
THE TWO TORT DIT U NATALIA DI UN MOULIN RUN 
US 20180076851A1 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2018 / 0076851 A1 

Oksman ( 43 ) Pub . Date : Mar . 15 , 2018 

( 54 ) INTERFERENCE MITIGATION 
( 71 ) Applicant : Vladimir Oksman , Morganville , NJ 

( US ) 

( 72 ) Inventor : Vladimir Oksman , Morganville , NJ 
( US ) 

( 21 ) Appl . No . : 15 / 128 , 687 

( 22 ) PCT Filed : Mar . 18 , 2015 

Publication Classification 
( 51 ) Int . Ci . 

H04B 3 / 32 ( 2006 . 01 ) 
H04B 3 / 487 ( 2006 . 01 ) 
H04B 3 / 54 ( 2006 . 01 ) 
H04L 25 / 08 ( 2006 . 01 ) 
H04M 7700 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
??? . . . . . . . . . . . . . . . . H04B 3 / 32 ( 2013 . 01 ) ; H04B 3 / 487 

( 2015 . 01 ) ; H04M 770024 ( 2013 . 01 ) ; H04L 
25 / 085 ( 2013 . 01 ) ; H04B 3 / 54 ( 2013 . 01 ) 

( 57 ) ABSTRACT 
A PLC modem ( 131 - 133 ) is prompted to increase , starting 
from a predetermined minimum transmit power , a transmit 
power of data transmission on a PLC channel ( 112 ) at a 
given time or time period defined with respect to a mutual 
time reference of a DSL channel ( 111 ) and the PLC channel 
( 112 ) . A DSL modem ( 121 ) is prompted to measure a 
signal - to - noise value at the given time or time period defined 
with respect to the mutual time reference . Mitigation of 
interference 190 between the PLC channel ( 112 ) and the 
DSL channel ( 111 ) becomes possible . 

PCT / EP2015 / 055731 ( 86 ) PCT No . : 
$ 371 ( c ) ( 1 ) , 
( 2 ) Date : Sep . 23 , 2016 

( 60 ) 
Related U . S . Application Data 

Provisional application No . 61 / 970 , 350 , filed on Mar . 
25 , 2014 , provisional application No . 62 / 077 , 376 , 
filed on Nov . 10 , 2014 . 

Residence w 

w 

* * * * 1 
* * 

DSLAM VAUW CPE W 

130 w 

W 1901 
, www www * * * w ww ww ww www ww ww www mwa wana w * * * w ww ten w ww 

www ma PLC network KKK 
Www 

KKK KKK * 
w * * * * 

PLC 
modem 

PLC 
modem WWWWWWWWWWWW * * 

PLC 
modem 

BOK 
WW 

KOKK W 

133 WWW * * * W * * * * * * * * * * * * * * * * 1 * 



Patent Application Publication Mar . 15 , 2018 Sheet 1 of 8 US 2018 / 0076851 A1 

Residence 
102 

DSLAM CO CPE PRODOTT 190 130 
* W ww wwwx www 1 

IT wwwwwwwwwwwwwwwwwwwwwwwwwww TETT PLC network i 
1 . . and Wwwwwwwwwwww PLC 

modem 

KRUNKER ROKKK FOKKE KU 
??????????????????? PLC 
modem 

PLC 
modem AF 

131 Y - - - 132 133 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

FIG . 1 

1 phone jack 

CPE phone jack 

- - - - - 

- 190 - 
- 

1 . 1 

PLC 
modem Kwwwwwwwwww PLC 

modem 
PLC 

modem 

132 

FIG . 2 



Patent Application Publication _ NIar . 15 , 2018 Sheet 2 0f8 US 2018 / 0076851A1 

RG PLC 
modem 

Internet Service 
Provider 

? ? ? ? ? ? ? ? ? ? ? ? ? ? s PLC 
modem 302 

PQ 
modem 

432 133 133 AF ? - - 

? ?? 

- ; 3 



Patent Application Publication Mar . 15 , 2018 Sheet 3 of 8 US 2018 / 0076851 A1 

131 , 133 membantu AF CPE PLC modem 

ROSASPORE ! 
??? ! ?Dus 

S1 : DSL laitialization Flag 
orang WW S2 : Start Initialization 

S3 : Initialize 

S4 : Completed Initialization 8401 DSL Protection Mode 
R . Showtime MICRORRADO WWWWWWWWWWWWWWW S5 : Commence crosstalk estimation ! 412 

S6 : Commence crosstalk estimation 1122122LISTELLIITRIT 

TWA W WWW swWRY WMX KOM WWWW WWW * * . . . 

450 w wwww www www www my www sensitivity test wwwwwwwwwww S7 : Measure 
SNR 

mutual 
time reference S8 : Send 

??? ?? ?? ?? ? ??? ???? ????? ?? 

me we wa ww 

S9 : Report SNR 490 : ???????????? ????????????????? . 

Noongpamunan 
$ 10 : Determine 

Sensitivity 
S11 Set PSD . 
S12 : Report expected SNR 

S13 : Adapt 
bitloading 

FIG . 4 



AF communicates to the CPE the expected noise level 

Patent Application Publication 

sensitivity test 

i 

PLC network operates in DSL protection mode 

PLC modem # 1 PLC modem # 2 transmit i transmit increased PSD ! increased PSD in DSL bands í in DSL bands 

. 

. 

. 

. 

. 

. 

. 

PLC modem # K transmit increased PSD in DSL bands 

increased PSD allowed 

PLC network 

- - 

??? 

- 

Initialization 
Showtime 

Showtime 
Showtime 
Showtime 

I new bit loading 

Mar . 15 , 2018 Sheet 4 of 8 

AF starts sensitivity check 

PLC network is requested to transition into DSL protection mode 

CPE reports to AF SNR DS1 

CPE reports to AF SNR DS2 

CPE reports to AF 
SNR DS ( K - 1 ) 

CPE reports Af communicates to AF to the PLC network SNR DSK the allowed PSD 
( end of check ) in DSL DS bands 

FIG . 4A 

US 2018 / 0076851 A1 



Patent Application Publication Mar . 15 , 2018 Sheet 5 of 8 US 2018 / 0076851 A1 

151 131 , 133 
AF DSL PLC 

mmmmmm Showtime 402 
11 : DSL Initialization Flag AGG IORATION AND A IAGGIO 

XXXXXXXXXX wwwwwwwwwwww 12 : Commence crosstalk estimation 

B : Commence crosstalk estimation RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERITT 

Her zaman - - - - - - - - - - 

450 Mano mewn mwy Mom 
w ???????????????????????????????? sensitivity test T4 : Measure 

SNR 
mutual 
time reference T5 : Send 

w 

V NA KRK W WA 
A 

. V * 
L 

T6 : Report SNR 490 

T6a : Determine 
Sensitivity 

Lama 

17 : Set PSD 
w 402 

18 : Start Initialization wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww Showtime 
T9 : Initialize ???????????????????????????????????????????????????? 110 Completed Initialization Showtime 

FIG . 5 



Patent Application Publication Mar . 15 , 2018 Sheet 6 of 8 US 2018 / 0076851 A1 

transmission of test pattern 
- 

- preparation - PLC # 1 
transmits 

PLC # 2 
transmits 

PLC # K 
transmits 

- 

- PLC network | - 

- 
- 

- - ??? - quiet quiet quiet quiet quiet - - quiet 
- 

PLC network and 
CPE get a mutual time 

reference 

CPE collects 
or reports 
QLN1 

CPE collects 
or reports 
QLN3 

„ Start PLC crosstalk test " 
flag 

CPE collects 
or reports 
QLN2 

CPE collects 
or reports 
QLNK 

( end of test ) 

FIG . 5A 

transmission of test pattern 
- 

- preparation - PLC # 1 
transmits 

PLC # 2 
transmits 

PLC # K 
transmits - - PLC network - 

- 

- - 
- 

- - - CPE quiet - quiet - - quiet quiet quiet quiet 
. . . . . . . 

PLC network and CPE collects CPE collects 
CPE get a mutual time or reports or reports 

reference QLN1 QLN ( K - 1 ) 
next node “ flag „ next node * flag 

CPE collects CPE collects „ Start PLC crosstalk test or reports or reports QLNK QLN2 ( end of test ) 
„ next node “ flag 

flag 

FIG . 5B 



Patent Application Publication Mar . 15 , 2018 Sheet 7 of 8 US 2018 / 0076851 A1 

NO Commence crosstalk 
estimation ? Wait for instructions 

YES 
NO wwwwwwwwwwwwwwwwwwwwwwwwwwwww Further 

PSD level ? 

