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Description

Method and device for data processing

The invention relates to a method and to a device for data

processing, in particular in a DSL environment.

DSL or xDSL, is a family of technologies that provide digital
data transmission over the wires of a local telephone net-

work.

Asymmetric Digital Subscriber Line (ADSL) is a form of DSL, a
data communications technology that enables faster data
transmission over copper telephone lines than a conventional
voice band modem can provide. Such fast transmission is
achieved by utilizing frequencies that are normally not used
by a voice telephone call, in particular, frequencies higher

than normal human hearing.

VDSL (Very High Speed DSL) is an xDSL technology providing
faster data transmission over a single twisted pair of wires.
High bit rates are achieved at a range of about 300 meters
(1000 ft), which allows for 26 Mbit/s with symmetric access
or up to 52Mbit/s in downstream - 12Mbit/s in upstream with

asymmetric access.

Currently, standard VDSL uses up to 4 different frequency
bands, two for upstream (from the client to the telecom pro-

vider) and two for downstream.

According to its high bandwidth, VDSL is capable of suppor-
ting applications like HDTV, as well as telephone services
(e.g., Voice over IP) and general Internet access, over a

single connection.

VDSL2 (Very High Speed Digital Subscriber Line 2) is an ac-
cess technology that exploits the existing infrastructure of

copper wires that were originally used for plain old telepho-
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ne service (POTS). It can be deployed from central offices
(COs), from fiber-fed cabinets preferably located near custo-

mer premises, or within buildings.

VDSL2 is designed to support the wide deployment of Triple

Play services such as voice, video, data, high definition te-
levigsion (HDTV) and interactive gaming. VDSL2 enables opera-
tors and carriers to gradually, flexibly, and cost efficient-

ly upgrade existing xDSL infrastructure.

ITU-T G.993.2 (VDSL2) is an enhancement to G.993.1 (VDSL)
that permits the transmission of asymmetric and symmetric
(full duplex) aggregate data rates up to 200Mbit/s on twisted
pairs using a bandwidth up to 30MHz.

Such xDSL wide band modulation approaches are susceptive to
crosstalk interference that is introduced to the twisted pair

transmission line and received by the modem.

Crosstalk occurs when wires are coupled, in particular bet-
ween wire pairs of the same or a nearby bundle that are used
for separate signal transmission. Hence, data signals from
one oOr more sources can be superimposed on and contaminate a
data signal. Crosstalk comprises a near-end crosstalk (NEXT)
and a far-end crosstalk (FEXT).

Based on such crosstalk, data signals transmitted over
twisted-pair lines can be considerably degraded by crosstalk
interference generated on one or more adjacent twisted-pair
phone lines in the same and/or a nearby multi-core cable or
bundle. With an increasing transmission speed, this problem
even deteriorates, which may significantly limit a maximum

data rate to be transmitted via a single line.

A multiple-input-multiple-output system (hereinafter referred
to as MIMO system) is of significant importance in modern
communication technology. Such MIMO system allows modeling

crosstalk interference of a telecommunication system. Howe-
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ver, a MIMO system to be fully calculated implies a huge pro-

cessing effort that sometimes is simply not feasible.

Next generation DSL systems are expected to provide active
crosstalk suppression methods. In upstream direction, cross-
talk can be cancelled by a matrix canceller associated with a
receiver, whereas in downstream direction, crosstalk may have

to be precompensated at the transmitter side.

In order to provide for efficient crosstalk cancellation
and/or precompensation, a reliable estimate of magnitude and
phase of a frequency response of a crosstalk channel is re-
quired. In a typical VDSL2 environment, such crosstalk chan-

nel comprises about
20008 N

complex coefficients where N denotes a number of ports. Hen-
ce, around 107 unknown real numbers for a 48 port line card

need to be determined.

Existing channel estimation methods based on 1 bit gquantized
feedback of decision error per superframe lead to a rather
limited learning period that in case of a 48 port line card

may reguire more than 12 minutes for a first configuration.

