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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

REMBRANDT TECHNOLOGIES, LP,
Plaintiff,
V. C.A. No.

CBS CORPORATION,

Defendant.

A S R L N W W N W e

COMPLAINT FOR PATENT INFRINGEMENT
AND DEMAND FOR JURY TRIAL

Rembrandt Technologies, LP (“Rembrandt™), for its complaint against CBS

Corporation (“CBS” or "Defendant"), alleges as follows:

PARTIES

1. Rembrandt is a limited partnership organized under the laws of the State
of New Jersey, having its principal place of business at 401 City Avenue, Suite 815, Bala

Cynwyd, PA 19004.

2. CBS is a corporation organized under the laws of the State of Delaware,

having its principal place of business at 51 West 52" Street, 35th Floor, New York, NY 10019.

JURISDICTION AND VENUE

3. This is an action arising under the patent laws of the United States, Title
35, United States Code. This Court has subject matter jurisdiction over this case under 28 U.S.C.

§§ 1331 and 1338(a).
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4. This Court has personal jurisdiction over CBS. Defendant is incorporated
in the State of Delaware, and has conducted and does conduct business within the State of
Delaware. Defendant, directly or through subsidiaries or intermediaries, offers for sale, sells,
advertises, and markets products and services that infringe the patent-in-suit, as described more
specifically below. Therefore, because Defendant has committed acts of patent infringement in
this district, or is otherwise present or doing business in this district, this Court has personal

jurisdiction over Defendant.

5. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(b), (c¢),

and 1400(b).

INFRINGEMENT OF U.S. PATENT NO. 5,243,627

6. Rembrandt realleges and incorporates herein by reference the allegations

stated in paragraphs 1-5 of this Complaint.

7. United States Patent No. 5,243,627 entitled “Signal Point Interleaving
Technique” ("the '627 patent") was duly and legally issued by the United States Patent &
Trademark Office on September 7, 1993. A copy of the ‘627 patent is annexed hereto as Exhibit

A.

8. Rembrandt is the owner of all right, title and interest in the ‘627 patent,

with the right to sue, enforce and recover damages for infringement.

9. CBS operates television systems and provides television services

throughout the United States.
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10.  Defendant has directly or indirectly infringed the ‘627 patent, and is
continuing to do so, by practicing the inventions claimed therein, and/or by inducing or
contributing to the practice by others of the inventions claimed therein, in this judicial district.
For example, Defendant has infringed, and continues to infringe, the '627 patent by its
transmission, or receipt and retransmission, over its television systems, of digital terrestrial

broadcast signals that comply with the ATSC Digital Television Standard.

11.  Rembrandt has been damaged by Defendant’s infringement and will suffer
additional and irreparable damage unless this Court enjoins Defendant from continuing its

infringement under 35 U.S.C. § 283.

12.  Upon information and belief, such infringement has been, and will
continue to be, willful and deliberate, entitling Rembrandt to increased damages under 35 U.S.C.
§ 284 and making this an exceptional case entitling Rembrandt to an award of reasonable

attorneys’ fees pursuant to 35 U.S.C. § 285.

PRAYER FOR RELIEF

WHEREFORE, Rembrandt respectfully requests the following relief:

(1) the entry of judgment in favor of Rembrandt, and against Defendant, that
Defendant has infringed the ‘627 patent;

(2)  apermanent injunction enjoining and restraining Defendant and its
officers, agents, servants, employees, affiliates, divisions, units and subsidiaries, and those in
association therewith, from further acts of infringement of the ‘627 patent;

(3)  an award of damages;

(4)  anaward of increased damages pursuant to 35 U.S.C. § 284;
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(5)  anaward of all costs and expenses of this action, including reasonable
attorneys’ fees, pre-judgment interest, and post-judgment interest; and

(6)  such other and further relief, at law and in equity, as the Court deems just
and proper.

JURY DEMAND

Rembrandt hereby respectfully requests a jury trial on all issues so triable.

ASHBY & GEDDES

e & Ld S

Steven J. BalicR.D. #2114)
John G. Day (I.D. #2403)

Lauren E. Maguire (I.D. #4261)
222 Delaware Avenue, 17 Floor
P.O.Box 1150

Wilmington, DE 19899

(302) 654-1888
sbalick@ashby-geddes.com
jday@ashby-geddes.com
Imaguire@ashby-geddes.com

Attorneys for Plaintiff

Of Counsel:

John F. Sweeney

Joseph A. DeGirolamo

Michael O. Cummings

MORGAN & FINNEGAN, LLP

3 World Financial Center

New York, NY 10281-2101
Telephone: (212) 415-8700
jsweeney@morganfinnegan.com
Jdegirolamo@ morganfinnegan.com
mcummings@morganfinnegan.com

Dated: December 1, 2006
175613.1
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EXHIBIT A
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1
SIGNAL POINT INTERLEAVING TECHNIQUE
BACKGROUND OF THE INVENTION

The present invention relates to the transmission of > .

digital data over band-limited channels.

Over the yeats, the requirements of modern-day digi-
tal data transmission over band-limited channels—such
as voiceband telephone channels—have resulted in 2
pissh for higher and higher bit rates. This push has led to
the development and introduction of such innovations
as adaptive equalization, multi-dimensional signal con-
stellations, echo cancellation (for two-wire applica-
tions), and trellis coding. Foday, the data rates achieved
using these and other techniques are beginning o ap-
proach the theoretical Jimits of the channel.

