectors and are the

transceiver model values mentioned above.

After a calibration measurement of a certain transceiver
version its vectors can be determined. These vectors, the
transceiver model values, are then pre-stored in for example
the software of the transceivers of the measured version,
e.g. in the memory 12 of the transceiver 1. The model values
are then used for the loop test of the line 2 with its

initially unknown properties.

In connection with figure 7 will be mentioned how the

calibration measurement is performed. The figure shows a
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test transceiver 31, to which test impedances 9 of different
predetermined values are connected at the interface 5 for
the line 2. A measurement device 32 with a memory 33 is
connected to the input 63 and the otput 64 of the test
transceiver. The measurement device 32 sends a control
signal VCl to the test transceiver 31 and initiates it to
generate a broadband transceiver test signal wvtj, , one for
each value of the test impedance 9. A reflected output
transceiver test signal vte,: 1is received in the test
tranceiver, which sends a corresponding control signal VC2
to the measurement device. A complete measurement requires

the measurement of three selected impedance values. The echo
transfer function H,,(f) is then generated in accordance

with the relationship (1).

Using three impedance values for the <calibration is
sufficient to generate the transceiver values. To get more
precise values, more than the three impedances can be used.
This gives rise to an overdetermined equation system. An
example on a set of standard values of the test impedance 9
for the calibration is an open circuit, a shortcut circuit
and an impedance value corresponding to an expected value
for the loop, e.g. 100 ohms. It should be noted that a value
for a purely resistive component is normally valid only up
to a limited frequency, e.g. 1 MHz. For higher frequencies
it is recommended to measure the impedance value of the

“resistive” component.

The generating of the three complex vectors Z,(f), Z,,(f)

and H_(f) for the measured transceiver 31 is performed in
the following manner. The model of the echo transfer

function in the relationship (2) can be expressed as:
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Z,,(f)
0 -H.o(f) Zo(D) Zoo() |= Hon(NZ,,(f) (3)
H.(f)

or equivalently Ax=b, where

Z,,(f)
A=Q -H,(f) Z,(), x=|Z,(f)| and b=H, (NZ,(f)
H,(f)

The general solution to the system Ax=b is
x=(474)" 47b

By using the values of the transfer function H,, (f),

measured as described above with different types of the
input terminations 9, the vector x can be solved. The thus
generated calibration values of the vector x are stored for
example in the memory 33 of the measurement device 32 or in
the memory 12 of the transceivers of the measured version.
Note that A4, x and b normally are complex valued and

frequency dependent.

After a measurement of the echo transfer function H,,(f) for

the actual unknown line 2, its input impedance as seen by

the transceiver 1 at the interface 5 can be generated as:

Zyo(f) = Zip () H oo (f)

L= )

(4)

To summarize, a certain hardware for transceivers like the
transceiver 1 is first calibrated. This is performed for the
test transceiver 31 with the aid of the impedances 9 and the
transceiver test signals vti, and vtew. The vector x is
calculated and the values of the vector x are stored and can

be used for any transceiver with the same hardware. The echo
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transfer function H,, (f) is then measured by the transceiver

1 for the line 2 having unknown properties with the aid of

the loop test signals vi, and ve:. The frequency dependent
input impedance Z,(f) of the 1line 2, as seen from the

transceiver interface 5, is then generated.

In the embodiment described above, both the transceiver test
signals vt;,,Vvteyr and the loop test signals vi,, Veue have been
broadband signals. It is possible to use signals of any
desired frequency width both for the calibration and the
measurement of the line. The calibration and the loop test
will of course be valid only for the selected frequency
range. It has been mentioned that the transceiver model
values are stored in the memory 12 of the transceiver 1. An
obvious alternative is to store the values in the memory 33
or in a memory in some central computer and transmit them to

the transceiver 1 when they are required for the generating
of e.g. the input impedance Z,(f) of the line 2. Also, in

the description has been mentioned the test transceiver 31
and the transceiver 1 for communication purposes. The test
transceiver 31 can be any of a set of transceivers which are
based on one and the same hardware. The test transceiver can

in an obvious way be used for the communication purposes.

The above generating of transceiver model values and the
generating of the impedance value for the line 2 will be
shortly described in connection with flowcharts in figures

8 and 9.

In figure 8 1is shown the generating and storing of the
transceiver model values. The method begins in a step 601
with the selection of the transceiver 31 for test purposes.
In a step 602 an impedance 9 with a predetermined value is
selected and in a step 603 the impedance is connected to the
line connection of the test transceiver 31. In a step 604

the transceiver test signal vt;, is sent through the
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transceiver 31 to the 1line 2. To get transceiver model
values that can be used for a wide range of applications the
test signal is a broadband signal. The signal is reflected
by the remote device 3 and after passage of the transceiver
31 it is received as the transceiver test signal vty in a
step 605. In a step 606 the echo transfer function H,, (f) is
generated in the computational device 32 for the actual
impedance 9, after first having transformed the signals vtj,
and vty into the frequency domain. In a step 607 it is
investigated whether measurements for a sufficient number of

the impedances 9 have been made, so that the transceiver
model values Z,(f), Z,,(f) and H_,(f) can be generated. In an
alternative NO1l a further impedance 9 is selected in the
step 602. For an alternative YES1 the transceiver model
values Z,,(f), Z4,,(f) and H_(f) are generated in a step 608.
In a step 609 the vector x, i.e. the transceiver model

values, are stored in the memory 33. Next, the transceiver 1

for communication purposes is selected in a step 610. In a

step 611 the transceiver model values Z,(f), Z,(f) and

H_(f) are transmitted to the selected transceiver 1 and are

stored in the memory 12.

