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TONE ORDERED DISCRETE MULTITONE 
INTERLEAVER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
application entitled “Tone Ordered Discrete Multitone Inter 
leaver” having Ser. No. 1 1/496,353, filed on Jul. 31, 2006, 
which is a continuation of U.S. utility application entitled 
“Tone Ordered Discrete Multitone Interleaver having Ser. 
No. 09/766,255, filed on Jan. 17, 2001 (now U.S. Pat. No. 
7,088,781), which is a continuation-in-part of co-pending 
U.S. utility application entitled “Discrete Multitone Inter 
leaver” having Ser. No. 09/736,353, filed Dec. 14, 2000 (now 
U.S. Pat. No. 7,099.401). U.S. utility application Ser. No. 
09/736,353 claims priority to U.S. provisional application 
entitled, “Discrete Multi-Tone Trellis Interleaver, having 
Ser. No. 60/170,891, filed Dec. 15, 1999. U.S. utility appli 
cation Ser. No. 09/766,255, U.S. utility application Ser. No. 
09/736,353, and U.S. provisional application No. 60/170,891 
are entirely incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention generally relates to commu 
nications and modems, and more particularly to a tone 
ordered discrete multitone interleaver system and method for 
efficiently minimizing noise distortion and enhancing data 
transmission communications. 

BACKGROUND 

0003 Communications devices, particularly those that 
implement digital Subscriber line (DSL) technologies (e.g., 
T1 and xDSL, including SDSL, HDSL, ADSL, etc.), transmit 
high speed data using analog signals over telephone connec 
tions, which are typically copper wire pairs. The connections 
and equipment are subject to adverse impulse noise. Impulse 
noise events are likely correlated over several symbol (or 
baud) periods of the DSL modulation. Correlated noise or 
distortion undesirably will significantly degrade performance 
of the decoder associated with a receiver. 
0004. In order to minimize the adverse affects of noise, 
various forward error correction coding techniques (also 
known as convolutional coding) have been developed and 
employed in the past. Typically, in forward error correction 
coding, at the transmitter, data bits are encoded by adding 
redundant bits systematically to the data bits so that, nor 
mally, only predetermined transitions from one sequential 
group of bits (corresponding to a symbol, or baud) to another 
are allowed. There is an inherent correlation between these 
redundant bits over consecutive bauds. At the receiver, each 
baud is tentatively decoded and then analyzed based on past 
history, and the decoded bits are corrected, if necessary. 
0005 One well known and widely accepted error coding 
technique is trellis coded modulation (TCM), which is a form 
of convolutional coding that is optimized according to a spe 
cific modulation scheme. A TCM encoder is situated at the 
transmitter, and a TCM decoder is situated at the receiver. 
TCM is highly desirable since it combines the operations of 
modulation and error coding to provide effective error control 
coding without sacrificing power and bandwidth efficiency. 
The TCM decoder essentially averages the noise over more 
than one of the symbols. However, noise that is correlated 
over the constraint length of the trellis code will effectively 
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degrade performance. In many cases, correlated noise causes 
the trellis decoder to perform worse than if the receiver 
employed no trellis coding at all. 
0006. As examples, U.S. Pat. No. 5,659,578 to Alamoutiet 

al. and U.S. Pat. No. 4,677,625 to Betts et al. describe the 
concept of TCM. The latter describes a distributed trellis 
encoder that can be used to spread symbols associated with a 
data stream over time across Successive symbol (baud) peri 
ods. This distributed encoder significantly improves perfor 
mance by making the transmissions less Susceptible to errors 
resulting from imposition of correlated noise. U.S. Pat. Nos. 
5,659,578 and 4,677.625 are entirely incorporated herein by 
reference. 

