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(57) ABSTRACT 

Distortion caused by a DSL signal can be determined With the 
DSL signal. The DSL signal and/ or the poWer spectral density 
(PSD) can be altered to suitably reduce or eliminate the dis 
tortion effects, Which normally Would be reduced by a POTS 
splitter. As a result of such adjustments to the DSL signal, the 
POTS band noise is suitably reduced to resolve potential 
adverse POTS quality issues. In addition, the DSL perfor 
mance can be improved as Well as the undesirable distortion 
is reduced. Splitterless DSL alloWs the DSL equipment to be 
connected to subscriber loops Without needing a POTS split 
ter. This splitterless DSL con?guration may be used With 
conversion equipment utiliZed to provide indirect DSL ser 
vice overloaded and/or unloaded loops. In addition, the split 
terless DSL con?guration also Will Work With normal 
DSLAMs. 
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SPLITTERLESS COMMUNICATION 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 10/434,864 ?led on May 8, 2003, incorporated 
by reference in its entirety herein, Which claims the bene?t of 
the following US. provisional applications, each ?led on 
May 8, 2002, each incorporated by reference in its entirety 
herein: 
[0002] 60/379,124i“Loaded Loop DSL Service and Busi 
ness Method” 

[0003] 60/379,026i“Loaded Loop DSL Modulation” 
[0004] 60/379,040i“Automatic Selection of Loaded 
Loop DSL or Standard DSL Service” 
[0005] 60/379,030i“Loaded Loop DSL Loop Interces 
sion System” 
[0006] 60/379,029i“Automatic Switching BetWeen 
Loaded Loop DSL and POTS” 
[0007] 60/379,038i“Multiple POTS Services on a 
Loaded Loop” 
[0008] 60/379,041 “Utilization of More Than One Loaded 
Loop for DSL Service” 
[0009] 60/379,028i“Data Communication Over Loaded 
Loops Simultaneous With POTS Call” 
[0010] 60/379,142i“Indirect Loaded Loop DSL.” 
[0011] Furthermore, this application is related to US. Pat. 
Nos. 7,289,610 and 7,272,215, each incorporated by refer 
ence in its entirety herein. 

TECHNICAL FIELD 

[0012] The present invention generally is related to tele 
communications and, more particularly, is related to a system 
and method for improving the delivery of digital subscriber 
line (DSL) service. 