Figure 9 shows the generating of the frequency dependent
line input impedance Z, (f) at the transceiver interface 5 to
the 1line 2. In a step 701 the transceiver 1 for
communication purposes 1is connected to the line 2 with the
remote device 3. The loop test signal v;, is sent in a step
702. The loop test signal vy, as reflected by the line 2 is
received by the transceiver and is measured in a step 703.

In a step 704 the frequency dependent echo transfer function

H,,,(f) is generated in the computational device 11. The

frequency dependent impedance value Z,(f) for the line 2 is

generated in the device 11 with the aid of the stored

transceiver model values and the echo transfer function,
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step 705. This generating is performed in accordance with
the relationship (4).
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Appendix 1

SIMULATION OF THE ECHO TRANSFER FUNCTION FOR DAFE708
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INTRODUCTION

The DAFE 708 unit contains the Broadcom BladeRunner chipset (DSP and
CODEC) and 10 analogue line interfaces. The line interfaces are designed
around the Infineon line driver /receiver PBM 39714. For testing the single-
end loop test (SELT) algorithms and investigating manufacturing test features
it might be helpful to have a simulation model of the analogue front end. With
this it is easy to examine the impact of changing the external load or loop
connected to the line interface as well as the internal components on the
PCB.

In the following such a model based on symbolic expressions is developed for
the analogue part of the DAFE 708. The main purpose is to derive
expressions, which can be used for evaluation of the echo transfer function
Hecho-

LINE
-FILTER
OOB-FIL TRANSFORMER

SUBSCRIBER

LOOP

DRIVER

RECEIVER

zT
ECHO CANCELLER l—>

ZL ZIN

Figure 1: Block diagram of analogue part of DAFE 708

The circuit in consideration is shown in Figure 1. The analogue part is
separated in three blocks — the PBM 39714 driver/receiver/echo canceller, the
out-of-band noise suppression filter and the line transformer. The CODEC
output is assumed to be a constant voltage source e;,. Two series capacitors
are inserted between the CODEC output and the line driver. The echo
transfer function is defined as Hecho = Vou/€in Where vy is the received output
voltage at the CODEC input. The CODEC input has a differential load
impedance of 24 kQ. The shown capacitors C4, C5 and C6 are inserted to
perform some low pass and high pass filtering of the receiver output.

Below each block is analysed and symbolic expressions are formulated.
Finally these expressions can be combined to generate the echo transfer
function. Before Hcno Can be evaluated the input impedance Zy of the
subscriber loop must be calculated. This requires knowledge to the primary
constants of the cable, the loop length and the far-end termination.

SIMULATION MODEL FOR SYMBOLIC ANALYSIS

SUBSCRIBER CABLE
The input impedance of the subscriber loop is calculated by using the

expressions in Annex A of Ref. [1] for the primary constants for ETSI loops.
When the primary constants are found the secondary constants are given by
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fR+ joL ‘ - -
- “= =R LXG
Z, G+ jaC and y J( + ja )( +ja)C)

The chain matrix of a loop with the length d is then given by

{\/1} cosh(yd) Z, sinh(yd) {\I/:}

= Sin;o COSh(}'d)

Il

With a given far-end termination Z; the input impedance Zy can be calculated
by using the expression

, _Z cosh(yd)+ Z, sinh(3d)
IN

Z sinh(3d)+ cosh()d)
ZO
2.2 LINE TRANSFORMER

L3 L1

131uH 525uH

AFE St LINE

L4 L2

131uH 525uH

Figure 2: Line transformer for DAFE 708

The line transformer together with the series capacitor C1 is shown in Figure
2. All four windings L1, L2, L3 and L4 are placed on the same magnetic core
and are closely coupled together. It is assumed that the number of turns for
L1 and L2 are equal and the same for L3 and L4.

When considering only differential, balanced port signals the schematics of

the transformer can be simplified in order to make the derivation of the
characteristics easier.
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L1s

TWwH —

Figure 3: Simplified model for line transformer

The four winding symmetrical transformer is divided into two single
transformers as shown in Figure 3. Each transformer is replaced by an
equivalent circuit, which consists of an ideal transformer and the two inductors
L1 (L2) and L1s (L2s). The ideal transformer has a turns ratio N equal to the
original transformer. The ideal transformer imposes constraints on the
terminal voltages and currents of the transformer as indicated in Figure 3.

The inductor L1 (L2) represents the main inductance on the line side and the
inductance is actually half the open circuit inductance measured at the line
side. L1s (L2s) represents the leakage inductance and is half the short circuit
inductance measured at the line side (both with C1 shorted).

In order to find the chain matrix of the line transformer the port voltages and
currents shown in Figure 3 are considered. The equations of the circuit are

Vy  V, : i .

— 4+ 2=y SLyj, +V,+—2—+v,+8L, i, =v
N N 1 18’2 3 SC1 4 2s'2 2
v,=8Li, v,=8L, i—i1+i i—i1+i

3 13 4 2'4 3 N 2 4 N 2

If we assume that the two single transformers are identical (L1 = L2) we have
is = iz and v, = v3. This together with equation 3 to 6 can be used to eliminate
Vs, Va, i3, is from equations 1 and 2.