Y YES YES 

wwwww 94 WWWWWW w 

Further PLC 
modem ? 

aa 
YES 45 

wwwwwwwwwwwwwwwaaana At predefined time : 
send at current PLC modem 

at current PSD level 

bangan an nan 

FIG . 6 



008 

interference 

- OOL LAPSD , Š PSD 

WWwRKER 

???????? , 
WARAKAT 

Patent Application Publication 

· 

EXXUUKKKKEEX 

KKKKKKKEET 

m m 

POURREA 

X 

m m 

= 

m 

= = 

m 

= 

13 
6 

0 

1 

1 

0 

1 

2 

= 

m m m m 

wwwwwwwwwwwwwwwww 

m m m 

ROU KRK KKK 

KKK KK 

KKK EKR 

OKKK ZEK 

m m m 

FIG . 8 

LO 

on 

a 

3 

m 

m 

wwwwwwwwwwwwwww 

Mar . 15 , 2018 Sheet 8 of 8 

m m m m 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

N 

m m 

RX 

m m 

Wok * * 

* * 

KK KKKKK KKK 

KKK 

- 

m m m 

ROSd 094 

m . 

131 , 133 

time 

US 2018 / 0076851 A1 



US 2018 / 0076851 A1 Mar . 15 , 2018 

INTERFERENCE MITIGATION 
TECHNICAL FIELD 

[ 0001 ] Various embodiments relate to a method of inter 
ference mitigation between a Digital Subscriber Line chan 
nel and a Power Line Communication channel , and to a 
corresponding device . In particular , various embodiments 
relate to crosstalk estimation by controlling a Power Line 
Communication modem and a Digital Subscriber Line 
modem to operate with a mutual time reference . 

BACKGROUND 
[ 0002 ] The Digital Subscriber Line ( DSL ) technology , 
during all its history , attempted to increase the bit rate in the 
aim to deliver more broadband services to the customer . 
Copper loops deployed from the Central Office ( CO ) to 
customer premises equipment ( CPE ) are rather long and 
typically do not allow transmission of data with bit rates 
more than few Mb / s . Therefore , to increase the customer 
available bit rates , modern access networks use street cabi 
nets , Multi - Dwelling Unit ( MDU ) cabinets , and similar 
arrangements : the cabinet is connected to the Co by a 
high - speed fiber communication line , e . g . , gigabit passive 
optical network ( GPON ) and installed close to the customer 
premises . From these cabinets , high - speed DSL systems , 
such as Very - High - Bit - Rate DSL ( VDSL2 ) , provide connec 
tion to the CPE . 
[ 0003 ] Further , vectored VDSL2 systems were introduced , 
e . g . as International Telecommunication Union Telecommu 
nication Standardization Sector ( ITU - T ) Rec . G . 993 . 5 , to 
further increase the bit rate . In vectored systems , mutual 
far - end crosstalk is reduced which significantly reduces the 
total noise at the receiver . The bit rates achieved by vectored 
DSL are typically around 100 Mb / s , which reflects the 
performance level currently required by service providers . 
Recently , a new type of DSL , referred as G . fast , was 
standardized by the ITU . G . fast also uses vectoring to cancel 
crosstalk and further increases service bit rates to 1 Gb / s . 
[ 0004 ] However , to ensure a sustainable high bit rate in 
DSL systems , the level of the background noise , i . e . , gen 
erated by non - DSL systems , shall also be low . This is 
sometime difficult to achieve because of limited influence on 
interference originating from other systems . This is because 
other systems may not be or only partly be under the control 
of the DSL system operator . 

modem of the DSL channel , further instructions to com 
mence the crosstalk estimation . The further instructions 
prompt the DSL modem to measure a signal - to - noise value 
at the given time or time period defined with respect to the 
mutual time reference . 
[ 0008 ] In various embodiments , it may be possible that the 
instructions prompt the at least one PLC modem , prior to 
said increasing of the transmit power , to reduce the transmit 
power to the predetermined minimum transmit power . The 
transmit power may be a Power Spectrum Density ( PSD ) . 
[ 0009 ] According to a further aspect , a device is provided . 
The device comprises at least one interface . The at least one 
interface is configured to provide , to at least one PLC 
modem of a PLC channel , instructions to commence cross 
talk estimation . Said instructions prompt the at least one 
PLC modem to increase , starting from a predetermined 
minimum transmit power , a transmit power of data trans 
mission on the PLC channel at a given time or time period . 
The given time or time period is defined with respect to a 
mutual time reference of the DSL channel and the PLC 
channel . The at least one interface is further configure to 
provide , to a DSL modem of a DSL channel , further instruc 
tions to commence the crosstalk estimation . The further 
instructions prompt the DSL modem to measure a signal 
to - noise value at a given time or time period defined with 
respect to the mutual time reference . 
[ 0010 ] According to a further aspect , a method of inter 
ference mitigation between a DSL channel and a PLC 
channel is provided . The method comprises establishing 
instructions to commence crosstalk estimation . The method 
further comprises , in response to said establishing the 
instructions , increasing , starting from a predetermined mini 
mum transmit power , a transmit power of data transmission 
on the PLC channel at a given time or time period . The given 
time or time period is defined with respect to a mutual time 
reference of the DSL channel and the PLC channel . 
[ 0011 ] According to a further aspect , a PLC modem is 
provided . The PLC modem comprises at least one processor 
configured to establish instructions to commence crosstalk 
estimation . The PLC modem further comprises an interface . 
The interface is configured to execute data transmission on 
a PLC channel . The at least one processor , in response to 
said establishing of the instructions , is configured to control 
the interface to increase , starting from a predetermined 
minimum transmit power , a transmit power of the data 
transmission on the PLC channel at a given time or time 
period . The given time or time period is defined with respect 
to a mutual time reference of the DSL channel and the PLC 
channel . 
[ 0012 ] According to a further aspect , a method of inter 
ference mitigation between a DSL channel and a PLC 
channel is provided . The method comprises establishing 
instructions to commence crosstalk estimation . The method 
further comprises , in response to said establishing of the 
instructions to commence crosstalk estimation , measuring a 
signal - to - noise value at a given time or time period . The 
given time or time period is defined with respect to a mutual 
time reference of the DSL channel and the PLC channel . 
[ 0013 ] . According to a further aspect , a DSL modem is 
provided . The DSL modem comprises at least one processor 
configured to establish instructions to commence crosstalk 
estimation . The at least one processor , in response to said 
establishing of the instructions , is configured to measure a 
signal - to - noise value at a given time or time period . The 

SUMMARY 
[ 0005 ] Therefore , it is an object of the present invention to 
mitigate background noise in a DSL network , in particular 
background noise caused by another system . 
[ 0006 ] This need is met by the features of the independent 
claims . The dependent claims define embodiments . 
[ 0007 ] According to an aspect , a method of interference 
mitigation between a DSL channel and a PLC channel is 
provided . The method comprises providing , to at least one 
PLC modem of the PLC channel , instructions to commence 
crosstalk estimation . Said instructions prompt the at least 
one PLC modem to increase , starting from a predetermined 
minimum transmit power , a transmit power of data trans 
mission on the PLC channel at a given time or time period . 
The given time or time period is defined with respect to a 
mutual time reference of the DSL channel and the PLC 
channel . The method further comprises providing , to a DSL 
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given time or time period is defined with respect to a mutual 
time reference of the DSL channel and the PLC channel . 
10014 ] It is to be understood that the features mentioned 
above and features yet to be explained below can be used not 
only in the respective combinations indicated , but also in 
other combinations or in isolation , without departing from 
the scope of the present invention . Features of the above 
mentioned aspects and embodiments may be combined with 
each other in other embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10015 ] . The foregoing and additional features and effects of 
the invention will become apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings , in which like reference numerals 
refer to like elements . 
[ 0016 ] FIG . 1 schematically illustrates a DSL channel 
co - located with a PLC channel , as well as an application 
function centrally controlling interference mitigation 
between the PLC channel and the DSL channel . 
[ 0017 ] . FIG . 2 illustrates crosstalk between the co - located 
DSL channel and PLC channel at a coupling point . 
[ 0018 ] FIG . 3 schematically illustrates a scenario where 
the DSL channel and the PLC channel co - located and a data 
connection is established between the DSL channel and the 
PLC channel . 
[ 0019 ] FIG . 4 is a signaling diagram illustrating a DSL 
protection mode and a sensitivity test according to various 
embodiments . 
10020 ] FIG . 4A illustrates a temporal sequence of the 
sensitivity test at greater detail and according to various 
embodiments . 
0021 ] FIG . 5 is a signaling diagram illustrating the DSL 

protection mode and the sensitivity test according to various 
embodiments . 
[ 0022 ] FIG . 5A illustrates a temporal sequence of the 
sensitivity test at greater detail and according to various 
embodiments . 
[ 0023 ] FIG . 5B illustrates a temporal sequence of the 
sensitivity test at greater detail and according to various 
embodiments . 
[ 0024 ] FIG . 6 is a flowchart illustrating the sensitivity test 
at greater detail . 
[ 0025 ] FIG . 7 is a plot of the power spectral density over 
time as controlled as part of the sensitivity test . 
10026 ] FIG . 8 is a plot of the interference as a function of 
power spectral density as measured during the sensitivity 
test . 

