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SYSTEMS AND METHODS FOR G.VECTOR
INITIALIZATION

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

The present application claims priority to U.S. Provisional
Application No. 61/479,764 filed Apr. 27, 2011, the contents
of which are incorporated by reference herein 1n their entirety.

FIELD OF THE INVENTION

Apparatus, systems, methods, techniques, etc. are dis-
closed for mitializing DSL lines 1n a vectored DSL system
and, 1n some embodiments, providing shorter time duration
for 1initialization of one or more joimng DSL lines as com-
pared to earlier apparatus, systems, methods, etc.

BACKGROUND OF THE INVENTION

Dynamic spectrum management level-3 (DSM3) or “vec-
toring” 1s a technique 1n DSL communication systems for
mitigating the crosstalk inherent 1n twisted-pair networks by
cancelling or precoding the signals from a multiplicity of
collocated transcervers. Certain aspects of vectoring that can
be considered background art are described 1in U.S. Patent
Publ. No. 2009/0245340, U.S. Patent Publ. 2008/0049855,
U.S. Patent Publ. No. 2010/0195478, U.S. Patent Publ. No.
2009/02°71550, U.S. Patent Publ. No. 2009/0310502, U.S.
Patent Publ. No. 2010/0046684 and U.S. Pat. No. 7,843,949.

Among other things, the G.vector ((G.993.5) standard pro-
vides a framework for actively cancelling far-end crosstalk
(FEX'T) among lines 1n the vectored DSL system. This frame-
work provides for lines to non-disruptively join the vectored
system by enabling estimation of coellicients for mitigating
FEXT (a precoder for downstream transmissions and a post-
canceller for upstream transmissions) from and into the 1ni-
tializing (i.e., joining) lines. This framework 1s created by
introducing new phases (signaling as well as messaging) and
modifying some of the existing phases of mnitialization pro-
vided by the G.993.2 (VDSL?2) standard. The new signaling,
phases mtroduced by G. vector may be broadly partitioned
into two groups. The first group 1s vector-1 signals. These
consist of sync symbols only with intervening silence (i.e.,
the transmitter goes quiet between sync symbols). Addition-
ally, a predefined binary pilot sequence modulates tones of
the sync-symbols. The primary purpose of vector-1 signals 1s
to enable mitigation coellicient estimation for FEXT from the
joimng line(s ) into the lines that are already 1n Showtime. The
second group 1s vector-2 signals. These consist of sync sym-
bols modulated by a pilot sequence as well as regular symbols
carrying the special-operations channel (SOC) messages.
The primary purpose of vector-2 signals 1s to enable mitiga-
tion coetlicient estimation for FEXT 1nto the joining line(s)
(from other joining lines as well as from lines that are already
in Showtime).

A typical G.vector 1nitialization involves six distinct and
non-overlapping G.vector signaling phases: Four non-over-
lapping phases comprising 0-P-VECTOR 1, R-P-VECTOR
1, 0-P-VECTORI1-1 and R-P-VECTOR 1-1; One phase of
overlapped 0-P-VECTOR 2 and R-P-VECTOR 1-2; and One
phase of overlapped 0-P-VECTOR 2-1 and R-P-VECTOR 2.

Pilot sequences are provisioned in G.vector to enable the
accurate estimation of FEXT mitigation coelficients between
any pair of lines 1n the vectored system. The G.vector stan-
dard allows the vector control entity (VCE) to assign the pilot
sequence to each line; however, 1t does not specity any details
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2

on the sequences that must be used (1.e. their choice, compo-
sition, etc. can be vendor-discretionary).

A common process uses a set of orthogonal sequences,
wherein every user 1s assigned a unique sequence ol length
(or period) L. For a vectored system of N users, FEXT miti-
gation coellicients on a given tone (or sub-carrier) between
any pair of users can be unambiguously resolved at the end of
a pilot sequence period 1f L=N. This suggests that the duration
of the vector-1 or vector-2 phases must be at least L. sync-
symbols (with L=N) to guarantee successful estimation of
FEXT mitigation coellicients between any pair of users on a
specific tone. In an exemplary vectored system with N=512
users, where the system uses the pilot sequence process
above, each new G.vector signaling phase must last at least
512 sync symbols (approximately 32 seconds for a 4 kHz
symbol-rate system). Thus, a typical G.vector initialization
would require more than three minutes (6 phasesx32 sec-
onds) of additional time over and above the time required for
(5.993.2 mitialization (about 40 seconds). Three or four min-
utes for imtializing a G.vector line before entering Showtime
1s highly undesirable from a customer perspective, and most
of this type of delay would be due to additional time spent 1n
the G.vector signaling phases. The problem can be further
exacerbated when one pilot sequence period 1s insuificient to
achieve vectored signal-to-noise ratio (SNR) performance
that 1s reasonably close to 1deal FEX'T-free SNR due to the
impact of noise 1n estimates of the FEX'T mitigation coetli-
cients, meaning multiple pilot-sequence periods may have to
be accommodated 1n the G.vector signaling phases.

Accordingly, methods and apparatuses for reducing the
time needed for G.vector mnitialization are desirable.