The second equation gives after the substitutions

N, N(2L + Ly +L,,)C,8? +1,

i =
"2 ? 2L.C,s? "2

This expression is introduced in the first equation together with the
substitutions. After rearrangement the result is
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s, 2GSt 41
"N 2 NC;s 2

The chain matrix is defined as

Vil _JAr Br || v,

ii| e, Drf|-i,
Comparing with the last two expressions we have the chain parameters of the
line transformer:

2
A= B, _ LCis" +1
N NC.s
2
Crzl DT=N(Lm+L/)C128 +1
Lns L,C,s

where we have introduced L, = Ly + L, and L, = Ly + Ly as the total main
inductance and the total leakage inductance respectively measured at the line
side (with C, shorted).

The actual component values for release R1.1 are:

Lmn=21mH, L=2pH, C;=33nF, N=20.

The magnitude of the four chain parameters with these values is presented in
Figure 4.
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23

— AT
— BT
— CT
— DT

Figure 4: Chain parameters A, B, C and D of line transformer

OUT-OF-BAND FILTER
In order to suppress noise and harmonics of distortion above the ADSL band
it has been necessary to introduce an Out-of-Band filter between the line

driver and the line transformer. The OOB-filter has the following configuration
shown in Figure 5.

LF1

+

LF2

Figure 5: Filter for out-of-band noise

The impedance of the series branches is Z, = Z, = sLg; assuming that
Lr1 = Lra. The impedance of the shunt branch is

1 LpsCpys® +1

Zy=8Lg;+
? 7 sCyy SCrs
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With i, = 0 and a voltage v, applied we have
Z, _ Z,+22Z, v

V,=———v, or Vv, )
Z,+2Z V4
3 1 3

If the expressions for the impedances are substituted into the equation the
result is

1

(Les +2Lp, JCryS” +1 y
2
LF3CF332 +1
With i; = 0 and a current i; applied we have v, = Zi; or i;= v,/Z,

. Cess

TG i1
FaCraS” +1

With v, = 0 and a voltage v, applied we have i, = v4/2Lg;s or

With v, = 0 and a current i; applied we have i, = i; or iy = i,.

The chain matrix is defined as

Vil _JAs Be|v,

i ¢, D[]i,
Comparing the expressions derived above we have the chain parameters of
the OOB-filter:

A =(LF3+2LF1pF382+1 B. =25
F L;,Crys? +1 F m

C, = Ce,s

=S S — D_ =1
Lp,Crys? +1 F

The actual component values for release R1.1 are:
LF1 = L|:2 =680 pH, LF3 =270 LIH, C|:3 =47 nF.

The magnitude of the four chain parameters with these values is presented in
Figure 6.
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N e

— AF
— BF
— CF
— DF

Figure 6: Chain parameters A, B, C and D of OOB-filter

If the input impedance of the subscriber loop Z)y is known the driver load
impedance Z, of the AFE shown in Figure 1 can be found from

_AZy+B,

Z =
t C.Z,+D,

The four coefficients are obtained by multiplication of the chain matrix of the
OOB-filter with the chain matrix of the line transformer

A B _AF B:|[A; B;
c, b |c. D.[|c, D,
If the subscriber loop is replaced by a resistor of 100 Q the load impedance Z,
turns out as illustrated in Figure 7.
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Load impedance ZL with ZIN=100 ohm

1*10
100 I/\\
7 e
e N — /
R R / N -
/ N
) —// “‘%—h%‘_.‘-h-“:‘4 e —‘/
{ N\ /
10 - y
y4
P
/- ’
i
1o10° 1o10* 1f-105 1o10° 1e10’
10° i 10-10°

Hz

Figure 7: Driver load impedance ZL with the line interface terminated into
100 Q

In the ideal case Z, should be given by 100 Q/N? = 25 Q, which is seen only
to be the case between 100 kHz and 1 MHz approximately. The peaking at
low frequencies is caused by the line transformer and the series capacitor at
the line side. The series resonance circuit of the OOB-filter is responsible for
the minimum at 2 MHz.
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CTP RA6
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LINE DRIVER/RECEIVER

RSHA
GAINA1 AN

TX+ A FAd HAT RAS DR1| RsA'™ csa
2.2nF — 1E AN ” @]
_l___gg__l_w q SA1} 27 o0 - |SB1
45 === 1 — -—-_L_- 15nF é
= 0 To 'To

-0

RA8
1.27k

= > RA2S RAT< RA3
¢ 2 x

15k S 3k S

FA1 FA2

LINE

22nF 2.2k FB4 |
- 1 T sA2| 27 esonF |SB2
4.5 = 1 15nF

OUT-

=6-0 =0 =0 T 3kRBZ 3EB(}

FB1 FB2

F 284~—=. =, F -284

=o 070 fg3

—?_0 F 05 ?0

Figure 8: Schematics of the AFE with the PBM 39714 line driver/receiver

The Analogue Front-End (AFE) consists apart from the line transformer and
OOB-filter of the PBM 39714 line driver/receiver and a few external
components. PBM 39714 is a differential mode line driver and receiver
including an echo canceller bridge. A suitable model of the device is shown in
Figure 8. The input terminals are TVP and TVN with the input resistors RA6
and RB6. The amplified transmit signal appears between the driver output
terminals DR1 and DR2. A sense impedance network Zs consisting of RSA,
CSA and RSHA (RSB, CSB and RSHB) is placed in series with the driver
output. The voltages at the terminals of the sense impedance network are
converted into currents through the two 3 kQ resistors at the terminals SA1
and SB1 (SA2 and SB2). The currents are subtracted by the two current
controlled current sources FA1 and FA2 (FB1 and FB2). The difference
current represents the voltage across the sense impedance network or the
driver output current multiplied by Zs. This current is fed back to control the
driver output voltage. The result is that the driver output impedance is equal to
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Zs multiplied by a real scale factor K. A second feedback path through the
controlled source FA3 (FB3) is used to set the transmit gain of the driver
output stage.