The problem to be solved is to overcome the disadvantages
stated above and in particular to provide for an efficient

channel estimation, e.g., in a DSL environment.

This problem is solved according to the features of the inde-
pendent claims. Further embodiments result from the depending

claims.

In order to overcome this problem, a method for data proces-
sing is suggested comprising the step of
— at least two probing coefficients are utilized in a

canceller and/or precompensator in combination with
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SNR feedback to process data in said canceller and/or

said precompensator.

It is noted that said probing coefficient can be or comprise
multidimensional coefficients or at least one matrix. In par-
ticular, several probing coefficients can be used to adjust,
modify and/or determine the precompensator and/or the cancel-

ler.

It is also noted that said precompensator and/or canceller

may be represented each as a matrix and thus matrix operati-
ons may be processed pursuant to the probing coefficient and
the SNR feedback in order to adjust or modify the regpective

precompensation and/or cancellation matrix.

The probing coefficient may comprise two, three or several

probing coefficients, in particular probing matrices.

Based on a series of probing coefficients (e.g., at least two
such multidimensional probing coefficients), the precompensa-
tor and/or canceller can be efficiently processed and thus

quickly be adjusted.

This approach in particular bears the following advantages:

(1) The feedback channel can be used in a more efficient
manner; in fact, an already existing overhead channel

can be used for such purpose.

(2) There is no need for superframe synchronization thereby
avoiding any interoperability issue with legacy

equipment, e.g., CPEs.

(3) Joining and leaving of ports may be performed without
any changes to an established training phase of, e.g.,
VDSL2.
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(4) A quality of feedback from the receiver may be largely
independent of an SNR level, in particular as long as
decisions regarding a majority of DMT subcarriers are

predominantly correct.

(5) Crosstalk channel estimation may be conducted about 10-

times faster than compared to alternative approaches.

(6) The approach works even during active data processing
without any need for an extension of a SISO training
phase. Hence, even during normal operation, the data
rate to be achieved may meet the requirements of VOIP,
WWW, email data traffic.

In an embodiment, the probing coefficients and the SNR feed-

back is used via a coefficient modulation.

In another embodiment, said probing coefficients are prede-

termined.

The probing coefficients can be complex valued and may be
chosen due to design requirements in order to allow for an
efficient and reliable channel estimation as presented her-
ein. Both, the choice of the magnitude and of the complex

phase of the coefficients can be deemed subject to tradeoffs:

a) A magnitude cp can be set to be constant over a whole
set as well as within the probing matrices. The tradeoff
in selecting this magnitude can be as follows: A small
magnitude may indicated a minor influence on the SNR, a
too large magnitude however may disrupt data
transmission due to large SNR degradation. Hence, a good
choice for setting cg is given by the (loop and
frequency) averaged FEXT level measured in a linear
scale. For a typical modern ground cable this number may
amount to 10%, however for poor "voice grade" cables it
may reach, e.g., 107°. Further fine-tuning can be

conducted for setting such magnitude cg.
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6
b) A phase may vary over probing matrices and - as an
option or as an alternative - over frequency. One

approach could use a step-by-step rotating phase, where
a root angle may amount to 2n/M, wherein M determines a
number of probing matrices (e.g., a number of SNR
measurements). This may lead to a substantially robust
phase estimation. A wvariation over frequency may not be
necessary. However, the choice of a rotating phase may
assure approximately constant data rate during channel
estimation, which means that a minimum stable data rate
in the order of, e.g., 50% of the optimum, could be

maintained.

Furthermore, said SNR information may be available at a CO
receiver for all ports within a chipset and/or a linecard
and/or a DSLAM for the upstream direction. For the downstream
direction, the SNR information can be provided by the CPEs
via an management channel according to G.997 (for example,
the G.997 standard includes a defined SNR measurement for
ADSL (2+) as well as for VDSL2).

In particular the probing coefficients may be set prior to a

training phase.

In a further embodiment, the SNR feedback is data provided by

a receiver via a feedback channel.

In particular, legacy communication means, e.g., an overhead

channel, may be utilized for such purpose.