components , or other physical or functional unit shown in 
the drawings or described herein may also be implemented 
by an indirect connection or coupling . A coupling between 
components may also be established over a wireless con 
nection . Functional blocks may be implemented in hard 
ware , firmware , software , or a combination thereof . 
[ 0029 ] The present application is based on the finding that 
one substantial source of interference present in DSL chan 
nels are PLC systems installed in close vicinity , e . g . , in the 
same apartment , and operating in the same or overlapping 
range of frequencies . Details may be found in F . Moulin , P . 
Péron , A . Zeddam “ PLC and VDSL2 Coexistence ” in Pow 
erline Communications and Its Applications , 2010 ; and O . 
Assia “ A First Statistical Model of PLC Interference on 
Twisted Pairs " , ITU - T SG15 / Q4 Contribution , Teleconfer 
ence Mar . 3 , 2014 . 
[ 0030 ] Hereinafter , techniques are presented that allow 
providing a solution when a DSL system operates in the 
presence of a PLC system operating at the same premises or 
inside the range of mutual control , i . e . , where a coupling 
point causing crosstalk between the DSL system and the 
PLC system exists . 
[ 0031 ] A typical scenario of co - existence between a DSL 
channel 111 and a PLC channel 112 is illustrated in FIG . 1 . 
The CO 102 is connected with the CPE 121 via , e . g . , copper 
wiring . The CPE 121 implements a DSL modem . The CO 
102 , at the near - end side , is connected with a DSL access 
multiplexer ( DSLAM ) which is configured to establish a 
communication connection with a core network ( not shown 
in FIG . 1 ) . 
[ 0032 ] As can be seen from FIG . 1 , three PLC modems 
131 , 132 , 133 form a PLC network 130 and participate in 
transmitting on the PLC channel 112 . It is possible that there 
is a plurality of PLC channels 112 established between the 
different PLC modems 131 , 132 , 133 . There may or there 
may not be a communication connection established 
between the DSL system and the PLC network 130 , e . g . , via 
the CPE 121 . Indicated in FIG . 1 is crosstalk or interference 
190 between the DSL channel 111 and the PLC channel 112 . 
Further shown in FIG . 1 is an Application Function ( AF ) 
151 . 
[ 0033 ] This typical scenario of in - home deployment is 
further presented in FIG . 2 . Here , the DSL is a VDSL 
system , e . g . VDSL2 as per ITU - T Rec . G . 993 . 2 or ITU - T 
Rec . G . 993 . 1 , and is connected to the phone wiring 211 . The 
PLC modems 131 , 132 , 133 are connected to the power line 
wiring 212 . There is crosstalk 190 between the PLC modem 
131 - 133 connected to a particular power outlet and the 
phone wiring , which depends on the location of the outlet : 
thus different PLC modems 131 - 133 generate different 
crosstalk noise 190 into the DSL modem 121 . In FIG . 1 , 
PLC modem 132 is expected to generate more crosstalk 190 
into the DSL channel 111 than PLC modems 131 and 133 
because modems 131 and 133 are at bigger distance from the 
zone of physical proximity of phone wires 211 and power 
line wires 212 . In real home installations there could be 
multiple coupling zones , which number , location , and values 
of crosstalk coupling depend on particular wiring 211 , 212 
topology of a particular house or apartment . 
[ 0034 ] In the example presented in FIG . 2 , to maintain low 
crosstalk noise from PLC channel 112 into DSL channel 111 , 
the PLC modem 132 may require a substantial PSD reduc 
tion in the downstream DSL frequency bands , while PLC 

DETAILED DESCRIPTION 
[ 0027 ] In the following , embodiments of the invention 
will be described in detail with reference to the accompa 
nying drawings . It is to be understood that the following 
description of embodiments is not to be taken in a limiting 
sense . The scope of the invention is not intended to be 
limited by the embodiments described hereinafter or by the 
drawings which are taken to be illustrative only . 
[ 0028 ] The drawings are to be regarded as being schematic 
representations and elements illustrated in the drawings are 
not necessarily shown to scale . Rather , the various elements 
are represented such that their function and general purpose 
becomes apparent to a person skilled in the art . Any con - 
nection or coupling between the functional blocks , devices , 
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modems 131 and 133 may be allowed to transmit higher 
signal levels or PSDs due to lower crosstalk coupling 190 . 
0035 ] It should be noticed that no communication chan 

nel naturally exists between PLC modems 131 - 133 and the 
DSL modem 121 because : 

[ 0036 ] the DSL modem 121 and the PLC modems 
131 - 133 use different transmission technology ; 

[ 0037 ] the DSL modem 121 and the PLC modems 
131 - 133 use different frequency spectrum ; and / or 

[ 0038 ] no physical channel , except the crosstalk chan 
nel 190 , exists between the PLC modems 131 - 133 and 
the DSL modem 121 . 

[ 0039 ] The invention offers a way to establish a mutual 
adjustment of the PLC modems 131 - 133 and the DSL 
modem 121 using the AF 151 , which : 

[ 0040 ] has an access to the DSL modem 121 ; 
0041 ] has an access to the PLC modems 131 - 133 ; and 
10042 ] can provide arbitration between the PLC 
modems 131 - 133 and the DSL modem 121 based on 
the criterion established by the user , e . g . , a third party , 
which owns the AF ; usually the broadband service 
provider . 

[ 0043 ] Here , the AF 151 is configured to provide , via a 
respective interface , to at least some of the PLC modems 
131 - 133 of the PLC channel 112 , instructions to commence 
crosstalk estimation . Where the AF 151 is co - located with 
one of the PLC modems 131 - 133 and / or the DSL modem 
121 , these instructions may be provided by an internal 
logical interface . Where the AF 151 is not co - located , the 
instructions may be physically sent , e . g . , as part of a control 
message . 
[ 0044 ] These instructions prompt the given PLC modems 
131 - 133 to increase , starting from a predetermined mini 
mum transmit power , a transmit power of data transmission 
on the PLC channel 112 at a given time or time period . The 
given time or time period is defined with respect to a mutual 
time reference of the DSL channel 111 and the PLC channel 

trolled fashion . In particular , unknown sources of crosstalk 
and interference can be handled in an efficient manner as the 
SNR test scenario is controlled in a joint fashion . 
[ 0048 ] In the above scenario , two major cases of topology 
need to be considered : 
[ 0049 ] Case 1 : The DSL channel 111 is used to deliver the 
broadband to the residence , while the PLC channel 112 is 
used to distribute the broadband inside the residence . In 
Case 1 , the PLC network 130 is a connected to the DSL CPE 
121 via a bridge or router 330 ( cf . FIG . 3 ) and therefore may 
also be seen as a client of the CPE 121 . In some implemen 
tations the CPE 121 physically includes one of the PLC 
modems 131 - 133 and thus can be connected directly to the 
PLC network 130 . 
[ 0050 ] Case 2 : The PLC network 130 is independent from 
the DSL CPE 121 and does not use DSL broadband to 
communicate with the outside world . In Case 2 , the PLC 
network 130 is controlled solely by its user , e . g . , the resident 
of the customer premises . 
10051 ] Case 1 is the most popular ; an example functional 
model of a residential network topology using Case 1 is 
presented in FIG . 3 . 
[ 0052 ] In FIG . 3 , the Service Provider delivers broadband 
services to the user through the DSL channel 111 , i . e . , from 
the DSL modem at the CO 102 to the DSL modem 121 
implemented by the CPE . The DSL CPE 121 distributes the 
received broadband services over the residence through the 
PLC network 130 , i . e . , employing the PLC channel 112 . 
Broadband is received by user devices , such as computers , 
TV , VoIP phone , etc . Besides the PLC network , other home 
networks could be involved in distribution services , such as 
WiFi . 
[ 0053 ] Generally , the AF 151 may be implemented at any 
position of the topology . In FIG . 3 , the AF 151 reaches the 
DSL CPE 121 through the connection to the broadband 
network provided by the DSL channel 111 ; further , AF 151 
can also reach the PLC modems 131 - 133 of the PLC 
network 130 via the bridge or router 330 providing connec 
tion of the PLC network 130 to the CPE 121 . The AF 151 
generates a set of management commands that can initiate 
relevant procedures in the CPE 121 and in the PLC modems 
131 - 133 . For the latter , in some embodiments , the AF 151 
communicates with a given one of the PLC modems 131 
133 implementing a PLC network controller also known as 
Domain Master . Since AF 151 typically operates at the upper 
layers of the communication protocol , it may communicate 
independently with the CPE 121 and with any of the PLC 
modems 131 - 133 , i . e . independently of each other . 
[ 0054 ] In another embodiment , the AF 151 is connected 
directly to the management entity of the DSL CO , e . g . , as 
defined in ITU - T Rec . G . 997 . 1 . In this case management 
commands are communicated first to the management entity 
of the CPE 121 which further generates a management 
application on upper layer protocol , e . g . , TCP - IP to access 
and control the PLC network . In this described embodiment , 
the AF 151 is a function of Network Management System 
that is granted access to both the DSL CPE 121 and the PLC 
network 130 . 
[ 0055 ] Other types of connections employed by the AF 
151 are also possible . In all cases the AF 151 has a main task 
to optimize performance of the overall residential network , 
comprising the DSL channel 151 and the PLC channel 112 , 
which includes : 