It has been found tliat various channel impairments,
whose effects on the achievable bit rate were relatively
minor compared to, say, additive white Gaussian noise
and linear distortion, have now become of greater con-
cern. These include such impairments as nonlinear dis-
tortion and residual (ie., uncompensated-for) phase
jitter. "Such impaitments are particularly irksome in
systems which use-trellis coding. Indeed, it has been
found that the theoretical improvement in Gaussian
noise immunity promised by at feast some trellis codes is
not realized in real-world applications where these im-
pairments are manifest. The principal reason this is so

.appears to be that the noise components introduced into

the received signal samples are such as to worsen the
effectiveness of the Viterbi decoder used in the receiver
10 recover the transmitted data.

U.S. Pat. No. 4,677,625, issued Jun. 30, 1987 to Betts
et al, teaches a method .and arrangement in which,
through the use of a distributed trellis encoder/Viterbi
decoder, the effects of many of these impairments can
be reduced. The invention in the Betts et al patent rec-
ognizes that a part of the reason that the performance of
the Viterbi decoder is degraded by these impgirments is
the fact that the noise comporients of channel symbols

.which closely follow one another in the transmission
channel are highly correlated for many types of impair-
ments. And it is that correlation which worsens the
cffect that these impairments have on the Viterbi de-
coder. Among the impairments whose noise is corre-
lated in this way are impulse noise, phase “hits” and
gain “hits.” All of these typically extend over a number
of adjacent channel symbols in the channel, and thus all

" result in channel symbol noise components which are
highly correlated, The well-known noise enhancement’
characteristics of linear equalizers also induce corre-
lated noise in adjacent channel symbols, as does uncom-
pensated-for phase jitter. Also, the occurrence of one of
the relatively high power points of the signa} constella-
tion can, in pulse code modulation (PCM) systems, for
example, give rise to noise on adjacent channel symbols
which, again, is correlated. :

The Betts et al patent addresses this issue by distribut-
ing the outgoing data to a plurality of trellis encoders in

10

2

pairs is reduced from what it would have otherwise
been. .

SUMMARY OF THE INVENTION

In accordance with the present invention, it has been
realized that the Viterbi decoder performance in a data
commuanication system using 2N-dimensional channel
symbols can be further enhanced by an intereaving
technique which uses, in combination, a) the aforemen-
tioned distributed trellis encoder/Viterbi decoder tech-
nique and b) a signal point interleaving technique which
causes the constituent signal points of the channel sym-
bols to be non-adjacent as they traverse the channel.

In preferred embodiments of the invention, the inter-
leaving is carried out in such a way that every N signal
point in the signal point stream traversing the channel is
the N signal point of a respective one of the channel
symbols. This criterion enhances the accuracy with
which the phase tracking loop in the receiver performs
its function.

Also in preferred embodiments, we have found that
the use of three parallel trellis encoders in conjunction
with 2 signal point interleaving regime in which the
signal points of each channél symbol are separated from
one another by three signaling intervals (bauds) pro-
vides an optimum or near-optimum tradeoff between
signal point/channel symbol separation and the decod-
ing delay that is caused by the interleaving.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing,

FIG. 1 is ablock diagram of the transmitter section of
a prior art modem;

FIG, 2 is shows a signal constellation used by the
transmitter of FIG. 1;

FIG. 3is a block diagram of the transmitter section of
a modem employing four-dimensional channel symbols
and embodying the principles of the invention;

FIG. 4 is a block diagram of the receiver section of a

40 modem embodying the principles of the invention

45

50

55

which processes the received four-dimensional channel
symbols generated by the transmitter of FIG. 3;

FIG. 5 is a signal point timing/sequencing chart help-
ful in explaining the principles of the present invention;

FIG. 6 is a signal point interleaver which can be used
in the transmitter of FIG. 3 to interleave the signal
poiats of eight-dimensional channel symbols; and

FIG. 7 is a signal point deinterleaver which can be
used in the receiver of FIG. 4 to deinterleave the signal
points of eight-dimensional channel symbols.

DETAILED DESCRIPTION

FIG. 1 depicts the transmitter section of a prior art
modem employing a 2N-dimensional signaling scheme,
NEZ1. The modem receives input information in the
form of a serial bit stream from data terminal equipment

" (DTE) 111—illustratively a host computer. That bit

60

round-robin fashion and interleaving the trellis encoder

outputs on the transmission channel. In the receiver, the
stream of received interleaved channel symbols is cor-
respondingly distributed to a plurality of trellis decod-
ers. Since the successive pairs of channel symhols ap-
plied to a particular trellis decoder are separated from
one another as they traverse the channel, the correla-
tion of the noise components of these channe! symbol

65

stream is then scrambled, or randomized, by randomizer
113 whose output bits are provided in setial form to
serial-to-parallel (S/P) converter 115.

Serial-to-parallel converter 115, in turn, provides,
during each of a succession of symbol intervals (com-
prised of N baud intervals), some predetermined num-
ber of parallel bits on lead 109 and some number of
parallel bits on lead 108. (It will be appreciated that
whenever bits are provided in paralle] in the modem,
separate leads are required to carry each of the bits.)
The bits on lead 109 are applied to trellis encoder 119q,
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and are referred to as the “trellis bits.” The bits on lead
108 arc applied to modulus converter 116, and are re-
ferred to as the “uncoded bits.”