In a next embodiment, the precompensator is associated with a
central office (CO) and/or a digital subscriber line access
multiplexer (DSLAM).

It is also an embodiment that the canceller is associated

with a customer premises equipment (CPE).
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Pursuant to another embodiment, said data processed comprises
a DMT-based multicarrier modulation in a point-to-multipoint

scenario.

According to an embodiment, said data processing is applied

to a digital subscriber line environment.

According to another embodiment, said method is processed du-

ring a training phase of a modem.

In yet another embodiment, said method is iteratively ap-

plied.

Iterative Training or intermediate training or adjustment of

the canceller and/or precompensator can be applied.

According to a next embodiment, said method is switched to a
tracking mode by super-positioning an already estimated opti-
mized canceller and/or precompensator and by a small probing

component.

Pursuant to yet an embodiment, said probing coefficients

comprise at least two probing matrices.

According to a further embodiment, a phase of the probing

coefficients is varied over freguency.

Hence, a well-balanced mixture of suitable and non-suitable

phase contributions can be achieved.

The problem stated above is also solved by a device that is
arranged such that the method as described herein is execu-
table thereon or by a device comprising a processor unit
and/or a hard-wired circuit and/or a logic device that are
arranged such that the method as described herein is execu-
table thereon, respectively. The device may also be associa-

ted with the specific means for executing the method.
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According to an embodiment, the device is a communication de-
vice, in particular a central office, a digital subscriber
line access multiplexer and/or a customer premises equipment,

or the device may be associated with the respective means.

The problem stated supra is further solved by a communication

system comprising the device as described herein.

Embodiments of the invention are shown and i1llustrated in the

following figures:

Fig.1 shows schematics of receiver and transmitter modules

for upstream crosstalk channel estimation;

Fig.2 shows schematics of receiver and transmitter modules

for downstream crosstalk channel estimation;

Fig.3 depicts a principle of an estimation comparing a
graph 301 showing a gradient type estimation with a

graph showing a probing type estimation;

Fig.4 shows a scenario comprising a communication network
allowing to send data from a server to a client in

particular via an xDSL connection.

This approach introduces a coefficient modulation (CM) which
uses a series of (e.g., predetermined or well designed)
complex valued probing coefficients within the canceller
and/or precompensator matrix combined with a non-coherent SNR
feedback from the receiver during normal data transmission.
Based on such a probing phase, a coherent (phase and magnitu-
de) estimate can be determined in a direct, immediate and

hence fast way.
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The evolution of DSL technology achieves higher bit-rates by

broadening the transmission bandwidth. Since loop attenuation
and crosstalk increase with freguency, additional measures

are required at the DSL transmitter and receiver.

Currently deployed VDSLZ2 systems use bandwidth up to 17 MHz,

while the standard according to ITU-993.2 optionally covers

up to 30 Mhz. A typical target bit rate desired is deemed to

amount to 100 Mbit/s at a loop length of 0.3km tol km. This

is not feasible with the current transceiver technology.

A crosstalk reduction leads to an increase in reach (maximum
admissible loop length at a given rate) or in rate (at a gi-
ven loop length) or to an increased stability with respect to
ingress noise induced by electromagnetic interference produ-
ced by sources outside the cable plant. Crosstalk mitigation
by power back off leads to a dramatic reduction of impulse

noise immunity, hence this would not solve crosstalk problems

in the long run.

Highly efficient methods for crosstalk compensation and/or
cancellation are based on signal processing methods, which
may utilize an a priori estimate of the crosstalk transfer

function. The approach provided may in particular utilize a

DMT-based multicarrier modulation setup in a
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point-to-multipoint scenario. A transmission signal may

comprise 256 DMT-frames containing the information bits adap-

tively QAM-modulated onto a multitude of subcarriers followed

by a so-called sync symbol (i.e., a predefined data pattern

OAM-modulated onto the same multitude of subcarriers). Hence,

these 257 DMT-frames put together are called DMT superframe

according to and/or based on the VDSL2 context (sometimes re-

ferred to as 'hyperframe' in the ADSL context).