112 . 
[ 0045 ] These instructions may further prompt the given 
PLC modems 131 - 133 to reduce prior to said increasing 
the transmit power of the PLC channel 112 to the predeter 
mined minimum transmit power . Generally , the predeter 
mined minimum transmit power corresponds to a power 
level that is estimated as causing sufficiently low interfer 
ence to safely perform necessary procedures in the DSL 
channel 111 , such as initializing or keeping error - free at 
Showtime . 
[ 0046 ] Said increasing may commence gradually until 
DSL parameters can still be sustained . I . e . , it is possible by 
to determine a target transmit power which is causing 
interference still acceptable for operation of the DSL chan 
nel 111 . 
[ 0047 ] The AF 151 is further configured to provide to the 
DSL modem 121 of the DSL channel 111 further instructions 
to commence the crosstalk estimation . These further instruc 
tions prompt the DSL modem 121 to measure a signal - to 
noise value at the given time or time period 450 defined with 
respect to the mutual time reference . Hence , the AF 151 can 
control , both , the DSL modem 121 as well as the PLC 
modems 131 - 133 and thereby provide arbitration and coor 
dination ; in particular , coordination can be achieved by 
provisioning the mutual time reference to , both , the DSL 
modem 121 and the PLC modems 131 - 133 . This facilitates 
measuring of the Signal - To - Noise ( SNR ) value in a con 



US 2018 / 0076851 A1 Mar . 15 , 2018 

[ 0056 ] ensuring the Quality of Service ( QoS ) of DSL 
service , such as bit rate , error performance , impulse 
noise protection , offered to the customer , i . e . , pur 
chased by the customer ; 

[ 0057 ) ensure maximum performance and high - quality 
of the end - to - end path in the PLC network 130 for all 
required applications , including those delivered by 
DSL and those which are not . 

[ 0058 ] In both cases as mentioned above , reduction of the 
crosstalk 190 from the PLC channel 112 into the DSL 
channel 111 is achieved by reducing the transmit PSD of at 
least some of the PLC modems 131 - 133 , at least over the 
frequencies used by the DSL modem 121 for downstream 
transmission . Generally , the performance of a connection 
between two particular PLC modems 131 - 133 depends on 
its specific routes . Routes assigned to distribute high - speed 
services need to be provided with higher bandwidth and thus 
may require a higher transmission PSD while routes that 
do not require a high bandwidth can be reduced in transmit 
PSD to reduce the crosstalk 190 into the DSL channel 111 . 
Generally , optimal selection of the routes in the PLC net 
work 121 under the minimization criterion of reduced cross 
talk 190 into the DSL channel 111 is possible . 
[ 0059 ] Hereinafter , details of the techniques of interfer 
ence mitigation are explained with respect to the two cases 
as mentioned above . First , reference is made to Case 1 . 
[ 0060 ] In Case 1 , the PLC network 121 is used to deliver 
broadband services provided via the DSL channel 111 to the 
end applications such as TV , computers , etc . Thus , a con 
nection between the PLC network controller or the PLC 
modems 131 - 133 , respectively , and the AF 151 can be 
established during Showtime of the DSL channel 111 and 
also during some parts of DSL Initialization , e . g . , during 
ITU - T Rec . G . 994 . 1 Handshake . 
[ 0061 ] A similar scenario might occur when a new PLC 
modem 131 - 133 is plugged into the network or the existing 
PLC modem 131 - 133 is moved from one power outlet in the 
premises to another one . 
10062 ) Now referring to FIG . 4 , the process starts from 
Initialization of the DSL channel 111 . Initialization takes 
place while the PLC channel 112 is already operating and 
servicing various internal in - home connections . To prevent 
destruction of the DSL Initialization at S3 due to strong 
impact of the PLC network 130 , the CPE 121 or the AF 151 
communicates to the PLC network controller 131 - 133 a 
command indicating the start of DSL Initialization ( DSL 
initialization flag at Si ) . This command S1 can be commu 
nicated during the very first part of DSL Initialization , 
known as ITU - T Rec . G . 994 . 1 handshake , which is robust 
and is not expected to be disturbed by the PLC crosstalk 190 . 
[ 0063 ] Upon reception of the VDSL initialization flag , all 
PLC modems 131 - 133 of the network 130 shall start a 
" joining of VDSL ” procedure 412 , also referred to as “ DSL 
protection mode ” 412 hereinafter . Parameters and type of 
this procedure may depend on the particular capabilities of 
the DSL modem 121 , PLC network management , and user 
requirements , etc . as described below . 
[ 0064 ] In the scenario of FIG . 4 , the DSL channel 111 
initializes at S3 . The Initialization S3 is triggered by control 
message S2 . In the scenario of FIG . 4 , there is no time spend 
to evaluate the crosstalk noise from the PLC modems 
131 - 133 and adjust the transmit PSD of PLC modems 
131 - 133 for required protection of the DSL channel 111 
prior to DSL Initialization S3 . 

[ 0065 ] Initialization S3 may be a full initialization proce 
dure or a preliminary initialization procedure , e . g . , in the 
case of vectored VDSL - see below . 
[ 0066 ] The crosstalk 190 caused by the PLC network 130 
may be comparably high and thus may disturb DSL Initial 
ization S3 . To avoid that , all modems 131 - 133 of the PLC 
network 130 shall transition into the DSL protection mode 
412 by applying a special PSD mask that substantially 
reduces PLC transmit signal in the frequency range used by 
DSL downstream on the DSL channel 111 . The usually 
required value of PSD reduction in the DSL downstream 
bands is 15 dB - 25 dB , depending on the applied DSL 
bandplan and nominal transmit PSD level of the PLC 
modems 131 - 130 . This defines a minimum transmit power . 
100671 The DSL initialization flag S1 is an indication to 
the PLC network 130 to transition into DSL protection mode 
412 . This flag S1 can be initiated by the DSL CPE 121 either 
autonomously or by a request from the DSL CO 102 where 
the CPE 121 generates the flag during or upon completion of 
the handshake stage of initialization with the peer VDSL 
modem at the CO . In the scenario of FIG . 4 , flag S1 is a 
command from the AF 151 . It is also possible that the AF 
151 pre - provisions corresponding parameters of the DSL 
Initialization Flag S1 at certain devices , e . g . , the DSL CO 
102 or the DSL CPE 121 . Generally , flag S1 may be sent to 
the PLC network 130 via the DSL channel 111 and / or 
through other connections of the PLC network 130 with the 
outside world , e . g . , a mobile telephony network , etc . 
[ 0068 ] After PLC network 130 turns into DSL protection 
mode 412 , the DSL channel 111 initializes in condition of 
insignificant PLC crosstalk 190 and transitions into Show 
time 401 with the required bit rate and other relevant QoS 
parameters . This is reported to the AF 151 by message S4 . 
After DSL channel 111 transitions into Showtime 401 , the 
AF 151 gets full access to the PLC network 130 — via the 
DSL channel 111 — and starts , e . g . , by request from the PLC 
network controller 131 - 133 the procedure of mutual perfor 
mance optimization or sensitivity test 490 by sending 
instructions to commence crosstalk estimation in S5 and 56 . 
[ 0069 ] The sensitivity test 490 includes : 

[ 0070 ] Providing a mutual time reference to the PLC 
network 130 DSL CPE 121 ; this may be done , e . g . , by 
sending respective control messages from the AF 151 
to the CPE 121 and / or the PLC modem ( s ) 131 - 133 ; 

[ 0071 ] At determined time periods 450 , known to the 
DSL CPE 121 and defined in the mutual time reference , 
the AF 151 requires the PLC modems 131 - 133 to 
increase their PSDs in DSL downstream bands by 
certain amount APSD and transmit data at S8 . Usually , 
the required increase APSD is less than the SNR margin 
assigned for the DSL CPE 121 , so the increase does not 
cause errors in the DSL channel 111 . In some embodi 
ments AF gets a report from the PLC modems 131 - 133 
on when and what PSD level was actually transmitted . 

10072 ] At the same time periods 450 , the CPE 121 is 
required to measure , at S7 , the SNR over the down 
stream tones and report these measurements to the AF 
at S9 ; 

10073 ) Based on the CPE reports S9 , the AF 151 may 
allow further increase of PSD in the DSL downstream 
bands to some PLC modems 131 - 133 , while other PLC 
modems 131 - 133 will not be allowed . I . e . , the PSD 
adjustment is done individually for the different PLC 
modems 131 - 133 . After running the test over the entire 
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PLC network 130 , the AF 151 obtains the sensitivity of 
the DSL CPE 121 to the crosstalk 190 generated by 
each PLC modem 131 - 133 . 

[ 0074 ] After the sensitivity is learned , at S10 the AF 151 
computes the maximum permitted transmit PSD in the 
DSL downstream band for each PLC modem 131 - 133 . 
The AF 151 sets the PSD of the PLC modems accord 
ingly at S11 . The AF 151 also computes the expected 
level of the PLC noise or expected noise increase due 
to PLC noise , respectively , and required noise margin 
increase for the DSL CPE 121 . This is communicated 
to the CPE 121 , S12 . The DSL CPE 121 uses these 
parameters to set at S13 the bit loading which will 
provide stable operation in the presence of the PLC 
network 130 . 

