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1
SYSTEM AND METHOD OF
COMMUNICATION USING AT LEAST TWO
MODULATION METHODS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 11/774,803, filed on Jul. 9, 2007, which is a continuation
of U.S. application Ser. No. 10/412,878, filed Apr. 14, 2003,
which is a continuation-in-part of U.S. application Ser. No.
09/205,205, filed Dec. 4, 1998, and which claims priority to
and the benefit of the filing date of U.S. Provisional Applica-
tion No. 60/067,562, filed Dec. 5, 1997, each of which is
incorporated by reference herein.

TECHNICAL FIELD

The present invention relates generally to the fields of data
communications and modulator/demodulators (modems),
and, more particularly, to a data communications system in
which a plurality of modulation methods are used to facilitate
communication among a plurality of modem types.

BACKGROUND

In existing data communications systems, a transmitter and
receiver modem pair can successfully communicate only
when the modems are compatible at the physical layer. That
is, the modems must use compatible modulation methods.
This requirement is generally true regardless of the network
topology. For example, point-to-point, dial-up modems oper-
ate in either the industry standard V.34 mode or the industry
standard V.22 mode. Similarly, in a multipoint architecture,
all modems operate, for example, in the industry standard
V.27bis mode. While the modems may be capable of using
several different modulation methods, a single common
modulation is negotiated at the beginning of a data session to
be used throughout the duration of the session. Should it
become necessary to change modulation methods, the exist-
ing data session is torn down, and a new session is negotiated
using the new modulation method. Clearly, tearing down an
existing data session causes a significant disruption in com-
munication between the two modems.

As discussed in the foregoing, communication between
modems is generally unsuccessful unless a common modu-
lation method is used. In a point-to-point network architec-
ture, if a modem attempts to establish a communication ses-
sion with an incompatible modem, one or both of the modems
will make several attempts to establish the communication
link until giving up after a timeout period has expired or the
maximum number of retry attempts has been reached. Essen-
tially, communication on the link is impossible without
replacing one of the modems such that the resulting modem
pair uses a common modulation method.

In a multipoint architecture, a single central, or “master,”
modem communicates with two or more tributary or “trib”
modems using a single modulation method. If one or more of
the trib modems are not compatible with the modulation
method used by the master, those tribs will be unable to
receive communications from the master. Moreover, repeated
attempts by the master to communicate with the incompatible
trib(s) will disturb communications with compatible trib(s)
due to time wasted in making the futile communication
attempts.

Thus, communication systems comprised of both high per-
formance and low or moderate performance applications can
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be very cost inefficient to construct. For example, some appli-
cations (e.g., internet access) require high performance
modulation, such as quadrature amplitude modulation
(QAM), carrier amplitude and phase (CAP) modulation, or
discrete multitone (DMT) modulation, while other applica-
tions (e.g., power monitoring and control) require only mod-
est data rates and therefore a low performance modulation
method. All users in the system will generally have to be
equipped with a high performance modem to ensure modu-
lation compatibility. These state of the art modems are then
run at their lowest data rates for those applications that require
relatively low data throughput performance. The replacement
of inexpensive modems with much more expensive state of
the art devices due to modulation compatibility imposes a
substantial cost that is unnecessary in terms of the service and
performance to be delivered to the end user.

Accordingly, what is sought, and what is not believed to be
provided by the prior art, is a system and method of commu-
nication in which multiple modulation methods are used to
facilitate communication among a plurality of modems in a
network, which have heretofore been incompatible.

SUMMARY

The present invention disclosed herein includes communi-
cation systems, devices, and methods. For example, a device
may be capable of communicating according to a master/
slave relationship in which a communication from a slave to
a master occurs in response to a communication from the
master to the slave. The device may include a transceiver in
the role of the master for sending transmissions modulated
using at least two types of modulation methods, for example
a first modulation method and a second modulation method.
The first modulation method may be of a different type than
the second modulation method. The transmissions may be
groups of transmission sequences. A group may be structured
with a first portion and a payload portion. First information in
the first portion may indicate which of the first modulation
method or the second modulation method is used for modu-
lating second information in the payload portion. The trans-
missions may be addressed for an intended destination of the
payload portion. First information in a transmission that
includes an address for an intended destination may include a
first sequence in the first portion that is modulated according
to the first modulation method and that indicates an impend-
ing change from the first modulation method to the second
modulation method. Second information in a transmission
that includes an address for an intended destination may
include a second sequence in the payload portion that is
modulated according to the second modulation method. The
second sequence may be transmitted after the first sequence.

The present invention has many advantages, a few of which
are delineated hereafter as merely examples.

One advantage of the present invention is that it provides to
the use of a plurality of modem modulation methods on the
same communication medium.

Another advantage of the present invention is that a master
transceiver can communicate seamlessly with tributary trans-
ceivers or modems using incompatible modulation methods.