The echo canceller consists of the resistor bridge RA7, RA8, RB7 and RBS8. If
the load impedance Z, is matched to the sense impedance K*Zs the echo
signal between output terminals RP and RN will ideally be zero with the
selected resistor ratio of the bridge.

The receive path is purely passive. The received signal across the line
transformer is sensed through the bridge resistors RA8 and RB8 where it
appears between the terminals RP and RN. The echo canceller however also
affects the received signal. The parallel capacitor CR and the two series
capacitors CRP and CRN constitute an output filter together with the receiver
output impedance and the CODEC input impedance.

In order to derive a symbolic expression for the echo transfer function the
simplified, unbalanced model of the line driver/receiver in Figure 9 is used. A
detailed analysis of the circuit is presented in Ref. [2].

A
RS1
. . M .
i1 i3 . l\%\’ i4
ain—p —pZA vl R v2 RS2 cs2| y3
W —ii '
1k 2.7 680nF
5 1 . Cp_IiSnF po
== = = i5 i6 ZL1
I |
VEL  VES
i2 S 3 3k
¢ - =
al a1l
= F284= = F -284
a2
= F 05—
v out CRP RR1 v out' R5 R6
- - E1 1.5k 1.27k
RR2 1.5nF $§6 F687.7 | vé
.36nl
12k v5
E 10

= = = R? R8
1.27k 1.5

Figure 9: Simplified, unbalanced model for deriving the echo transfer
function of the line driver/receiver

The echo transfer function Hecho(f) is given by Hecho = Vou/€in. This can also be
written as

]
v Vout v out
1

ein v out ein

out _

H

echo —

where vou/V'out is the transfer function of the output filter.
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The following equations apply to the circuit in Figure 9 (see also section 2.3 of
Ref. [2])

V' _=V.-V, = R, v, — R v
- .=
ot =73 R.+R. 2 R, +R, °
7 5 8 6

LV, .V . . .
Is=—0 lg=—7 Vi=Zuy Vo=pv, Vy=2,i, V,-Vy=1Ci,

in

.. a . . .
iy =iy +ip =20 —ayls + a5 ~ayly
1

By substitution it is possible to derive

= (1 + ~Z—§-]v3 and
ZL1

1

a, a a, a,
v, = uH 2—16,." —T?—vz +Ev3 —?vs

Itis now possible to eliminate v, and to find v; expressed by the equation

= /UZA € or

Z 2
Vya+——V, + —=V, +
Z 3 FZA /‘ZA R ZL1 Z,.

L1

RZLLuZA in
Z(R(Z,s +Zs)+ 1Z (8,2, +3,Z ))

Using the first relation between v; and v, it is possible to express v, as

Vs =

V. = R(ZL1 +Zs) A9 e
2~ in
Z1(R(ZL1 +Zs)+l‘ZA(azzL1 +a,Zg ))

The last two expressions are now substituted into the equation for v'o to give

RuZ ,a, R R

Viout = M2 420 ! (Zu + Zs)_ 2
Z1(R(ZL1 +ZS)+/UZA(aZZL1 +a1zs» R; +R; Rs + Rq

ZL1

If we assume that R; = Rg and R; = R it can be rearranged to

out

€ - Z, (Rs + Rs) (R"' HZ \a, )Zu + (R + pl \a, )Zs

Itis seen that vio = 0 if Rg/Rg = 1 + Zg/Z, 4 (echo cancellation).

V' _ .UZARain (Rs _Rs )Zu +RGZS

The transfer function v',/e, can also be expressed as
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Viut _ G Al +A
- ™
e, B,.Z,, +B,

n

The coefficients may now be identified by comparing the last two expressions.
Then we have

M, Ra,
G =—2""_ A=R. -R A =R.Z
1 Z1(R6+R8) 1 6 8 0 6<s
B, =R+ uZ,a, B, = (R + ﬂZAa1)Zs

To find the echo transfer function we need to derive the transfer function for
the output filter Hou: = Vou/Viour. By considering the filter circuit in Figure 9 it is
possible to calculate the transfer function to

_ Rz:CrpS
RR1RRZCRPCR82 + (RR1CRP +RgiCr + Rg,Chrp )s +1

out

If we write the echo transfer function Heeno as

H — Vout = G A1ZL1 + AO
B,Z,, +B,

echo
in

we see that the multiplier is G = G,*H,; while the other coefficients remain
unaltered.

For calculations with the expression for Hecn, We need the frequency
dependent quantities Z,, Zs and p.