[ 0075 ] An example of the timeline of the procedure is 
presented in FIG . 4A . 
[ 0076 ] When a new PLC modem 131 - 133 is attached to 
the PLC network 130 or a PLC modem 131 - 133 is moved 
from one power outlet to another in the premises , it shall first 
apply the PSD mask corresponding to the DSL protection 
mode 412 . Here , a corresponding control message indicating 
that a PLC modem 131 - 133 is newly attached may be sent 
to the AF 151 . Further , the PLC network controller 131 - 133 
may request from the AF 151 to optimize the performance 
of the newly placed PLC modem 131 - 133 by using the 
above procedure . The procedure in this case may be limited 
to the newly connected or replaced PLC modems 131 - 133 
only . 
[ 0077 ] As can be seen from FIGS . 4 and 4A , in these 
scenarios the instructions to commence crosstalk estimation 
S5 , S6 are only sent once the control message S4 indicating 
that the DSL channel 111 is transitioned from Initialization 
S3 to Showtime 401 has been received . Thus , during the 
sensitivity test 490 the DSL channel 111 operates at Show 
time 401 . Said sending of the instructions to commence 
crosstalk estimation S5 , S6 is therefore executed during 
Showtime 401 of the DSL channel 111 , preferably via the 
DSL channel 111 itself ( see FIG . 3 ) . 
[ 0078 ] Executing the sensitivity test 490 only after the 
DSL channel 111 has initialized at S3 allows to quickly 
commence data transmission on the DSL channel 111 . 
[ 0079 ] As can be seen from the above , a control message 
S9 indicating the measured SNR value is received by the AF 
151 . The AF 151 is configured to compute a value of the 
maximum transmit PSD in consideration of the measured 
SNR value . Then , the AF 151 is configured to send the 
control message S11 to the corresponding PLC modems 
131 - 133 , said control message S11 indicating the computed 
value of the maximum transmit PSD and prompting the 
respective PLC modems 131 - 133 to execute data transmis 
sion on the PLC channel 112 employing the value of the 
maximum transmit PSD . 
[ 0080 ] In some cases , a reduction of the transmit PSD of 
transmission on the PLC channel 111 is not sufficient to 
maximize the throughput between the service provider and 
the application : better results may be achieved if some DSL 
parameters are adjusted in the aim to share the performance 
loss between the DSL and the PLC network 130 . One 
example is when sufficient reduction of the transmit PSD of 
a PLC modem 131 - 133 is so high that it severely degrades 
performance of data transmission on the PLC channel 112 
and doesn ' t allow to deliver service with appropriate speed 

or latency . Among many potentially suitable DSL param 
eters , those which do not require re - initialization of the DSL 
channel 111 are preferable . 
[ 0081 ] It is known to generate Showtime - Adaptive Virtual 
Noise ( SAVN ) , also known as Reference Virtual Noise 
( RVN ) , by the head - end of the DSL line , e . g . the CO 102 , to 
determine bit loading and respectively , the throughput in the 
presence of the external noise . The generated value of the 
SAVN is based on the actual external noise measured at the 
receiver and may be derived from the associated reported 
values of SNR at S9 . The SNR margin SNRM may be used . 
In case of the downstream , the SNR is measured at the DSL 
CPE 121 and reported to the head - end , and the downstream 
SAVN is derived from the downstream SNR reports . Fur 
ther , the computed downstream SAVN is communicated to 
the CPE 121 via DSL embedded operation channel ( eoc ) . 
[ 0082 ] In case of DSL line throughput is optimized in 
presence of the PLC network 130 , the DSL parameters are 
estimated and reconfigured by the AF 151 , e . g . , control of 
service provider . By tweaking these parameters , the overall 
throughput may be increased . In one embodiment , the AF 
151 estimates , at S10 , the expected actual noise at the CPE 
121 based on the sensitivity measurements , computes the 
associated value of SAVN , and communicates this proposed 
value of the downstream SAVN to the DSL head - end ; e . g . 
the proposed SAVN may be indicated by the control mes 
sage S12 . The final decision may be taken by the DSL 
head - end , under control of service provider . This commu 
nication can be done via the eoc or via another communi 
cation channel available . 
[ 0083 ] In another embodiment , the AF 151 communicates 
the actual status of the noise generated by the PLC channel 
112 to the service provider entity , such as network manage 
ment system ( NMS ) , and the NMS generates controls to the 
DSL head - end allowing adjusting downstream SAVN . 
[ 0084 ] As will be appreciated from FIGS . 4 and 4A , it is 
possible that during the sensitivity test payload data is 
transmitted via the DSL channel 111 as the DSL channel 111 
is operated in Showtime 401 . Thus , the measured SNR of S7 
may be influenced by properties of the transmit signal on the 
DSL channel 111 . Likewise , generally it is possible that the 
PLC channel 112 is used for transmission of payload data in 
DSL protection mode 412 ; i . e . , albeit at reduced PSD , it is 
possible to operate the PLC network 130 for transmission of 
payload data when executing the sensitivity test . 
[ 0085 ] Sometimes , it may be desirable to achieve a more 
accurate control of the crosstalk 190 into the DSL channel 
111 . 
[ 0086 ] This may be achieved by direct estimation mea 
suring of the crosstalk 190 between each PLC modem 
131 - 133 and DSL CPE 121 . This can be done when the DSL 
channel 111 is quiet . Generally , this may be the case prior to 
the DSL Initialization , i . e . , where no DSL signal present on 
the channel 111 . However , such a scenario may not be 
applicable or only be applicable to a limited degree as 
explained below — for DSL channel 111 that uses vectoring . 
This is because uncompensated self far end crosstalk 
( FEXT ) from other lines in the binder may be comparable 
with the crosstalk from the PLC network 130 or even higher , 
and thus may mask out the crosstalk 190 from the PLC 
network 130 . For vectored VDSL , PLC crosstalk estimation 
may be done during the Showtime 401 , e . g . , as discussed 
with respect to FIGS . 4 , 4A . 
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[ 0087 ] Further , it may also be possible to measure the 
crosstalk 190 between each PLC modem 131 - 133 when the 
DSL channel 111 is quiet and operating in Showtime 401 ; 
this may be the case , e . g . , where data transmission via the 
DSL channel 111 relies on time multiplexing . Then , it may 
be possible that the instructions to commence crosstalk 
estimation S5 prompt the DSL modem 121 to mute trans 
mission on the DSL channel 111 at the given time or time 
period 450 . Such a scenario may also be applied to a DSL 
channel 111 which relies on vectoring . 
[ 0088 ] Generally , the SNR value reported at S9 in a case 
where the measurement of S7 is executed during the time or 
time period 450 where the DSL channel 111 is quiet may be 
referred to as Quiet Line Noise ( QLN ) . 
[ 0089 ] Now referring to FIG . 5 , a scenario is illustrated 
where the sensitivity test 490 is executed prior to Initializa 
tion of the DSL channel 111 at T9 . 
[ 0090 ] Here , T1 corresponds to S1 , T2 corresponds to S5 , 
and T3 corresponds to S6 ( cf . FIG . 4 ) . 
[ 0091 ] For crosstalk estimation , the PLC modems 131 - 133 
transmit a signals pattern ; the signal pattern provides the 
time periods 450 dedicated for transmission of every PLC 
modem 131 - 133 using nominal transmit PSD for commu 
nication to all other PLC modems 131 - 133 . The same PLC 
modems 131 - 133 can use different PSD levels to commu 
nicate with different peers in the PLC network 130 . Each 
transmission at T5 should be long enough so that DSL CPE 
121 has sufficient time to estimate the change in QLN caused 
by this transmission on frequencies belonging to the DSL 
downstream band . The required time is usually few DSL 
superframes , e . g . , 64 ms each . The AF 151 or the DSL CPE 
121 , depending on the scenario , provides the time stamps 
triggered by the AF 151 associated with the PLC test signal 
pattern for both the PLC modems 131 - 133 and for the DSL 
CPE 121 . The PLC network controller 131 - 133 may asso 
ciate PLC modem transmissions with the times or time 
periods 450 . The DSL CPE 121 shall measure the QLN or 
the increase of the QLN , or both at T4 . Further , DSL2 CPE 
communicates at T6 the value of the measured QLN , e . g . , 
together with associated times or time periods , to the AF 
151 , so that the AF 151 can associate each QLN value with 
a particular transmitting PLC modem 131 - 133 . 
[ 0092 ] In some embodiments , the PLC network controller 
131 - 133 may also communicate the transmit PSD together 
with the associated times or time periods 450 to the AF 151 , 
and the AF 151 associates the QLN value or increase of PSD 
with the PLC modem 131 - 133 transmitting the time or time 
period of QLN measurement and the specific PSD that was 
used by the PLC modem 131 - 133 . 
[ 0093 ] Since the DSL channel 111 is not initialized when 
executing the sensitivity test 490 , the communication of the 
QLN can be done by the out - of - band means , such as ITU - T 
Rec . G . 994 . 1 handshake communication protocol or by 
using a technology similar to VDSL2 Loop Diagnostic mode 
( DELT ) defined in G . 993 . 2 . The latter allows establishing a 
robust communication between the DSL CO 102 and CPE 
121 , using a Special Operations Channel ( SOC ) , e . g . , as 
defined in ITU - T Rec . G . 993 . 2 . The QLN may also be stored 
by the CPE 121 during the measurement period at T4 and 
communicated to the AF later , during Showtime 401 – in 
this case PLC network 130 should be transitioned into DSL 
protection mode 412 upon starting of the Initialization of the 
VDSL Channel , T8 , T9 , T10 . 