SUMMARY OF THE INVENTION

Methods, apparatuses (e.g., DSL system hardware, DSL
systems, vectoring control entities), techniques, systems,
computer program products comprising a non-transitory
computer-usable medium having control logic stored therein
for causing a computer to manufacture a DSL system and/or
one or more DSL components or devices for performing
vectored digital subscriber line system (DSL) processing for
transmissions on a DSL line, computer program products
comprising a non-transitory computer-usable medium having
control logic stored therein for causing a computer to manu-
facture a DSL system and/or one or more DSL components or
devices for performing vectored digital subscriber line sys-
tem (DSL) processing for transmissions on a DSL line, efc.
are used for mmitializing one or more DSL lines joiming a
vectored DSL line group. A super-periodic orthogonal pilot
sequence Irom a set of super-periodic orthogonal pilot
sequences 1s assigned to each joining DSL line, wherein each
such super-periodic orthogonal pilot sequence 1n the set has
length Land 1s orthogonal to other sequences 1n the set over
length T<L. These super-periodic orthogonal pilot sequences
are used on the joining DSL lines to generate at least T
sync-symbols worth of initialization data, which 1s processed
to generate 1nitialization data and FEX'T mitigation coetfi-
cients for use when the joining DSL lines become part of the
vectored DSL line group. Other variations, embodiments, etc.
discussed herein are included.

In accordance with these and other aspects, a method for
initializing a first joining DSL line and a second joining DSL
line that are joining a first vectored DSL line group operating
in Showtime according to embodiments of the invention
includes: assigning a first super-periodic orthogonal pilot
sequence to the first joining DSL line; assigning a second
super-periodic orthogonal pilot sequence to the second jo1n-
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ing DSL line, wherein the first and second super-periodic
orthogonal pilot sequences have length Land are orthogonal
over length T, wherein T<L; using the first and second super-
periodic pilot sequences on the first and second joining DSL
lines, respectively, to generate M sync-symbols worth of 1ni-
tialization data, wherein M~T; and processing the generated

initialization data to generate joining DSL line FEX'T miti-
gation coellicients.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the present mven-
tion will become apparent to those ordinanly skilled in the art
upon review of the following description of specific embodi-
ments of the mnvention 1n conjunction with the accompanying
figures, wherein:

FIG. 1 1s a flow diagram illustrating an example general
initialization method according to embodiments of the mnven-
tion.

FIGS. 2-5 are flow diagrams 1llustrating one or more line
joimng methods, processes, techniques, etc. according to one
or more DSL line imtialization embodiments and/or imple-
mentations of the invention.

FIG. 6 1s a schematic diagram 1llustrating one or more line
jo1mng methods, processes, techniques, etc. according to one
or more DSL line imitialization embodiments and/or imple-
mentations of the invention.

FIG. 7 1s a DSL system implementing one or more line
joimng methods, processes, techniques, etc. according to one

or more DSL line imitialization embodiments and/or imple-
mentations of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described 1n detail with
reference to the drawings, which are provided as illustrative
examples of the mnvention so as to enable those skilled 1n the
art to practice the invention. Notably, the figures and
examples below are not meant to limit the scope of the present
invention to a single embodiment, but other embodiments are
possible by way of interchange of some or all of the described

or 1llustrated elements. Moreover, where certain elements of

the present invention can be partially or fully implemented
using known components, only those portions of such known
components that are necessary for an understanding of the
present invention will be described, and detailed descriptions
of other portions of such known components will be omitted
so as not to obscure the invention. Embodiments described as
being implemented 1n software should not be limited thereto,
but can include embodiments implemented 1n hardware, or
combinations of software and hardware, and vice-versa, as
will be apparent to those skilled 1n the art, unless otherwise
specified herein. In the present specification, an embodiment
showing a singular component should not be considered lim-
iting; rather, the mvention 1s intended to encompass other
embodiments including a plurality of the same component,
and vice-versa, unless explicitly stated otherwise herein.
Moreover, applicants do not intend for any term in the speci-
fication or claims to be ascribed an uncommon or special
meaning unless explicitly set forth as such. Further, the
present invention encompasses present and future known
equivalents to the known components referred to herein by
way of 1llustration.

The following detailed description, including the Figures,
will refer to one or more embodiments of the invention, but
the 1vention 1s not limited to such example embodiments.

10

15

20

25

30

35

40

45

50

55

60

65

4

Rather, the detailed description 1s intended only to be 1llus-
trative and to provide exemplary subject matter. Those skilled
in the art will readily appreciate that the detailed description
grven with respect to the Figures 1s provided for explanatory
purposes only. Apparatuses, systems, methods, techniques,
etc. mclude and pertain to (but not limited to) improving
initialization and other performance of and transmissions on
a communication system, for example a DSL system or the
like. Other methods, components, systems, structures, uses,
ctc. will be apparent to those skilled in the art after consider-
ing the following disclosure and the Figures provided here-
with.

According to certain general aspects, embodiments of the
invention provide apparatuses and/or methodologies to
reduce the duration of imitialization phase of G.vector
modems as compared to earlier systems and the like. These
apparatuses and/or methodologies are applicable to both
upstream and downstream vectoring and leverage the mes-
saging mechanisms provided by G.vector to permit imple-
mentation 1n any G.vector capable CPE without modifica-
tions to the April 2010 G.vector scheme.