Other features and advantages of the present invention will
become apparent to one with skill in the art upon examination
of the following drawings and detailed description. It is
intended that all such additional features and advantages be
included herein within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be better understood with refer-
ence to the following drawings. The components and repre-
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sentations in the drawings are not necessarily to scale, empha-
sis instead being placed upon clearly illustrating the
principles of the present invention. Moreover, in the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

FIG. 1 is a block diagram of a prior art multipoint commu-
nication system including a master transceiver and a plurality
of tributary transceivers;

FIG. 2 is a ladder diagram illustrating the operation of the
multipoint communication system of FIG. 1;

FIG. 3 is a block diagram of a master transceiver and
tributary transceiver for use in the multipoint communication
system of FIG. 1 in accordance with the principles of the
present invention;

FIG. 4 is a block diagram of a multipoint communication
system including the master transceiver and a plurality of
tributary transceivers of the type illustrated in FIG. 3;

FIG. 5 is a ladder diagram illustrating the operation of the
multipoint communication system of FIG. 4;

FIG. 6 is a state diagram for a tributary transceiver of FIGS.
3-5 using a secondary modulation method in accordance with
the principles of the present invention;

FIG. 7 is a state diagram for a tributary transceiver of FIGS.
3-5 using a primary modulation method in accordance with
the principles of the present invention; and

FIG. 8 is a signal diagram for an exemplary transmission
according to an embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

While the invention is susceptible to various modifications
and alternative forms, a specific embodiment thereof'is shown
by way of example in the drawings and will herein be
described in detail. It should be understood, however, that
there is no intent to limit the invention to the particular form
disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the claims.

With reference to FIG. 1, a prior art multipoint communi-
cation system 22 is shown to comprise a master modem or
transceiver 24, which communicates with a plurality of tribu-
tary modems (tribs) or transceivers 26-26 over communica-
tion medium 28. Note that all tribs 26-26 are identical in that
they share a common modulation method with the master
transceiver 24. Thus, before any communication can begin in
multipoint system 22, the master transceiver and the tribs
26-26 must agree on a common modulation method. If a
common modulation method is found, the master transceiver
24 and a single trib 26 will then exchange sequences of
signals that are particular subsets of all signals that can be
communicated via the agreed upon common modulation
method. These sequences are commonly referred to as train-
ing signals and can be used for the following purposes: 1) to
confirm that the common modulation method is available, 2)
to establish received signal level compensation, 3) to estab-
lish time recovery and/or carrier recovery, 4) to permit chan-
nel equalization and/or echo cancellation, 5) to exchange
parameters for optimizing performance and/or to select
optional features, and 6) to confirm agreement with regard to
the foregoing purposes prior to entering into data communi-
cation mode between the users. In a multipoint system, the
address of the trib with which the master is establishing
communication is also transmitted during the training inter-
val. At the end of a data session a communicating pair of
modems will typically exchange a sequence of signals known
as trailing signals for the purpose of reliably stopping the
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session and confirming that the session has been stopped. Ina
multipoint system, failure to detect the end of a session will
delay or disrupt a subsequent session.

Referring now to FIG. 2, an exemplary multipoint commu-
nication session is illustrated through use of a ladder diagram.
This system uses polled multipoint communication protocol.
That is, a master controls the initiation of its own transmission
to the tribs and permits transmission from a trib only when
that trib has been selected. At the beginning of the session, the
master transceiver 24 establishes a common modulation as
indicated by sequence 32 that is used by both the master 24
and the tribs 264, 265 for communication. Once the modula-
tion scheme is established among the modems in the multi-
point system, The master transceiver 24 transmits a training
sequence 34 that includes the address of the trib that the
master seeks to communicate with. In this case, the training
sequence 34 includes the address of trib 26a. As a result, trib
26b ignores training sequence 34. After completion of the
training sequence 34, master transceiver 24 transmits data 36
to trib 264 followed by trailing sequence 38, which signifies
the end of the communication session. Similarly, with refer-
ence to FIG. 8, the sequence 170 illustrates a Type A modu-
lation training signal, followed by a Type A modulation data
signal. Note that trib 265 ignores data 36 and trailing
sequence 38 as it was not requested for communication dur-
ing training sequence 34.

At the end of trailing sequence 38, trib 264 transmits train-
ing sequence 42 to initiate a communication session with
master transceiver 24. Because master transceiver 24 selected
trib 26a for communication as part of training sequence 34,
trib 26a is the only modem that will return a transmission.
Thus, trib 26a transmits data 44 destined for master trans-
ceiver 24 followed by trailing sequence 46 to terminate the
communication session.

The foregoing procedure is repeated except master trans-
ceiver identifies trib 265 in training sequence 48. In this case,
trib 264 ignores the training sequence 48 and the subsequent
transmission of data 52 and trailing sequence 54 because it
does not recognize its address in training sequence 48. Master
transceiver 24 transmits data 52 to trib 265 followed by trail-
ing sequence 54 to terminate the communication session.
Similarly, with reference to FIG. 8, sequence 172 illustrates a
Type A modulation signal, with notification of a changes to
Type B, followed by a Type B modulation data signal. To send
information back to master transceiver 24, trib 265 transmits
training sequence 56 to establish a communication session.
Master transceiver 24 is conditioned to expect data only from
trib 265 because trib 265 was selected as part of training
sequence 48. Trib 265 transmits data 58 to master transceiver
24 terminated by trailing sequence 62.

The foregoing discussion is based on a two-wire, half-
duplex multipoint system. Nevertheless, it should be under-
stood that the concept is equally applicable to four-wire sys-
tems.