Z, is given by
1 sR,C, +1
Z =R, + =11
Y sC,

The sense impedance Zs is given by

1 _ Rs1(SRs:Cs2 +1)
1 + SCs: $(Rgs + R, )Cs, +1
Rsy  SRs,Cs, +1

Zg =

The open loop gain p is determined by the DC gain y, and the corner
frequency given by the resistor R, and the capacitor C,,

- Ho
H# SR#C# +1

With these modifications taken in consideration the coefficients of Hecho NOW
finally can be identified as follows:
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M ,Ra,
G=—/ 2" _H
Z, (Rs +Rs) o
A =R;-R, A, =R Z;
B, =R+ uZ,a, B, =(R+:”ZA31)ZS
where Z, = sR,C, +1 z, - Rs.(sRs,Cs, +1)
sC, S(Rs1 +Rs, psz +1
Ho
=t d
#7SR.C, +1 o

H = RgoCrpS
M ReyRpyCrpCrS? +(ReiCrp + RriCr + ReyCrp s +1
R1* *R2™RP™~R R1~RP R1¥R R2™~RP

The actual component values in release R1.1 are:

Ri=2.2kQ, C;=22nF, a,=-4.0,Z,=1,R,=1kQ, C,=15nF, yo=10"®
a;=284,a,=05 R=3kQ

Rs1=15Q, Rs2=2.7Q, Cs; =680 nF, Rs = 1.27 kQ), Rg = 1.5 kQ,

Rr1 = Re//Rg = 687.7 Q, Rry = 12 kQ, Cg = 2*680 pF = 1.36 nF, Cgp = 1.5 nF.

If the load impedance Z, is known the echo transfer function can be
calculated from

_ AZ,+A

H echo —
B,Z,, +B,

Note that Z,, in this expression shall only be half the impedance Z;
calculated in section 2.3! This is because the expression for He., is based
on the unbalanced version of the AFE circuit.

For the case where the subscriber loop is replaced by a resistor of 100 Q the
corresponding echo transfer function is shown in below.
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Echo transfer function - ZIN=100 ohm

0

fa
/
AN

=20
=30 /4 \\UJ‘/-‘”'
4 |—/ o \___
=50

1010° 1o10* 1910° jo10° 1e10”

10° £, o

Hz

10: Echo transfer function with the line interface terminated into
100 Q

The procedure for calculating the echo transfer function can now be stated as

follows

1.

Find the primary cable parameters for the selected type of cable
(R,L,G,C), the cable length (d) and the far-end termination impedance
(Z7). Calculate the input impedance of the loop Z.

Calculate the driver load impedance Z, by using the combined chain
matrix for the line transformer and OOB-filter sections and the loop
impedance Zy.

With the load impedance Z,; = Z/2 the echo transfer function can now
be calculated by using the expression for Heco for the line
driver/receiver PBM 39714,
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3 ECHO TRANSFER FUNCTION AND LOOP IMPEDANCE

The echo transfer function was found in the preceding section 2.4 as

A1i+A0
2

=6—F—

B17L+B0

H

echo

and the load impedance Z, is related to the input impedance Z of the
subscriber loop as shown in section 2.3

_AZy+B,
o czZ,y+D,
If this is substituted into the expression for Heno We have after some
rearrangements
A A
(—2—‘ A +AC, JZ,N + (?‘BL + AODLJ
H_ . =G

echo
(%AL +B,C, }Z,N +(%BL +BODLJ

_ Yl +M,

H =
echo Y2 Z/N + M2

we have the identification

Y, =G[%AL +AOCL] M, =G(%BL +AODLJ
Y, = %AL +B,C, M, = %BL +B,D,

If Zn = © = Hecho = How = Y4/Y2, which is the echo transfer function if the
subscriber loop is replaced by an open circuit.

If Zw =0 = Hecno = Ho = My/M,, which is the echo transfer function if the
subscriber loop is replaced by a short circuit.

By division with Y3, Hecho can also be written as

.}fL.ZZ + !E!l
H = YZ N Y2 = HchIN +Zh0
echo I‘/’2 Z/N + Zhyb
Zy+ Y.
2
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where Zhyb = leYz and 20 = MJ/Y,
Using the actual components values the four hlghhghted functions can be

calculated. The resuits are shown below.

10 Hinfinite
10
™~
1 ™
I/ ..
/ TN
YI, S / N
_ / N
Y2, 0.1 P
_ A\
/ X
\
// )
0.01 |=A \
ll At
£
7/
/
107 - i N
110
31-103 110 1010° 10108 1010’
10 f 10
Hz
— Hecho with open line terminals
HO
7AY
ll' A ':;f.-"‘-“\_\
/. N
\‘/ N
0.1 » C
i
M, WA
! YA
M2, / }
/ §
/ \
0.01 7
/
yi
/
4
10 -
1410
1e10° 10 1910° 1010° 1°10
10° f 107
Hz

— Hecho with shorted line terminals
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Zhybrid
N\
\\
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N
1010° D\
M2, Sy NN = Lt —=1-F
1 /-\
Y2 7 X
- \ N
\\ /1
/
100 e
P
N
/
2
10
10
‘3"03 1o10* 1f°105 o108 110
10 i 10’
Hz
Zh0
103 1010° ;
!
100 a1
e R =
~
Mi _ N
—i \
Y2i 10 \“
\\
\
M= O
B — - . s — =N
107! BRI
0.1
1o10° 1o10% lf.105 Jo106 o107
10 i 10
Hz

The last expression for Hecho may also be written as
HechoZIN + Hechozhyb - HwZIN _ZhO =0
If the echo transfer function Hecho is measured with a set of appropriate

terminations Zy it is possible to solve for the unknown coefficients Zny, Zno
and H,, considering the expression as a set of equations. This is described in
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details in Ref. [3]. The coefficient H, may be determined directly from one
single measurement with Z,y — . With two different resistive terminations it
should be possible to find the remaining coefficients Zy, and Z,,. These
parameters completely characterize the analogue front-end inclusive the line
transformer since Heno always must be a bilinear function in Zy.