To better understand how trellis encoder 119a and
modulus converter 116 work, reference is made to FIG. 5
2, which shows the two-dimensional signal constella-
tion that forms the basis of the 2N-dimensional signaling
scheme illustratively used by the modem. This constel-
lation is comprised of 32 signal points, which are di-
vided into four subsets, A throngh D, each comprised of 10
eight signal. points. The eight points of subset A are
explicitly labeled as Agthrough A7, It may be noted that
subsets C, B and D can be arrived at by clockwise rota-

- tion of subset A by 90, 180 and 270 degrees, Trespec-
tively. (Conventional differential encoding circuitry 15
within trellis encoder 119a exploits this symmetry.) For
reference, a single signal point of each of those subsets

is also shown on FIG. 2.

Consider, first, the case of N=1, i.e., a two-dimen-
sional signaling scheme. In this case, one trellis bit on 20
Jead 109 would be expanded to two bits by trellis en-
coder 119a on lead 121. The four possible values of
those three bits 00, 01, 10, and 11 ldentxfy subsets A, B,
C and D; respectively. The successive 2-bit- words on
Jead 121 are represented as ap, n=0,1,2. .., where nis 25
an index that advances at the baud rate, At the same
time, three parallel bits would be provided on lead 108.
These are converted by modulus converter 116 into an
index having a value within the range (decimal) 0 to 7.
The index value, represented in binary form on lead 30
117, selects a particular signal point from the subset
identified on lead 121. Thus if lead 121 carries the two
bits 00 while lead 117 carries the three bits 001, then
signal point Aj of the FIG. 2 constellation has been
sclected. The words on leads 117 and 121 are applied to 35
QAM encoder 124 which generates, on lead 125, values
representing the 1 (m-phaée) and Q (quadrature-phase)
components of s:gnal point A). The slgnal point gener- -
ated on lead 125 in the n' baud interval is denoted X2,
which is passed on to modulator 128 to generate a pass- 40
band line signal which is applied to the communication
channel. The superscript, a, indicates that the trellis
encoder that was used to identify the subset for any
particular signal point was trellis encoder 119a. That is,
of course, a trivial notation as far as FIG. 1 goes inas- 45
much as trellis encoder 119a is the only trellis encoder
in-the modem. However, it is useful to introduce this
notation because more than one trellis encoder stage is
used in preferred embodiments of modems mcorpomt»
ing the principles of the present invention as shown in 50
later FIGS.

In the case of N> 1, the operation is similar. Now,
however, the words on lead 109 are used by trellis en-
coder 119a to sequentially identify on lead 121N sub-
sets, while the words on lead 108 are used to generate N 55
correspondmg index values on lead 117. The N signal
pomts identified in this way are the component signal
points of 2 2N-dimensional channel symbo}, the first
such symbo] being comprised of the signal points X¢=, .

- X(n—-1)® For example, a2 modem in which the trans- 60
- mitter of FIG. 1-could be used may be a 14,400 bit per

. second modem using four-dimensional codmg @.c.,
N=2) and.a baud rate of 3200. In this case, nine bits
from S/P converter 115 are used for each four-dimen-
sional symbol. Specifically, three parallel bits on lead 65
109 are expanded into four bits on lead 121 to identify a
pair of subsets while six bits on lead 108 are used to
select particular signal points from those two subsets,

4
Those two signal points are thereupon communicated

. over the charinel by QAM encoder 124 and modulator

128 as described above,

Note that, implementationally, the 2N-dimensional
channel symbol is generated by having the trellis en-
cader identify, interdependently, N subsets of the two-
dimensional constellation of FIG. 2, then select a two-
dimensional signal point from each of the subsets thus
identified. The concatenation of the N two-dimensional
signal points thus selected is the desired 2N-dimensional
channel symbol. This process, however, can be under-
stood gs involving the direct selection of a 2N-dimen-
sional channel symbol. Viewed in this context, the set of
all possible combinations of N of the two-dimensional
subsets identified by N successive trellis encoder out-
puts can be understood to be a set of 2N-dimensional
subsets of a 2N-dimensional constellation, the latter
being comprised of all possible combinations of N of the
signal points of the two-dimensional constellation. A
succession of N outputs from the trellis encoder identi-

" fiesa pmicth one of the 2N-dimensional subsets and a

succession of N outputs from the modulus converter
selects a particular 2N-dimensional signal point from
the identified 2N-dimensional subset,

Modulus converter 116 is illustratively of the type
disclosed in co-pending, commonly-assigned -U.S. pa-
tent application Ser. No. 588,658 filed Sep. 26, 1990 and
allowed on May 21, 1991, hereby incorporated by refer-
ence. Modulus converter 116 provides the modem with
the ability to support data transmission at various differ-
ent bit rates. Assume, for example, that the rate at which
bits are provided by DTE 111 decreases. The serial-to-
parallel converter will continie to provide its outputs
on leads 108 and 109 at the same baud rate as before.
However, the upper limit of the range of index values
that are provided by modulus converter 116 on lead 117
will be reduced, so that, effectively, each of the four
subsets A through D, instead of having eight signal
points, will have some smaller number. Conversely if
the rate at which bits are provided by DTE 111 should
increase over that originally assumed, the upper limit of
the range of index values, and thus the number of paral-
Jel bits, that appear on lead 117 will be increased beyond
cight and the constellation itself will be expanded to
accommodate the larger number of signal points thus
being selected. As an alternative to using a modulus
converter, fractional bit rates can be supported using,
for example, the technique disclosed in L. Wei, “Trellis-
Coded Modulation with Multidimensional Constella-
tions,” IEEE Trans. on Communication Theorp, Vol.
IT-33, No. 4, July 1987, pp. 483-501.

