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(57) ABSTRACT 

A communications system employs frequency division 
dupleXing to accommodate symmetric and asymmetric ser 
vices, while substantially eliminating near-end cross talk. 
Upstream and downstream channels are separated by a 
guard band in order to insure that near-end cross talk is kept 
to a minimum. An asymmetric upstream channel is prefer 
ably located at a lower frequency range than that of the 
asymmetric downstream channel. The guard band between 
these asymmetric upstream and downstream channels shifts 
in frequency along with the shift in frequency of the respec 
tive upstream and downstream channels as a function of 
reach. This guard band shifting permits the communications 
systems to utilize a greater percentage of the frequencies 
available to it and to thereby substantially maximize the 
communications rate that it can support. Although the asym 
metric guard band is allowed to shift in the manner 
described, it is not allowed to do so in a manner that would 
create a con?ict with symmetric channels. Additionally, for 
symmetric services upstream channels are provided both 
above and below a downstream channel and are located so 
as not to interfere with asymmetric channels. 
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FREQUENCY DIVISION DUPLEXING SYSTEM 
WHICH ACCOMMODATES SYMMETRIC AND 

ASYMMETRIC CHANNELS 

BACKGROUND OF THE INVENTION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/025,683, ?led Sep. 9, 1996. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to tele 
phone transmission and, more particularly, to the ef?cient 
transmission of high-speed digital signals betWeen a tele 
phone central of?ce and the customer premises. 

DESCRIPTION OF THE RELATED ART 

[0003] Perhaps the most ?exible and least expensive 
approach for transmitting data over telephone lines is to use 
the existing voiceband telephone channels normally used to 
carry speech. The channel betWeen the transmission end 
points may be either a sWitched netWork connection Which 
may be established by the user at one endpoint by simply 
dialing the telephone number of the other endpoint, or it may 
be a permanent, private line connection Which is set up for 
the user by the telephone company. In either case, once the 
connection has been established, data from the user’s data 
communication processing equipment is input to a voice 
band modem Which generates an output analog line signal 
having a frequency spectrum Which matches the passband of 
the voiceband telephone channel. At the receiving end, a 
matching modem recovers the data from the received line 
signal and passes it to the user’s equipment at that end. 

[0004] For a given level of noise and distortion, the rate at 
Which data can be communicated over a channel is limited 

by its bandWidth and noise, including distortion, Within the 
channel. The bandWidth of the typical voiceband telephone 
channel is about 4 kHZ. For typical levels of noise, this limits 
the transmission rate over such channels to a theoretical 
maximum to about 20 to 30 kilobits per second (kb/s). For 
many applications, such as database input or retrieval or 
other applications typically involving a human being at one 
end of the transaction, these data rates are Wholly satisfac 
tory. 

[0005] For many other applications, hoWever, such as 
computer to computer ?le transfers, videotext, transmission 
of digitiZed speech or video and the like, voiceband tele 
phone data transmission is unacceptably sloW. Advanta 
geously, most of the transmission facilities interconnecting 
telephone sWitching of?ces communicate their information 
in the form of multiplexed, high speed digital bit streams. 
These facilities can be con?gured to provide not only the 
standard 4 kHZ voiceband channels, but also Wideband 
channels capable of carrying customer data at, for example, 
the so-called DS-l rate of 1.544 megabits per second (Mb/s) 
and higher. 

[0006] The challenge, hoWever, is to get the customer’s 
high-speed data to the central of?ce, and high speed data 
from the central of?ce to the customer. In the future, this 
may be accomplished by linking customer premises With 
central of?ces through optical ?ber. HoWever, it could be 
Well into the tWenty ?rst century before such a system is put 
in place. For the immediate future, the existing telephone 
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local distribution system-comprising copper Wire pairs Will 
continue to be the physical medium for delivering high 
speed data to customer premises. 

[0007] Telephone engineers have been successful in pro 
viding transmission schemes that alloW for high-speed data 
transmission from customer locations to the central of?ce. In 
the mid-1970’s, for example, AT&T introduced a digital data 
communications netWork, the Digital Data System (DDS), 
in Which data at rates up to 56 kb/s Was transmitted from the 
customer locations to the central of?ce using a four-Wire 
local circuit, that is, tWo tWo-Wire pairs. The essence of the 
transmission scheme Was to use bipolar baseband transmis 
sion in combination With, inter alia, ?xed equalization to 
compensate for linear distortion and thereby provide a 
channel With ?at loss up to frequencies suf?cient to transmit 
at the required bit rate. This scheme alloWed for transmis 
sion over distances of almost eight miles at the 56 kb/s rate 
and even greater distance at loWer rates Without the use of 
repeaters, thereby providing high-speed customer-premises 
to-central-of?ce transmission over the “local loop” for a 
signi?cant base of customers. See, for example, E. C. 
Bender et al., “Digital Data System: Local Distribution 
System”, The Bell System Technical Journal, Vol. 54, No. 5, 
May-June 1975, Which is incorporated herein in its entirety. 