[ 0094 ] In summary , the crosstalk estimation according to 
FIG . 5 includes the following steps : 

[ 0095 ] The DSL CPE 121 and the PLC network con 
troller 131 - 133 are provided with the mutual time 
reference , e . g . , at T2 , T3 , or by separate control mes 
sages ; 

[ 0096 ] Prior DSL link Initialization at T9 , the AF 151 or 
the CPE 121 sends to the PLC network 130 a flag T2 
" start PLC crosstalk estimation " ; 

[ 0097 ] Upon reception of the flag T2 , the PLC network 
130 starts transmission of a dedicated signal pattern , at 
times or time periods 450 known by the DSL CPE 121 
or synchronized with the DSL CPE 121 and defined 
within the mutual time reference ; the DSL channel 111 , 
during these times or time periods 450 , stays quiet ; in 
some embodiments the AF 151 also gets the time stamp 
of each PLC transmission and the associated PSD as 
this allows for a more flexible test pattern , e . g . , inter 
leaved with actual data transmissions one the PLC 
channel 112 ; 

[ 0098 ] The DSL CPE 121 measures the QLN for each 
time or time period 450 and communicates the mea 
sured values T6 to the AF 151 , e . g . , with the corre 
sponding time or time period 450 ; 

[ 0099 ] The AF 450 computes the optimized value of the 
PSD for each of the PLC modems for the frequencies 
used by the DSL downstream at T6a ; a respective 
control message T7 is sent . The AF 151 may also 
compute the expected PLC noise value or expected 
maximum PLC noise value and pass it to the DSL CPE 
121 for computation of bit loading to be used during 
Showtime 401 . 

[ 0100 ] In embodiments that use a direct connection 
between the DSL CPE 121 and the PLC network 130 as 
shown in FIG . 3 , the DSL CPE 121 can provide the PLC 
network 130 with the mutual time reference and generate for 
the PLC network controller 131 - 133 a " start PLC crosstalk 
estimation ” flag T3 . This way , the crosstalk estimation can 
be initiated without AF 151 present . The AF 151 may 
pre - provision certain parameters of the procedure . 
10101 ] In one embodiment , the PLC network controller 
131 - 133 can run the crosstalk test pattern autonomously , 
using predefined times or time periods 450 for each PLC 
modem 131 - 133 to transmit . In another embodiment , every 
step of the test signal is initiated and performed separately : 
the AF 151 or the DSL CPE 121 passes to the PLC network 
130 a command “ start step # k of test pattern ” by which PLC 
modem # k 131 - 133 starts transmitting the part # k of the test 
signal pattern . As the part # k is over , the DSL CPE 121 gets 
the measured QLN k and sends it to the AF 151 or stores for 
being sent later with the associated time or time period 450 . 
Further , the PLC network 130 gets a command to start the 
next step of the test pattern . The timing diagrams showing 
both techniques of the PLC crosstalk estimation as explained 
above are presented in FIGS . 5A and 5B . 
[ 0102 ] In the example timeline presented in FIG . 5A , the 
case is shown where the test pattern is passed from one PLC 
modem 131 - 133 to another one autonomously while the 
DSL CPE 121 collects the value of QLN every time it 
detects a change in the measured QLN value . In FIG . 5B , the 
DSL CPE 121 , directly or through the AF 151 , controls the 
start / stop of each parts of the test pattern with a “ Next node ” 
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flag and collects QLN at completion of every part . The 
“ Next node ” flag initiates the test sequence in the next PLC 
modem 131 - 133 . 
[ 0103 ] Note that in the case of FIG . 5B where the test 
pattern steps are controlled by the CPE 121 , the PLC 
network controller 131 - 133 shall pass the " Next node ” 
signal to the corresponding PLC modem 131 - 133 . The 
transmission time used by the network controller to facilitate 
this transition shall be excluded from the QLN estimation . 
[ 0104 ] The time required for crosstalk measurement 
maybe rather significant : assuming 3 superframes transmis 
sion time for each node and 10 PLC modems 131 - 133 in the 
network , there will be 90 transmission combinations , i . e . , 
270 superframes ( 270x64 ms = 17 . 3 seconds ) . This time is 
substantial , but still practical . 
[ 0105 ] Hereinafter , various aspects applicable to the 
abovementioned scenarios are explained at greater detail . 
[ 0106 ] Sensitivity Test : 
[ 0107 ] In FIG . 6 , details of the sensitivity test 490 are 
illustrated by means of a flowchart . At U1 , it is checked 
whether crosstalk estimation should commence , e . g . at U1 , 
it may be checked whether the command S6 , T3 to com 
mence crosstalk estimation has been received by the PLC 
network controller , or by one of the PLC modems 131 - 133 , 
respectively . If this is not the case , the method commences 
at U2 where new instructions are awaited . 
[ 0108 ] However , if it is determined at U1 that crosstalk 
estimation should commence , at U3 a first PSD level is 
selected . Typically , at the first iteration of the sensitivity test 
490 , a minimum PSD 700 ( see FIG . 7 ) is selected ; for this , 
the transmit PSD 700 is typically initially decreased from a 
level used during Showtime on the PLC channel 112 for 
reliable data transmission . 
[ 0109 ] Next , at U4 , it is checked whether one of the PLC 
modems 131 - 133 for which the sensitivity test 490 needs to 
be executed is remaining in the queue . Generally , as noted 
above , it is not necessary to execute the sensitivity test for 
all PLC modems 131 - 133 of the PLC network 130 . This is 
because it is known that not all PLC modems 131 - 133 
installed in the same premises as the DSL channel 111 have 
the same crosstalk 190 or impact on the DSL channel 111 . 
This is due to the different locations of the various PLC 
modems 131 - 133 with respect to the point of coupling . 
Therefore , some of the PLC modems 131 - 133 may create a 
comparably small interference 190 on the DSL channel 111 ; 
such PLC modems 131 - 133 typically need not to be 
included in the sensitivity test 490 and can work full power . 
Others of the PLC modems 131 - 133 may cause a bigger 
interference 190 . In this regard , it is possible , for each one 
of the plurality of PLC modems 131 - 133 of the PLC channel 
112 , to determine an expected crosstalk with the DSL 
channel 111 . The instructions to commence crosstalk esti 
mation S6 , T3 may be selectively sent to those PLC modems 
131 - 133 which have an expected crosstalk above a pre 
defined threshold . Where the transmit PSD of each PLC 
modem 131 - 133 in the frequency band employed for trans 
mission on the DSL channel 111 is adjusted individually , it 
is possible to achieve a mutual optimization between the 
DSL performance and the PLC performance . 
[ 0110 ] Again referencing to FIG . 6 , at U5 , the current PLC 
modem 131 - 133 selected at U5 transmits at the current PSD 
level selected at U3 . As mentioned above , U5 may be either 
autonomously triggered , e . g . , by the PLC network controller 
131 - 133 , or may be remotely triggered , e . g . , by the AF 151 . 