Turning now to FIG. 3, the transmitter poruon ofa
modem embodying the principles of the invention is
shown. This embodiment illustratively uses the afore-
mentioned four-dimensional, ie., N=2, signaling
scheme. Many of the components are similar to those
shown in FIG. 1. Thus, in particular, the transmitter of
FIG. 3—which receives its input information in the
form of a stream of input bits from DTE 311—includes
randomizer 313, which supplies its output, on lead 314,
to S/P converter 315. The latter outputs uncoded bits to
modulus converter 316. The transmitter further in-
cludes four-dimensional QAM encoder 324 and modu-
lator 328. The trellis bits, on lead 309, are provided not
to a standard single trellis encoder, but to a distributed
trellis encoder comprised of three trellis encoder stages:
trellis encoder stage 319a, trellis encoder stage 3198,
and trellis encoder stage 319y.
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Such a distributed trellis encoder, which is described  the opposite function to interleaver 341 in the transmit-
in the aforementioned Betts et al patent, generates a  ter. The output of deinterleaver 441 on lead 442 is thus
plurality of streams of trellis encoded channel symbols  Xo%, X192, Xa8, X8, X7, Xsv, Kot . . ., etc. (Although
in response to respective portions of the input informa-  not explicitly shown in the drawing, the same well-
tion.’ Specifically, a three-bit word on lead 309 is sup- 5 known techniques used in modems of this general kind
plied to trellis encoder stage 319a. The next three-bit  to identify within the stream of received signal points
word on lead 309-is supplied to trellis encoder stage  the boundaries between successive symbols is used to
-3194. The next three-bit word is supplied to trellis en-  synchronize the operation of signal point deinterleaver
cader stage 319y, and then back to trellis encoder stage 441 to ensure that received signal points Xo®, X8, Xa¥
319a. This distribution of the trellis bits to the various 10 . . . are applied to delay element 4411 while received
trellis encoder stages is performed by switching circuit  signal points X;9, X38, Xsv. . . are applied to lead 4412.)
331 operating under the confrol of symbol clock 325. The received signal points on lead 442 are then dis-
The initial data word outputs of the trellis encoders are  tributed by switching circuit 431 under the control of
subset jdentifiers ap and o for encoder stage 319, 82  symbol clock 425 to a distributed Viterbi decoder com-
and B3 for encoder stage 3198, and y4 and s for en- 15 prised of 4D Viterbi decoder stages 419a, 4198 and
coder stage 319y, followed by ag and aj for encoder  419y. Specifically, received signal points X¢¢ and X;o
stage 319a, and so forth. These are supplied to four-di-  are applied to decoder stage 419a; received signal

-mensional QAM encoder 324 by switching circuit-  points %zﬁ and X3P are applied to decoder stage 4198;
337--also operating under the control of symbol clock  and received signal points X47 and XY are applied to
325—on lead 338 through a one-symbol delay 364 and 20 decoder stage 4197. The outputs of the three decoder
lead 363, in order to compensate for a one-symbol delay  stages are then combined into a serial stream on lead 438
caused by modulus converter 316. Thus, the stream of by switching circuit 437, also operating under the con-
subset identifiers on lead 338 is ag, @y, B2, B3, Y4 ¥s, as  trol of symbol clock 425. Those outputs, representing
-+« + . Using the notation introduced above, then, the  decisions as to the, values of the transmitted signal
output of encoder 324 on lead 325 is the stream of signal 25 points, are denoted Xo, X1, X2, X3, X4, X5, X, . . .., the
points Xg%, X128, X8, X38, Xqv, Xs¥, X¢=..., whichis a, B and y superscripts .no longer being needed.
comprised of three interleaved streams of trellis en- In conventional fashion, the bits that represent each
.coded channel symbols, these streams being Xo®, X9, of the decisions on lead 438 can be divided into bits that
X6, X198, X12%. .. ; X2P, X3B, XgB, XoB, X148 . ..;and  represent a) the trellis bits that appeared on transmitter
X4, XsY, Xio", Xu?, Xi6? . . . . These, in turn, are 30 lead 309 and b) the index values that appeared on trans-
supplied, in accordance with the invention, to signal  mitter lead 317. Fhose two groups of bits are provided
point interleaver 341 which applies alternate ones of the  in the receiver on leads 461 and 462, respectively. The
‘signal points applied thereto to lead 3412—which signal  latter group of bits are deconverted by modulus decon- -
points appear immediately at the interleaver ouiput on  verter 416 (also disclosed in the aforementioned 658
lead 342—and to one-symbol (Z—1) delay element 3411, 35 patent application) back to uncoded bit values on lead |
which appear on lead 342 after being delayed therein by - 414. The operation of the modulus deconverter imparts
one symbol interval. The resulting interleaved stream of 2 one-symbol delay to the bits on lead 414, Accordingly,
trellis encoded signal points is X¢®, X%, X28, X194,  the bits-on lead 461 are caused to be delayed by one
Xq7, X38, X¢2, Xs7, XsB, X7%, X107, XoB . . . (the signal  symbol by delay element 464. The resulting combined
point X_ ;7 being, of course, the signal point applied.to 40 bits on lead 415 thus represent the stream of bits that
interleaver 341 just ahead of signal point Xq2). appeared at the output of randomizer 313 in the trans-

A discussion and explanation of how the interleaving  mitter. These are derandomized in the receiver by
Just described is advantageous is set forth hereinbelow.  derandomizer 413 and the resulting derandomized bit
In order to fully set the stage for that explanation, how-  stream is applied to DTE 411 which may be, for exam-

_&ver, it will be first useful to consider the receiver sec- 45 ple, a computer terminal.
tion of a modem which receives the interleaved signal Referring to FIG. 5, onc can see the improvement
point streant, that is achieved by the present invention.