Frame synchronization may be assumed. However, the approach

suggested does not require for superframe synchronization.

The frequency domain input-output relation of an uncompensa-

ted channel H can be summarized as

P\v i
wpin} = \ Dok oy H{k L adae(nd 4+ Dy (b, mheg g (1)

FESY)

wherein
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Dfeg denotes a (diagonal) matrix comprising

frequency domain equalizer (FEQ) coefficients;

X1 (n) are transmit QAM symbols;

Vi (n) are receive QAM symbols;

wy (n) is an additive receiver noise;
n is a sub-carrier index; and

k, 1 are port-indices.

Equation (1) applies for upstream and downstream directions.
FEQ coefficients could be assumed according to

Dpoglhkond = 1 H{E kony. (2)

Advantageously, a diagonal-dominant channel matrix H may be

utilized:

VR L n ¥ 8 ) < TR e Vikodon (3)

wherein
k.t is Kronecker's delta:
Spi o= k=1, (4)

r
i

'f);k,‘r“. w3 li, !f\ WL . ( S )

Upstream Cancellation

In upstream direction the receivers can be collocated in a

single hardware entity (e.g., a line card, a DSLAM). Hence,
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far-end crosstalk (FEXT) cancellation can be performed based

on jointly processing received signals as follows:

I{‘N(v:*t

) = N Db H Uk L ndar(n) 4+ Dol mundn), (6)

{0}

wherein

C denotes a matrix-valued frequency domain

upstream cancellation matrix.

The cancellation acts as a linear matrix on the FEQ-equalized

reception signals
f.'{-.;» s
Gl = Y Ol Lo (o), (7)

{3

As a consequence of the diagonal dominance (see equation

(3)), a so-called off-diagonal zero-forcing canceller provides

an optimum:
Copr = (D gy B (8)

. S e dd

Downstream Precompensation

In downstream direction the receivers are separated, hence it
is necessary to perform linear precompensation on the trans-

mitter side:
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13
1“\"_:3\-: r
fralny = Y (D Py R Lnagaln, (9)
foamfd
wherein
X1,q(n) denotes downstream transmit symbols; and
P denotes a precompensation matrix.

An optimized precompensation matrix P.,r 1is given by an off-

diagonal inversion of the downstream FEXT channel as follows:
Propr = (D (10)

Channel estimation relates to a system identification prob-
lem, which may basically require some observation of an input
signal and of an output signal of such system. Standard sys-
tem identification methods assume complete knowledge of input
and output samples. Semi-blind and blind methods use in-
complete knowledge of the input and/or output signal to iden-

tify the system.

The physical channel may not be restricted to the loop plant,

but it may rather comprise a mixed-signal processing at the

transmitter and at the receiver (analog attenuation and fil-
tering stages, A/D conversion, D/A conversion, analog balan-

cing filters).

Preferably, after an initial convergence of a channel estima-
tion (e.g., in the field of Digital Subscriber Line, DSL) it
may still be advantageous to keep track of (minor) changes of

the channel transfer function.

It is noted that the approach provided is applicable for
upstream cancellation and for downstream precompensation pur-

poses.
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Coefficient Modulation (CM): Upstream Canceller

Regarding Coefficient modulation (CM) as suggested herewith,
a transmitter and a receiver act in their usual way up to an

5 insertion of the linear cancellation matrix.

Rather than performing a gradient-type step size search, the
training period comprises applying a set of predefined can-
cellation matrices

10

with a particular structure as shown in Fig.3. Hence, Fig.3

depicts a principle of estimation: Graph 301 shows a gradient

type and graph 302 shows a probing type with M=3. Pursuant to
15 the probing type utilizing three starting point, the estima-

tion is much faster than the gradient type approach.