[0008] Subsequently, a 1.544 Mb/s speed Was added to 
DDS, and data transmission at that rate Was thereafter 
provided in other digital data transmission offerings. This 
transmission rate Was achieved by using the technology 
developed for the so-called T1 carrier system Which had to 
that point been principally used to interconnect telephone 
central offices. Here again, the transmission scheme 
involved a four-Wire circuit and a bipolar transmission 
format. Indeed, the design of DDS Was based on the previ 
ously existing T1 technology. At the 1.544 Mb/s rate, 
hoWever, compensation for channel distortion and noise 
required equaliZation and regeneration of the line signal 
typically at every 3000 ft (6 kft) 

[0009] The above approaches are certainly technically 
sound and are used quite extensively. HoWever, not only is 
transmission based on T1 technology relatively expensive to 
provide and maintain see for example, Method and Appa 
ratus for Wideband Transmission of Digital Signals 
BetWeen, For Example, a Telephone Central Of?ce and 
Customer locations, US Pat. No. 4,924,492 issued to Gitlin 
et al., Which is hereby incorporated by reference, more 
demanding applications for the telephone netWork have 
arisen. Although video on demand services, for example, 
can be accommodated Within the frameWork of Asymmetric 
Digital Subscriber Line services (ADSL), at a data rate of 
only 1.544 Mb/s see for example, “PSTN Architecture For 
Video On Demand Services”, US. Pat. No. 5,247,347 issued 
to Litteral et al., Which is hereby incorporated by reference, 
even higher data rates Will be required for some applications. 
Very high data rate subscriber line (VDSL) systems Will 
address the requirements of these applications such as the 
delivery of high de?nition television. Further, the trend has 
been that data rates considered high today are considered 
loW several years later. 

[0010] As noted above, at some point a high bandWidth 
medium, such as optical ?ber, may very Well provide a 
communications path from every telephone operating com 
pany to every customer location, thus alloWing high speed 
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data communications through the telephone network. In the 
interim, hoWever, VDSL systems may employ a mix of 
technologies to establish high speed communications to 
every customer location. A tWo Wire pair can support data 
rates up to 51.84 Mb/s, 25.92 Mb/s, or 12.96 Mb/s for 
respective distances of 1 kft, 3 kft, and 4.5 kft. Because the 
ubiquitous tWo Wire pairs currently provide connection from 
most customer locations to the PSTN, it Would be advanta 
geous to capitaliZe on this enormous installed base. That is, 
rather than incurring the expense and inconvenience asso 
ciated With replacing all tWo Wire pairs With optical ?ber, 
telephone companies could employ optical ?ber to distribute 
data to a point Within the range of tWisted pairs for a desired 
data rate. From this point, a distribution cable containing 
several tWisted pairs could connect to individual premises 
Within the neighborhood. In some cases, the entire neigh 
borhood may be Within the desired tWo-Wire range of a 
central of?ce, for example, Within 3 kft Where 25.9 Mb/s 
services are desired. In those cases, the distribution cable 
could run directly from the central of?ce to customer loca 
tions. For those situations Where the customer locations are 
outside the desired tWo-Wire range, an optical ?ber could 
connect the central office to an optical netWork unit Which 
Would provide an interface betWeen the optical ?ber and one 
or more tWo-Wire distribution cables. 

[0011] Generally, it Would be desirable to support both 
symmetric and asymmetric services Within such a neighbor 
hood and, therefore, Within a single distribution cable. 
Asymmetric services Would accommodate such applications 
as video on demand, in Which an upstream channel, that is 
the channel from the customer locations to the telephone 
netWork, requires substantially less bandWidth than a doWn 
stream channel, or the channel from the netWork to the 
customer location. Symmetric services Would be directed 
toWard applications, such as Working at home, Which 
requires inter-computer communications, in Which the 
upstream and doWnstream channels require substantially the 
same bandWidth. Additionally, it Would be desirable to 
provide ?exibility to telephone companies and their custom 
ers by supporting various asymmetric ratios Within a given 
cable. 

[0012] One of the dif?culties that arises When attempting 
to provide such a variety of services Within a single cable is 
that the information carrying capacity of any channel is 
limited by the channel’s bandWidth and noise. In the context 
of tWo Wire local loops, near-end cross talk, that is, inter 
ference from a transmitter at one end of the cable With a 
receiver at the same end of the cable, has the greatest 
potential for degradation of the channel’s information capac 
ity. One approach to providing duplex operations for a given 
distribution cable is time division duplexing (TDD). In a 
time division duplexing system, near-end cross talk is vir 
tually eliminated by insuring that no transmitter transmits at 
the same time a receiver at its end of the cable is receiving. 
Analogously, in a frequency division duplexing (FDD) sys 
tem, near-end cross talk is substantially reduced by insuring 
that a transmitter employs a different frequency band to 
transmit than the frequency band receivers at the same end 
of the cable use for receiving. 