Thus referring to FIG. 4, the line signal transmitted Line I shows the stream of output signal points gener-
by the transmitter of FIG. 3 is received from the chan-  ated and launched into the channel using one stage of
nel and applied to demodulator/equalizer 455 which, in 50 trellis encoding and no signal point interleaving. This is,
conventionsl fashion—including an input from phase  of course, the prior art arrangement shown in FIG. 1.
tracking loop 457—generates a strezm of outputs on  Line II shows the effect of providing a three-stage dis-
lead 456 representing the demodulator/equalizer's best  tributed trellis encoder but still no signal point iater-
approximation of the values of the I and Q components  leaving. This is the arrangement shown in the aforemen-
of the signal points of the transmitted interleaved signal 55 tioned Betts et al patent. Note that the signal points of
point stream. These outputs are referred to hereinasthe  each channel symbol operated on by a particular trellis
“received signal points.” (Due to distortion and other  encoder stage are adjacent in the output signal point
channel impairments that the demodulator/equalizer is  stream. For example, the second signal point of the
not able to compensate for, the I and Q components of  symbol X8 Xj5—namely signal point X)2—is sepa-
_the received signal points, instead of having exact inte- 60 rated by five baud intervals from the first (closer) signal
ger values, can have any value. Thus a transmitted  point of the symbol X¢® X79—~namely signal point X2,
signal point having coordinates (3, —5) may be output  As noted earlier, such separation is advantageous be-
by the demodulator/equalizer as the. received signal  cause the channel symbols which are processed one
point (2.945, —5.001).) The stream of received signal  afier the other in a particular Viterbi decoder stage
ﬁoims on Jead 456 is denoted Xo2, X .17, X8, X128, X47, 65 have noise components which are not highly corre-

Jﬂv Xéav Xs'y. XBBo X-,a’ xlo”. XgB DRI lated. ’

The successive received signal points are deinter- Note, however, that the individual signal points of
leaved in signal point deinterleaver 441, which provides  each channel symbol, e.g., Xo® and X9, are adjacent to

-
th
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one another as they pass thraugh the channel; and since
all the signal points of a channel symbol must be pro-
cessed serially in the same Viterbi decoder stage, this
means that the Viterbi decoder must pracess adjacent

signal points that have highly correlated noise compo- §

nents.

"It is to this end that signal point interleaver 341 is
included withip the transmitter in accordance with the
invention. Firstly, it may be noted from Line I that

using the signal point interleaver without the distributed io

trellis encoder—an arrangement not depicted in the
drawing—will, advantageously, cause the signal points
from the same channel symbol to be non-adjacent.
Moreover, there is further advantage in that a pair of

. 8
signal points Xo% and X9, X¢® and X75—are now sepa-
rated by none baud intervals.
Using more than three trellis encoder stages in the

‘distributed trellis encoder and/or a signal point inter-

leaver that separates signal points from the same chan-
nel symbol by more than three baid intervals would
provide even greater separation and could, therefore,
potentially provide even greater improvement in
Viterbi decoding. However, such improvement comes
at a price—that price being increased decoding delay—.
particularly as the number of trellis encoders is in-
creased beyond three. An engineering trade-off can be
made, as suits any particular application.

Moreover, it is desirable for the signal point inter-

channel symbols processed serially by Viterbi decoder 15 leaver to provide a sequence in which every N signal

stage 419 traverses the channel separated by five baud
" intervals rather than three, thereby providing greater
decorrelation of the noise components thereof. Com-
pare, for example, the span of baud intervals occupied

by signal points Xo% and X9, X;%and X3%in Line I and 20

the span of baud intervals occupied by the same signal
points in Line II1. Disadvantageously, however, the use
of a single trellis encoding stage brings back the prob-
lem that the distributed trellis encoder solves, as de-

scribed above. Thus, for example, although signal 25

points Xo* and X2, which are from the same channel
symbol, are separated from one another when travers-
ing the channel, we find that, disadvantageously, signal
points X2 and X, which are signal points from two

different channel symbols which will be processed seri- 30_

ally by the Viterbi decoder, traverse the channel adja-
cent to one another.

Line IV shows that using the signal point interleaver
with a two-stage trellis encoder—also an arrangement

not depicted in the drawing——provides some improve- 35

ment. Firstly, it may be noted that, as in Line I1I, signal
points from the same channel symbol remain separated
by three baud intervals. Additionally, pairs of channel
symbols processed sequentially by a given Viterbi de-

coder stage—such as the channel symbols comprised of 40

signal points Xo® and X%, X4% and Xs-—are still non-
adjacent and, indeed, are now separated by seven baud
intervals, which is even greater than the separation of
five baud intervals provided in Line HI Moreover,

certain signal points that traverse the channel adjacent 45

to one another and which are from channel symbols
‘which would have been decoded sequentially in the
one-trellis-encoding-stage case are, in the two-trellis-
encoding-stage case of Line TV, processed by different

“Viterbi decoding stages. Signal points X8 and X;= are 50

such a pair of signal points. Note, however, that, disad-
vantageously, signal points Xy and X4@ traverse the
channel serially, and are from channel symbols which
are serially processed by the “a” Viterbi decoder stage.