As mentioned above, the conventional G.vector ((G.993.5)
standard provides a framework for the 1nitialization of lines 1n
a vectored DSL system 1n order to minimize disruption to
lines that are already 1n Showtime and enjoying the benefits of
far-end crosstalk (FEXT) cancellation. However, the present
inventors recognize that this framework, which consists of
new phases and modifications to some existing phases of
iitialization provided by the .993.2 (VDSL2) standard,
potentially increases initialization duration from ~40 seconds
for (G.993.2 to ~4 minutes for G.vector. Reducing such dura-
tion times of certain G.vector-specific mitialization phases,
while ensuring that FEX'T from and into the imtializing lines
1s adequately cancelled, represents a significant advancement
in this field. This detailed description, taken in conjunction
with the accompanying drawings, appendices and other dis-
closure information, describes apparatuses, systems, meth-
ods, techniques, etc. for mitializing DSL lines, including
initializing DSL lines joining a vectored system according to
(5.vector.

The present inventors further recognize that per G.vector,
the VCE may specily the length of the downstream pilot
sequence and upstream pilot sequence (they need not be the
same) to a joining line only once. G.vector does not permit
flexibility 1n changing the length of either pi1lot sequence once
it has been specified. However, G.vector does provide the
capability to change the bits of the pilot sequence for any line
in Showtime—downstream as required (this 1s vendor spe-
cific) and upstream via the “pilot sequence update” command
(G.vector Section 8.2). According to certain aspects, embodi-
ments of G.vector mitialization according to the mvention
described herein exploit this G.vector capability to reduce the
time required for G.vector mitialization.

Still further, the present inventors recognize that 1n normal
operation of a vectored system, most lines are expected to be
in Showtime enjoying vectored (near seli-FEX'T-1ree) pertor-
mance. Some lines might occasionally retrain (1.e., pass
through the mitialization process again) in response to either
customer-initiated actions (e.g., power-cycle of downstream-
end CPE) or due to line conditions. However, only a handiul
of lines typically retrain simultaneously in this normal oper-
ating mode. Embodiments of G.vector initialization accord-
ing to the mvention described herein will refer to a group of
DSL lines already 1n vectored operation in Showtime as a
“Showtime line group (SLG),” the “Showtime lines,” or the
like. In such conditions, embodiments of G.vector 1nitializa-
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tion described herein can be implemented to reduce the 1ni-
tializing duration of joiming lines, for example using the fol-
lowing processes or the like.

FIG. 1 illustrates an example process 100 utilizing one or
more embodiments of G.vector initialization according to the
invention. At step 110, where a pilot sequence has length L,
some embodiments assign a set of orthogonal sequences for
the vectored system such that a subset of sequences are
orthogonal to each other over lengths that are smaller than L;
that 1s, within the selected subset, a given pilot sequence
segment 15 orthogonal to another pilot sequence segment,
where both segments have length less than L. These subsets
are referred to herein as “super-periodic” with period T<L.
Typically, L needs to be greater than the maximum number of
lines 1n the system, e.g. L=384 for a 384 port device.

For example, in an exemplary embodiment having =8 and
the {following set of binary orthogonal sequences
ISO=4+++++++, S1=+—+—+—+-—, S2=++——++——,
S3=4——++——+, S4=4++++————, S3=4—4——+—+,
S6=++——++, ST=4+——+—++-}, the two sequences in the sub-
set {S0, S1} are orthogonal over a length of 2 (i.e., T=2),
while four sequences in the subset {SO0, S1, S2, S3} are
orthogonal over a length of 4 (i.e., T=4). Thus, {S0, S1} and
1S0, S1, S2, S3} are super-periodic subsets in this example.

As shown 1n step S120, typically there will be an existing
group of showtime lines, 1.e. the SLG, whose crosstalk miti-
gation coellicients are fully populated and updated. As typi-
cally occurs, one or more new lines request to join the SLG.
Accordingly, G.vector initialization needs to be performed.

In contrast with the prior art, a novel approach to G.vector
initialization 1s performed whenever new lines join. First, 1in
step S130 a unique subset of pilot sequences 1s assigned to
joimng lines from the set of orthogonal sequences prepared in
step S110, which pilot sequences can be determined based on
the number of lines requesting to join the group. Optionally,
a distinct subset of pi1lot sequences can also be applied to the
showtime lines, where a specific pilot sequence 1n this distinct
subset may be assigned to more than one showtime line.

Next, 1n step S140, vector-1 initialization 1s performed for
the joining lines only. FIG. 6 shows an example of how
vector-1 mitialization 1s performed when a distinct subset of
pilot sequences have been assigned to two existing showtime
lines, whose data signals are shown 1n plots 602 and 604. In
this example, three lines (whose signals are shown in plots
606, 608 and 610) are requesting to join the showtime lines.
According to aspects of the mvention, the joiming lines have
been assigned pilot sequences S1, S2 and S3 as shown 1n plots
606, 608 and 610, respectively. As further shown 1n FIG. 6,
during vector-1, these sequences are transmitted on the join-
ing lines using sync-symbols 620, with silence in between
sync-symbols. Meanwhile, on the showtime lines, pilot
sequences S6 and S7 are transmitted on the sync-symbols 622
whereas data symbols 624 are also transmitted as usual.

According to aspects of the invention, as shown 1n step
S150, vector-1 phases can be terminated much earlier than 1s
possible 1n prior art approaches. After vector-1 1nitialization
has been performed, the pilots are optionally reassigned in the
SLG lines 11 they were previously assigned in step S130.

Next, 1n step S160, vector-2 1nitialization 1s performed on
the joining lines, using the same pilot sequences that were
assigned 1n step S140. Generally, no reduction in time 1s
possible as compared to prior art approaches, however.