BACKGROUND 

[0013] Digital Subscriber Line or Loop (DSL) communi 
cation technologies have been adopted by telephone service 
providers as a Way of extending digital service to customer 
premises (CP) such as homes and o?ices. The advent of 
digital communication technology has resulted in an evolu 
tionary change to communication systems as the facilities of 
sWitches and trunks in the netWorks of telecommunications 
service providers Were converted ?rst from analog to digital. 
Next, consumers Wanted digital access to these digital capa 
bilities in the netWork facilities of service providers. HoW 
ever, delivering digital services over the local loop or sub 
scriber line facilities to cover What is often colloquially called 
“the last mile” to the customer premises has been more of a 
challenge to provision. While various mechanisms have been 
used to deliver digital services to customer premises, making 
major changes to the Wiring plant that feeds subscribers gen 
erally is still prohibitively costly. For customers located near 
a central of?ce (CO) or close to a digital loop carrier (DLC) 
system, With the generally corresponding short cable Wiring 
runs, DSL service is often available. 
[0014] HoWever, DSL capabilities still are not available to 
many customers located at farther reaches from central of?ce 
sWitches and/or digital multiplexers such as a DLC. Further 
more, the historical telephone Wiring plant feeding many 
customer locations Was designed and optimiZed for the ana 
log voice frequency communications of plain old telephone 
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service (POTS) primarily found in the 0 to 4 KHZ range. (One 
skilled in the art Will be aWare that the common bandWidth for 
unloaded POTS loops is primarily found in the 0 to around 4 
KHZ range, While the common bandWidth for loaded POTS 
loops is primarily found in the 0 to around 3.4 KHZ range. 
One skilled in the art Will be aWare of these actual bandWidth 
differences of loaded and unloaded loops in carrying native 
POTS communication even though the POTS baseband is 
commonly referred to as a 0-4 KHZ POTS baseband. One of 
ordinary skill in the art Will be aWare that such a reference is 
not completely accurate for loaded loops, but is a useful 
shorthand When discussing the POTS baseband con?gura 
tions.) 
[0015] Historically, telephone companies often found it 
advantageous to install inductors or load coils on many local 
loops to optimiZe performance of the loops in carrying POTS 
voice communication. Generally, the load coils or inductors 
Were installed in series at various points along the telephone 
local loop. On a properly designed local loop, load coils 
generally are placed on subscriber loops that are greater than 
or equal to 18 Kft. in length. The load coils commonly used by 
the Regional Bell Operating Companies (RBOCs) have 88 
milli-Henrys as the standard nominal inductance value for the 
coils. In general, load coils are spaced along a subscriber loop 
beginning at approximately 3 Kft. from a line card in a CO 
sWitch or DLC chassis With additional coils generally spaced 
along the loop approximately each 6 Kft. thereafter. The 
customer end portion of a local loop generally is alloWed to 
have lengths ranging from 3 Kft. to 12 Kft. beyond the last 
load coil. In general, the local loop design rules used by the 
RBOCs specify that three or more load coils should be used 
on loops that are 18 Kft. or longer in length. In some special 
assembly situations, such as but not limited to analog POTS 
loops used as trunks for a customer’s PBX, the RBOCs may 
use load coils on loops as short as 15 Kft. in length With a 
minimum of tWo load coils. 

[0016] Essentially, adding an inductor in series results in 
the creation of a loW pass ?lter. While the loW-pass ?ltering of 
these load coils improves performance in the 0 to around 3 
KHZ base bandWidth of an analog POTS interface, the ?lter 
ing results in detrimental effects (primarily attenuation) on 
the higher frequency signals above 3 KHZ that generally are 
used in DSL technologies. Unfortunately, the problem is not 
solved simply by getting the service provider to remove the 
load coils on each loop. While such an action certainly solves 
the technical limitations of load coils on DSL performance, 
economically it is an expensive process to remove the load 
coils. Furthermore, removal of the loading coils re introduces 
the voice-band degradations that the coils Were introduced to 
overcome. As a result, the service provider often cannot jus 
tify the costs of basically custom re-engineering each of the 
multitude of subscriber lines to remove load coils in order to 
earn the additional revenues from offering DSL service. 
Removing load coils generally Would involve identifying the 
location of all of the load coils on a subscriber loop and 
sending a technician to each location to take the load coil out 
of the subscriber line circuit. Just sending the technician to 
each location Would be costly enough. HoWever, the physical 
process of removing load coils can create additional prob 
lems. For instance, most cables in the underground are pulp 
insulated such that Wire pairs can be easily damaged as a 
result of a technician or cable splicer Working on the splice to 
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locate the Wire pair affected by load coils. Obviously, damage 
to other pairs may knock out phone service to existing cus 
tomers. 