Consider the circumstance in which master transceiver 24
and trib 265 share a common modulation type A while trib
26a uses a second modulation type B. When master trans-
ceiver attempts to establish A as a common modulation dur-
ing sequence 32, trib 26a will not be able to understand that
communication. Moreover, trib 26a will not recognize its
own address during training interval 34 and will therefore
ignore data 36 and trailing sequence 38. Master transceiver 24
may time out waiting for aresponse from trib 26a because trib
26a will never transmit training sequence 42, data 44, and
trailing sequence 46 due to the failure of trib 264 to recognize
the communication request (training sequence 34) from mas-
ter transceiver 24. Thus, if the tribs in a multipoint commu-
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nication system use a plurality of modulation methods, the
overall communication efficiency will be disrupted as spe-
cific tribs will be unable to decipher certain transmissions
from the master transceiver and any unilateral transmission
by a trib that has not been addressed by the master transceiver
will violate the multipoint protocol.

As discussed hereinbefore, however, it is desirable to
design a multipoint communication system comprising tribs
that use a plurality of modulation methods. For example, one
moderately priced trib may be used to communicate at a
relatively high data rate for some applications, such as Inter-
net access, while another, lower priced, trib is used to com-
municate at a lower data rate for other applications, such as
power monitoring and control. The needs of these different
applications cannot be efficiently met by a single modulation.
While it is possible to use high performance tribs running
state of the art modulation methods such as QAM, CAP, or
DMT to implement both the high and low data rate applica-
tions, significant cost savings can be achieved if lower cost
tribs using low performance modulation methods are used to
implement the lower data rate applications.

A block diagram of a master transceiver 64 in communi-
cation with a trib 66 in accordance with the principles of the
present invention is shown in FIG. 3. Master transceiver 64
comprises a central processing unit (CPU) 68 in communica-
tion with modulator 72, demodulator 74, and memory 76.
Memory 76 holds software control program 78 and any data
necessary for the operation of master transceiver 64. Control
program 78 includes logic for implementing a plurality of
modulation methods. For purposes of illustration, control
program 78 can implement both a type A and a type B modu-
lation through modulator 72 and demodulator 74.

Trib 66 comprises CPU 82 in communication with modu-
lator 84, demodulator 86, and memory 88. Memory 88, like-
wise holds software control program 92 and any data neces-
sary for the operation of trib 66. Control programs 78 and 92,
are executed by CPUs 68 and 82 and provide the control logic
for the processes to be discussed herein. Control program 92
includes logic for implementing a particular modulation
method, which, for purposes of illustration, is called type X
Inasmuch as master transceiver 64 is capable of running
either a type A or a type B modulation method, type X refers
to one of those two modulation methods. The master trans-
ceiver 64 communicates with trib 66 over communication
medium 94.

Referring now to FIG. 4, a multipoint communication sys-
tem 100 is shown comprising a master transceiver 64 along
with a plurality of tribs 66-66. In this example, two tribs
66a-66a run a type A modulation method while one trib 665
runs a type B modulation method. The present invention
permits a secondary or embedded modulation method (e.g.,
type B) to replace the standard modulation method (e.g., type
A) after an initial training sequence. This allows the master
transceiver 64 to communicate seamlessly with tribs of vary-
ing types.

The operation of multipoint communication system 100
will be described hereafter with reference to the ladder dia-
gram of FIG. 5 and the state diagrams of FIGS. 6 and 7. A
communication session between the master transceiver 64
and a type B trib 665 will be discussed first. A state diagram
for a type B trib 6654 is shown in FIG. 6. Type B trib 665 is
initialized in state 102 in which type A modulation transmis-
sions are ignored. In the present example, the primary modu-
lation method is type A, thus, as shown in FIG. 5, master
transceiver 64 establishes type A as the primary modulation in
sequence 104. Note that because trib 665 responds only to
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type B modulation transmissions, only the type A tribs 66a-
664 are receptive to transmission sequence 104.

To switch from type A modulation to type B modulation,
master transceiver 64 transmits a training sequence 106 to
type A tribs 664 in which these tribs are notified of an impend-
ing change to type B modulation. The switch to type B modu-
lation could be limited according to a specific time interval or
for the communication of a particular quantity of data. After
notifying the type A tribs 664 of the change to type B modu-
lation, master transceiver 64, using type B modulation, trans-
mits data along with an address in sequence 108, which is
destined for a particular type B trib 665. The type B trib 665
targeted by the master transceiver 64 will transition to state
112 as shown in FIG. 6 upon detecting its own address where
it processes the data transmitted in sequence 108.

After completing transmission sequence 108, master trans-
ceiver 64 transmits a trailing sequence 114 using type A
modulation thus notifying all type A tribs 66a that type B
modulation transmission is complete. [f master transceiver 64
has not transmitted a poll request to the type B trib 665 in
sequence 108, then the type B trib 665 that was in communi-
cation with the master transceiver 64 will return to state 102
after timing out based on the particular time interval defined
for the type B modulation transmission or transfer of the
particular quantity of data. Note that the trailing sequence 114
is ineffective in establishing the termination of a communi-
cation session between master transceiver 64 and a type B trib
665 because the trailing sequence is transmitted using type A
modulation.

If, however, master transceiver 64 transmitted a poll
request in sequence 108, then the type B trib 665 transitions to
state 116 where it will transmit data, using type B modulation,
to master transceiver 64 in sequence 118. After completion of
this transmission, the type B trib 665 returns to state 102
where type A transmissions are ignored.

With reference to FIG. 5 and FIG. 7, a communication
session between the master transceiver 64 and a type A trib
66a will now be discussed. A state diagram for a type A trib
664 is shown in FIG. 7. A type A trib 664 is initialized in state
122 in which it awaits a type A modulation training sequence.
If, however, master transceiver transmits a training sequence
in which the type A tribs 66a-66a are notified of a change to
type B modulation as indicated by sequence 106, then a
transition is made to state 124 where all type B transmissions
are ignored until a type A modulation trailing sequence (e.g.,
sequence 114) is detected. Upon detecting the type A trailing
sequence, atype A trib 66a returns to state 122 where it awaits
a training sequence.