Up to the diagonal, only a single column (with column index
ko) has non-vanishing entries and these entries can be

20 complex 2D trigonometric polynomials

e FRF e NPLY
sraw e A n NG

&

with constant magnitude cp:

sdmFadep by s ialm A e NG N Ve s
“preb (ol b oER gt ’ R Dt g Mhg £ H g (11)

with O <L ky << }\m?f -1

O <2 - M

and R
25
wherein
ko is a column index that runs through the matrix
size Kpores
M determines a number of probing matrices
30 applied per column;

m is an index of the probing; and
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n 1s a discrete multi-tone (DMT) subcarrier

index.

A minimum size for stable estimation without an a priori

knowledge may amount to M=3. If the magnitude is known (via a
re-estimation of a joining line) the number of probing matri-
ces applied per column may amount to M=2 in particular under
mildly stationary SNR conditions. Highly fluctuating interfe-
rence such as Single High Impulse Noise (SHINE) may regquire a

higher number of probing matrices.

Values of Ny and ¢y may be design parameters that can be tu-
ned pursuant to particular requirements that may depend on

the actual environment.

A signal-to-noise ratio after applying the probing matrix ac-

cording to equation (11) amounts to

g (12)

FRRAE B N R
a HAES #li.:@.‘ 7 }

{5 <.-‘: RAE R i‘.'". N

If such probings are repeated, a highly nonlinear system of
equations for complex-valued and unknown FEXT channel coeffi-
cients h(k,1l) may be obtained. An exact solution of this
problem appears to be difficult. However, for a small probing

magnitude cp, an approximation may be utilized as follows:

gl {ree f AT b fNu )

( Q ) \;;.a;.,s;\:;;{}} ‘; 1 4 et
B v s ? -
! 5\: / \

a
} f“:;lf .’1.'(;._ ‘}"3—:':‘ -

for op <€ 1 (13)

A value for cy may be an average FEXT level to be expected,
which may ensure

(i) wvalidity of this approximation; and

(ii) that the probing method may not result in large SNR

deviations, which would otherwise deteriorate important
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receiver functionalities such as FEQ adaptation or phase

recovery.
The resulting system of equations may be solved as follows:

For any complex number h?lﬁiﬁﬁ&ﬁiﬂ equation (13) results in:

-

S0y [N
e

T i I e AT S S NG L . . Loed b s 2
1+ 2Re {r_:,:,(;:-- Lran {3 b/ fulde, by, N}} + g ik, Bond|

L ’
o= pore b 1y s @2
N Rl k)

OIS S T S

In addition, a difference between specific pairs of probing

10 results is suggested:

. o ix\'-"-f ’5‘?”1~‘;::i)} - o {:\“) - ;_?.4“. \\.
:ﬁwwﬁﬁwﬂ;&pn}i:(é; {kmgnn({f) {f,n}  (15)

¢ 9 favr, o ) G {3 0w b
Agpy el kb, n) = ( T) (ko) — ( T ) thon) (16)
R SRR

Using elementary properties of trigonometric polynomials,
equations (15) and (16) can be converted to
15

Agivlm b kg on) &

(17)

i

: Y
2

IR IEN N

Agivelmdkg, n) &

deglh e by, mdteos (2 {m /M 4 NGy + @k kg nd)

s

with

dpdk, g, nd S arg LAk koot b (19)

20 The quotient of the above defined SNR differences
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Ayvalm b kon)  ang Aspvelin by kg n)

depends only on a channel phase (and the known design parame-

ters of the probing matrix):

tan (3w (‘a“{ljﬁ M+ nfNg ‘} + iy, iiﬁi?,, Ko, 7l §RE .

Based on equation (20), a least-sgquares optimum phase estima-

te can be determined by averaging over differentiated probing

results:

. STy \
':3}’.\‘:': at t\ 'z‘:‘ hti-! * ?'3-‘} ==

i

= N aretan

syl -

Aft (ﬁﬂﬁ

N Y PR
A R kaon)

An advantageous minimum number of canceller probings utilized
that may lead to a consistent estimation appears to amount to
4 per MIMO matrix column. However, by introducing a constant
phase offset of wn/4 in equation (11), a total number of 3
probings per MIMO matrix column may suffice. Also, for
example, probings in the order of 4 or in the order of a mul-

tiple of 4 may be applicable as well.