Finally 1n step S170, after the vector-1 and vector-2 phases
are complete, the crosstalk mitigation coetlicients for all of
the showtime lines (which now include the joining lines) are
estimated. Thereafter, the new SLG can keep operating with
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adaptation of coelficients enabled. As further shown in FIG.
1, whenever additional lines want to join, the process returns
to step S130.

Aspects of the mitialization techniques of the mmvention
will now be described 1n more detail. For ease 1n 1llustrating
aspects of the mvention, 1n the following example descrip-
tions, the maximum number of lines L.=8, and the above set of
pilot sequences {S0, S1, . .., S7} are being used. Moreover,
the following example assumes that K=3 lines are requesting
to join simultaneously. This example 1s only provided for
illustrating techmques of the ivention, and those skilled 1n
the art will understand how to implement the invention using
different numbers of maximum and/or joiming lines.

FIG. 2 illustrates a first example initialization process
when one or more lines request to join a SLG.

As shown 1n FIG. 2, first, at step S202, when one or more
DSL lines (e.g., K lines) request to join the vectored system,
the VCE chooses a subset of super-periodic pilot sequences
(e.g., K+1 sequences) from the entire prepared set such as that
described above 1n connection with FIG. 1. For example, in a
situation where .=8, and the above set of pilot sequences {S0,
S1,...,S7} are being used, and where K=3 lines are request-
ing to join simultaneously, then a subset of K+1=4 sequences
S0, S1, S2, 83, is chosen from the above set {S0, S1, ..., S7}.
According to aspects of the mvention, these sequences will
have a potentially shorter initialization period of T<L.

In step S204, K of the K+1 sequences S1, S2 and S3 are
assigned to the three joining lines, respectively.

At step S206 adaptation of FEXT mitigation coellicients
among DSL lines already 1n Showtime 1s frozen or turned off,
which 1s acceptable since these lines’ coeflicients are
expected to have converged.

In the embodiment of FIG. 2, in a next step S208, one or
more remaining sequences in the selected chosen super-peri-
odic subset (S0 1n the above example) may be assigned to
cach of the Showtime lines. For upstream this can be carried
out using the above-noted “pilot sequence update” mecha-
nism provided by G.vector, while for downstream, this may
be done as required without any explicit communication to
the CPEs. The same sequence can be assigned to multiple
Showtime lines. This guarantees orthogonality between the
pilot sequence on each Showtime line and each of the joining
lines and further assists 1n unambiguously resolving coefli-
cients for mitigating FEXT from the joining lines mto the
Showtime lines.

In some additional or alternative embodiments, skipping
this step may be justified 1f FEXT from Showtime lines nto
other Showtime lines 1s expected to be almost perfectly miti-
gated (1.e., sync symbol errors on Showtime lines are not
expected to contain any contribution due to FEX'T from other
Showtime lines). In such cases, the pilot sequences transmit-
ted by Showtime lines are inconsequential. (Here in fact, one
or more Showtime lines could, 1n some embodiments, trans-
mit the exact same pilot sequence as a joining line without
significantly jeopardizing the estimation of coellicients for
mitigation of FEXT from the joining lines into Showtime
lines. That 1s, a Showtime line and a joining line can transmiut
the exact same pilot sequence during the vector-1 phases; in
this case, any FEXT contribution arising from that pilot
sequence can be completely attributed to the joining line,
since FEX'T from the Showtime line 1s assumed to be almost
completely cancelled.)

At a next step S210 each vector-1 phase (e.g. non-over-
lapped phases 0-P-VECTOR 1, R-P-VECTOR 1, 0-P-VEC-
TOR1-1 and R-P-VECTOR 1-1, and one phase of overlapped
0-P-VECTOR 2 and R-P-VECTOR 1-2) 1s sequentially per-
formed and each can be terminated after receiving and pro-
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cessing only T sync-symbols worth of mnformation (T=4 1n
this example), rather than processing =8 sync-symbols
worth of information according to earlier systems and pro-
CEeSSes.

It should be noted that coelficients estimated based on
information from the smaller number of T sync-symbols may
have a larger estimation error and/or cause larger SNR deg-
radation of active lines as compared to coellicient estimates
based on mnformation from L sync-symbols (L>T). Hence, as
will be appreciated by those skilled 1n the art, a compromise
might be required between significant vector-1 phase dura-
tion reductions and associated SNR performance degradation
of active lines. This compromise can be achieved 1n various
ways—Ior example, by processing M=T, by performing more
than one training pass, etc. Certain examples will be 1llus-
trated 1n more detail below.

Returming to the example embodiment of FIG. 2, 1n a next
step S212, pilot sequences for the Showtime lines 1n both
downstream and upstream directions are reassigned at the end
of the joiming lines’ vector-1 phases, so that each Showtime
line gets a unique and distinct sequence from the set of
orthogonal sequences betfore the overlapped O-P-VECTOR
2-1 and R-P-VECTOR 2 phase begins. The downstream pilot
sequences may be updated any time after O-P-VECTOR 1-1,
preferably before O-P-VECTOR 2, but at the latest before
O-P-VECTOR 2-1. The upstream pilot sequences are
updated immediately after R-P-VECTOR 1-2 and before
information from R-P-VECTOR 2 1s used for estimating
coellicients for FEXT into the joining lines.