To initiate a communication session with a type A trib 66a,
master transceiver 64 transmits a training sequence 126 in
which an address of a particular type A trib 664 is identified.
The identified type A trib 66a recognizes its own address and
transitions to state 128 to receive data from master transceiver
64 as part of sequence 132.

After completing transmission sequence 132, master trans-
ceiver 64 transmits a trailing sequence 134 using type A
modulation signifying the end of the current communication
session. If master transceiver 64 has not transmitted a poll
request to the type A trib 66« in sequence 132, then the type
A trib 664 that was in communication with the master trans-
ceiver 64 will return to state 122 after receiving trailing
sequence 134.

If, however, master transceiver 64 transmitted a poll
request in sequence 132, then the type A trib 664 transitions to
state 136 after receiving trailing sequence 134 where it will
transmit training sequence 138, followed by data sequence
142, and terminated by trailing sequence 144 all using type A
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modulation. After completion of these transmissions, the type
A trib 66a returns to state 122 to await the next type A
modulation training sequence by master transceiver 64.

The control programs 78 and 92 of the present invention
can be implemented in hardware, software, firmware, or a
combination thereof. In the preferred embodiment(s), the
control programs 78 and 92 are implemented in software or
firmware that is stored in a memory and that is executed by a
suitable instruction execution system.

The control programs 78 and 92, which comprise an
ordered listing of executable instructions for implementing
logical functions, can be embodied in any computer-readable
medium foruse by or in connection with an instruction execu-
tion system, apparatus, or device, such as a computer-based
system, processor-containing system, or other system that
can fetch the instructions from the instruction execution sys-
tem, 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, propa-
gate, or transport the program for use by or in connection with
the instruction execution system, apparatus, or device. The
computer readable medium can be, for example but not lim-
ited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, device, or
propagation medium. More specific examples (a nonexhaus-
tive 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 ran-
dom access memory (RAM) (magnetic), a read-only memory
(ROM) (magnetic), an erasable programmable read-only
memory (EPROM or Flash memory) (magnetic), an optical
fiber (optical), 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
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.

In concluding the detailed description, it should be noted
that it will be obvious to those skilled in the art that many
variations and modifications can be made to the preferred
embodiment without substantially departing from the prin-
ciples of the present invention. All such variations and modi-
fications are intended to be included herein within the scope
of the present invention, as set forth in the following claims.
Further, in the claims hereafter, the corresponding structures,
materials, acts, and equivalents of all means or step plus
function elements are intended to include any structure, mate-
rial, or acts for performing the functions with other claimed
elements as specifically claimed.

What is claimed:

1. A communication device capable of communicating
according to a master/slave relationship in which a slave
communication from a slave to a master occurs in response to
a master communication from the master to the slave, the
device comprising:

a transceiver, in the role of the master according to the
master/slave relationship, for sending at least transmis-
sions modulated using at least two types of modulation
methods, wherein the at least two types of modulation
methods comprise a first modulation method and a sec-
ond modulation method, wherein the second modulation
method is of a different type than the first modulation
method, wherein each transmission comprises a group
of transmission sequences, wherein each group of trans-
mission sequences is structured with at least a first por-
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tion and a payload portion wherein first information in
the first portion indicates at least which of the first modu-
lation method and the second modulation method is used
for modulating second information in the payload por-
tion, wherein at least one group of transmission
sequences is addressed for an intended destination ofthe
payload portion, and wherein for the at least one group
of transmission sequences:

the first information for said at least one group of transmis-

sion sequences comprises a first sequence, in the first
portion and modulated according to the first modulation
method, wherein the first sequence indicates an impend-
ing change from the first modulation method to the sec-
ond modulation method, and

the second information for said at least one group of trans-

mission sequences comprises a second sequence that is
modulated according to the second modulation method,
wherein the second sequence is transmitted after the first
sequence.

2. The device of claim 1, wherein the transceiver is config-
ured to transmit a third sequence after the second sequence,
wherein the third sequence is transmitted in the first modula-
tion method and indicates that communication from the mas-
ter to the slave has reverted to the first modulation method.

3. The device of claim 1, wherein the transceiver is config-
ured to transmit the second sequence according to a specific
time interval.

4. The device of claim 1, wherein the transceiver is config-
ured to transmit the second sequence according to a particular
quantity of data.

5. The device of claim 1, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transceiver to transmit the first sequence and the second
sequence.

6. The device of claim 5, wherein the memory comprises an
erasable programmable read-only memory.

7. The device of claim 5, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

8. The device of claim 5, wherein the memory comprises
random access memory.

9. The device of claim 5, wherein the memory comprises
read-only memory.

10. The device of claim 5, wherein the memory has stored
therein program code for operating the transceiver in a mul-
tipoint master/slave relationship.

11. The device of claim 1, wherein the first communication
from the master to the slave is a poll in accordance with a
multipoint communications relationship, wherein the poll
indicates that the master has selected the slave for transmis-
sion.

12. The device of claim 1, wherein the transceiver is con-
figured to be the master.

13. The device of claim 1, wherein the first information in
the first portion indicates the first modulation method when
the intended destination is a first type of receiver and indicates
the second modulation when the intended destination is a
second type of receiver.