0007. The various DSL technologies employ a variety of 
line coding, e.g. 2 Binary, 1 Quaternary (2B1O), Quadrature 
Amplitude and Phase modulation (QAM), Carrierless Ampli 
tude and Phase (CAP) modulation, and Discrete Multitone 
(DMT). DMT is now the standard line coding for Asymmetri 
cal Digital Subscriber Line (ADSL) as specified in interna 
tional standards published by the ITU (International Tele 
communication Union) as Recommendations G.992.1 Series 
G: Transmission Systems and Media, Digital Systems and 
Networks, Digital Transmission Systems—Access Networks 
ADSL Transceivers, and G.992.2 Splitterless ADSL trans 
ceivers. G.992.1 and G.992.2 are available from the ITU, 
Geneva, Switzerland, at http://www.itu.int and are entirely 
incorporated herein by reference. 
0008 DMT is a Frequency Division Multiplex (FDM) 
type of modulation in which an incoming bit stream is mul 
tiplexed into a number of sub-carriers or sub-channels. DMT 
as used in ADSL enables a digital subscriber technology 
capable of delivering high-speed digital information over 
existing unshielded twisted pair copper telephone lines 
0009 DMT encodes data on multiple sub-carriers, 
referred to as tones, that are then converted to time domain 
signals for transmission by an Inverse Discrete Fourier Trans 
form (IDFT). An additional level of line coding, e.g. QAM, 
can be employed within each of the tones. A DMT trellis 
encoder generally codes between adjacent tones. DMT uses a 
Discrete Fourier Transform (DFT) to demodulate the tones. 
0010. The DMT 16-state trellis code constraint length is 
approximately four 4-dimensional symbols. Four-dimen 
sional symbols are encoded as two 2-dimensional constella 
tions on two tones. Four 4-dimensional symbols are thus 
encoded over eight tones. DMT suffers from performance 
limitations including sinx/x coupling of energy between adja 
cent tones. DMT convolutional encoders operate “serially' 
on mapped constellations such that consecutively generated 
constellations are mapped to adjacent tones. (Sin X)/x cou 
pling allows noise on one tone to affect adjacent tones. Cor 
related noise on adjacent tones, particularly that within the 
DMT code constraint length, contributes to multiple metric 
calculations in the trellis decoder. Correlated noise in con 
secutive metric calculations causes negative gain and can 
result in a worse performance than if no coding was 
employed. 
0011 DSL technologies are still in a state of infancy and 
are being improved overtime by engineers and designers. The 
industry still needs ways to further enhance DSL communi 
cations and, in particular, ways to minimize the adverse 
effects of impulse noise and correlated noise. Thus, a hereto 
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fore unaddressed need exists in the industry to address the 
aforementioned deficiencies and inadequacies. 

SUMMARY 

0012. The present invention provides a system for a tone 
ordered discrete multitone interleaver and a method for tone 
ordered interleaving across DMT tones. Several embodi 
ments of tone ordered discrete multitone interleaving are 
described below. 
0013 The tone ordered discrete multitone trellis inter 
leaver spreads trellis symbols across several carrier tones 
such that the metrics in the receiver are not correlated. The 
depth of the interleaver will determine the number of tones 
used to spread the symbol. Noise impacting adjacent tones 
will not appear in the metric calculations until a number of 
trellis symbols later, the number being equal to the depth of 
the interleaver. In effect, the tone ordered discrete multitone 
trellis interleaver causes the symbols to skip over correlated 
O1SC. 

0014 Related application Ser. No. 09/736,353 entitled 
“Discrete Multitone Interleaver' describes several discrete 
multitone interleavers and methods for tone ordered inter 
leaving across DMT tones. Some of the described systems 
and methods show synchronized switches that may be diffi 
cult or expensive to implement in integrated circuits. Though 
not limited to integrated circuits, the tone ordered discrete 
multitone interleaver addresses the potential difficulties and 
expenses associated with implementing discrete multitone 
interleaving in integrated circuits. 
00.15 Briefly described, in architecture, the system can be 
implemented in a transmitter and a receiver as follows. In the 
transmitter the tone ordered discrete multitoned interleaver 
includes a tone ordering element capable of assigning bits to 
a plurality of tones, and a bit and gain table, capable of 
designating that within a portion of the plurality of tones, a 
variable plurality of bits is assigned to each of the plurality of 
tones, and wherein the variable plurality of bits assigned to 
each of the plurality of tones is different from the variable 
plurality of bits assigned to each adjacent tone. Several non 
exclusive ways to determine the variable plurality of bits to be 
assigned to the tomes are provided. The tone ordered discrete 
multitone deinterleaver receiver includes a bit ordering ele 
ment that performs a complementary re-ordering of the data 
coded by the transmitter. 
0016. The present invention can also be viewed as provid 
ing a method for transmitting tone ordered discrete multi 
toned interleaved data. In this regard, the method of transmit 
ting data can be broadly Summarized by the steps of 
receiving bits and relative gain information designating a 
variable plurality of bits to be assigned to each of a plurality 
oftones, wherein the variable plurality of bits to be assigned 
to each of the plurality of tones is different from the variable 
plurality of bits to be assigned to each adjacent tone; and 
assigning bits to the plurality of tones based on the bits and 
relative gain information. The method of receiving data 
involves the step of reordering the data encoded by the tone 
ordered discrete multitoned interleaver. 