At step S214, mitialization continues until the vector-2
phase 1s complete. For example, the overlapped O-P-VEC-
TOR 2-1 and R-P-VECTOR 2 phase can be terminated after
processing the nformation from a maximum of L sync-sym-
bols with no reduction expected in the duration of this over-
lapped phase. However, as indicated 1n FIG. 2, 1t 1s possible
for vector-2 to be completed after using only N (where N 1s
the sum of showtime and joining lines) sync symbols, in
which case a reduction of the duration of vector-2 phase may
be expected.

Finally, at step S216, adaptation of FEXT coelficients for
lines 1n SLG can be resumed.

FIG. 3 illustrates another example 1nitialization process
when one or more lines request to join a SLG.

First, at step S302, when one or more DSL lines (e.g., K=3
lines ) request to join the vectored system, the VCE chooses a
subset of super-periodic pilot sequences (e.g., K+1
sequences). For example, 1n a situation where L=8, and the
above set of pilot sequences {S0, S1, .. ., S7} are being used,
and where K=3 lines are requesting to join simultaneously,
then a subset of K+1=4 sequences S0, S1, S2, S3, 1s chosen
from the above set {S0, S1, ..., S7}. According to aspects of
the invention, these sequences will have a period of T<L.

In step S304, K of the K+1 sequences S1, S2 and S3 are
assigned to the three joining lines, respectively.

At step S306 adaptation of FEXT mitigation coellicients
among DSL lines already 1n Showtime 1s frozen or turned off,
which 1s acceptable since these lines’ coellicients are
expected to have converged.

At a next step S308, one or more remaining sequences 1n
the selected chosen super-periodic subset (S0 1n the above
example) may be assigned to each of the Showtime lines. For
upstream this can be carried out using the above-noted “pilot
sequence update” mechanism provided by G.vector, while for
downstream, this may be done as required without any
explicit communication to the CPEs. The same sequence can
be assigned to multiple Showtime lines. This guarantees
orthogonality between the pilot sequence on each Showtime
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line and each of the joining lines and turther assists 1n unam-
biguously resolving coetficients for mitigating FEXT from
the joining lines 1into the Showtime lines.

In step S310, 1t 1s determined whether any vector-1 phases
of initialization remain to be performed. For example, the five
vector-1 phases (e.g. non-overlapped phases 0-P-VECTOR
1, R-P-VECTOR 1, 0-P-VECTOR1-1 and R-P-VECTOR
1-1, and one phase of overlapped 0-P-VECTOR 2 and R-P-
VECTOR 1-2) are sequentially performed one at a time.

In step S312, if all vector-1 phases have not yet been
performed, the next one 1s started (or the first one 11 this 1s the
first time vector-1 has been performed).

In step S314, online reconfiguration (OLR) mechanisms
on the Showtime line group lines are disabled to ensure that
there 1s no change 1n transmit power 1n the middle of a pilot
sequence. This 1s preferably done because a mid-sequence
change to the transmit power can potentially destroy orthogo-
nality between different sequences.

In step S316, FEX'T coellicients from joining lines into
Showtime lines are estimated after processing at least T sync-
symbols 1n the current vector-1 phase.

In step S318, FEXT coellicients from joining lines nto
Showtime lines are engaged. OLR 1s then re-enabled for lines
in Showtime.

At step S320 the current vector-1 phase 1s terminated after
receiving and processing only T sync-symbols worth of infor-
mation (1=4 1n this example), rather than processing =8
sync-symbols worth of information according to earlier sys-
tems and processes.

It should be noted, however, that coetficients estimated
based on information from T sync-symbols may have a larger
estimation error and/or cause larger SNR degradation of
active lines as compared to coellicient estimates based on
information from L sync-symbols (L>T). Hence, as will be
appreciated by those skilled 1n the art, a compromise might be
required between significant vector-1 phase duration reduc-
tions and associated SNR performance degradation of active
lines. This compromise can be achieved 1n various ways—ior
example, by processing MzT, by performing more than one
training pass, etc., as will be described in more detail below.

Processing then returns to step S310 until all vector-1
phases ol initialization have been performed.

In step S322, pilot sequences for the Showtime lines 1n both
directions are reassigned at the end of the joining lines’ vec-

tor-1 phases, so that each Showtime line gets a unique and
distinct sequence from the set of orthogonal sequences before
the overlapped O-P-VECTOR 2-1 and R-P-VECTOR 2
phase begins. The downstream pilot sequences may be
updated any time after O-P-VECTOR 1-1, preferably before
O-P-VECTOR 2, but at the latest before O-P-VECTOR 2-1.
The upstream pilot sequences are updated immediately after
R-P-VECTOR 1-2 and before iformation from R-P-VEC-
TOR 2 1s used for estimating coellicients for FEX'T into the
joining lines.

At step S324, vector-2 initialization continues. For
example, overlapped O-P-VECTOR-2 1 R-P-VECTOR 2
phase 1nitialization 1s performed, and OLR 1s disabled for
lines 1n Showtime. FEXT coeflicients from all lines mto
joiing lines are estimated aiter processing at least N sync-
symbols, where N 1s the sum of the number of Showtime lines
and joining lines.