[0013] There are advantages and disadvantages to both 
FDD and TDD systems. For example, a TDD system must 
synchroniZe frames across an entire cable in order to reduce 
near-end cross-talk, but an FDD system need not do so. 
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Additionally, since the loss of synchroniZation in a tWo-Wire 
pair could seriously degrade service in adjacent pairs Within 
a cable, a TDD system is generally more vulnerable to faults 
in a communications system’s digital electronics. Another 
Way in Which FDD systems are generally more attractive 
than TDD systems involves the fact that, although crosstalk 
can be substantially reduced, it is generally not entirely 
eliminated. This residual crosstalk can be demodulated by a 
nonlinearity on a telephone line to produce noise. Noise 
from a FDD system Would sound like stationary White noise 
to a human listener, but noise from a TDD system Would 
sound like White noise modulated by on/off keying With a 
cycle rate near the peak response of the human ear. Addi 
tionally, any attempt at mixing symmetric and asymmetric 
services in a TDD system Would seriously degrade the 
available data rate of the symmetric services. 

[0014] For the above reasons an FDD system may appear 
to be the system of choice, but FDD system implementations 
are not Without dif?culty. Since symmetric and asymmetric 
services may be distributed to the same neighborhood, the 
bandWidth of the telephone cable should be allocated in a 
Way Which supports both symmetric and asymmetric ser 
vices. Additionally, since the customers for these services 
may be distributed throughout a neighborhood, it Would be 
highly desirable to provide symmetric and asymmetric ser 
vices of different reaches. HoWever, since attenuation and 
far end cross talk are more pronounced at higher frequen 
cies, the spectral utiliZation of a channel Which affords 
longer reach is preferably concentrated at loWer frequencies. 
If all the end users supported by a cable Were the same 
distance from the cable’s point of origin and all required 
exactly the same services, allocation of the cable’s fre 
quency bands Would be a fairly straightforWard matter. 
When supporting services of various symmetries and loops 
of various lengths, hoWever the proper allocation of fre 
quency presents a daunting task. 

SUMMARY OF THE INVENTION 

[0015] The invention is directed to a very high speed 
digital subscriber line system and methods for providing the 
same. The VDSL system provides full duplex symmetric and 
asymmetric communications Within a distribution cable, 
While substantially maximiZing the cable’s information 
capacity by reducing near-end cross talk. 

[0016] In one aspect, the invention comprises a method of 
frequency division duplexing Which allocates upstream and 
doWnstream frequency channels that are separated by a 
guard band in order to substantially eliminate near-end 
crosstalk. In a preferred embodiment, for asymmetric ser 
vices, the guard band preferably shifts along With upstream 
and doWnstream channels as they shift to accommodate 
different reaches and the asymmetric upstream channel is 
preferably located at a loWer frequency range than that of the 
asymmetric doWnstream channel. This guard band shifting 
permits the VDSL system to utiliZe a greater percentage of 
the frequencies available to it and to thereby substantially 
maximiZe the communications rate that it can support. 
Although the asymmetric guard band is alloWed to shift in 
the manner described, it is not alloWed to do so in a manner 
that Would create a con?ict With symmetric channels. Addi 
tionally, the presently preferred embodiment provides 
upstream channels both above and beloW a doWnstream 
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symmetric channel and all the channels, symmetric and 
asymmetric, are located so as not to interfere With one 
another. 

[0017] These and other features, aspects and advantages of 
the invention Will be apparent to those skilled in the art from 
the following detailed description, taken together With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a plot of poWer spectral density versus 
frequency for duplex communications channels according to 
the present invention. 

[0019] FIG. 2 is a block diagram of a telecommunications 
netWork Which employs the communications channel 
assignments of FIG. 1. 

[0020] FIG. 3 is a more detailed block diagram of a 
portion of a telecommunications netWork, Which illustrates 
a signal path from a central office to customer locations, 
Wherein signals Within the path are duplexed according to 
the present invention. 

[0021] FIG. 4 is a block diagram of one embodiment of a 
transmitter portion of a transceiver Which may suitably be 
employed Within the neW duplexing netWork. 

[0022] FIG. 5 is a plot of a sixteen signal constellation 
employed by some of the channels Within the neW duplexing 
system. 

[0023] FIG. 6 is a plot of a tWo hundred and ?fty-six 
signal constellation employed by upstream channels Within 
the neW duplexing system. 

[0024] FIG. 7 is a flow chart Which depicts the operation 
of the neW duplexing system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention is directed to aspects of a 
very high data rate subscriber line system Which accommo 
dates both asymmetric and symmetric services of differing 
reaches. The neW system employs frequency division 
duplexing, With frequencies assigned in such a manner as to 
avoid near-end crosstalk. 