0017. In addition to other advantages described above, the 
tone ordered discrete multitone trellis interleaver provides 
improved coding gain. The tone ordered discrete multitone 
trellis interleaver provides these advantages without an 
increase in delay since the interleaving occurs between tones 
rather than between symbols in time. 
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0018. 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 

0019. 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. 
0020 FIG. 1 is a block diagram of an ADSL transceiver 
system including an ADSL remote transceiver and an ADSL 
central transceiver. 
(0021 FIG. 2 is a block diagram of an ADSL DMT trans 
mitter that resides in the ADSL remote transceiver and the 
ADSL central transceiver of FIG.1. The ADSL DMT trans 
mitter includes a tone ordering element. 
0022 FIG. 3 is a graph showing an exemplar non-inter 
leaving assignment of bits to tones as might be made by the 
tone ordering element. The non-interleaving assignment of 
bits to tones shows an assignment as might be made when the 
tone ordered discrete multitone interleaver is optionally dis 
abled or as might be made in the prior art. 
0023 FIG. 4 is a graph showing an exemplar interleaving 
assignment of bits to tones using the tone ordered discrete 
multitone interleaver. 
(0024 FIG.5 is a block diagram of an ADSL DMT receiver 
that resides in the ADSL remote transceiver and the ADSL 
central transceiver of FIG. 1. The ADSL DMT receiver 
includes a bit ordering element. 

DETAILED DESCRIPTION 

0025. The tone ordered discrete multitone interleaver sys 
tem and associated methods will be specifically described 
hereafter in the context of a transmitter and a receiver at each 
end of DSL communication channel. The tone ordered dis 
crete multitone system and associated methods as described 
in this context are intended to be possible nonexclusive 
examples of implementations. Numerous other embodiments 
are envisioned and are possible, as will be apparent to those 
with skill in the art. 

0026. The tone ordered discrete multitone interleaver sys 
tem of the present invention allows trellis coding over mul 
tiple DMT tones. Although not limited to this particular appli 
cation and any particular number of tones, the tone ordered 
discrete multitone interleaver system is particularly suited for 
use in connection with modems at opposingends of telephone 
connections (wire pairs) extending between a central office 
(CO; defined as any facility having a telephone Switch) asso 
ciated with a telephone company and a customer premises 
(CP). The modems can employ any suitable modulation 
scheme, for example but not limited to, that prescribed by the 
industry standard V.34 that has been promulgated by the 
International Telecommunications Union (ITU). Many CPs 
already have two-wire pairs connecting them to the CO. The 
tone ordered discrete multitone interleaver system can effec 
tively average the noise over multiple tones, for example, 
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eight different tones, yielding better performance and longer 
DSL reach between the CO and CP equipment. In some cases, 
the tone ordered discrete multitone interleaver system pro 
vides data throughput where none was possible otherwise. 
0027 Note that in the embodiments, as described hereaf 

ter, the transmitters and receivers can be implemented in 
hardware, software, firmware, or a combination thereof. Pref 
erably, all of the component parts of each, except the amplifier 
and transformer elements, are implemented in firmware that 
is stored in a memory (EPROM) and that is executed by a 
Suitable instruction execution system, particularly, a digital 
signal processor (DSP) or general purpose microprocessor. 
The software/firmware can be stored and transported on any 
computer readable medium. If implemented in hardware, in 
whole or in part, as in alternative embodiments, the hardware 
components can be implemented with any or a combination 
of the following technologies, which are all well known in the 
art: a discrete logic circuit(s) having logic gates for imple 
menting logic functions upon data signals, an application 
specific integrated circuit (ASIC) having appropriate combi 
national logic gates, a programmable gate array(s) (PGA), a 
field programmable gate array (FPGA), etc. The tone ordered 
discrete multitone interleaver may be particularly useful 
when discrete multitone interleaving, as described herein and 
in related application Ser. No. 09/736,353, is implemented in 
an ASIC. 