At step S326, FEXT coellicients from all lines into joining
lines are engaged and OLR 1s re-enabled for lines in Show-
time. The overlapped O-P-VECTOR 2-1 and R-P-VECTOR

2 phase can then be terminated.
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In step S328, once all joining lines enter Showtime, adap-
tation of FEXT mitigation coelficients among all Showtime
lines can then be performed as usual.

FIG. 4 illustrates another example 1nitialization process
when one or more lines request to join a SLG.

First, at step S402, when one or more DSL lines (e.g., K=3
lines ) request to join the vectored system, the VCE chooses a
subset ol super-periodic pilot sequences (e.g., K sequences,
one being assigned to each joining DSL line). For example, 1n
a situation where L=8, and the above set of pilot sequences
IS0, S1, . . ., S7} are being used, and where K=3 lines are
requesting to join simultanecously, then a subset of K=3
sequences S1, S2, S3, is chosen from the above set {S0,
S1, ..., S7}. According to aspects of the invention, these
sequences will have a period of T<L.

In step S404, the sequences S1, S2 and S3 are assigned to
the three joining lines, respectively.

At step S406 adaptation of FEX'T mitigation coellicients
among DSL lines already 1n Showtime 1s frozen or turned off,
which 1s acceptable since these lines’ coelficients are
expected to have converged.

At a next step S408 each vector-1 phase (e.g. non-over-
lapped phases 0-P-VECTOR 1, R-P-VECTOR 1, 0-P-VEC-
TOR 1-1 and R-P-VECTOR 1-1, and one phase of overlapped
0-P-VECTOR 2 and R-P-VECTOR 1-2) 1s sequentially per-
formed and each vector-1 phase can then be terminated after
receiving and processing only T sync-symbols worth of infor-
mation (1=4 in this example), rather than processing =8
sync-symbols worth of information according to earlier sys-
tems and processes.

It should be noted, however, that coefficients estimated
based on information from T sync-symbols may have a larger
estimation error and/or cause larger SNR degradation of
active lines as compared to coellicient estimates based on
information from L sync-symbols (L>T). Hence, as will be
appreciated by those skilled 1n the art, acompromise might be
required between significant vector-1 phase duration reduc-
tions and associated SNR performance degradation of active
lines. This compromise can be achieved 1n various ways—ior
example, by processing M=T, by performing more than one
training pass, etc., as will be described 1n more detail below.

At step S410 mitialization continues with vector-2 phases
until they are completed. For example, the overlapped O-P-
VECTOR 2-1 and R-P-VECTOR 2 phase can be terminated
afterprocessmg the information from N sync-symbols, where
N 1s the sum of the number of Showtime lines and joiming
lines.

Next 1n step S412, 1n the embodiment of FIG. 4, 1t 1s useful
to ensure that, as far as possible, Showtime lines are assigned
pilot sequences that are not super-periodic. For example, i
four lines are 1n Showtime, sequences S4, S5, 56, and S7,
respectively, from step 110 can be assigned to these four lines,
thus minimizing the need to reassign pilot sequences to
Showtime lines when new lines join the system, and ensuring
that the super-periodic pilot-sequences are available for the
lines that might join in the future.

Finally, 1n step S414, adaptation of FEXT mitigation coet-
ficients among all Showtime users can be resumed.

FIG. 5 illustrates another example 1nitialization process
when one or more lines request to join a SLG.

First, at step S502, when one or more DSL lines (e.g., K=3
lines ) request to join the vectored system, the VCE chooses a
subset ol super-periodic pilot sequences (e.g., K sequences,
one being assigned to each joining DSL line). For example, 1n
a situation where L=8, and the above set of pilot sequences
S0, S1, . . ., S7} are being used, and where K=3 lines are
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sequences S1, S2, S3, is chosen from the above set {S0,
S1, ..., S7}. According to aspects of the invention, these
sequences will have a period of T<L.

In step S504, the sequences S1, S2 and S3 are assigned to
the three joining lines, respectively.

At step S506 adaptation of FEXT mitigation coelificients
among DSL lines already 1n Showtime 1s frozen or turned off,
which 1s acceptable since these lines’ coellicients are
expected to have converged.

In step S508, 1t 1s determined whether any vector-1 phases
of imtialization remain to be performed. For example, the five
vector-1 phases (e.g. non-overlapped phases 0-P-VECTOR
1, R-P-VECTOR 1, 0-P-VECTOR1-1 and R-P-VECTOR
1-1, and one phase of overlapped 0-P-VECTOR 2 and R-P-

VECTOR 1-2) are sequentially performed one at a time.

In step S510, if all vector-1 phases have not yet been
performed, the next one 1s started (or the first one 11 this 1s the
first time vector-1 has been performed).

In step S512, online reconfiguration (OLR) mechanisms
on the Showtime line group lines are disabled to ensure that
there 1s no change 1n transmit power in the middle of a pilot
sequence. This 1s preferably done because a mid-sequence
change to the transmit power can potentially destroy orthogo-
nality between different sequences.

In step S514, FEX'T coellicients from joining lines into
Showtime lines are estimated after processing at least T sync-
symbols 1n the current vector-1 phase.

In step S516, FEX'T coellicients from joining lines into
Showtime lines are engaged and OLR 1s re-enabled for lines
in Showtime.

At step S518 each vector-1 phase can then be terminated
alter recerving and processing only T sync-symbols worth of
information (T=4 1n this example), rather than processing
[L=8 sync-symbols worth of information according to earlier
systems and processes.