A phase estimate can be based on a finite number of measure-
ments where it achieves a guaranteed precision. Numerical ex-
periments show that even with a minimum number of probings a

sufficient quality of the phase estimate can be reached.

The differential probing underlying the phase estimate allows
for another advantage of this approach: The phase estimation

quality may not be based or influenced by absolute changes in
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SNR (in particular regarding a so-called "high-SNR regime",

which is the normal operating mode on all used DMT tones; in

a "low SNR-regime", a bit error rate (BER) is so high that

the SNR measurement precision becomes affected by decision

errors) .

By nature of the linear regression underlying the summation
in equation (21), an outlier detection scheme can be imple-
mented, which allows discarding an SNR measurement that is

subject to a fluctuating noise.

A frequency dependency of the probing matrix appears to re-

sult in further complications. However, by varying the pro-

bing phase over frequency, a well-balanced mixture of sui-

table and non-suitable phase contributions of the canceller
during the probing phase can be achieved. This is extremely
helpful for the important use case of a new port joining the
MIMO system. Experiments show that the probing phase can be
performed without severe data rate degradation. Hence, the
cancellation method obeys a “nil nocere” law during probing
phase, i.e., the data rate is not significantly lower than a
single input single output (SISO) data rate attainable

without such cancellation.

In order to determine an unbiased estimate of a magnitude, an
orthogonality relation for trigonometric polynomials is uti-

lized:

Af -1

o ddwead {E-nd 8T L jas
L & ; S 1T (22)

Frvasls
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which means, in particular by setting k=1 and n=0, that the

mean value vanishes:
PP U (23)

Applying this equation (23) to evaluate the summation over

equation (14), the result amounts to:

Afeed Farr Bt N

i ,”SN:‘ / )Q\)L”‘:'--U.- } T e2indh ko .}.,.,}:J

- - 'l %
T o (£, 0} = 24
ql_f ;}'}“\'\‘:‘_) ( AI\ / ')“‘l\ e %3 } '( ” ‘ ( )

10 Equation (24) can be reformulated as follows:
y v i =, & fRe ] . \

A product of equation (17) and equation (18) amounts to:

(26)
15
Introducing a variable
& B )+ *\” 200 0m M v NG+ dedb e
2 PENIR S £ ) 7 .
!i e \' ...l.\ !h &, i\n ';A.EW & oA b :ln ic (27)

and combining equations (24) and (26) results in a quadratic

20 equation for Vdﬁ3hpﬂﬂz

F { f'&-‘, J{C-;'j, I
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This leads to the desired estimate simply by averaging the

remaining m-independence, which minimizes the variance of the

estimate:

| ‘3" if\ * '};TE-): “\} §r‘,'.*.¢ g

, M=l gy s entmil
1o veplk g, mlelb do.n

j}r eryaly “a - ( 29 )

1,
4

f‘(pﬁﬂhhnﬂﬂm{kﬁﬁﬁﬂ) 1

L)

The sign of the square root can be checked by back-
substitution into the underlying condition according to equa-
tion (26).

Fig.l shows schematics of receiver and transmitter modules

for upstream crosstalk channel estimation.

The transmitter conveys signals X via several lines k, n to-
wards the receiver via a DMT channel that is described by a
matrix H. At the receiver, a canceller c¢ is supplemented by
coefficient modulation in order to reduce crosstalk (between
the lines n and k) and additional noise W utilizing a SNR de-
termined via an error rate e(n), e(k) by the receiver (see

"SNR registration").

Coefficient Modulation (CM): Downstream Precompensation

The above discussed principle of FEXT channel estimation via
"modulation”" of the upstream canceller can be easily extended
for downstream precompensation. Here, the probing matrix is

given by:

Sy S AT e AT L -
wimef n‘,;,g,',{i -
L

RIS N e
B oot s 10hig ke T A (30)
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with Ui <A 1
and D=l < M .