[ 0111 ] It is generally also possible that the given time or 
time period 450 during which the respective PLC modem 
131 - 133 transmits is pre - provisioned in a local storage of the 
corresponding PLC modem 131 - 133 ; this facilitates autono 
mous operation of the PLC network 130 during the sensi 
tivity test 490 . This may be of benefit where the AF 151 
doesn ' t have access to a communication channel to the PLC 
network 130 . 
[ 0112 ] After execution of U5 , U4 is executed anew and it 
is checked whether a further PLC modem 131 - 133 remains 
in the queue . If this is not the case , step U3 is executed anew 
and it is checked whether a further PSD level to be checked 
is in the queue . If this is not the case , the sensitivity test 490 
ends and the method commences with step U2 . 
[ 0113 ] In FIG . 6 , loops defined by U3 and U4 may be 
interchanged . 
0114 ] As can be seen from the above , the instructions to 
commence crosstalk estimation S6 , T3 , prompt the PLC 
modems 131 - 133 to iteratively increase , starting from the 
minimum PSD 700 , the transmit PSD of the data transmis 
sion on the PLC channel 112 at a plurality of times or time 
periods 450 defined with respect to the mutual time refer 
ence and by a predetermined amount APSD , see FIG . 7 . The 
further instructions to commence crosstalk estimation S5 , 
T2 , correspondingly prompt a DSL modem 121 to measure 
the SNR value respectively at each one of the plurality of 
times or time periods 450 defined with respect to the mutual 
time reference ( indicated in FIG . 7 as Rx ) . 
10115 ] By such techniques it becomes possible to estimate 
the expected interference 800 of the PLC network 130 into 
the DSL channel 111 as a function of the PSD 700 of each 
PLC modem 131 - 133 ( see FIG . 8 ) . Thus , it becomes pos 
sible to determine the transmit PSD 700 for each one of the 
PLC modems 131 - 133 individually , e . g . , by comparing the 
estimated interference 800 with a predefined threshold ( indi 
cated in FIG . 8 by the dashed horizontal line ) . Thus , by such 
techniques as presented above it is possible to determine the 
actual impact on the DSL channel 111 ; in particular , it is 
possible to estimate the actual impact generated by each one 
of the PLC modems 131 - 133 . It is possible that these 
estimations are passed to the AF 151 which controls the 
spectrum and transmit PSD of the PLC modems 131 - 133 , 
providing minimum performance degradation in the PLC 
network 130 for the given performance degradation of the 
DSL channel 111 . 
[ 0116 ] Such an estimation of the expected interference 800 
is generally possible based on the QLN value , i . e . , by 
executing the sensitivity test 490 prior to the Initialization 
and Showtime 401 of the DSL channel ( cf . FIG . 5 ) , and 
possible as well by measuring the SNR during Showtime 
401 of the DSL channel 111 ( cf . FIG . 4 ) . 
[ 0117 ] Initialization in Vectored DSL : 
[ 0118 ] The estimation using QLN , as described with 
respect to FIGS . 5 , 5A , 5B is applicable to a limited extent 
to the case of vectoring which may be applied in future 
deployments . This is because prior to the completion of the 
initial two phases of Initialization at T9 , which is the 
majority of initialization time budget , the QLN on the new 
line is mainly the FEXT from other lines . This FEXT masks 
the impact of PLC interference 190 on the value of QLN . 
When FEXT is cancelled after completion of Initialization at 
T9 , the impact of the PLC interference 190 may be strong 
enough to prevent initialization of DSL channel 111 : if the 
bit rate that could be achieved in presence of PLC interfer 
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ence 190 is less than one defined by the operator , the DSL 
channel 111 will not initialize and will drop Initialization . 
[ 0119 ] A way to prevent this is to use pre - initialization , 
i . e . , to preliminary start the DSL channel 111 with a pre 
liminary Initialization sequence using very low or none 
performance targets . After completion of preliminary Ini 
tialization , the DSL channel 111 transitions into Showtime 
401 and performs PLC crosstalk estimation explained with 
respect to FIGS . 4 , 4A , i . e . , by executing the sensitivity test 
490 . After the sensitivity test 490 is complete , the AF 151 
defines the “ DSL protection mode ” 412 for the PLC network 
130 by applying reduced PSDs to the PLC modems 131 - 133 
based on the results of the estimation . 
[ 0120 ] After PLC modems 131 - 133 apply to DSL protec 
tion mode 412 , the AF 151 allows the DSL CPE 121 to 
re - initialize , using normal initialization parameters neces 
sary to perform the services desired by the operator . 
[ 0121 ] In one embodiment , the described pre - initialization 
could be implemented by using so called “ Loop Diagnostic 
Mode ” or so called DELT , see ITU - T Rec . G . 996 . The used 
pre - initialization procedure shall be followed by the sensi 
tivity test 490 followed by application of DSL protection 
mode 412 to PLC modems 131 - 133 followed by normal 
initialization , i . e . , re - initialization of the DSL channel 111 . 
The described chain of procedures may be controlled by the 
AF 151 . 
[ 0122 ] The DSL Protection Mode : 
[ 0123 ] As can be seen from the above , albeit with respect 
to FIGS . 4 , 4A , as well as with respect to FIGS . 5 , 5A , 5B , 
specific series of events have been described in particular 
with respect to the sensitivity test 490 and the Initialization 
of Showtime 401 of the DSL channel 411 — it is possible to 
execute such events in a different sequence and / or multiple 
times . 
[ 0124 ] The DSL protection mode 412 mentioned above is 
associated with a predetermined minimum PSD setting that 
PLC modems 131 - 133 are turned into upon its Initialization ; 
this may involve a reduction of the transmit power from a 
prior level during operation . This mode 412 can be aban 
doned if no DSL channel 111 is installed . In some embodi 
ment , the “ DSL protection mode ” 412 may be parameter 
ized , so that DSL CPE 121 can pass the particular 
parameters of the DSL protection mode 412 to the PLC 
network 130 . For instance , if the DSL CPE 121 does not use 
one of the downstream bands , there is no need to suppress 
the PSD of the PLC modem 131 - 133 on frequencies of this 
unused band . For more accurate parameterization , DSL CPE 
121 can estimate and send to the PLC network 130 the 
required maximum PSD reduction in each of the DSL 
downstream bands by estimation some channel characteris 
tics of the DSL channel 111 during early stages of Initial 
ization . For instance , the attenuation of the line for lines 
with low attenuation , e . g . , up to 30 dB , PLC crosstalk 190 
is usually not an issue . The maximum attenuation of PLC 
signal in downstream bands is often beneficial to standard 
ize — in the aim to avoid “ selfishness " of the DSL CPE 121 , 
i . e . , the predetermined minimum transmit PSD . 
[ 0125 ] After completion of the DSL protection mode , it 
may be possible to increase the transmit power . In particular , 
it may be possible to increase the transmit power to a level 
determined during as determined during the sensitivity test 
490 . E . g . , the PSD of the PLC channel 112 may be set to a 
value where an error rate of the DSL channel 111 is expected 
to be tolerable ; e . g . , the error rate may be expected to be 

below a certain threshold fulfilling QoS requirements . In this 
regard , it may also be possible that after completion of the 
DSL protection mode the transmit power needs to be further 
reduced , e . g . , because initially the predefined minimum 
transmit power had not been established correctly . 
[ 0126 ] Communication with the PLC Network : 
0127 ] Referring to FIG . 2 , Case 2 involves that PLC 
network 130 is fully independent from the DSL CPE 121 — it 
doesn ' t distribute DSL broadband and has no connection to 
the outside world . The PLC network 130 can be controlled 
only by its user — the resident of the customer premises . 
When user is willing to pass the control and optimization of 
the PLC network 130 to the AF 151 , the user shall connect 
( bridge ) the DSL CPE 121 to the PLC network 130 by either 
associating the PLC port of the CPE 121 ( if available ) with 
its PLC network 130 or by bridging the broadband port of 
the PLC network controller to the DSL CPE 121 , e . g . , CPE 
121 and of the PLC modems 131 - 133 are connected to the 
ports of the same bridge or router . Then , as explained above , 
prior to Initialization of the DSL channel 111 , the PLC 
network 130 shall be transitioned into “ DSL protection " 
mode 412 . When the PLC network 130 is kept fully autono 
mous , but it is desired to maintain high performance of the 
DSL line , the PLC network 130 should be operated in “ DSL 
protection " mode 412 . Otherwise , substantial reduction in 
performance of the DSL channel 111 due to non - stationary 
crosstalk noise generated by the PLC network 130 may 
result . 
[ 0128 ] Effects : 
[ 0129 ] As can be seen from the above , the application 
presents techniques that can mitigate the PLC interference 
190 into the DSL channel 111 in a manner where , both , the 
DSL system as well as the PLC system take the penalty in 
a shared manner . This allows providing overall good per 
formance in the premises , as , e . g . , the bandwidth obtained 
from the DSL channel 111 may be distributed by the PLC 
network 130 effectively . Thus , the present application pro 
vides various benefits over prior reference implementations . 
According to one reference implementation it is possible to 
switch off transmissions on the PLC channel 112 and / or 
reduce the transmit PSD in parts of the spectrum that overlap 
with the DSL receive signal on the DSL channel 111 . 
According to this reference implementation , the PLC inter 
ference 190 is effectively reduced , however , at the same time 
considerable parts of the frequency spectrum employed for 
transmission on the PLC channel 112 are disabled whereby 
the performance of the PLC network 130 is considerably 
reduced . 
( 0130 ] According to a further reference implementation , a 
probe signal is activated in the PLC network 150 during 
Initialization of the DSL modem 121 by means of an 
established communication channel between the PLC net 
work 130 and the DSL CPE 121 . In this manner , the DSL 
modem 121 can accommodate the noise of the PLC channel 
112 and it does not react on the PLC transmission . However , 
transmission via the DSL channel 111 will experience a high 
performance loss as all the burden of the mutual interference 
190 is taken by the DSL channel 111 . Further , results may 
change substantially when one of the PLC modems 131 - 133 
is moved from one power outlet to the other . 
0131 ] As can be seen from the above , the disadvantage of 
the reference implementations is that the mutual coexistence 
between DSL and PLC is provided by a severe performance 
penalty on one of them , while another one experience none 
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or minimal performance loss . According to techniques as 
proposed above , both systems suffer in a controlled manner , 
i . e . , the level of suffering is controlled . However , this control 
is not present in the reference implementation since PLC 
and DSL are fully independent and may not be deployed by 
the same provider , each system will seek better conditions 
for itself by reducing performance of the other system . This 
situation is also rather unstable , unless there is a third party 
arbitration or some mutual criterion . 
[ 0132 ] While the invention has been shown and described 
with respect to certain preferred embodiments , equivalents 
and modifications will occur to others skilled in the art upon 
reading and understanding of the specification . The present 
invention includes also equivalents and modifications and is 
limited only by the scope of the appended claims . 
[ 0133 ] For example , various embodiments above have 
been illustrated for scenarios where the AF is not co - located 
with any one of the DSL modem and the PLC modem ( s ) . 
Thus , corresponding control messages may be exchanged by 
sending and receiving over a suitable communication chan 
nel , e . g . , the DSL channel . However , similar scenarios may 
be readily applicable to scenarios where the AD is co 
located with at least one of the DSL and the PLC modem ( s ) ; 
then control messages may be provided / obtained by internal / 
logical interfaces . 
[ 0134 ] Further , it should be understood that while various 
embodiments have been explained with respect to VDSL , 
similar techniques may be readily applied to other DSL 
technologies ( xDSL ) . DSL technology as used herein covers 
all DSL flavors including Asymmetric DSL ( ADSL ) , 
ADSL2 + , High Data Rate DSL ( HDSL ) , Symmetrical DSL 
( SDSL ) , VDSL , VDSL2 , Universal Asymmetric DSL 
( UADSL ) , and the upcoming G . fast . 