14. The device of claim 13, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being designated for transmitting in
the second modulation method.

15. The device of claim 13, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being operable to ignore transmis-
sions intended for the first type of receiver.
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16. The device of claim 15, wherein the intended destina-
tion ignores transmissions in the second modulation when the
intended destination is the first type of receiver.

17. The device of claim 15, wherein the intended destina-
tion ignores transmissions in the first modulation when the
intended destination is the second type of receiver.

18. The device of claim 15, wherein the intended destina-
tion is the first type of receiver and unable to demodulate the
second modulation method.

19. The device of claim 13, wherein the transceiver is
configured to receive data from the intended destination in the
first modulation method when the intended destination is the
first type of receiver.

20. The device a claim 13, wherein the transceiver is con-
figured to receive data from the intended destination in the
second modulation method then the intended destination is
the second type of receiver.

21. The device of claim 1, the transceiver is configured to
transmit a third sequence, according to the first modulation
method, at a time after the second sequence is transmitted.

22.The device of claim 1, wherein the transceiver transmits
data modulated according to either the first modulation
method or the second modulation method at any given point
in time when the transceiver is transmitting.

23. A communications device, comprising:

a processor; and

amemory having stored therein executable instructions for

execution by the processor, wherein the executable
instructions direct transmission of a first data with a first
modulation method followed by a second data with a
second modulation method, wherein the first modula-
tion method is different than the second modulation
method, wherein the first data comprises an indication of
an impending change from the first modulation method
to the second modulation method, wherein the execut-
able instructions direct transmission of a third data with
the first modulation method after the second data, and
wherein the third data indicates that communication has
reverted to the first modulation method.

24. The device of claim 23, wherein transmission of the
second data is according to a specific time interval.

25. The device of claim 23, further comprising a transmit-
ter configured to transmit the first data and the second data.

26. The device of claim 23, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

27. The device of claim 23, wherein the memory comprises
random access memory.

28. The device of claim 23, wherein the memory comprises
read-only memory.

29. The device of claim 23, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

30. The device of claim 23, wherein transmission of the
second data is according to a particular quantity of data.

31. The device of claim 23, wherein the memory comprises
an erasable programmable read-only memory.

32. A communications device, comprising:

a processor; and

amemory having stored therein executable instructions for

execution by the processor, wherein the executable
instructions direct transmission of a first data with a first
modulation method followed by a second data with a
second modulation method, wherein the first modula-
tion method is different than the second modulation
method, wherein the first data comprises an indication of
an impending change from the first modulation method
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to the second modulation method wherein the execut-

able instructions direct transmission of a third data with

the first modulation method after the second data, and
wherein transmission of the second data is according to

a particular quantity of data.

33. The device of claim 32, wherein transmission of the
second data is according to a specific time interval.

34. The device of claim 32, further comprising a transmit-
ter configured to transmit the first data and the second data.

35. The device of claim 32, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

36. The device of claim 32, wherein the memory comprises
random access memory.

37. The device of claim 32, wherein the memory comprises
read-only memory.

38. The device of claim 32, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

39. The device of claim 32, wherein the memory comprises
an . erasable programmable read-only memory.

40. A device that transmits in accordance with a first modu-
lation method and a second modulation method that is differ-
ent than the first modulation method, said device comprising;

at least one modulator;

a transceiver that includes the at least one modulator,

wherein the transceiver is configured to transmit:

a first sequence, modulated in accordance with the first
modulation method, that indicates an impending
change from the first modulation method to the sec-
ond modulation method, and

asecond sequence, in accordance with the second modu-
lation method, that is transmitted at a time after the
first sequence.

41. The device of claim 40, wherein the transceiver is
configured to transmit a third sequence after the second
sequence, wherein the third sequence is transmitted in accor-
dance with the first modulation method and indicates that a
subsequent communication has reverted to the first modula-
tion method.

42. The device of claim 40, wherein the transceiver is
configured to transmit the second sequence according to a
specific time interval.

43. The device of claim 40, wherein the transceiver is
configured to transmit the second sequence according to a
particular quantity of data.

44. The device of claim 40, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transmitter to transmit this first sequence and the second
sequence.

45. The device of claim 44, wherein the memory comprises
random access memory.

46. The device of claim 44, wherein the memory comprises
read-only memory.

47. The device of claim 44, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

48. The device of claim 44, wherein the memory comprises
an erasable programmable read-only memory.

49. A computer-readable storage medium having computer
executable instructions stored therein that when executed by
a processor control a master transceiver, said computer
executable instructions, comprising:
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first logic configured to transmit first information in a first
modulation method for communication;

second logic configured to transmit a first sequence to
notify of a change from said first modulation method to
a second modulation method;

third logic configured to transmit second information in
said second modulation method; and

fourth logic configured to transmit a second sequence after
the second information is transmitted, wherein the sec-
ond sequence is transmitted in the first modulation
method and indicates that communication has reverted
to the first modulation method.

50. The computer-readable storage medium of claim 49,
wherein the first transceiver is configured to transmit the
second sequence according to a specific time interval.

51. The computer-readable storage medium of claim 49,
further comprising program code for the first modulation
method and the second modulation method.

52. The computer-readable storage medium of claim 49,
further comprising program code for a multipoint communi-
cations protocol.

53. The computer-readable storage medium of claim 49,
wherein the first transceiver is configured to transmit the
second sequence according to a particular quantity of data.