[0026] FIG. 1 plots poWer spectral density versus fre 
quency, f, in MHZ for the folloWing services A long reach 
asymmetric, B medium reach asymmetric, C short reach 
asymmetric, D medium reach symmetric, and E short reach 
symmetric according to the present invention. Upstream 
communication channels, that is, communication channels 
set aside for communication from a customer location to a 
central office, are labeled US and doWnstream communica 
tion channels, those channels set aside for communications 
from the central office to a customer location, are labeled 
DS. Because attenuation and far end cross talk and attenu 
ation are more pronounced at higher frequency, the poWer 
spectral density of a channel Which affords longer reach is 
preferably concentrated at loWer frequencies. Consequently, 
it is seen that shorter reach channels occupy more of the 
available bandWidth, While the longer reach channels are 
compressed toWard the loWer end of the bandWidth. Asym 
metric upstream channels are placed beloW asymmetric 
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doWn stream channels in order to accommodate the fore 
shortening of available bandWidth that occurs With increased 
reach. 

[0027] A set of upstream channels Which service short-, 
medium-, and long-reach asymmetric services, as Well as 
short- and medium-reach symmetric services preferably all 
begin at approximately the same loW frequency Fuslo; For 
example, the presently preferred short-reach asymmetric, 
and medium- and short-reach symmetric channels all begin 
at 1.03 MHZ, and the medium-, and long-reach asymmetric 
upstream channels begin at 0.97, and 0.99 MHZ, respec 
tively. HoWever, the upper frequency limit Fushi of these 
channels varies, With short-reach asymmetric and the loWer 
channel of the long- and medium-reach symmetric upstream 
channels all employing the same upper frequency limit, 2.0 
MHZ, and medium- and long-reach asymmetric upstream 
channels employing progressively loWer frequencies as the 
upper bound of their upstream channels, 1.46 MHZ and 1.24 
MHZ, respectively, in the presently preferred embodiment. 
The preferred embodiment is tailored toWard asymmetric 
operations, so that the upper limits of the loWer frequency 
short- and medium-reach upstream symmetric channels are 
both 2.0 MHZ. The separation band betWeen long reach 
upstream and doWnstream asymmetric channels is generally 
greater than that betWeen upstream and doWnstream medium 
range channels, With a similar relationship betWeen medium 
and short reach channels, in order to provide comparable 
performance, using channel separation ?lters having sub 
stantially the same complexity. 

[0028] The loWest frequency for each of the doWnstream 
channels FdSlO is higher than the highest frequency of any of 
the upstream channels, With the exception that there are 
upstream symmetric channels placed above the doWnstream 
symmetric channels. The medium- and short-reach doWn 
stream symmetric channels and the short-reach asymmetric 
doWnstream channels all have approximately the same loWer 
frequency bound, Fdslo, equal to 2.46, 2.47, and 2.40 MHZ, 
respectively. As illustrated by plots D and E, symmetric 
services have upstream channels located above the doWn 
stream channels. Although the channel assignments are 
illustrated as rectangles, actual implementations Would 
experience rolloff, so that the vertical portions of plots A, B, 
C, D, and E Would be rounded off toWards the tops of the 
plots, With little or no signal poWer leaking from one channel 
into an adjacent one. 

[0029] In order to provide greater bandWidth for upstream 
symmetric services, upstream channels are preferably 
located both beloW and above the frequency allotments of 
the doWnstream channels for medium- and short-reach sym 
metric services. Although this allocation of channel frequen 
cies leads to channel overlap betWeen the short-reach doWn 
stream asymmetric channel and the symmetric upstream 
channels located above the doWnstream symmetric chan 
nels, signal con?icts can be avoided by geographic means. 
It is expected that symmetric service Will be used primarily 
by small businesses and that asymmetric services Will be 
used in residences. Thus, it is to be expected that there Will 
be a much larger deployment of asymmetrical services than 
symmetrical. In those peripheral areas Where there is a need 
for symmetric services, the telephone companies can guar 
antee spectral compatibility by only offering medium and 
long reach asymmetric services. 



US 2001/0006509 A1 

[0030] To maximize available data rates, multilevel sig 
nalling is preferably employed, With all loWer upstream 
channels using tWo-hundred and ?fty-six and smaller siZed 
signal constellations, the doWnstream channels using a six 
teen signal constellation, and the high frequency upstream 
channels using four- and eight-symbol constellations for 
medium- and short-reach applications, respectively. Data 
rates could be adjusted to accommodate line conditions. For 
example, should a connection be particularly noisy, the 
upstream channel could be reduced from tWo hundred 
?fty-six level to sixty four level signalling. Multilevel sig 
nalling is knoWn in the art and discussed, for example in 
“Digital and Analog Communication Systems”, by Leon W. 
Couch II, Macmillan Publishing Company, Inc. 1983, pages 
214-223, Which are hereby incorporated by reference. 