0028. Any process descriptions or blocks in figures should 
be understood as representing modules, segments, orportions 
of code which include one or more executable instructions for 
implementing specific logical functions or steps in the pro 
cess, and alternate implementations are included within the 
scope of the embodiments of the present invention in which 
functions may be executed out of order from that shown or 
discussed, including Substantially concurrently or in reverse 
order, depending on the functionality involved, as would be 
understood by those reasonably skilled in the art of the 
present invention. 
0029. The tone ordered discrete multitone interleaver pro 
gram, which comprises an ordered listing of executable 
instructions for implementing logical functions, can be 
embodied in any computer-readable medium for use by or in 
connection with an instruction execution system, apparatus, 
or device. Such as a computer-based system, processor-con 
taining system, or other system that can fetch the instructions 
from the instruction execution system, apparatus, or device 
and execute the instructions. In the context of this document, 
a “computer-readable medium' can be any means that can 
contain, store, communicate, propagate, or transport the pro 
gram for use by or in connection with the instruction execu 
tion system, apparatus, or device. The computer readable 
medium can be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconduc 
tor System, apparatus, device, or propagation medium. More 
specific examples (a non-exhaustive list) of the computer 
readable medium would include the following: an electrical 
connection (electronic) having one or more wires, a portable 
computer diskette (magnetic), a random access memory 
(RAM) (electronic), a read-only memory (ROM) (elec 
tronic), an erasable programmable read-only memory 
(EPROM or Flash memory) (electronic), an optical fiber (op 
tical), and a portable compact disc read-only memory 
(CDROM) (optical). Note that the computer-readable 
medium could even be paper or another Suitable medium 
upon which the program is printed, as the program can be 
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electronically captured, via for instance optical scanning of 
the paper or other medium, then compiled, interpreted or 
otherwise processed in a suitable manner if necessary, and 
then stored in a computer memory. 
0030 FIGS. 1-4 show one embodiment of the tone ordered 
discrete multitone interleaver. FIG.5 shows one embodiment 
of the tone ordered discrete multitone deinterleaver for 
deinterleaving data processed by the tone ordered discrete 
multitone interleaver. 

0031 FIG. 1 shows a block diagram of an ADSL DMT 
transceiver system 100 showing the basic functional blocks 
and interfaces. The ADSL transceiver system includes an 
ADSL remote transceiver (ADSL Transceiver-R) 102, a 
channel 104, and an ADSL central transceiver (ADSL Trans 
ceiver-C) 106. The ADSL Transceiver-R 102 is typically 
housed in an ADSL DMT modem 112. The ADSL Trans 
ceiver-C 106 is typically housed in a Digital Subscriber Line 
Access Multiplexer (DSLAM) 124. ADSL DMT transceiver 
system 100 shows a transmission system and method for data 
transport. Remote power feeding, which may be provided by 
the ADSL Transceiver-C 106 is not shown. 

0032. In the ADSL DMT transceiver system 100, an 
ADSL circuit connects ADSL Transceiver-R102 and ADSL 
Transceiver-C 106 on each end of a twisted-pair telephone 
line, creating three information channels—a high speed 
downstream channel, a medium speed duplex channel, and a 
plain old telephone service (POTS) channel. The POTS chan 
nel is split off from the digital modems by filters, thus guar 
anteeing uninterrupted POTS. The high speed channel ranges 
from 1.5 to 8 Mbps, while duplex rates range from 16 Kbps to 
1 Mbps. Each channel can be submultiplexed to form mul 
tiple, lower rate channels. 
0033. The ADSL Transceiver-R102 is typically located at 
a customer's premise and the ADSL Transceiver-C 106 is 
typically located at a telephone company's central office or 
remote location. As is known in the art, the ADSL Trans 
ceiver-C 106 acts as a master to some functions of the ADSL 
Transceiver-R 102. In a typical application, transmitter and 
receiver components will be incorporated into the same 
device so that each is capable of transmitting and receiving 
data. The tone ordered discrete multitone interleaver and 
associated tone ordered discrete multitone deinterleaver are 
incorporated into an ADSL DMT transmitter and an ADSL 
DMT receiver, respectively, at each end of the channel 104. 
0034. The ADSL Transceiver-R 102 includes an ADSL 
DMT transmitter 200, described in detail below and shown in 
FIG. 2. For ease in describing the ADSL transceiver system 
100, the detailed description is provided from the perspective 
of passing information from the transmitter in the ADSL 
Transceiver-R102 to the receiver in the ADSL Transceiver-C 
106. Those skilled in the art will recognize an analogous 
analysis applies to the transmission of information from the 
ADSL Transceiver-C 106 to the ADSL Transceiver-R 102. 