[0017] In addition, often the databases and records of ser 
vice providers are incomplete and/ or inaccurate in keeping up 
With the location of all the load coils that Were installed on a 
particular subscriber loop over the years. Thus, in some cases 
various transmission line tests (such as, but not limited to tests 
performed by a time-domain re?ectometer or TDR) might 
have to be performed to determine the distance along a sub 
scriber loop transmission line at Which there are changes in 
the characteristic impedance of the transmission line indicat 
ing potential items such as, but not limited to, load coils, 
junction splices, bridge taps, and/or connection points. 
[0018] Because an impedance mismatch in a transmission 
line causes at least part of the energy from propagating elec 
tromagnetic signals to be re?ected or echoed back in the 
opposite direction of the original propagation, a TDR and 
other types of test equipment generally can be used to send 
signals doWn a transmission line and measure the amount of 
time before a signal re?ection or echo is received at the test 
equipment. This time measurement together With the esti 
mated speed of propagation of the electromagnetic Wave in 
the transmission line medium can be used to provide an 
estimate of the distance along the transmission line (such as a 
subscriber loop) Where impedance mismatches occur. In gen 
eral, telephone companies (or telcos) maintain computerized 
or paper plat records shoWing the location of telco facilities 
such as, but not limited to, Wires, splice points, cross-con 
nects, and DLCs used in delivering service to residential and 
commercial areas. The transmission line distances provided 
by a TDR or other test equipment for the potential location of 
impedance mismatches, Which might be caused by load coils, 
Would have to be used to estimate the approximate geo 
graphic location of a load coil based on the potentially inac 
curate service provider records shoWing the Wiring path for 
the transmission line from the central of?ce or DLC to the 
customer premises. Obviously, such activities of identifying 
load coils and possibly having a technician physically track 
doWn the path folloWed by a subscriber loop transmission line 
can be costly. As a result of these load coil issues, either some 
customers are not offered DSL service at all or the price of the 
service is higher than it should be because of the increased 
costs of removing load coils. Thus, service providers are not 
able to offer DSL service to a relatively larger number of 
potential subscribers because of the load coil issue. Improv 
ing this load coil problem Would increase the number of 
customers and associated revenues available to the service 
provider. 
[0019] In addition, subscriber loops normally run through 
various other facilities in connecting a customer premises to 
a line card in a central of?ce sWitch or in a digital multiplexer 
such as a DLC. Often telephone Wiring is run in groups of 
large multi pair cables from a connection co-located With the 
line cards to a splice point, junction terminal, or cross-con 
nect point. The cross-connect point generally is an unpoW 
ered box Where technicians can cross-connect the Wires lead 
ing to a customer premises With the appropriate Wires leading 
back to the line cards in a sWitch or DLC. Often the portion of 
a local loop transmission line from a cross-connect box back 
to a line card is knoWn as the F1 or feeder portion of a local 
loop, While the portion of a local loop transmission line from 
the cross-connect to the customer premises is knoWn as the F2 
or distribution portion of a local loop. Normally, the cross 
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connect box uses various mechanical technologies (such as 
but not limited to various punch-doWn block technologies) 
that are common in telephone Wiring to simplify a techni 
cian’s Work in connecting the tWo portions of a subscriber 
loop. Unlike a digital loop carrier (DLC) cabinet, Which gen 
erally is provided With poWer from the central of?ce (and/or 
other sources) to enable the operation of the electronic 
devices of the line cards and multiplexing equipment, cross 
connect boxes and/ or cabinets generally are not provided With 
poWer other than the poWering delivered over the POTS inter 
face of each in-service POTS loop that provides for basic 
POTS functionality poWering to a customer premises. This 
poWer on a POTS loop is designed forpoWering POTS analog 
phones With basic functionality (such as, but not limited to, 
dial tone) at the customer premises and generally does not 
provide a signi?cant amount of excess poWer that could be 
siphoned off to poWer other types of electronic digital com 
munications equipment. Often analog phones With POTS 
interfaces that offer more functionality such as a speaker 
phone or memory need additional poWer from anAC outlet or 
battery at the customer premises because the POTS interface 
does not provide enough poWer to meet the needs of these 
additional electronic functions. 
[0020] In providing DSL service, often the netWork-side or 
CO-side of the DSL line is terminated in a DSLAM (Digital 
Subscriber Line Access Multiplexer) that usually is capable 
of supporting multiple DSL loops. One skilled in the art Will 
be aWare that a DSLAM normally comprises a plurality of 
DSL modems and some statistical multiplexing concentra 
tion equipment. HoWever, such DSLAM equipment normally 
needs a reasonable amount of poWer and is usually placed in 
locations Where poWer is readily available such as a central 
o?ice (CO) or DLC cabinet. As cross-connect boxes gener 
ally do not have poWer available forpoWering active electron 
ics, DSLAMs are not placed in cross-connect boxes. Further 
more, cross-connect boxes generally are not large enough to 
encompass signi?cant amounts of additional electronic 
equipment in contrast to the relatively larger cabinets con 
taining DLCs. Thus, normal deployment of DSLAMs for 
providing DSL service to customers does not place DSLAMs 
in cross-connect boxes at least because cross-connect boxes 
generally do not have a ready source of suf?cient poWer and 
cross-connect boxes generally are not large enough for hold 
ing the DSLAM equipment. 
[0021] Given these and other limitations of the Wiring cable 
plant that Was often originally installed many years ago to just 
provide basic POTS, neW innovations that increase the avail 
ability and loWer the total costs of delivering digital sub 
scriber line (DSL) service provide bene?ts that can alloW 
more consumers to obtain a reasonable digital service access 
line at an affordable price point. 