Hence, instead of a row-wise probing utilized for cancellati-
on purposes, a column-wise probing at the downstream trans-
mitter may apply. The formulas discussed above are appli-

cable, only k and ky need to be exchanged.

Fig.2 shows schematics of receiver and transmitter modules

for downstream crosstalk channel estimation.

The transmitter conveys signals X via several lines k, n to-
wards the receiver via a DMT channel that is described by a
matrix H. A precompensator P performs preprocessing (precom-
pensation) at the transmitter being supplemented by coeffi-
cient modulation in order to reduce crosstalk (between the
lines n and k) and additional noise W utilizing a SNR deter-
mined via an error rate e(n), e(k) by the receiver (see "SNR
registration"). Such SNR information (per line k, n) needs to
be conveyed to the transmitter for coefficient modulation
purposes. This is preferably done via an (existing) feedback

channel.

Joining and Tracking of MIMO channels

If a customer premises equipment (CPE) Jjoins or rejoins a
MIMO group, the modem state machine of the joining link is

preferably synchronized both on the superframe and on the

DMT-frame level whenever an LMS-type method for channel esti-

mation is used.
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It is an advantage of this SNR-based method that there is no

need for any synchronization on the superframe level, because

there is no hinge on any temporal correlation between

sync-symbols. Based on standardized seamless-rate adaptation,

this method allows for legacy joining of VDSL2 loops, i.e.,
there is no need for changing the SISO training state machi-

ne.

After an initial convergence, a tracking method can be utili-
zed due to a certain amount of small time variation (due to
temperature drifts, humidity on overhead transmission lines,
etc.). If Coefficient Modulation is used for initial estima-
tion purposes, either a slow gradient type update method can
be utilized, or - alternatively - the Coefficient Modulation

approach could be switched to a tracking mode by super-

positioning the already estimated optimized zero-forcing

off-diagonal canceller and a small probing component:

IS n} = (_'.A’{',})t{ Ehn) 4 el iR

et ULt} (31)
Completely parallel to the above discussed estimation theory,
optimum estimates for magnitude and phase gradients can be
obtained for the canceller matrix. The choice of € may be
such that the SNR activity is small, but clearly above the

resolution, e.g., it may amount to 0.2dB.
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A particular scenario of a communication network is shown in
Fig.4. Downstream Traffic is conveyed from the Server via a
Network to a Central Office or Digital Subscriber Line Access
Multiplexer CO/DSLAM. The CO/DSLAM is further connected via a
digital subscriber line xDSL to a Customer-Premises Equipment
CPE. The digital subscriber line connection can be in parti-
cular of the following type:

— Asymmetric Digital Subscriber Line ADSL, ADSLZ,

ADSL2+;
— High Data Rate Digital Subscriber Line HDSL;
— Very High Speed Digital Subscriber Line VDSL, VDSLZ2.

The customer can be connected to the Customer-Premises Equip-
ment CPE via a set-top box and a television or via a personal
computer PC/TV. Data that is sent from the PC/TV towards the

Server is referred to as Upstream Traffic.

Preferably, an operator or provider wants to efficiently use
the xDSL downstream direction from the CO/DSLAM to the CPE by
employing high data rate with low crosstalk effects.

The approach presented herein may be run within the CO/DSLAM
and/or within the CPE. However, advantageously, a provider

may only modify the CO/DSLAM to be able to run the methods as
presented herein. In particular, the CPE does not have to be

changed or modified.
The approach shown can be in particular used with discrete
multitone modulation (DMT) or Orthogonal Frequency-Division

Multiplexing (OFDM) .

Further Advantages:

In contrast to the LMS-type channel estimation method, the

approach provided is inherently robust with respect to exter-
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nal noise due to the differential SNR evaluation technique.
The approach is in particular applicable in an environment of

a bit error rate being in the sphere of 1077.

Advantageously, a threshold could be provided according to
which a wrong decision leading to an incorrect SNR measure-

ment can be avoided (e.g., due to poor SNR).