It should be noted, however, that coetficients estimated
based on information from T sync-symbols may have a larger
estimation error and/or cause larger SNR degradation of
active lines as compared to coetll

icient estimates based on
information from L sync-symbols (L>T). Hence, as will be
appreciated by those skilled 1n the art, a compromise might be
required between significant vector-1 phase duration reduc-
tions and associated SNR performance degradation of active
lines. This compromise can be achieved in various ways—ior
example, by processing MzT, by performing more than one
training pass, etc., as will be described in more detail below.

After the current vector-1 phase 1s completed, processing
returns to step S508 for performing all vector-1 phases.

At step S520, imitialization continues with vector-2. For
example, the overlapped O-P-VECTOR-2 1 R-P-VECTOR 2
phase 1s now performed after OLR for lines in Showtime 1s
disabled. FEXT coetlicients from all lines into joining lines
are estimated after processing at least N sync-symbols, where

N 1s the sum of number of Showtime lines and joining lines.
At step S522, the FEXT coetll

icients from all lines 1nto
joming lines are engaged and OLR 1s re-enabled for lines in
Showtime. The overlapped O-P-VECTOR 2-1 and R-P-
VECTOR 2 phase can be terminated.

In step S524, once joining lines enter Showtime, the usual
adaptation of FEX'T mitigation coetlicients among all Show-
time lines can be resumed.

In one or more examples herein, L 1s 2 or multiples of 4
(e.g., L=8, above). This 1s permitted using current versions of
G.vector. However, 1n general, embodiments hereunder are
not restricted to L being 2 or multiples of 4, as long as
super-periodic subsets of L exist.
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It should be noted that a cold-start scenario occurs when no
lines are 1n Showtime and the first group of lines 1s in the
process of 1mtialization. Such a scenario may occur after a
power outage or scheduled maintenance at the CO side. In
such a case, no coelficient estimation 1s necessary in the
vector-1 signaling phases and these phases may be restricted
to therr mimimum duration as specified by G.vector, thereby
reducing the mitialization duration for the first group of join-
ing lines.

As discussed 1n the example processes above, rather than
terminating after only N sync-symbols 1 some embodi-
ments, duration of the vector-1 phases might need to be
extended to non-trivial multiples of T (1.e., n'T symbols where
nbelongsto{2,3, ... })inorderto limit SNR degradation due
to coefficient estimation error. In such cases, an initial esti-
mate of coelficient based on mformation from T sync-sym-
bols can be generated and then updated using the remaining,
(n-1) periods of T symbols.

Various updating processes, techniques, etc. can be imple-
mented. A sync-symbol by sync-symbol least mean squares
(LMS) update may be used, which requires the updated coet-
ficient to be engaged 1n the signal path before the next update
1s performed. However, the process of repeatedly engaging
updated coetlicients into the signal path after every sync-
symbol poses challenges from the standpoint of implementa-
tion speed, which may conspire to further extend the duration
of the updating process.

An alternative method 1s the so-called *“batch update”
which also can be implemented 1n embodiments of the inven-
tion. In this method, the same computations that were used to
compute 1nitial estimates over T sync symbols are used again
alter the 1mitial estimates are engaged. However, with the
initial estimates already engaged, repeating the computations
over T sync symbols yields estimates of the residual FEXT
coellicients. These residual FEX'T coeflicients are then added
to the initial estimates to generate updated estimates. An
advantage of this batch update approach over the sync-sym-
bol by sync-symbol LMS 1s that updated coetficients need to
be engaged only after every T sync symbols, which relaxes
the requirement on the speed of engaging the coellicients 1nto
the signal path.

Such batch-update approaches for FEXT mitigation coet-
ficients (downstream precoder or upstream canceller) allow
these coelficients to be tracked over time while reducing the
frequency of engaging the updated coellicients, 1.¢., writing
the updated coelficients from software to hardware. Such
batch update approaches provide a realistic way to use 1nfor-
mation on consecutive sync-symbols to update FEXT muti-
gation coellicients during G. vector initialization of lines,
thereby reducing the duration of the mnitialization.

Using one or more embodiments of the G.vector nitializa-
tion apparatuses, systems, methods, techniques, etc. herein,
the duration of the mitialization phase of G.vector DSL
modems can be reduced when compared to earlier systems.
These advantages are realized for both upstream and down-
stream vectoring. Moreover, no modification of G.vector as 1t
stands 1 April 2010 1s required.

Those skilled 1n the art will recognize how to adapt existing
known and proprietary DSL vectoring systems to implement
the G.vector in1tialization techniques of the present invention.
For example, after being taught by the present disclosures,
those skilled 1n the art will understand how to implement the

techniques of the invention 1 one or more of the systems
described in U.S. Patent Publ. No. 2009/0245340, U.S. Patent

Publ. 2008/0049855, U.S. Patent Publ. No. 2010/0195478,
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U.S. Patent Publ. No. 2009/0271550, U.S. Patent Publ. No.
2009/0310502, U.S. Patent Publ. No. 2010/0046684 and U.S.
Pat. No. 7,843,949,

Nevertheless, FIG. 7 1llustrates an example DSL system
700 that can implement G.vector mitialization according to
the embodiments of the mvention described herein. In this
example system, DSL lines 706 can be part of a Showtime
line group or some or all can be joining lines. The manage-
ment unit 712 can be a VCE that assigns pilot sequences as
needed during reduced-time mnitialization according to one or
more embodiments.