1 . A method of interference mitigation between a Digital 
Subscriber Line , DSL , channel and a Power Line Commu 
nication , PLC , channel , said method comprising : 

providing , to at least one PLC modem of the PLC channel , 
instructions to commence crosstalk estimation , said 
instructions prompting the at least one PLC modem to 
increase , starting from a predetermined minimum 
transmit power , a transmit power of data transmission 
on the PLC channel at a given time or time period 
defined with respect to a mutual time reference of the 
DSL channel and the PLC channel , 

providing , to a DSL modem of the DSL channel , further 
instructions to commence the crosstalk estimation , said 
further instructions prompting the DSL modem to mea 
sure a signal - to - noise value at the given time or time 
period defined with respect to the mutual time refer 
ence . 

2 . The method of claim 1 , further comprising : 
obtaining a control message indicating that the DSL 

channel is transitioned from Initialization to Showtime , 
wherein said providing of the instructions to commence 

crosstalk estimation and said providing of the further 
instructions to commence crosstalk estimation is in 
response to said receiving of the control message 
indicating that the DSL channel is transitioned from 
Initialization to Showtime . 

3 . The method of claim 2 , 
providing , to the at least one PLC modem , a control 
message prompting the at least one PLC modem to 
reduce the transmit power of data transmission on the 

PLC channel in a frequency range of DSL channel 
transmission to the predetermined minimum transmit 
power , 

providing , to the DSL modem , a control message prompt 
ing the DSL modem to execute Initialization of the 
DSL channel . 

4 . The method of claim 1 , 
wherein the instructions to commence crosstalk estima 

tion prompt the PLC modem to iteratively increase , 
starting from the predetermined minimum transmit 
power , the transmit power of data transmission on the 
PLC channel at a plurality of given times or time 
periods defined with respect to the mutual time refer 
ence and by a predetermined amount , 

wherein the further instructions to commence crosstalk 
estimation prompt the DSL modem to measure the 
signal - to - noise value respectively at each one of the 
plurality of given times or time periods defined with 
respect to the mutual time reference . 

5 . The method of claim 1 , 
wherein said providing of the instructions to the PLC 
modem comprises : 
pre - provisioning the given time or time period to a 

local storage of the at least one PLC modem . 
6 . The method of claim 1 , 
wherein said providing of the instructions to commence 

crosstalk estimation and said providing of the further 
instructions to commence crosstalk estimation is 
executed via the DSL channel , preferably during Show 
time of the DSL channel . 

7 . ( canceled ) 
8 . The method of claim 1 , further comprising : 
for each one of a plurality of PLC modems of the PLC 

channel : determining an expected crosstalk with the 
DSL channel , 

wherein said instructions to commence crosstalk estima 
tion are selectively sent to a given one of the plurality 
of PLC modems depending on the respectively deter 
mined expected crosstalk . 

9 . The method of claim 1 , further comprising : 
obtaining , from the DSL modem , a control message 

indicating the measured signal - to - noise value , 
computing a value of a maximum transmit Power Spectral 

Density in consideration of the measured signal - to 
noise value , 

providing , to the at least one PLC modem , a control 
message indicating the computed value of the maxi 
mum transmit Power Spectral Density and prompting 
the at least one PLC modem to execute data transmis 
sion on the PLC channel employing the value of the 
maximum transmit Power Spectral Density . 

10 . The method of claim 1 , further comprising : 
obtaining , from the DSL modem , a control message 

indicating the measured signal - to - noise value , 
computing a parameter of Showtime - Adaptive Virtual 

Noise based on the measured signal - to - noise value , 
providing , to the DSL modem , a control message indi 

cating the computed parameter of the Showtime - Adap 
tive Virtual Noise and prompting the DSL modem to 
generate the Showtime - Adaptive Virtual Noise 
employing the computed parameter . 

11 . ( canceled ) 
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18 . The method of claim 14 , 
wherein the instructions to commence crosstalk estima 

tion are at least partly received via the DSL channel , 
preferably during Showtime of the DSL channel . 

19 . ( canceled ) 
20 . A PLC modem , comprising : 
at least one processor configured to establish instructions 

to commence crosstalk estimation , 
an interface configured to execute data transmission on a 
PLC channel , 

wherein the at least one processor , in response to said 
establishing of the instructions , is configured to control 
the interface to increase , starting from a predetermined 
minimum transmit power , a transmit power the data 
transmission on the PLC channel at a given time or time 
period defined with respect to a mutual time reference 
of the DSL channel and the PLC channel . 

21 . ( canceled ) 
22 . A method of interference mitigation between a DSL 

channel and a PLC channel , said method comprising : 
establishing instructions to commence crosstalk estima 

tion , 

12 . A device , comprising : 
at least one interface configured to provide , to at least one 
PLC modem of a PLC channel , instructions to com 
mence crosstalk estimation , said instructions prompt 
ing the at least one PLC modem to increase , starting 
from a predetermined minimum transmit power , a 
transmit power of data transmission on the PLC chan 
nel at a given time or time period defined with respect 
to a mutual time reference of the DSL channel and the 
PLC channel , 

wherein the at least one interface is further configured to 
provide , to a DSL modem of a DSL channel , further 
instructions to commence the crosstalk estimation , said 
further instructions prompting the DSL modem to mea 
sure a signal - to - noise value at the given time or time 
period defined with respect to the mutual time refer 
ence . 

13 . ( canceled ) 
14 . A method of interference mitigation between a DSL 

channel and a PLC channel , 
said method comprising : 

establishing instructions to commence crosstalk esti 
mation , 

in response to said establishing the instructions , 
increasing , starting from a predetermined minimum 
transmit power , a transmit power of data transmis 
sion on the PLC channel at a given time or time 
period defined with respect to a mutual time refer 
ence of the DSL channel and the PLC channel . 

15 . The method of claim 14 , further comprising : 
receiving a control message prompting to reduce the 

transmit power of data transmission on the PLC chan 
nel in a frequency range of DSL channel transmission 
to the predetermined minimum transmit power , 

in response to said receiving of said control message , 
reducing the transmit power of the data transmission on 
the PLC channel in the frequency range of DSL channel 
transmission to the predetermined minimum transmit 
power . 

16 . The method of claim 14 , further comprising : 
in response to said establishing of the instructions to 
commence crosstalk estimation , iteratively increasing , 
starting from the predetermined minimum transmit 
power , the transmit power of data transmission on the 
PLC channel at a plurality of given times or time 
periods defined with respect to the mutual time refer 
ence . 

17 . The method of claim 14 , 
wherein the instructions to commence crosstalk estima 

tion are at least partly retrieved from a local storage of 
a PLC modem of the PLC channel . 

in response to said establishing of the instructions to 
commence crosstalk estimation , measuring a signal - to 
noise value at a given time or time period defined with 
respect to a mutual time reference of the DSL channel 
and the PLC channel . 

23 . The method of claim 22 , further comprising : 
receiving a control message prompting to execute Initial 

ization of the DSL channel , 
in response to said receiving of said control message , 

executing Initialization of the DSL channel , 
in response to said executing of the Initialization , provid 

ing a control message indicating that the DSL channel 
is transitioned from Initialization to Showtime , wherein 
said receiving of the instructions to commence cross 
talk estimation and said measuring of the signal - to 
noise value are executed during Showtime . 

24 . The method of claim 22 , 
wherein the signal - to - noise value is measured at each one 

of a plurality of times or time periods defined with 
respect to the mutual time reference . 

25 . ( canceled ) 
26 . ( canceled ) 
27 . A DSL modem , comprising : 
at least one processor configured to establish instructions 

to commence crosstalk estimation , 
wherein the at least one processor , in response to said 

establishing of the instructions , is configured to mea 
sure a signal - to - noise value at a given time or time 
period defined with respect to a mutual time reference 
of the DSL channel and the PLC channel . 

28 . ( canceled ) 
* * * * * 