As DSL nearly always operates in a high SNR regime, the ap-
proach provided works well for any stable DSL link regardless

of loop length or noise condition.

An initial estimation time for a completely unknown channel
may depend on an availability of repeated SNR measurements.
On the other hand, estimation time increases in a linear man-
ner with a number of ports to be supplied. In full legacy
versions, there is a minimum estimation time of 30 seconds
per port, because standard ITU-997.1 allows up to 10 seconds
for a single SNR measurement (this would lead to 24 minutes
for a 48 port line card). Theoretically, it may suffice to
use about 100 DMT frames for a reliable "instantaneous" SNR
measurement, which would result in a estimation time of about
0.1 seconds per port, i.e., in a total of 5 seconds estimati-

on time for the 48 port vectoring group.

Concerning the computational complexity in terms of CPU ef-
forts, a complex algorithm does not necessarily mean high
computational complexity. A full numerical experiment inclu-
ding the probing phase (via SNR log file) takes 5 seconds per
tone. The computational burden can be reduced by exploiting
correlation between tones and across ports or by providing a
legacy compatible non-coherent crosstalk estimation in advan-
ce to the initial startup of a line card with precompensation
and/or cancellation. In a multiuser spectrum optimization
scenario, a non-coherent crosstalk estimate is sufficient,
i.e. the phase of the crosstalk may not affect the optimiza-

tion.
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List of Abbreviations:

A/D
BER
CM
CPE
CRC
D/A
DMT
DSL
FEC
FEQ
FEXT
LMS
MIMO
NEXT
OFDM
QAM
QoS
SHINE
SISO
SNR
TEQ
ZF

Analog to Digital

Bit Error Rate

Coefficient Modulation
Customer Premises Equipment
Cyclic Redundancy Check
Digital to Analog

Discrete Multitone

Digital Subscriber Line
Forward Error Correction
Frequency Domain Equalizer
Far-End Crosstalk

Least Means Square

Multiple Input Multiple Output
Near-End Crosstalk

Orthogonal Frequency-Division Multiplexing
Quadrature Amplitude Modulation
Quality-of-Service

Single High Impulse Noise
Single Input Single Output
Signal-To-Noise Ratio

Time Domain Equalizer

Zero Forcing

PCT/EP2010/051682
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Claims:
1. A method for data processing comprising the step of
— at least two probing coefficients are utilized in a

canceller and/or precompensator in combination with
SNR feedback to process data in said canceller and/or
said precompensator.

2. The method according to claim 1, wherein the probing

coefficients and the SNR feedback is used via a

coefficient modulation.

3. The method according to any of the preceding claims,

wherein said probing coefficients are predetermined.

4, The method according to any of the preceding claims,
wherein the SNR feedback is data provided by a receiver

via a feedback channel.

5. The method according to any of the preceding claims,
wherein the precompensator is associated with a central
office and/or a digital subscriber line access

multiplexer.

6. The method according to any of the preceding claims,
wherein the canceller is associated with a customer

premises equipment.

7. The method according to any of the preceding claims,
wherein said data processed comprises a DMT-based
multicarrier modulation in a point-to-multipoint

scenario.

8. The method according to any of the preceding claims,
wherein said data processing is applied to a digital

subscriber line environment.
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10.

11.

12.

13.

14.

15.

277

The method according to any of the preceding claims,
wherein said method is processed during a training phase

of a modem.

The method according to any of the preceding claims,

wherein said method is iteratively applied.

The method according to any of the preceding claims,
wherein said method is switched to a tracking mode by
super-positioning an already estimated optimized
canceller and/or precompensator and by a small probing

component.

The method according to any of the preceding claims,
wherein said probing coefficients comprise at least two

probing matrices.

The method according to any of the preceding claims,
wherein a phase of the probing coefficients is varied

over frequency.

A device that is arranged such that the method according

to any of the preceding claims is executable thereon.

The device according to claim 14, wherein said device is
a communication device, in particular a central office,
a digital subscriber line access multiplexer and/or a

customer premises equipment.
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