54. A computer-readable storage medium having computer
executable instructions stored therein that when executed by
a processor control a master transceiver, said computer
executable instructions, comprising:

first logic configured to transmit first information in a first
modulation method for communication;

second logic configured to transmit a first sequence to
notify of a change from said first modulation method to
a second modulation method;

third logic configured to transmit second information in
said second modulation method; and

fourth logic configured to transmit a second sequence after
the second information is transmitted, wherein the
fourth logic is configured to transmit the second
sequence according to a particular quantity of data.

55. The computer-readable storage medium of claim 54,
wherein the first transceiver is configured to transmit the
second sequence according to a specific time interval.

56. The computer-readable storage medium of claim 54,
further comprising program code for the first modulation
method and the second modulation method.

57. The computer-readable storage medium of claim 54,
further comprising program code for a multipoint communi-
cations protocol.

58. A communication device capable of communicating
according to a master/slave relationship in which a slave
message from a slave to a master occurs in response to a
master message from the master to the slave, the device
comprising:

a transceiver, in the role of the master according to the
master/slave relationship, capable of transmitting using
at least two types of modulation methods, wherein the at
least two types of modulation methods comprise a first
modulation method and a second modulation method,
wherein the second modulation method is of a different
type than the first modulation method, and wherein the
transceiver is configured to transmit messages with:

a first sequence, in the first modulation method, that indi-
cates at least which of the first modulation method and
the second modulation method is used for modulating a
second sequence, wherein, in at least one message, the
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first sequence indicates an impending change from the
first modulation method to the second modulation
method, and wherein the at least one message is
addressed for an intended destination of the second
sequence, and

the second sequence, modulated in accordance with the
modulation method indicated by the first sequence and,
in the at least one message, modulated using the second
modulation method, wherein the second sequence is
transmitted after the first sequence.

59. The device of claim 58, wherein the transceiver is
configured to transmit a third sequence after the second
sequence, wherein the third sequence is transmitted in the first
modulation method and indicates that communication from
the master to the slave has reverted to the first modulation
method.

60. The device of claim 58, wherein the transceiver is
configured to transmit the second sequence according to a
specific time interval.

61. The device of claim 58, wherein the transceiver is
configured to transmit the second sequence according to a
particular quantity of data.

62. The device of claim 58, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transceiver to transmit the first sequence and the second
sequence.

63. The device of claim 62, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

64. The device of claim 62, wherein the memory comprises
random access memory.

65. The device of claim 62, wherein the memory comprises
read-only memory.

66. The device of claim 62, wherein the memory has stored
therein program code for operating the transceiver in a mul-
tipoint master/slave relationship.

67. The device of claim 62, wherein the memory comprises
an erasable programmable read-only memory.

68. The device of claim 58, wherein the first communica-
tion from the master to the slave is a poll in accordance with
a multipoint communications relationship, wherein the poll
indicates that the master has selected the slave for transmis-
sion.

69. The device of claim 58, wherein the transceiver is
configured to be the master.

70. The device of claim 58, wherein the first information in
the first portion indicates the first modulation method when
the intended destination is a first type of receiver and indicates
the second modulation when the intended destination is a
second type of receiver.

71. The device of claim 70, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being designated for transmitting in
the second modulation method.

72. The device of claim 70, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being operable to ignore transmis-
sions intended for the first type of receiver.

73. The device of claim 72, wherein the intended destina-
tion ignores transmissions in the second modulation when the
intended destination is the first of receiver.
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74. The device of claim 72, wherein the intended destina-
tion ignores transmissions in the first modulation when the
intended destination is the second type of receiver.

75. The device of claim 72, wherein the intended destina-
tion is the first type of receiver and unable to demodulate the
second modulation method.

76. The device of claim 70, wherein the transceiver is
configured to receive data from the intended destination in the
first modulation method when the intended destination is the
first type of receiver.

77. The device of claim 70, wherein the transceiver is
configured to receive data from the intended destination in the

10

14
second modulation method when the intended destination is
the second type of receiver.

78. The device of claim 58, the transceiver is configured to
transmit a third sequence, according to the first modulation
method, at a time after the second sequence is transmitted.

79. The device of claim 58, wherein the transceiver trans-
mits data modulated according to either the first modulation
method or the second modulation method at any given point
in time when the transceiver is transmitting.
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HIGH DATA RATE SPREAD SPECTRUM
TRANSCEIVER AND ASSOCIATED
METHODS

FIELD OF THE INVENTION

The invention relates to the field of communication
electronics, and, more particularly, to a spread spectrum
transceiver and associated methods.

BACKGROUND OF THE INVENTION

Wireless or radio communication between separated elec-
tronic devices is widely used. For example, a wireless local
area network (WLAN) is a flexible data communication
system that may be an extension to, or an alternative for, a
wired LAN within a building or campus. A WLAN uses
radio technology to transmit and receive data over the air,
thereby reducing or minimizing the need for wired connec-
tions. Accordingly, a WLAN combines data connectivity
with user mobility, and, through simplified configurations,
also permits a movable LAN.

Over the past several years, WLANs have gained accep-
tance among a number users including, for example, health-
care, retail, manufacturing, warehousing, and academic
areas. These groups have benefited from the productivity
gains of using hand-held terminals and notebook computers,
for example, to transmit real-time information to centralized
hosts for processing. Today WLANs are becoming more
widely recognized and used as a general purpose connec-
tivity alternative for an even broader range of users. In
addition, a WLAN provides installation flexibility and per-
mits a computer network to be used in situations where
wireline technology is not practical.