[0031] A simpli?ed block diagram of a telecommunica 
tions netWork 100 that supplies duplexing services accord 
ing to the present invention is illustrated in FIG. 2. The 
netWork 100 comprises, inter alia, a plurality of toll of?ces, 
such as toll of?ces (TS) 105 and 110, that may be intercon 
nected to one another to provide long distance voice and data 
communications for subscribers, such as the telephone users, 
associated With station sets S1 and S2. The manner in Which 
a telephone user, for example, the user associated With the 
station S1, establishes via netWork 100 a telephone connec 
tion to another such user, for example, the user associated 
With the station S2, is Well knoWn and Will not be described 
in detail herein. HoWever, it suf?ces to say that a telephone 
user, hereinafter also “subscriber”, may establish such a 
connection by causing station S1 to go “off hook” and then 
dialing the telephone number associated With station S2. 
Local central of?ce 50 associated With station S1 collects the 
telephone digits as they are dialed and establishes a con 
nection 101 to a netWork toll of?ce, for example, toll office 
105 Which may also be referred to hereinafter as a toll 
sWitch. Toll of?ce, or sWitch 105, in turn, and based on the 
dialled telephone number that it receives from the local 
central office 50, establishes a connection 102 to a so-called 
destination toll sWitch, such as toll sWitch 110. Destination 
toll sWitch 110, in turn, extends the connection to central 
of?ce 75 associated With the station S2 and passes to that 
of?ce the dialled telephone number. The latter central of?ce 
responsive to receipt of the dialled digits then extends the 
connection 103 to station S2. The subscribers positioned 
respectively at stations S1 and S2 may then begin to speak 
to one another via the established connection. As Will be 
discussed in greater detail in relation to FIG. 4, station sets 
such as S1 and S2 include transmitters and receivers Which 
employ the neW upstream and doWnstream channels dis 
cussed in relation to FIG. 1. For the convenience of descrip 
tion, the functionality of all subscriber uses: voice or data, 
asymmetric video-on-demand or symmetric intra-computer 
communications, or other telecommunications service, is 
incorporated Within stations sets such as S1 and S2. Host 
digital terminals 51 and 76 are located at central of?ces 50 
and 75, respectively. These terminals separate narroWband 
signals such as ISDN and plain old telephone service 
(POTS) from the Wideband services Which employ the neW 
frequency division duplexing system. NarroWband signals 
are passed on to toll sWitches 101 and 103, as just described. 
Wideband signals are sent respectively, to service provider 
host computers 53 and 79 Which provide the Wideband 
services, such as internet access, video jukebox, and so on, 
Which employ the neW FDD system. 
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[0032] FIG. 3 illustrates, in greater detail, a netWork 
connection path from the connection 103 and central office 
75 to station sets, such as station set S2, illustrated in FIG. 
2. In a VDSL system implementation of the present inven 
tion, the system may employ an optical ?ber 120 to provide 
a communications path betWeen the central of?ce 75 and an 
optical netWork unit (ONU) 122. One or more optical ?bers 
may employed to bring communications to Within a rela 
tively short range of a group of subscribers, Where short 
range means a range that permits high speed data to be 
transmitted over conventional tWo-Wire pairs Within a cable. 
Signals are translated betWeen the optical and tWo-Wire 
media Within the optical netWork unit 122. Under certain 
circumstances, for example, When a relatively large number 
of subscribers are located Within a short range of the central 
of?ce, that is no farther than the longest reach provided for 
by the system, the optical ?ber 120 and optical netWork unit 
122 may be eliminated. 

[0033] In implementations Where the optical ?ber 120 and 
optical netWork unit are employed, besides translation from 
optical to tWo-Wire media, tWo-Wire transmitters and receiv 
ers are employed, preferably Within the optical netWork unit 
122, to transmit signals to and receive signals from the 
station sets S2, S3 . . . Sn, Which are connected to the optical 

netWork unit 122 through drop cables DC2, DC3, . . . , DCn 
and a distribution cable 124. Transmitters and receivers at 
either end of the distribution cable 124 employ frequency 
division duplexing, With the channels de?ned according to 
those set forth in FIG. 1. The distribution cable includes 
binder groups Which typically consist of tWelve to tWenty 
?ve tWo-Wire tWisted pairs and the potential for crosstalk is 
greatest Within any of these binder groups, as opposed to 
inter-binder group crosstalk. 

[0034] FIG. 4 is a block diagram illustrating a transceiver 
130 that may be employed Within the neW VDSL netWork. 
The illustrated block diagram is for a transceiver Which 
employs carrierless amplitude and phase modulation to 
implement multilevel signalling, but other passband trans 
mission schemes, such as multi-carrier and quadrature 
amplitude modulation, are contemplated by the invention. 
Data is received at a symbol encoder 132 Which maps blocks 
of m bits into one of k—2rn different complex symbols. The 
encoded data stream is divided into tWo paths, in-phase and 
quadrature, and the tWo symbol streams are sent to in-phase 
?lter 134 and quadrature shaping ?lters 136, respectively. 
The output of the in-phase ?lter 134 and the negative of the 
quadrature ?lter 136 are summed at block 138 into a single 
signal With tWo orthogonal components. The resultant signal 
is ?ltered by bandpass ?lter 140, Which provides the output 
signal for transmission Within the assigned channel, 0.99 
MHZ to 1.24 MHZ for an upstream long reach asymmetric 
service, for example. The signal is sent to the hybrid circuit 
142 and, from there, to the tWo Wire tWisted pair 144. In the 
receive mode, an input signal arrives on the tWo Wire tWisted 
pair 144, travels through the hybrid circuit 142 and is 
bandpass ?ltered by the receiver bandpass ?lter 141 to 
exclude all energy but that in the doWnstream channel, from 
2.0 to 5.89 MHZ in this example. The ?ltered signal is then 
sent to in-phase ?lter 135 and quadrature ?lter 137 and from 
there to the symbol decoder 133 Which produces an m-bit bit 
stream from 2rn different received complex symbols. 