Referring, however, to Line V, which depicts the $5

stream of signal points output by the transmitter of F1G,
* 3, it will be seen that, in accordance with the inverition,
there is still a non-adjacency—indeed, a separation of at
least three baud intervals—between ) the signal points

which belong to any particular channel symbol (and 60

which, therefore, are processed serially by a particuiar
- Viterbi decoder stage) and b) the signal points which
belong to channel symbols which are processed serially
by a Viterbi decoder stage. Thus, for example, signal

points X,® and X47 are now processed by different 65

Viterbi decoder stages. Moreover, pairs of channel
symbols processed sequentially by a given Viterbi de-
coder stage—such as the channel symbols comprised of

point in the interleaved signal point stream is the N
signal point of a channel symbol. (The reason this is
desirable is described in detail hereinbelow.) In the case
of an N=2, four-dimensional signaling scheme, this
means that every second, that is “every other,” signal
point in the interleaved stream is the second signal point
of the channel symbol from which it comes. In the case
of an N=4, cight-dimensional signaling scheme, this
means that every fourth signal point in the interleaved
stream is the fourth signal point of the channel symbol
from which it comes. Indeed, this criterion is in fact
satisfied in the embodiment of FIG. 3. Note that each
one of signal points Xo, X28, X47, X%, . . ., which
appear as every other signal point in the interleaved
stream, is the second signal point of one of the four-di-
mensional channel symbols. Note that not all rearrange-
ments of the signal points will, in fact, satisfy this crite-
rion, such as, if the two signal points of a channel sym-
bol are separated by two, rather than three, baud inter-
vals.

Satisfying the above criterion is advantageous be-

.cause it enhances the accuracy with. which phase track-

ing loop 457 performs its function, This is so because the
arrival of an N* signal point of a given symbol means
that all the signal points comiprising that channel symbol
have arrived. This, in.turn, makes it possible to form a
decision as to the identity of that channel symbol by
using the minimum accumulated path metric in the
Viterbi decoder stages. (Those decisions are fed back to
the tracking loop by decoder stages 419a, 4193 419y on
leads 494, 495 and 496, respectively, via switching cir-
cuit 456.) Without having received all of the signal
points of a channel symbol, one cannot take advantage
of the accumaulated path metric information but, rather,
maust rely on the so-called raw sliced values, which is
less accurate. By having every N signal point in the
interleaved stream be the N*! signal point of a channel
symbol; we are guaranteed that the time between adja-
cent such path metric “decisions” supplied to the phase
tracking loop is, advantageously, never more than N
baud intervals. .

The foregoing merely illustrates the principles of the
invention. Thus although the illustrative embodiment
utilizes a four-dimensional signaling scheme, the inven-
tion can be used with signaling schemes of any dimen-
sionality. In the general, 2N-dimensional, case each
stage of the distributed trellis encoder would provide N
two-dimensional subset identifiers to switching circuit
337 before the latter moves on to the next stage. And, of
course, each stage of the distributed Viterbi decoder
would receive N successive received signal points. The
distributed trellis-encoder and distributed Viterbi de-
coder can, however, continue to include three trellis
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encoders and still maintain, independent of the valoe of
N, a separation of three baud intervals in the channel
between signal points that are from channel symbols
that are adjacent in the trellis encoder. If a greater:sepa-

ration of such signal points is desired, more stages can S -

be added to the distributed trellis encoder/Viterbi de-
coder, just as was noted above for the four-dimensional
‘case. However, when dealing with 2N-dimensional
signaling where N> 2, it is necessary to add additional
delay elements to the signal point interleaver/deinter-
leaver in order to maintain a three-baud-interval separa-
tion among the signal points from any given channel
symbol.

Consider, for example, the case of N=4, i.e,, an cight-
dimensional case. Looking again at FIG. 3, the three
(8D) stages of the distributed trellis encoder would
generate the three streams of subset identifiers ag a1 a3
asan. .., BaBsBsBrPis. . . yand 39710711 Y20 -
+ « y Tespectively. This would lead to the following

“stream of signal points of eight-dimensional trellis en- 20
coded channel symbols at the output of the QAM en-
coder on lead 325: Xo= X X35 X3 X48 X8 X8 X2
Xg¥ Xo¥Xio¥ X117 X12% . . . Signal point interleaving
could be carried out by substituting signal point inter-
leaver 641 of FIG. 6 for interleaver 341. Interleaver 25
641, in addition to direct connection 6414, includes
one-, two-, and three-symbol delay elements 6413, 6412
and 6411, respectively.

- The signal points on lead 325, after passing through
interleaver 641, would appear on lead 342 in the follow- 30
ing order: Xo% X_37 X_¢f X_q¢% X8 X2 X_,7 X_sB
XaY XsP Xy® X_17 X122 Xo Xef X32 X168 X13¢ X1o¥
X78. .. where signal points with negative subscripts are,
of -course, signal points that arrived before signal point

. X¢* and were already stored in the delay elements 6411, 35

. 6412 and 6413. Examination of this signal point stream

will reveal that there is either a three- or five-baud
separation between signal points of channel symbols
that are processed sequentially by the same trellis en-

coder stage, e.g,, X3® and X;2% that adjacent signal 40

points of any one channel symbol, e.g., X¢®and X9, are
separated by five baud intervals; and that the foursignal

" points comprising any particular one channel symbol

are separated by fifteen baud intervals.

10

FIG. 7 shows the structure of a deinterleaver 741 that 45 .

could be used in the receiver of FIG. 4 in place of dein-
terleaver 441 in order to restore the signal points of the
cight-diménsional channel symbols to their ariginal
order, This structure, which is the inverse of interleaver
641, includes delay stages 7411, 7412 and 7413, as well 50
as direct connection 7414.