In a typical WLAN, an access point provided by a
transceiver, that is, a combination transmitter and receiver,
connects to the wired network from a fixed location.
Accordingly, the access transceiver receives, buffers, and
transmits data between the WLAN and the wired network. A
single access transceiver can support a small group of
collocated users within a range of less than about one
hundred to several hundred feet. The end users connect to
the WLAN through transceivers which are typically imple-
mented as PC cards in a notebook computer, or ISA or PCI
cards for desktop computers. Of course the transceiver may
be integrated with any device, such as a hand-held computer.

The assignee of the present invention has developed and
manufactured a set of integrated circuits for a WLAN under
the mark PRISM 1 which is compatible with the proposed
IEEE 802.11 standard. The PRISM 1 chip set is further
described in Harris Corporation Application Note entitled
“Harris PRISM Chip Set”, No. AN9614, March 1996; and
also in a publication entitled “PRISM 2.4 GHz Chip Set”,
file no. 4063.4, October 1996.

The PRISM 1 chip set provides all the functions necessary
for full or half duplex, direct sequence spread spectrum,
packet communications at the 2.4 to 2.5 GHz ISM radio
band. In particular, the HSP3824 baseband processor manu-
factured by Harris Corporation employs quadrature or
bi-phase phase shift keying (QPSK or BPSK) modulation
schemes. While the PRISM 1 chip set is operable at 2 Mbit/s
for BPSK and 4 Mbit/s for QPSK, these data rates may not
be sufficient for higher data rate applications.

Spread spectrum communications have been used for
various applications, such as cellular telephone
communications, to provide robustness to jamming, good
interference and multi-path rejection, and inherently secure
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communications from eavesdroppers, as described, for
example, in U.S. Pat. No. 5,515,396 to Dalekotzin. The
patent discloses a code division multiple access (CDMA)
cellular communication system using four Walsh spreading
codes to allow transmission of a higher information rate
without a substantial duplication of transmitter hardware.
U.S. Pat. No. 5,535,239 to Padovani et al., U.S. Pat. No.
5,416,797 to Gilhousen et al., U.S. Pat. No. 5,309,474 to
Gilhousen et al., and U.S. Pat. No. 5,103,459 to Gilhousen
et al. also disclose a CDMA spread spectrum cellular tele-
phone communications system using Walsh function spread-
ing codes.

Unfortunately, the conventional Walsh function spreading
codes may create undesirable signal components for some
applications. Moreover, a WLAN application, for example,
may require a change between BPSK and QPSK during
operation, that is, on-the-fly. Spreading codes may be diffi-
cult to use in such an application where an on-the-fly change
is required.

SUMMARY OF THE INVENTION

In view of the foregoing background, it is therefore an
object of the present invention to provide a spread spectrum
transceiver and associated method permitting operation at
higher data rates than conventional transceivers.

It is another object of the invention to provide a spread
spectrum transceiver and associated method to permit opera-
tion at higher data rates and which may switch on-the-fly
between different data rates and/or formats.

These and other objects, features and advantages in accor-
dance with the invention are provided by a spread spectrum
radio transceiver comprising a high data rate baseband
processor and a radio circuit connected thereto. The base-
band processor preferably includes a modulator for spread
spectrum phase shift keying (PSK) modulating information
for transmission via the radio circuit, and wherein the
modulator, in one embodiment, comprises at least one
modified Walsh code function encoder for encoding infor-
mation according to a modified Walsh code. The baseband
processor also preferably further comprises a demodulator
for spread spectrum PSK demodulating information
received from the radio circuit. The demodulator is prefer-
ably connected to the output of at least one analog-to-digital
(A/D) converter, which, in turn, is AC-coupled to the asso-
ciated receive portions of the radio circuit. Accordingly, the
demodulator preferably comprises at least one modified
Walsh code function correlator for decoding information
according to the modified Walsh code. The modified Walsh
code substantially reduces an average DC component which
in combination with the AC-coupling to the at least one A/D
converter thereby increases overall system performance.
Other orthogonal and bi-orthogonal coding schemes may
also be used, wherein the average DC component is pref-
erably substantially reduced or avoided.

The modulator preferably comprises means for operating
in one of a bi-phase PSK (BPSK) modulation mode at a first
data rate defining a first format, and a quadrature PSK
(QPSK) mode at a second data rate defining a second format.
In addition, the demodulator preferably comprises means for
operating in one of the first and second formats. The
modulator may also preferably include header modulator
means for modulating data packets to include a header at a
predetermined modulation and a third data rate defining a
third format, and for modulating variable data at one of the
first and second formats. Accordingly, the demodulator thus
preferably includes header demodulator means for demodu-
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lating data packets by demodulating the header at the third
format and for switching to either the first and second
formats of the variable data after the header. The third format
is preferably differential BPSK, and the third data rate is
preferably lower than the first and second data rates.

The demodulator may preferably comprise first and sec-
ond carrier tracking loops—the first carrier tracking loop for
the third format, and the second carrier tracking loop for the
first and second formats. The second carrier tracking loop, in
turn, may comprise a carrier numerically controlled oscil-
lator (NCO), and NCO control means for selectively oper-
ating the carrier NCO based upon a carrier phase of the first
carrier tracking loop to thereby facilitate switching to the
format of the variable data. The second carrier tracking loop
may also comprise a carrier loop filter, and carrier loop filter
control means for selectively operating the carrier loop filter
based upon a frequency of the first carrier tracking loop to
facilitate switching to the format of the variable data. The
carrier tracking loops permit switching to the desired format
after the header and on-the-fly.