[0035] Asixteen symbol constellation, Which may suitably 
be employed in the preferred embodiment for all doWn 
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stream channels is illustrated in FIG. 5. The quadrature 
value, Qn, of the nth symbol is represented With respect to 
the vertical axis and the in-phase value, In, is represented 
With respect to the horizontal axis. Each symbol in this case, 
represents a block of four bits. A tWo hundred and ?fty six 
symbol constellation, such as is employed in the preferred 
embodiment of the present invention is illustrated in FIG. 6, 
Where quadrature and in-phase values are represented along 
the vertical and horiZontal axes, respectively, and each 
symbol represents a block of eight bits. 

[0036] FIG. 7 is a How chart Which illustrates the method 
of operating a VDSL system 200 according to the present 
invention. The process begins at step 201, then proceeds to 
step 202, Where subscriber information is stored, preferably 
at a central office. Such information may include, for 
example, the customer’s distance along a distribution cable 
Which carries the customer’s tWo-Wire pair, the type of 
service the customer has subscribed to, for example, asym 
metric or symmetric service. This information is retrieved in 
step 204 Where the type of service and reach information is 
employed to assign channels for upstream and doWnstream 
communications according to those discussed in relation to 
FIG. 1. The speci?c frequency bands Will be determined by 
the type of service and reach for each local loop. Reach 
information may also be determined by the transmission of 
a test signal to determine the quality of service over the loop 
and the reach of the loop. Such a test signal may be sent at 
various times, if not regular intervals, in order to adjust the 
channel assignments on a continuous or regular basis. After 
system parameters have been transmitted, operation pro 
ceeds to steps 206 and 208, Where VDSL upstream and 
doWnstream transmission may take place simultaneously, 
sharing netWork facilities With voice and other data services. 
Upstream operation proceeds to step 210, Where it is deter 
mined Whether all the desired upstream data has been 
transmitted. If the upstream transmission is complete, the 
upstream process proceeds to step 212, Where it terminates 
operation. If the upstream transmission is not complete it 
proceeds to step 206. The doWnstream transmission pro 
ceeds from step 208 to step 214, Where it determines 
Whether doWnstream transmission is complete and, if so, it 
proceeds to step 216. If doWnstream transmission is incom 
plete the doWnstream process proceeds to step 218, Where a 
decision is made to either transmit more data or test the 
channel and reassign channel parameters. If the decision is 
made to test the channel, the process advances to step 220, 
Where the channel is tested and, from there to step 204, 
Where the channels are assigned. 

[0037] The forgoing description of speci?c embodiments 
of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise forms disclosed, 
and many modi?cations and variations are possible in light 
of the above teachings. For example, although tWo-Wire 
media Was discussed as the media of choice for implemen 
tation of local loops, other physical media, such as Wireless, 
are contemplated. The embodiments Were chosen and 
described in order to best explain the principles of the 
invention and its practical application, to thereby enable 
others skilled in the art to best utiliZe the invention. It is 
intended that the scope of the invention be limited only by 
the claims appended hereto. 
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We claim: 
1. A frequency division duplexing telecommunications 

system Which provides very high speed digital subscriber 
line asymmetric and symmetric services, comprising: 

an upstream transmitter Which transmits Within a rela 
tively loW frequency upstream channel, 

a doWnstream transmitter Which transmits Within a doWn 
stream channel that is a higher frequency channel than 
said loW frequency channel, and 

an upstream transmitter Which transmits Within an 
upstream channel that is a frequency channel higher 
than that of said doWnstream channel, Wherein said 
frequency channels are separated by guard bands. 

2. The system of claim 1, Wherein transmissions are sent 
over local subscriber loops and said channels shift to loWer 
frequencies to accommodate longer reaches, While main 
taining guard bands betWeen said channels. 

3. The system of claim 1, Wherein said transmitters 
employ multilevel signalling. 

4. The system of claim 3, Wherein said transmitters 
employ a tWo-hundred and ?fty six symbol constellation for 
upstream transmissions and a sixteen symbol constellation 
for doWnstream transmissions. 

5. The system of claim 4, Wherein said upstream channel 
ranges from approximately 1.03 MHZ to approximately 2.00 
MHZ and supports a data rate of 6.48 Mb/s, and said 
doWnstream channel ranges from approximately 2.4 MHZ to 
approximately 17.95 MHZ and supports a data rate of 51.84 
Mb/s for short reach asymmetric loops. 