0035. The ADSL DMT modem 112 may also contain a 
splitter 114 and other components known to those skilled in 
the art. The input to the ADSL Transceiver-R 102 may be a 
remote network (Network-R) 110. The remote network 110 
may include service modules (SMs) 108. The service mod 
ules 108 may be personal computers, servers, routers, and 
many other devices known to those skilled in the art. A stan 
dard phone 116, a voice band facsimile (V.B. Fax) 118, and an 
ISDN device may be connected to the splitter 114. The splitter 
114 contains filters that separate high frequency ADSL sig 
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nals from Voiceband signals such as the standard phone 116. 
the facsimile 118, and the ISDN device. 
0036 Prior to entering the channel 104, the signal from the 
ADSL DMT modem 112 passes through a loop interface 
remote terminal end (U-R) 120. The U-R 120 may be Syn 
chronous Transfer Mode (STM) bit sync based or Asynchro 
nous Transfer Mode (ATM) cell based. 
0037. The output of the loop interface remote terminal end 
120 is passed through the channel 104 to the loop interface 
central office end (U-C) 122. As with the loop interface 
remote terminal end 120, loop interface central office end 122 
may be Synchronous Transfer Mode (STM) bit sync based or 
Asynchronous Transfer Mode (ATM) cell based. 
0038. The ADSL DMT transmitter 200, within the ADSL 
Transceiver-R 102, processes the service modules 108 and 
remote network 110 signals for transmission to the ADSL 
DMT receiver 502, within the ADSL Transceiver-C 106, via 
the channel 104. The ADSL DMT transmitter 200 processing 
includes the tone ordered discrete multitone interleaving of 
the current invention. The ADSL DMT receiver 502 de-pro 
cesses the signal and passes the deprocessed signals to the 
Broadband (B-Band) Network 128 and the narrowband 
(N-Band) network 130. The ADSL Transceiver-C 106 is 
housed in the DSLAM 124 along with a DSLAM splitter 126 
and other components known to those skilled in the art. The 
ADSL DMT receiver 502 is housed in the ADSL Trans 
ceiver-C 106, de-processing includes the tone ordered dis 
crete multitone deinterleaving of the invention. 
0039 FIG. 2 is a block diagram of an ADSL DMT trans 
mitter 200 that resides in the ADSL Transceiver-R102 and the 
ADSL Transceiver-C 106 of FIG. 1. The basic functional 
blocks of the ADSL DMT transmitter 200 are shown in FIG. 
2. It should be noted that the components shown in FIG. 2 are 
not all required to construct a DMT transmitter. Instead, the 
components are models for facilitating the construction of 
DMT signal waveforms. Those waveforms may be con 
structed in a variety of ways including by hardware, Software, 
and firmware. 

0040. The ADSL DMT transmitter 200 receives input(s) 
from service modules 108 or remote network(s) 110. The 
multiplexor synchronous control element (Mux/Sync Con 
trol) 202 accepts the inputs and converts the inputs into mul 
tiplexed and synchronized data frames (muX data frames). 
The multiplexor synchronous control element 202 generates 
the muX data frames at a nominal 4 kbaud. 
0041. The mux data frame output of the multiplexor syn 
chronous control element 202 passes to the tone ordering 
element 208 by one of two paths, each carrying a binary data 
stream. The first binary data stream is a “fast' path that 
provides low latency. The second binary data stream is inter 
leaved and provides a low error rate and results in a higher 
latency. Both paths are processed by a scrambler and forward 
error corrector (FEC) 204. The tone ordering element 208 
receives binary data stream input from two paths in this 
embodiment. However, it is not critical to the tone ordering 
element 208 how it receives input, or the form of the input, as 
long as the input is in the form of a bit stream, or can be 
converted into a bit stream. 
0042. The FEC is generally a Reed-Solomon coder. The 
scramblers, within the Scrambler & FECs 204, are applied to 
the binary data streams without reference to any framing or 
symbol synchronizations. Descrambling in the ADSL DMT 
receiver 502 can likewise be performed independent of sym 
bol synchronization. The interleaved path is processed by an 
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interleaver 206 in addition to a scrambler and FEC 204. The 
interleaver 206 convolutionally interleaves the Reed-So 
lomon codewords. The depth of the interleaving is a variable 
power of 2. The FEC can reliably correct occasional errors if 
the data is interleaved. However, the FEC is not effective in 
correcting all (sin x)/x distortion. 
0043. Both binary data stream paths are also processed by 
cyclical redundancy checks (CRCs) that are not shown in 
FIG. 2. The output of both paths is in the form of FEC data 
frames generated at the DMT symbol rate. An FEC data block 
may span more than one DMT symbol. 
0044) The fast and interleaved paths lead to the tone order 
ing element 208. The tone ordering element 208 combines 
data frames from the fast and the interleaved paths into com 
bined tone ordered data symbols on tones. The tone ordering 
element 208 first places bits from the fast and interleaved 
paths into an original bit table b, and then orders the bits in an 
ordered bittable b". Those skilled in the art will recognize that 
the original bit table b, and the ordered bit table b", table may 
be any system, computer program, hardware device, memory 
element, or logic device, that organizes information in a 
readily retrievable manner. 
0045. The number of bits per tone and the relative gains to 
be used for every tone are calculated by the ADSL DMT 
receiver 502 and sent to the ADSL DMT transmitter 200 
according to a protocol defined by ITU standards. The pairs of 
numbers, representing the bits pertone and the relative gains, 
are typically stored in ascending order of frequency or tone 
numberi, in a bit and gain table. As with the original bit table 
b, and the ordered bittable b", table, the bit and gain table may 
be any system, computer program, hardware device, memory 
element, or logic device, that organizes information in a 
readily retrievable manner. The bit and gain table may be two 
separate systems that are coordinated by any other device so 
that bit and gain information is available for the assignment of 
bits to tones. The bit and gain table is one means of providing 
bits and relative gain information. In this application, in the 
phrase “bits and relative gain information the word “infor 
mation” refers to “bits” and “relative gains” (information 
regarding the assignment of bits and the relative gains to be 
used for every tone)—in contrast to an interpretation of the 
phrase as “logical bits plus relative gain information.” 
0046. The tone ordering element 208 first assigns bits 
from the fast path to the tones with the smallest number of bits 
assigned to them and then assigns the bits from the inter 
leaved path to the remaining tones. All tones are encoded with 
the number of bits assigned to them. Therefore, some tones 
may have a mixture of bits from the fast and interleaved paths. 
0047. As described in ITU G.992.1, the ordered bit table 