1t will be appreciated that, although various compo-
nents of the modem transmitter and receiver are dis-
closed herein for pedagogic clarity as discrete func-
tional elements and indeed—in the case of the various 55
switching circuits—as mechanical elements, those
skilled in the art will recognize that the function of any
one or more of those elements could be implemented
with any appropriate available technology, including
one or more appropriately programmed processors, 60
digital signal processing (DSP) chips, etc. For example,
. multiple trellis encoders and decoders can be realized
using a single program routine which, through the
‘mechanism of indirect addressing of multiple arrays
within memory, serves to provide the function of each 65
of the multiple devices.

Tt will thus be appreciated-that those skilied in the art
will be able to devise nuinerous arrangements which,

10
aithough not explicitly shown- or described herein, em-
body the principles of the invention and are within its
spirit and scope.
We claim:
1, Apparatus for forming a stream of trellis encoded
signal points in response to input information, said appa-
ratus comprising
means for generating a plurality of streams of trellis
encoded channel symbols in response to respective
portions of said input information, each of said
channel symbols being comprised of a plurality of
sighal points, and
means for interleaving the signal points of said gener-
ated channel symbols to form said stream of trellis
encoded signal points, said-interleaving being car-
ried out in such a way that the signal points of each
channel symbol are non-adjacent in said stream of
trellis encoded signal points and such that the sig-
nal points of adjacent symbols in any one of said
channel symbol streams are non-adjatent in said
stream of trellis encoded signal points.
2. The apparatus of claim 1 wherein said means for
generating generates three of said streams of trellis en--
coded channel symbols, and wherein said means for
interleaving causes there to be interleaved between
each of the signal points of each channel symbo! at least
two signal points from other channel symbols of said
streams of trellis encoded channel symbols. .
3. The apparatus of claim 1 wherein said channel
symbols are 2N-dimensional chaunel symbols, N> 1,
and wherein said means for interleaving causes every
Nr#signal point in said interleaved signal point stream to
be the N signal point of a respective one of ssid chan-
nel symbols.
4. The apparatus of claim 2 wherein said channel
symbols are 2N-dimensional channel symbols, N> 1,
and wherein said means for interleaving causes every
Nk signal point in said interleaved signal point stream to
be the N* signal point of a respective one of said chan-
nel symbols.
5. A modem comprising
means for receiving a stream of input bits,
means for dividing said stream of input bits into a
stream of uncoded bits and a plurality of streams of
trellis bits, .

means for independently trellis encoding each of said
plurality of streams of trellis bits to generate re-
spective streams of data wiords each identifying one
of a plurality of predetermined subsets of the chan-
ne] symbols of a predetermined 2N-dimensional
constéllation, N being an integer greater than
unity, each of said channel symbols being com-
-prised of & plurality of signal points,

means for selecting an individual channel symbol
from each identified subset in response to said
stream of uncoded bits to form a stream of channel
symbols, and

means for generating a stream of output signal points,

said signal point stream being comprised of the
signal points of the selected channel symbols, the
signal points of said signal point stream being se-
quenced in such a way that signal points that are
either g) part of the same channel symbol, or b) part
of channel symbols that are adjacent to one another
in said channel symbol stream, are separated in said
output stream by at least one other signal point.

6. The apparatus of claim 5 wherein said trellis encod-
ing means includes a plurality of trellis encoder stage



Case 1:06-cv-00727-GMS Document 1 Filed 12/01/06 Page 16 of 17 PagelD #: 19

5,243,627

: 11
means for trellis encoding respective ones of said
‘streams of trellis bits. .

7. The apparatus of claim § whercin said means for
selecting includes means for modulus converting said
stream of uncoded bits,

8. The apparatus of claim 5 wherein said channel
symbols are 2N-dimensional channe! symbols, N> 1,
and wherein said means for generating causes every N
signal point in said stream of output signal points to be

12
the N** signal point of a respective one of said channel
symbols. . .

14. The method of claim 12 wherein said channel
symbols are IN-dimensional channel symbols, N>1,
and wherein said interleaving step causes every Nrh
signal point in said interleaved signal point stream to be
the N* signal point of a respective one of said channel
symbols, '

15. A method for use it a modem, said method com-

the N signal point-of a respective one of said channel 10 prising the steps of

" symbols.

9. Receiver apparatus for -recovering information
from a received stream of trellis encoded signal points,
-said signal points having been transmitted to said re-

ceiver apparatus by transmitter apparatus which gener- 15

ates said -signal points by generating a plurality of
streams of trellis encoded channel symbols in response
to respective portions of said information, each of said
channel symbols being comprised of a plurglity of signal

points, and by interleaving the signal points of-said 20

generated channel symbols to form said stream of trellis
encoded signal points, said interleaving being carried
out in such a way that the signal points of each channel
symbol are non-adjacent in said stream of trellis en-
coded signal points and such that the signal points of
adjacent symbols in any one of said channel symbol
streams are non-adjacent in sajd stream of trellis en-
coded signal points,
said receiver apparatus comprising

means for deinterleaving the interleaved signal points %

to recover said plurality of streams of trellis en-
coded channel symbols, and

a distributed Viterbi decoder for recovering said

information from the deinterleaved signal points.

10. The apparatus of claim 9 further comprising

a phase tracking loop, and '

means for-adapting the operation of said phase track-

ing loop in response to minimum accumulated path
metrics in said distributed Viterbi decoder.