With the actual subscriber loop connected to the ADSL modem it is now
possible to derive the input impedance of the loop Z\y. This is done by
inverting the expression for Hecno

Z,, -H

- Z hyb
IN H

echo

H

echo ~ "'w

This approach is further described in Ref. [3].
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The procedure can be described as follows:

1. Measure the echo transfer function with open line terminals and save
the result as Heo.

2. Measure the echo transfer function with at least two resistive
terminations (more measurements may improve the accuracy).

3. Solve for the parameters Z,, and Zy,, and save the results. This
concludes the calibration procedure.

4. Measure the echo response with the actual loop connected to the
ADSL modem and calculate the input impedance Zy.

5. The input impedance Z,y may next be used to identify the subscriber
loop.

4 ECHO IMPULSE RESPONSE

The measured echo transfer function can be used for deriving the
corresponding echo impulse response. Usually the echo transfer function is
only measured at a finite number of discrete frequencies. If Heeno is assumed
to be band-limited above the Nyquist frequency it may be considered as a
period of the echo transfer function of a time-discrete system. Hepo is
sampled at 2" frequency points to give Hecno(kF) where F is the distance
between the samples. If Hecno(KF) is expanded around f = O with complex
conjugate symmetry an IFFT performed on it will generate the corresponding
time-discrete echo impulse response hecho(kT).

For a typical subscriber loop hecho has a pulse-like waveform with a large peak
at the time t close to zero. This pulse is followed by a damped oscillation
mainly caused by the line transformer section. Somewhere on this curve
another small pulse-like waveform is visible. This represents the reflection of
the initial pulse waveform from the far end of the loop.

By measuring the distance in time between the occurrence of the first pulse
and the second one the delay time forth and back in the actual subscriber
loop can be found. If the velocity of propagation of the cable is known the
physical cable length d can be calculated.

The ratio between the energy in the first and second pulse could be used to
estimate the cable loss since the ratio should be exp(-2ad) approximately.
This part is most conveniently accomplished with a band pass filtered version
of the echo response in order to evaluate the cable loss at a certain
frequency. See Ref. [4] for further details.

The presence of the analogue echo canceller in the AFE however tends to
make this approach questionable as described below.

What is needed in the determination of the cable length and cable loss is the

incident and reflected pulse waveform in time at the input at subscriber loop.
The available information is however the echo impulse response measured at
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the receiver output terminals. It is therefore necessary to “transform” the
measured impulse response from the receiver output to the line terminals or
what is the same to the line transformer input. This is illustrated in Figure 11
and Figure 12 below.

o

e_in C}S: \ o I

PBM 39714 V3'T FILTER v_inc

v_out' / _»
Hinc

Figure 11: Echo path of the incident wave

He

A 00B ’
PBM 39714 V3T FILTER l v_rf @ l al
v_out" <+
. 4/Hrﬂ

Figure 12: Receive path of the reflected wave

From Ref. [2], 2.3 or the equations in section 2.4 we have the transfer function
from the AFE output voltage v;' to the CODEC input voltage v, with ejne = 0
and e, #0

' RG ZS ' RB 1
Vii=Vs =V, = 1+ vi,- V',
R + Ry Z, Ry + R,
which can be rearranged to

H = V' ot - R¢Zs +(Re - Ry )Zu
N A (Re +Ry )ZL1

The CODEC input voltage v~ with e, # 0 and e;, = 0 can be written as (see
also Ref. [2], section 2.4)

v"' =Vv.-Vv, = 5 v, - 8 v
4 2 3
out 5 R6+R8 R5+F<’6

With e;, = 0 we have

SUBSTITUTE SHEET (RULE 26)



WO 2004/100513 PCT/SE2004/000566
40

Using this v, can be eliminated and the transfer function now becomes

N

H. = Vo _ (@ -8, )1Z,Rs — (a2, + R)R, (@, -a,)R; -a,R,
vy (Rs + Ry Nauz,, + R) a,(Rs +R;)

Both functions Hi,. and Hy shall be multiplied with the output filter transfer
function H,.. Since we only are interested in the ratio between the functions
this can be omitted.

It can be noted that while Hy is independent of the load impedance Z,, the
transfer function of the incident signal H;.. is dependent on Z, or the
impedance of the subscriber loop. Both functions are frequency dependent.

If we consider the envelopes of the band pass filtered pulses, which occur in
hecno(t) the assumption is that the envelopes at the line transformer can be

found as
Env(v,,,
Incident waveform: Env(v,,. )= ( °“;v‘"° )
I inc
Env(v
Reflected waveform: Env(v, ;)= ___l ( ‘l"zf"'ﬂ)
: H

The estimated cable loss is calculated as

Env(v3.inc )] — %10|og10[Env(vout,inc) Hrﬂ

A=110l 101
> 1010g,, [j—jEnV Vor j_jEnv Ve J+ 0919 H

The last term is the logarithm to the scale factor IH,ﬂ/Hi,,cl . Using the actual
component values the scale factor can be calculated for the cases where the
subscriber loop is a 0.4 mm and a 0.5 mm PE cable. The result is shown
below. The graphs show that the scale factor is frequency dependent, but
also dependent on the characteristic impedance of the subscriber loop. It is
therefore not possible to find one single scale factor covering all cases.

dB

inc

The analysis demonstrates that the echo canceller decreases the energy of
the incident wave relatively to the reflected wave — this is actually the idea
with an echo canceller. The advantage is that the dynamic range for retrieving
weak echoes is improved when the near-end echo is suppressed. The
disadvantage is that the energy of the incident wave cannot be found directly
from the measured echo response.
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Scale factors for incident wave
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—— ETSI04PE
— ETSIOSPE

Figure 13: Scale factors for incident envelope

Ref. [4] demonstrates how the estimate of the cable loss becomes erroneous
if the correction term from the scale factor is not taken into consideration.