SUMMARY 

[0022] The system, disclosed herein, enables communica 
tion Without the use of a splitter by utiliZing the concepts of 
US. Pat. No. 6,1 1 1,936 to Gordon Bremer, entitled “Method 
and Apparatus for Automatically Detecting and Measuring 
Distortion in a DSL system”, ?led on Jan. 28, 1999, and 
issued on Aug. 29, 2000, Which is incorporated by reference 
in its entirety herein. In general, US. Pat. No. 6,111,936 
teaches hoW distortion caused by a DSL signal can be deter 
mined With the DSL signal. Then, the DSL signal and/or the 
poWer spectral density (PSD) canbe altered to suitably reduce 
or eliminate the distortion effects, Which normally Would be 
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reduced by a POTS splitter. As a result of such adjustments to 
the DSL signal, the POTS band noise is suitably reduced to 
resolve potential adverse POTS quality issues. In addition, 
the DSL performance can be improved as Well as the unde 
sirable distortion is reduced. Splitterless DSL alloWs the DSL 
equipment to be connected to subscriber loops Without need 
ing a POTS splitter. This splitterless DSL con?guration that 
utiliZes the concepts ofU.S. Pat. No. 6,111,936 may be used 
With conversion equipment utiliZed to provide indirect DSL 
service over loaded and/or unloaded loops. In addition, the 
splitterless DSL con?guration also Will Work With normal 
DSLAMs. 
[0023] Other systems, methods, features, and advantages 
of the present invention Will be or become apparent to one 
With skill in the art upon examination of the folloWing draW 
ings and detailed description. It is intended that all such 
additional systems, methods, features, and advantages be 
included Within this description, be Within the scope of the 
present invention, and be protected by the accompanying 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention can be better understood With refer 
ence to the folloWing draWings. The components in the draW 
ings are not necessarily to scale, emphasis instead being 
placed upon clearly illustrating the principles of the present 
invention. Moreover, in the draWings, like reference numerals 
designate corresponding parts throughout the several vieWs. 
[0025] FIG. 1 is a block diagram of a single subscriber 
indirect DSL con?guration over a loaded subscriber loop 
using Paradyne’s ReachDSL technology. 
[0026] FIG. 2 is a block diagram of a single subscriber 
indirect DSL con?guration over a loaded subscriber loop 
using standard ADSL technology that cannot Work With any 
load coils. 
[0027] FIG. 3 is a block diagram of a single subscriber 
indirect DSL con?guration over a loaded subscriber loop 
Without supporting a native POTS interface on the subscriber 
loop. 
[0028] FIG. 4 is a block diagram of a multi-subscriber 
indirect DSL con?guration over at least one loaded subscriber 
loop using Paradyne’s ReachDSL technology. 
[0029] FIG. 5 is a block diagram of a multi-subscriber 
indirect DSL con?guration over at least one loaded subscriber 
loop using standard ADSL technology that cannot Work With 
any load coils. 
[0030] FIG. 6 is a block diagram of a multi-subscriber 
indirect DSL con?guration over at least one loaded subscriber 
loop Without supporting native POTS interfaces to the cus 
tomer premises. 
[0031] FIG. 7 is a more detailed block diagram shoWing an 
embodiment of conversion equipment for a s ingle subscriber 
indirect DSL con?guration over a loaded subscriber loop 
using Paradyne’s ReachDSL technology. 
[0032] FIG. 8 is a more detailed block diagram shoWing an 
embodiment of conversion equipment for a multi-subscriber 
indirect DSL con?guration over a loaded subscriber loop 
using Paradyne’s ReachDSL technology. 
[0033] FIG. 9 is a block diagram ofloaded F1 feeder loops 
as Well as loaded and unloaded F2 distribution loops con 
nected to a cross-connect cabinet. 