b', is based on the original bit table b, as follows for k=0 to 15: 
0.048 First, from the bit and gain table, find the set of all 

i with the number of bits per tone b-k; and 
0049 Second, assign b, to the ordered bit table b", in 
ascending order of i. 

0050 FIG. 3 is a graph showing an exemplar non-inter 
leaving assignment of bits to tones as might be made by the 
tone ordering element 208 in the prior art or when the dynami 
cally selectable tone ordering discrete multitone interleaver is 
not operational. As shown in FIG. 3, adjacent tones often 
carry the same number of information bits. Since all tones 
carrying the same number of information bits b, are trellis 
encoded consecutively by the constellation encoder and gain 
scaler 210, adjacent tones are generally not interleaved in the 
prior art. 
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0051 FIG. 4 is a graph showing an exemplar interleaving 
assignment of bits to tones using the tone ordered discrete 
multitone interleaver. In contrast to the prior art, the tone 
ordered discrete multitone interleaver modifies the number of 
bits assigned to adjacent tone pairs so that adjacent tones have 
a different number of bits assigned to them. This may be 
accomplished by forcing the receiver to instruct the transmit 
ter to modify the original bit density (the theoretical bit den 
sity that would have resulted without the use of the tone 
ordered discrete multitone interleaver) on alternate tones or 
tone pairs. This modification forces interleaving of adjacent 
tones when tones carrying the same number of information 
bits b, are trellis encoded consecutively. Those skilled in the 
art will recognize that it may not be necessary to calculate the 
original bit density for the tone ordered discrete multitone 
interleaver to assign bits to tones. Those skilled in the art will 
also recognize that it is not necessary to rely on the receiver to 
instruct the transmitter to modify the original bit density. 
0.052. In ADSL, the trellis encoder in the constellation 
encoder and gain scaler 210 is a 4-dimensional trellis encoder 
in which one trellis symbol is encoded as two 2-dimensional 
(complex arithmetic) signals on two tones. Therefore, tone 
pairs may be encoded together then interleaved, or adjacent 
tones may be avoided. Turbo codes will also be improved with 
the tone ordered discrete multitone interleaver. 
0053 Several interleaving tone ordering modifications are 
available. Among the available modifications, three are noted. 
First, the constellation density may be reduced by one bit on 
every alternate tone that has an original bit density of b. This 
option will never cause a loss in margin but could reduce the 
data rate by 25%. 
0054 Second, the power gain scalars can be modified to 
compensate for the constellation density. An increase in 
power on Some tones increases the density of those tones 
while a decrease in power on other tones decreases their 
density. This option results in a higher overall data rate. 
0055. Third, the tone ordered discrete multitone inter 
leaver may be dynamically discriminatory. The receiver may 
identify specific sets of tones that are degraded by correlated 
noise and apply the tone ordered discrete multitone inter 
leaver only to those tones. If the dynamically discriminatory 
tone ordered discrete multitone interleaver is enabled, then 
the trellis encoder, within the constellation encoder and gain 
scaler 210, will process the bits on selected tones in a new 
non-sequential order. 
0056. The tone ordered discrete multitone interleaver can 
be used in place of, or in addition to, the original tone ordering 
function which constructs the re-ordered bit allocation table 
b'. Regardless of which modification to the ordering of bits 
on tones is used, the modification may be dynamically select 
able by the receiver when the receiver senses a degradation of 
the incoming signal due to correlated noise. 
0057 Those skilled in the art will recognize that where the 
tone ordered discrete multitone interleaver boosts power in 
one or more tones, a reduction in power in other tones will be 
required in order to return the system to equilibrium. 
0058 Though several embodiments of the tone ordered 
discrete multitone interleaver have been described, any sys 
tem for selecting points out of order by Switching the input to 
the convolutional encoder will effectively interleave the DMT 
data symbols. Selecting points out of order may be done on 
consecutive points or may be done randomly. 
0059 Returning to FIG. 2, the tone ordered data symbols 
are passed to the constellation encoder and gain scaler 210. 
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The constellation encoder and gain scaler 210 converts the 
tone ordered data frames into coded bits on DMT tones. The 
constellation encoder and gain scaler 210 includes a convo 
lutional encoder coset mapper as described in ITU (Interna 
tional Telecommunication Union) Recommendations G.992. 
1, Section 7.8. The constellational encoder, within the 
constellation encoder and gain scaler 210, is similar to a 
Quadrature Amplitude Modulation (QAM) encoder. The per 
formance of the constellation encoder and gain scaler 210 is 
improved by block processing Wei's 16-state, 4-dimensional 
trellis code. 
0060. The coded bits on DMT tones from the constellation 
encoder and gain scaler 210 are passed on to the Inverse 
Discrete Fourier Transformer (IDFT) 212. The IDFT 212 
combines the QAM constellations and converts the bits on the 
DMT tones to output samples. The output samples are con 
verted to a serial stream by the parallel/serial buffer 214. 
0061 The serial stream from the parallel/serial buffer 214 