6. The system of claim 4, Wherein said upstream channel 
ranges from approximately 0.97 MHZ to approximately 1.46 
MHZ and supports a data rate of 3.24 Mb/S, and said 
doWnstream channel ranges from approximately 2.04 MHZ 
to approximately 9.81 MHZ and supports a data rate of 25 .92 
Mb/s for medium reach asymmetric loops. 

7. The system of claim 4, Wherein said upstream channel 
ranges from approximately 0.99 MHZ to approximately 1.24 
MHZ and supports a data rate of 1.62 Mb/s, and said 
doWnstream channel ranges from approximately 2 MHZ to 
approximately 5.89 MHZ and supports a data rate of 12.96 
Mb/s for long reach asymmetric loops. 

8. The system of claim 4, Wherein said upstream channels 
range from approximately 1.03 MHZ to approximately 2.00 
MHZ and from approximately 11.3 MHZ to approximately 
19.08 MHZ and support a data rate of 25.92 Mb/s, and said 
doWnstream channel ranges from approximately 2.49 MHZ 
to approximately 10.27 MHZ and supports a data rate of 
25.92 Mb/s for short reach asymmetric loops. 

9. The system of claim 4, Wherein said upstream channels 
range from approximately 1.03 MHZ to approximately 2.0 
MHZ and from approximately 10.36 MHZ to approximately 
15.19 MHZ and support a data rate of 12.96 Mb/S, and said 
doWnstream channel ranges from approximately 2.46 MHZ 
to approximately 6.35 MHZ and supports a data rate of 12.96 
Mb/s for medium reach asymmetric loops. 

10. A frequency division duplexing telecommunications 
system Which provides very high speed digital subscriber 
line symmetric and asymmetric services, comprising: 

an upstream transmitter Which transmits over a local loop 
Within a relatively loW frequency upstream channel, 
and 

a doWnstream transmitter Which transmits Within a doWn 
stream channel that is a higher frequency channel than 
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said loW frequency channel, Wherein said frequency 
channels are separated by a guard band, the upstream 
and doWnstream channels vary With the reach of the 
local loop, and the guard band varies along With the 
upstream and doWnstream channels, With the loWest 
frequency of the upstream channel remaining substan 
tially the same While the loWest frequency of the 
doWnstream channel shifts to a loWer frequency as the 
reach of the loop increases. 

11. The system of claim 10, Wherein transmissions are 
sent over local subscriber loops and said channels shift to 
loWer frequencies to accommodate longer reaches, While 
maintaining guard bands betWeen said channels. 

12. The system of claim 10, Wherein said transmitters 
employ multilevel signalling. 

13. The system of claim 12, Wherein said transmitters 
employ a tWo-hundred and ?fty six symbol constellation for 
upstream transmissions and a sixteen symbol constellation 
for doWnstream transmissions. 

14. The system of claim 13, Wherein said upstream 
channel ranges from approximately 1.03 MHZ to approxi 
mately 2.00 MHZ and supports a data rate of 6.48 Mb/s, and 
said doWnstream channel ranges from approximately 2.4 
MHZ to approximately 17.95 MHZ and supports a data rate 
of 51.84 Mb/s for short reach asymmetric loops. 

15. The system of claim 13, Wherein said upstream 
channel ranges from approximately 0.97 MHZ to approxi 
mately 1.46 MHZ and supports a data rate of 3.24 Mb/S, and 
said doWnstream channel ranges from approximately 2.04 
MHZ to approximately 9.81 MHZ and supports a data rate of 
25 .92 Mb/s for medium reach asymmetric loops. 

16. The system of claim 13, Wherein said upstream 
channel ranges from approximately 0.99 MHZ to approxi 
mately 1.24 MHZ and supports a data rate of 1.62 Mb/s, and 
said doWnstream channel ranges from approximately 2 MHZ 
to approximately 5.89 MHZ and supports a data rate of 12.96 
Mb/s for long reach asymmetric loops. 

17. The system of claim 13, Wherein said upstream 
channels range from approximately 1.03 MHZ to approxi 
mately 2.00 MHZ and from approximately 11.3 MHZ to 
approximately 19.08 MHZ and support a data rate of 25.92 
Mb/s, and said doWnstream channel ranges from approxi 
mately 2.49 MHZ to approximately 10.27 MHZ and supports 
a data rate of 25.92 Mb/s for short reach asymmetric loops. 

18. The system of claim 13, Wherein said upstream 
channels range from approximately 1.03 MHZ to approxi 
mately 2.0 MHZ and from approximately 10.36 MHZ to 
approximately 15.19 MHZ and support a data rate of 12.96 
Mb/s, and said doWnstream channel ranges from approxi 
mately 2.46 MHZ to approximately 6.35 MHZ and supports 
a data rate of 12.96 Mb/s for medium reach asymmetric 
loops. 