[0034] FIG. 10 is a block diagram of unloaded F1 feeder 
loops and unloaded F2 distribution loops connected to a 
cross-connect cabinet. 
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[0035] FIG. 11 is a block diagram shoWing the co-location 
of a cross-connect cabinet and conversion equipment that 
uses loaded loops in providing different types of DSL and 
POTS service to multiple customers. 
[0036] FIG. 12 is a block diagram shoWing more detail of 
conversion equipment in supporting multiple customers With 
DSL service. 
[0037] FIG. 13 is a block diagram shoWn one approach that 
attempts to successfully provide DSL service from a cross 
connect box over loaded loops. 
[0038] FIG. 14 is a block diagram shoWing one approach 
that attempts to successfully provide DSL service from a 
cross-connect box over unloaded loops. 
[0039] FIG. 15 is a block diagram shoWing an indirect DSL 
approach that successfully provides DSL service from a 
cross-connect box over loaded loops and/or unloaded loops 
for backhaul. 
[0040] FIG. 16 is a block diagram shoWing the potential 
Wiring problems of the approaches in FIGS. 13 and 14 that 
create reliability problems for lifeline POTS service. 
[0041] FIG. 17 is a block diagram shoWing the potential 
connections for bridging the DSL service onto subscriber 
loops Without creating the POTS reliability problems. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0042] Various types of modulation and/ or duplexing tech 
niques can be used to overcome the limitations of load coils. 
By their nature, the loW pass, frequency-dependent ?ltering 
of load coils creates serious adverse effects on duplexing 
strategies that depend at least in part on frequency as Well as 
on multiplexing strategies that depend on frequency separa 
tion to utiliZe a subscriber loop both for a basic native POTS 
interface in the 0-4 KHZ POTS baseband together With the 
associated POTS signaling (such as but not limited to, POTS 
ringing, call Waiting, calling line ID, and/ or dual-tone multi 
frequency (DTMF) or pulse/rotary dialing) and for DSL ser 
vice. One skilled in the art Will be aWare of the differences 
betWeen a native POTS interface on a subscriber access line 

or loop and a derived or synthesiZed voice call functionality 
that may be provided through a local POTS interface off of 
customer premises equipment (CPE) that connects to one or 
more digital channels or digital media on a digital subscriber 
access line or loop. One non-limiting example of such a 
derived or synthesiZed voice call functionality is the circuit 
sWitched speech capability available from an analog POTS 
port on an ISDN BRI terminal adapter (TA) that utiliZes a 64 
kbps ISDN B-channel to carry digital pulse code modulation 
(PCM) samples over the digital subscriber access loop or line 
back to the line card. Other more current synthesiZed or 
derived digital voice technologies often utiliZe compressed 
and/or packetiZed encoding of human voice instead of the 64 
kbps or 56 kbps DSOs. Many but not all customers prefer 
DSL service to be offered on the same access line/loop (or 
lines/loops) that supports a basic native POTS interface in the 
0-4 KHZ baseband because many customers often vieW basic 
POTS service as a lifeline of the bare minimum quality of 
connectivity that is expected to be available in all but the most 
catastrophic emergency conditions such as an earthquake or 
hurricane. Thus, a solution that provides faster digital service 
over a loaded subscriber loop together With a capability to 
support an analog POTS interface is important. 
[0043] In addition, With reference to all FIGS. 1-17, one 
skilled in the art Will be aWare that equipment labeled as 




