Again to illustrate the importance of the scaling factor the simulation model is
used to estimate the cable loss at 300 kHz for a 0.4 mm PE cable at different
lengths. The procedure described in Ref. [4] is applied here. In Figure 14 the
envelope loss is the loss based on the ratio between the envelopes of the
incident and reflected wave. From Figure 13 the scale factor at 300 kHz for
the 0.4 mm PE cable is approximately 12.5 or 10.9 dB. If the scale factor term
of this magnitude is added to the envelope loss the cable loss appears.
Finally the nominal cable loss of the cable is shown for comparison also in
Figure 14.
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ETSI 04PE cable - Estimated cable loss @ 300 kHz
AFE EC enabled

60,00

60,00

40,00

30,00

20,00 —F
—e— Enwelope loss
10,00 —s— Cable loss =
Nominal cable loss
0,00 ! ! ! o

0 500 1000 1500 2000 2500 3000 3500 4000 4500
m

Figure 14: Estimated cable loss at 300 kHz for a 04PE loop (Echo
canceller enabled)

It is possible in the simulation model to disable the echo canceller. If this is
done the following results occur for the estimated cable loss. This clearly
illustrates the effect of the echo canceller on the envelopes.

ETSI 04PE cable - Estimated cable loss @ 300 kHz
AFE EC disabled

60,00

50,00

40,00

30,00

20,00

10,00

0'00 s
1500 2000 2500 3000 3500 4000 4500

m

0 500 1000

Figure 15: Estimated cable loss at 300 kHz for a 04PE loop (Echo
canceller disabled)

5 ANNEX A - VERIFICATION OF SIMULATION MODEL

In order to verify the simulation model measurements on a DAFE 708 unit has
been carried out. The series capacitors between the CODEC and the line
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driver/receiver are disconnected at the CODEC side. The transmit signal e;, is
applied to the capacitors through a 50/100 Q balancing transformer. The
series capacitors at the receive side are terminated to ground via two 12 kQ
resistors to simulate the input impedance of the CODEC. The output voltage
Vout IS measured with a high-impedance differential probe amplifier. A cable
simulator is connected to the line interface to simulate different loops.

The following equipment have been used during the measurements:

EDAR1.1IPDSLAM  BFB40102/A1 P1B, 008037AC4EE9 with
DAFE 708 — ROA 119 708

Network Analyzer 4395A Agilent FAA21372
S-parameter accessory kit Agilent FAA21741
Differential Probe Amplifier Hewlett-Packard FAA
Cable Simulator DLS400E Spirent FAA

The echo transfer function is measured with the network analyzer. The input
impedance of the simulated loop is measured with the S-parameter accessory
kit attached to the network analyzer.

First the input impedance Zy of the cable simulator is compared with the
same impedance calculated from the transmission line formulae. The result
for a 0.5 mm PE cable (ETSI loop #2) with a length of 500 m open ended is
shown in Figure 16 below. There seems to be a reasonable agreement
between the measured and calculated results almost up 1 MHz (phase angle
only up to 500 kHz). Similar results are observed for other loop lengths.

In Figure 17, which follows, the driver load impedance Z, is simulated by
using the expressions for the combined chain matrix of the line transformer
and OOB-filter. Two cases are compared 1) Z, calculated from the
transmission line version of Zyy and 2) Z, calculated from the measured input
impedance Zyy. Again the two sets of results are fairly closed to each other.
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Zoc for 500 m O5PE cable, magnitude
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— DLS400E measured
100 Zoc for 500 m 05PE cable, phase
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= Transmission line formulae, simulated
—— DLS400E measured

Figure 16: Input impedance Z, for ETSI loop #2, d =500 m, Z; =
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Figure 17: Driver load impedance Z, for DAFE 708 with ETSI loop #2,

d=500m, Zr==
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Now the echo transfer function Hecno is simulated by using the expression
derived in section 2.4. The two results for the driver load impedance Z,
mentioned above are used in the calculation of Heeno. The simulated versions
of Hecho are compared with the echo transfer function measured with the
network analyzer. The result can be found in Figure 18. The three graphs are
close to each other up to 1 MHz. This is probably becomes more evident in
Figure 19 where Hp, is plotted in a linear scale.

Hecho for DAFE708 with 500m 05PE o.c.

=10

-20

)4

=30

=40
1'103 |'104 1'105

10° i3

— Hecho simulated
— Hecho simulated with DSL400E ZIN
—— Hecho measured with Network Analyzer

Figure 18: Echo transfer function for DAFE 708 with ETSI loop #2,
d=500m,Z;=«
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0 2010° 4010° . 6910° 8010° 1o10°
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= Hecho simulated with DLS400E ZIN
— Hecho measured with network analyzer

Figure 19: Heeno as in Figure 18, but in linear scale

The results seems to indicate that the simulation model provides an echo
transfer function, which is reasonably close to what can be measured on the
DAFE 708 unit. However if the loop length is increased the agreement
between measured and simulated versions of Heeno becomes less satisfactory
as it appears from Figure 19 and Figure 20. The actual reason for this