11. A method for forming a stream of trellis encoded
signal points in response to input information, said
method comprising the steps of

generating a plurality of streams of trellis encoded

channel symbols in response to respective portions 45

of said input information, each of said. channel
symbols being comprised of a plurality of signat
points, and :

interleaving the signal points of said generated chan-

nel symbols to form said stream of trellis encoded g

signal points, said interleaving being carried out in
such a way that the signal points of each channel
symbol are non-adjacent in said stream of trellis
encoded signal points and such that the signal

points of adjacent symbols in any one of said chan- ss

nel symbol streams are non-adjacent in said stream

of trellis encoded signal points.
12. The method of claim 11 wherein said generating
step generates three of said streams of trellis encoded

channel symbols, and wherein said interleaving step 60

" causes there to be interleaved between each of the sig-
nal points of each channel symbol at least two signal
points from -other channel symbols of sald streams of

“trellis encoded channel symbols, i

13. The method of claim 11 wherein said channel 6%

symbols are 2N-dimensional channel symbols, N> 1,
and wherein said interleaving step causes every N
signal point in said interleaved signal point stream to be

receiving a stream of input bits,
dividing said stream of input bits into a stream of
" uncoded bits and a plurality of streams of trellis

. bits, .

independently trellis encoding each of said plurality
of streams: of trellis bits to generate respective
stréams of data words each identifying one of &
plurality of predetermined subsets of the channel
symbols of a predétermined 2N-dimensional con-
stellation, N being an integer greater than unity,
each of said channel symbols being comprised of a
plurality of signal points,

selecting an individual channel symbol from each

identified subset in response to said stream of un-
coded bits to form a stream of channel symbols,
and

generating a stream of output signal points, said signal

point stream being comprised of the signal points of
the selected channel symbols, the signal points of
said signal point stream being sequenced in such 2
way that signal points that are either a) part of the
same channel symbol, or b) part of channel symbols
that are adjacent to one another in said channel
symbol stream, are separated in said output stream
by at least one other signal point.

16. The method of claim IS wherein in said trellis
encoding step a plurality of trellis encoder stages trellis
cncode respective ones of said streams of trellis bits.,

17. The method of claim 15 wherein said selecting

40 step includes the step of modalus converting said stream

of ncoded bits.

18. The method of claim 15 wherein said channel
symbols are 2N-dimensional channel symbols, N> 1,
and wherein said generating step causes every N'isignal
point in said stream of output signal points to be the N

- signal point of a respective ane of said channel symbols.

" 19. A method for use in a receiver to recover infor-
mation from a received stream of trellis encoded signal
points, said signal points having been transmitted to said
receiver apparatus by a method which includes the
stepsof |
generating a plurality of streams of -trellis encoded
channel symbols in response to respective portions
of said information, each of said channel symbols
being comprised of a phirality of signal points, and
interleaving the signal points of said generated chan-
nel symbols to form said stream of trellis encoded
signal points, said interleaving being carried out in
such a way that the signal points of each channel
syimbol are non-adjacent in said stream of trellis
encoded signal points and such that the signal
points of adjacent symbols in any one of said chan-
nel symbol streams are non-adjacent in said stream
of trellis encoded signal points,
said method comprising the steps of
deinterleaving the interleaved signal points to re-
cover said plurality of streams of trellis encoded
channel symbols, and
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using a distributed Viterbi decoder to recover said means for receiving the stream of trellis encoded
information from the deinterleaved signal points. signal points from the channel,
20. The method of claim 19 wherein said receiver means for deinterleaving the interleaved signal points
" includes a phase fracking loop and wherein said method - to recover said plurality of streams of trellis en-
comprises the further step of adapting the operation of $ coded channet symbols, and

said phase tracking loop in response to minimum accu- a distributed Viterbi decoder for recovering said
"'mulated path metrics in said distributed Viterbi de- information from the}iemzcrlcavefi s:g_nal points.
coder. ) . 22, Thc apparatus o&:lax%f 21 .}.Vherem san:lf me?lz_ls for
21. Data communication apparatus comprisin generating generates three of said streams of trellis en-
means for receiving input information, prising 10 coded channel symbols, and wherein said means for

means for generating 4 plurality of streams of trellis
encoded channel symbols in response to respective
portions of said input information, each of said
channel symbols being comprised of a plurality of
signal points,

means for interleaving the signal points of said gener-
ated channel symbols to form a stream of trellis
encoded signal points, said interleaving being car-
ried out’in such a way that the signal points of each g
channel symbol are non-adjacent in said stream of
trellis encoded signal points and such that the sig-
nal points of adjacent symbols in any one of said
channel symbol streams are non-adjacent in said

- stream of trellis encoded signal points, 25

means for applying the stream of trellis encoded sig-

nal points to a transmission channel,

5

s

45

55

65

interleaving causes there to.be interleaved between
each of the signal points of each channel symbol at least
two signal points from other channel symbols of said
streams of trellis encoded channel symbols.

23, The apparatus of claim 21 wherein said channel
symbols are 2N-dimensional channel symbols, N> 1,
and wherein said means for interleaving causes every
N signal point in said interleaved signal point stream to
be the N signa} point of a respective one of said chan-
nel symbols.

24. The apparatus of claim 22 wherein said channel
symbols are 2N-dimensional channel symbols, N> 1,
and wherein said means for interleaving causes every
N#signal point in said interleaved signal point stream to
be the N*# signal point of a respective one of said chan-
nel symbols.
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