Although the present invention has been particularly
described with reference to the preferred embodiments
thereof, 1t should be readily apparent to those of ordinary skall
in the art that changes and modifications in the form and
details may be made without departing from the spirit and
scope of the imvention. For example, since numerous modifi-
cations and changes to the above descriptions will readily
occur to those skilled in the art, reduced-time G.vector 1ni-
tialization 1s not limited to the exact implementation, con-
struction and/or operation 1llustrated and described herein.
Theretfore, the described embodiments should be taken as
illustrative, and 1t 1s intended that the appended claims
encompass such changes and modifications.

What 1s claimed 1s:

1. A method of imtializing a first joining Digital Subscriber
Line (DSL) line and a second joining DSL line that are joining
a first vectored DSL line group operating in Showtime, the
method comprising:

assigning a first super-periodic orthogonal pilot sequence

to the first joining DSL line;

assigning a second super-periodic orthogonal pilot

sequence to the second joiming DSL line, wherein the
first and second super-periodic orthogonal pilot
sequences have length L and are orthogonal over a seg-
ment of a pre-defined length T, wherein T<L;

using the first and second super-periodic pilot sequences

on the first and second joining DSL lines, respectively, to
generate M sync-symbols worth of imitialization data,
wherein M>=T and M <L.; and

processing the generated mnitialization data to generate

joming DSL line Far-End Crosstalk (FEXT) mitigation
coellicients.

2. The method of claim 1 further comprising using the
generated FEXT mitigation coellicients to operate the vec-
tored DSL line group.

3. The method of claim 1 further comprising disabling
FEXT mitigation coefficient updating 1n the first vectored
DSL line group prior to using the first and second super-
periodic pilot sequences to generate the mnitialization data.

4. The method of claim 1 further comprising disabling any
online reconfiguration 1n the first vectored DSL line group
prior to using the first and second super-periodic pilot
sequences to generate the nitialization data.

5. The method of claim 1 further comprising assigning a
third super-periodic orthogonal pilot sequence to one or more
DSL lines 1n the first vectored DSL line group prior to using
the first and second super-periodic pilot sequences to gener-
ate the 1nitialization data, wherein the first, second and third
super-periodic orthogonal pilot sequences have length L and
are orthogonal over length T<L.

6. The method of claim 3 further comprising reassigning
Showtime orthogonal pilot sequences to DSL lines in a sec-
ond vectored DSL line group comprising the first vectored
DSL line group and the first and second joining DSL lines.

7. The method of claim 6 wherein the reassigned Showtime
orthogonal pilot sequences are not super-periodic.
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8. The method of claim 1 turther comprising adjusting M to
be greater than T to improve estimation error and/or Signal-

to-Noise Ratio (SNR) degradation.
9. The method of claim 1 wherein L 1s 2 or a multiple of 4.

10. The method of claim 1 wherein T 1s 2 or a multiple of 5

4.

11. The method of claim 1, wherein the using and process-
ing steps are performed during a vector 1 phase of initializa-
tion according to G.vector.

12. The method of claim 1 wherein using the first and
second super-periodic pilot sequences on the first and second
joimng DSL lines, respectively, to generate M sync-symbols
worth of i1mtialization data further comprises generating
M=nT sync-symbols worth of initialization data, whereinn 1s
an integer.

13. The method of claim 1 further comprising assigning a
new pilot sequence to each Showtime line group line after
completion of the joining DSL lines’ joining the Showtime
line group.

14. A vectoring control entity (VCE) configured to imple-
ment the method of claim 1.

15. A method for imtializing K joining Digital Subscriber
Line (DSL) lines to determine Far-End Crosstalk (FEXT)
coellicients as part of the joining DSL lines’ joining a Show-
time line group comprising a group of DSL lines running in
Showtime as a vectored DSL group, the method comprising:

assigning one orthogonal pilot sequence to each joining

DSL line, wherein each orthogonal pilot sequence com-
prises a pilot sequence of length L from a subset of pilot
sequences that are orthogonal to each other over a seg-
ment of a predefined length T, wherein T<L;
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stopping adaptation of FEX'T mitigation coelficients for
the Showtime line group;

processing W sync-symbols worth of information, wherein
W<L;

estimating FEX'T mitigation coelficients based on the pro-
cessed sync-symbols information;

using the estimated FEX'T mitigation coellicients during
operation ol a vectored DSL group comprising the
Showtime line group and the jomning DSL lines.

16. The method of claim 15 wherein the method comprises
at least part of a vector 1 phase under G.vector for adding new
DSL lines to vectored DSL line group pursuant to G.vector.

17. The method of claim 15 further comprising disabling
Online Reconfiguration (OLR) 1n the Showtime line group
lines prior to processing W sync-symbols worth of informa-
tion.

18. The method of claim 13 further comprising assigning at
least one Showtime orthogonal pilot sequence from the pilot
sequence subset to the Showtime line group lines, wherein the
Showtime orthogonal pilot sequence 1s not an orthogonal
pilot sequence assigned to one of the joining DSL lines.

19. The method of claim 18 further comprising assigning a
new pilot sequence to each Showtime line group line after
completion of vector-1 phases of G.vector 1nitialization.

20. The method of claim 15, further comprising assigning,
a new pilot sequence to each Showtime line group line after
completion of the joining DSL lines’ joining the Showtime
line group.
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