is passed to a digital to analog converter (DAC) 216. The DAC 
216 and associated analog processing blocks (not shown) 
construct a continuous transmit Voltage waveform corre 
sponding to the discrete digital input samples from the IDFT 
212. 
0062. The analog signal passes through the splitter 114 
and the loop interface remote terminal end 120 and enters the 
channel 104. 

0063 FIG.5 is a block diagram of an ADSL DMT receiver 
502 that resides in the ADSL remote transceiver 102 and the 
ADSL central transceiver 106 of FIG. 1. FIG. 5 includes a 
tone ordered discrete multitone deinterleaver for decoding 
and deinterleaving DMT symbols coded and interleaved by 
the tone ordered discrete multitone interleaver of FIGS. 1 and 
2. The ADSL DMT receiver 502 receives an input signal at a 
splitter 126 from the channel 104 and through the loop inter 
face central office end 122. The signal includes narrowband 
signals that are split by the splitter 126 and sent to the narrow 
band network 130. 
0064. The broadband portion of the signal from the chan 
nel 104 is processed by an analog to digital (ADC) converter 
504 and a serial/parallel converter 506 and demodulated by a 
Discrete Fourier Transformer (DFT) element 508. DFT ele 
ment 508 includes complementary gain Scaling to that in the 
transmitter constellation encoder and gain scaler 210. The 
DFT element 508 passes the demodulated signal to convolu 
tional decoder 510. The convolutional decoder 510 includes a 
Viterbi decoder. The convolutional decoder 510 passes the 
output to a bit ordering element 514. The bit ordering element 
514 performs a complementary re-ordering procedure from 
that performed by the tone ordering element 208 including 
performing a complementary re-ordering procedure from that 
performed by the tone ordered discrete multitone interleaver. 
Those skilled in the art are able to determine the reordering 
procedure based on the performance of the tone ordering 
element 208. 
0065. The fast and the interleaved portions of the signal 
are segregated and sent down separate paths to the multi 
plexor synchronous control element 520. The interleaved 
path is processed by a deinterleaver 516 and an FEC and 
De-Scrambler 518. The fast path is only processed by an FEC 
and De-Scrambler 518. The multiplexor synchronous control 
element 520 passes the deinterleaved and convolutionally 
decoded signal to the broadband network 128. 
0.066 Those skilled in the art will recognize there may be 
additional components involved in processing signals beyond 
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those shown in the FIGS. 1, 2 and 5. In particular, there may 
be components involved in processing the signal between the 
DFT 508 and convolutional decoder 510 (with associated 
mapper); and between the convolutional decoder 510 and the 
bit ordering element 514. These additional components do 
not alter the basic invention as described in FIGS. 1-5. 
0067. It should be emphasized that the above-described 
embodiments of the present invention, particularly, any "pre 
ferred embodiments, are merely possible examples of imple 
mentations, merely set forth for a clear understanding of the 
principles of the invention. Many variations and modifica 
tions may be made to the above-described embodiment(s) of 
the tone ordered discrete multitone interleaver without 
departing Substantially from the spirit and principles of the 
invention. All Such modifications and variations are intended 
to be included herein within the scope of this disclosure and 
the present invention and protected by the following claims. 