19. A frequency division duplexing telecommunications 
system Which provides very high speed digital subscriber 
line symmetric and asymmetric services, comprising: 

an upstream transmitter Which transmits over a local loop 
Within a relatively loW frequency upstream channel, 

a doWnstream transmitter Which transmits Within a doWn 
stream channel that is a higher frequency channel than 
said loW frequency channel, Wherein said frequency 
channels are separated by a guard band, the upstream 
and doWnstream channels vary With the reach of the 
local loop, and the guard band varies along With the 
upstream and doWnstream channels, With the loWest 
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frequency of the upstream channel remaining substan 
tially the same While the loWest frequency of the 
doWnstream channel shifts to a loWer frequency as the 
reach of the loop increases, and 

an upstream transmitter Which transmits Within an 
upstream channel that is a frequency channel higher 
than that of said doWnstream channel. 

20. The system of claim 19, Wherein transmissions are 
sent over local subscriber loops and said channels shift to 
loWer frequencies to accommodate longer reaches, While 
maintaining guard bands betWeen said channels. 

21. The system of claim 19, Wherein said transmitters 
employ multilevel signalling. 

22. The system of claim 21, Wherein said transmitters 
employ a tWo-hundred and ?fty six symbol constellation for 
upstream transmissions and a sixteen symbol constellation 
for doWnstream transmissions. 

23. The system of claim 22, Wherein said upstream 
channel ranges from approximately 1.03 MHZ to approxi 
mately 2.00 MHZ and supports a data rate of 6.48 Mb/s, and 
said doWnstream channel ranges from approximately 2.4 
MHZ to approximately 17.95 MHZ and supports a data rate 
of 51.84 Mb/s for short reach asymmetric loops. 

24. The system of claim 22, Wherein said upstream 
channel ranges from approximately 0.97 MHZ to approxi 
mately 1.46 MHZ and supports a data rate of 3.24 Mb/S, and 
said doWnstream channel ranges from approximately 2.04 
MHZ to approximately 9.81 MHZ and supports a data rate of 
25.92 Mb/s for medium reach asymmetric loops. 

25. The system of claim 22, Wherein said upstream 
channel ranges from approximately 0.99 MHZ to approxi 
mately 1.24 MHZ and supports a data rate of 1.62 Mb/s, and 
said doWnstream channel ranges from approximately 2 MHZ 
to approximately 5 .89 MHZ and supports a data rate of 12.96 
Mb/s for long reach asymmetric loops. 

26. The system of claim 22, Wherein said upstream 
channels range from approximately 1.03 MHZ to approxi 
mately 2.00 MHZ and from approximately 11.3 MHZ to 
approximately 19.08 MHZ and support a data rate of 25.92 
Mb/s, and said doWnstream channel ranges from approxi 
mately 2.4 9 MHZ to approximately 10.27 MHZ and sup 
ports a data rate of 25.92 Mb/s for short reach asymmetric 
loops. 

27. The system of claim 22, Wherein said upstream 
channels range from approximately 1.03 MHZ to approxi 
mately 2.0 MHZ and from approximately 10.36 MHZ to 
approximately 15.19 MHZ and support a data rate of 12.96 
Mb/S, and said doWnstream channel ranges from approxi 
mately 2.46 MHZ to approximately 6.35 MHZ and supports 
a data rate of 12.96 Mb/s for medium reach asymmetric 
loops. 

28. A method of providing very high speed digital sub 
scriber line duplex telecommunications services, comprising 
the steps of: 

a) assigning frequency channels for upstream and doWn 
stream communications Whereby; 

i) an upstream transmitter transmits over a local loop 
Within a relatively loW frequency upstream channel, 

ii) a doWnstream transmitter transmits Within a doWn 
stream channel that is a higher frequency channel 
than said loW frequency channel, 
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iii) wherein said frequency channels are separated by a 
guard band, 

iv) the upstream and doWnstream channels vary With 
the reach of the local loop, 

v) and the guard band varies along With the upstream 
and doWnstream channels, 

vi) With the loWest frequency of the upstream channel 
remaining substantially the same 

vii) While the loWest frequency of the doWnstream 
channel shifts to a loWer frequency as the reach of 

the loop increases, and 

viii) an upstream transmitter transmits Within an 
upstream channel that is a frequency channel higher 
than that of said doWnstream channel; 
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a) transmitting the assignment information of step a to 
subscribers and central offices within a telecommuni 
cations system; and 

c) transmitting data betWeen a central office and a sub 
scriber location employing the frequency channels 
assigned in step a. 

29. The method of claim 28 further comprising the step 
storing the assignment information at a central office. 

30. The method of claim 28 further comprising the step of 
storing information indicative of a local loop’s service type 
at a central office so that subscribers Who are to receive 
symmetric services or asymmetric services are identi?ed by 
such stored information. 

31. The method of claim 28 Wherein the step of assigning 
frequency channels comprises sending a test signal to a 
subscriber and determining the frequency pro?le according 
to the quality of the channel, as indicated by said test signal. 

* * * * * 