- discrepancy is not fully clarified. One explanation could be that when the loop
length increases the load impedance Z, approaches the scaled sense
impedance K*Zs leading to an increasing echo loss. With a high echo loss
Hecno becomes very sensitive even to small changes in the parameter values
of the line driver/receiver. The simulation model for PBM 39714 is only a
macromodel, which probably not fully characterizes the device.
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Hecho for DAFE708 with 1000m 05PE o.c.
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Figure 20: Echo transfer function for DAFE 708 with ETSI loop #2,
d=500m, Z; =«
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Figure 21: Echo transfer function for DAFE 708 with ETSI loop #2,
d=3000m, Z; =
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CLAIMS

1. A method in single-ended loop test, SELT, of a signal
line (2), the method including:

- Connecting (401) a communication equipment (3) to a

remote end of the signal line;

- Connecting (402) a test device (TD1l) to a near end of

the signal line;

- performing a SELT measurement,

wherein the communication equipment (3) is transmitting
(403) intermittent handshake signals (HS1) on the signal
line (2),

characterized in that the method also includes the steps:

- detecting (404) the handshake signals (HS1) in the test
device (TD1);

- halting (405) the handshake signals for at 1least one

time interval (TI1l) of predetermined duration;

- performing (406) the SELT measurement in said at least

one time interval (TI1).

2. A method in single-ended loop test of a signal line (2)
according to claim 1, wherein the handshake signals (HS1)

are halted repeatedly.

3. A method in single-ended loop test of a signal line (2)
according to claim 1 or 2, wherein the test device is a

transceiver (1) for communication purposes.

4. A method in single-ended loop test of a signal line (2)
according to claim 3, wherein a calibration process is
performed for the transceiver (1) for communication

purposes, the method including:
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selecting (601) a transceiver (31) having the same type of
hardware as said transceiver for communication purposes

and including the transceiver for communication purposes;

connecting (603) at least three impedances (9) of each a
predetermined value to a line connection (5) of the

selected tranceiver (31);

generating (606) for the selected transceiver (31)
frequency dependent echo transfer functions (H,_, (f))

utilizing said at least three impedances (9) and test

signals (vti, , Vteuw); and

generating (608) transceiver model values

(Z(f), Z,,,(/), H,(f)) with the aid of said echo transfer

functions (H,,,(f)) and the corresponding impedance values
(9), said model values including an echo transfer function

(H,(f)) for the test transceiver (31) with open 1line
connection (5), a transceiver impedance value (Z,,(f)) as
seen from the line (2) side and a product (Z,,(f)) of said
transceiver impedance value (Z,,(f)) and an echo transfer

function (H,(f)) for the transceiver (31) with shortcut

line connection (5).

A method in single-ended loop test of a signal line (2)

according to «claim 4 including storing (609) the
transceiver model values (Z () Z,, () H () for

performing the calibration process.

A method in single-ended loop test of a signal line (2)

according to claim 4 or 5 including storing (611) the
transceiver model values (Z,(f),Z,,(f),H,(f)) in said

transceiver (1, 12) for communication purposes.
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An arrangement in single-ended loop test, SELT, of a

signal line (2), the arrangement including:

- a test device (TD1l) having connections (5) for a near

end of the signal line;

- a receiving device (RE1l) in the test device, being
arranged to detect intermittent handshake signals (HS1)
received on the signal line (2) from a communication

equipment (3) at a remote end of the signal line;

- a sending device (SH1, SD1) in the test device being
arranged to transmit a halting message (NAK-EF) to the
signal 1line (2), the halting message halting the
handshake signals from the communication equipment (3)
for at least one time interval (TI1l) of predetermined

duration;

- the sending device (SD1l) being arranged to transmit a
loop test signal (S1) to the signal line (2) and the
receiving device (RE1l) being arranged to receive a
reflected signal (S2) from the signal 1line (2), the
test device being arranged to perform the SELT

measurement in said at least one time interval (TI1).

An arrangement in single-ended loop test, SELT, of a
signal line (2) according to claim 7, wherein fhe sending
device (SH1, SD1) in the test device is arranged to
transmit a halting message (NAK-EF) repeatedly to the
signal line (2).

An arrangement in single-ended loop test, SELT, of a
signal line (2) according to claim 7 or 8, wherein the
test device (TD1l) is a transceiver (1, 31) suitable for

communication purposes.
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10. An arrangement in single-ended loop test, SELT, of a
signal line (2) according to claim 9, the arrangement in

a calibration mode including:

- a measurement device (32) for generating, in a calibration
process, calibration values for the transceiver with the
aid of at least three impedances (9) and test signals

(vtin ,  Vtout), the impedances (9) having each a

predetermined value and being connected to the 1line

connection (5) of the tranceiver (1, 31);

- the measurement device (32) being arranged to generate a
frequency dependent echo transfer function (H,, (f)) for

the test transceiver; and

- the measurement device (32) being arranged to generate

transceiver model values (Z,,(f),Z,,(f). H,(f)) with the aid

of said echo transfer function (H,_, (f)) and the
corresponding impedance values (9), said model values
including an echo transfer function (H_(f)) for the
transceiver (1, 31) with open 1line connection (5), a
transceiver impedance value (Z,,(f)) as seen from the
line (2) side and a product of said transceiver impedance
value (Z,,(f)) and an echo transfer function (H,(f)) for

the transceiver (1, 31) with shortcut 1line connection

(5).

11. An arrangement in single-ended 1loop test, SELT, of a
signal line (2) according to claim 10, the arrangement

including a memory (12, 33) for storing the transceiver

model values (Z,,(f),Z,,(f). H.(f)).
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