Therefore, at least the following is claimed: 
1. A receiver, comprising: 
a convolutional decoder configured to receive a stream of 

trellis symbols assigned to a plurality of tones, the con 
volutional decoder further configured to decode a plu 
rality of interleaved data bits from the stream of trellis 
symbols; and 

a bit orderer configured to receive the plurality of inter 
leaved data bits, the bit orderer further configured to 
assign the plurality of interleaved data bits to at least a 
first plurality of ordered data bits and a second plurality 
of ordered data bits. 

2. The receiver of claim 1, wherein consecutive trellis 
symbols in the stream of trellis symbols assigned to noncon 
secutive tones. 

3. The receiver of claim 2, wherein the nonconsecutive 
tones are separated by M positions in an ordered bit table, 
where M is greater than 1. 

4. The receiver of claim3, wherein M is communicated to 
a remote transceiver that transmits the stream of trellis sym 
bols. 

5. The receiver of claim 3, wherein M is based on the 
quality of a transmission path between the receiver and a 
remote transceiver that transmitted the stream of trellis sym 
bols. 

6. The receiver of claim 2, wherein the nonconsecutive 
tones are a set of degraded tones identified from the plurality 
oftones by the receiver. 

7. The receiver of claim 6, wherein the set of degraded 
tones is dynamically selectable by the receiver. 

8. The receiver of claim 1, wherein the bit orderer assigns 
the first and second pluralities of ordered data bits in accor 
dance with an ordered bit table. 

Feb. 5, 2009 

9. A receiver, comprising: 
means for convolutionally decoding a plurality of trellis 

symbols to produce a first plurality of bits associated 
with at least a first tone specified in an ordered bit table 
and a second plurality of bits associated with at least a 
second tone specified in the ordered bit table; and 

means for ordering the first plurality of bits and the second 
plurality of bits based upon the ordered bit table, the 
second tone separated in the ordered bit table by M tones 
from the first tone, where M is greater than 1. 

10. The receiver of claim 9, wherein the plurality of sym 
bols includes a first trellis symbol encoded with at least a 
portion of the bits in the first plurality of bits and a second 
trellis symbol encoded with at least a portion of the bits in the 
second plurality of bits, the second trellis symbol received 
immediately after the first trellis symbol. 

11. The receiver of claim 10, wherein M is communicated 
to a remote transceiver that transmitted the first and second 
trellis symbols. 

12. The receiver of claim 10, wherein M is based on the 
quality of a transmission path between the receiver and a 
remote transceiver that transmitted the plurality of trellis 
symbols. 

13. The receiver of claim 9, further comprising means for 
receiving the plurality of trellis symbols. 

14. The receiver of claim 13, wherein a number of bits and 
a relative gain associated with the first tone is communicated 
to a remote transceiver that transmits the plurality of trellis 
symbols. 

15. The receiver of claim 11, further comprising: 
means for assigning the first plurality of data bits to a 

frame. 
16. A method for receiving data, comprising: 
convolutionally decoding a plurality of interleaved data 

bits from a stream of trellis symbols, the plurality of 
interleaved data bits including at least a first portion of 
the interleaved data bits associated with a first tone and 
a second portion of the interleaved data bits associated 
with a second tone; and 

ordering the first portion and the second portion of the 
interleaved data bits based upon an ordered bit table. 

17. The method of claim 16, wherein the second tone is 
separated from the first tone by M tones in the ordered bit 
table. 

18. The method of claim 16, wherein the first portion of the 
interleaved data bits is associated with a first data frame. 

19. The method of claim 18, wherein the second portion of 
the interleaved data bits is associated with a second data 
frame. 