The at least one modified Walsh code function correlator
of the demodulator preferably comprises a modified Walsh
function generator, and a plurality of parallel connected
correlators connected to the modified Walsh function gen-
erator. The modified Walsh code may be a Walsh code
modified by a modulo two addition of a fixed hexadecimal
code thereto. In addition, the modulator in one embodiment
preferably further comprises means for partitioning data into
four bit nibbles of sign (one bit) and magnitude (three bits)
to the modified Walsh code function encoder.

The modulator may also include spreading means for
spreading cach data bit using a pseudorandom (PN)
sequence at a predetermined chip rate. Accordingly, the
modulator may also comprise preamble modulating means
for generating a preamble, and wherein the demodulator
includes preamble demodulator means for demodulating the
preamble for achieving initial PN sequence synchronization.

The modulator for the spread spectrum transceiver may
include a scrambler, and the demodulator accordingly pref-
erably includes a descrambler. The demodulator may also
include clear channel assessing means for generating a clear
channel assessment signal to facilitate communications only
when the channel is clear.

The baseband processor is desirably coupled to a radio
circuit for the complete spread spectrum transceiver.
Accordingly, the transceiver preferably includes a quadra-
ture intermediate frequency modulator/demodulator con-
nected to the baseband processor, and an up/down frequency
converter connected to the quadrature intermediate fre-
quency modulator/demodulator. In addition, the radio circuit
preferably further comprises a low noise amplifier having an
output connected to an input of the up/down converter, and
aradio frequency power amplifier having an input connected
to an output of the up/down converter. The spread spectrum
radio transceiver preferably also includes an antenna, and an
antenna switch for switching the antenna between the output
of the radio frequency power amplifier and the input of the
low noise amplifier.

A method aspect of the invention is for baseband pro-
cessing for spread spectrum radio communication. The
method preferably comprises the steps of: spread spectrum
phase shift keying (PSK) modulating information for trans-
mission by encoding information according to a predeter-
mined bi-orthogonal code for reducing an average DC signal
component; and spread spectrum PSK demodulating
received information by decoding information according to
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the predetermined bi-orthogonal code. The predetermined
bi-orthogonal code is preferably a modified Walsh function
code.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic circuit diagram of a transceiver in
accordance with the present invention.

FIG. 2 is a schematic circuit diagram of a modulator
portion of the high data rate baseband processor in accor-
dance with the present invention.

FIG. 3 is a timing diagram of signals generated by the
present invention.

FIG. 4 is a timing diagram of additional signals generated
by the present invention.

FIG. 5 is a schematic circuit diagram of a demodulator
portion of the high data rate baseband processor in accor-
dance with the present invention.

FIG. 6 is a schematic circuit diagram of the correlator
portion of the demodulator of the high data rate baseband
processor in accordance with the present invention.

FIG. 7 is a schematic circuit diagram of additional por-
tions of the demodulator of the high data rate baseband
processor in accordance with the present invention.

FIG. 8 is a schematic circuit diagram of further portions
of the demodulator of the high data rate baseband processor
in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements
throughout.

Referring to FIG. 1, a wireless transceiver 30 in accor-
dance with the invention is first described. The transceiver
30 may be readily used for WLAN applications in the 2.4
GHz ISM band in accordance with the proposed IEEE
802.11 standard. Those of skill in the art will readily
recognize other applications for the transceiver 30 as well.
The transceiver 30 includes the selectable antennas 31
coupled to the radio power amplifier and TX/RX switch 32
as may be provided by a Harris part number HFA3925. As
would be readily understood by those skilled in the art,
multiple antennas may be provided for space diversity
reception.

A low noise amplifier 38, as may be provided by Harris
part number HFA3424, is also operatively connected to the
antennas. The illustrated up/down converter 33 is connected
to both the low noise amplifier 38 and the RF power
amplifier and TX/RX switch 32 as would be readily under-
stood by those skilled in the art. The up/down converter 33
may be provided by a Harris part number HFA3624, for
example. The up/down converter 33, in turn, is connected to
the illustrated dual frequency synthesizer 34 and the quad IF
modulator/demodulator 35. The dual synthesizer 34 may be
a Harris part number HFA3524 and the quad IF modulator
35 may be a Harris part number HFA3724. All the compo-
nents described so far are included in a 2.4 GHz direct
sequence spread spectrum wireless transceiver chip set
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manufactured by Harris Corporation under the designation
PRISM 1. Various filters 36, and the illustrated voltage
controlled oscillators 37 may also be provided as would be
readily understood by those skilled in the art and as further
described in the Harris PRISM 1 chip set literature, such as
the application note No. AN9614, March 1996, the entire
disclosure of which is incorporated herein by reference.

Turning now more particularly to the right hand side of
FIG. 1, the high data rate direct sequence spread spectrum
(DSS) baseband processor 40 in accordance with the present
invention is now described. The conventional Harris PRISM
1 chip set includes a low data rate DSS baseband processor
available under the designation HSP3824. This prior base-
band processor is described in detail in a publication entitled
“Direct Sequence Spread Spectrum Baseband Processor,
March 1996, file number 4064.4, and the entire disclosure of
which is incorporated herein by reference.

Like the HSP3824 baseband processor, the high data rate
baseband processor 40 of the invention contains all of the
functions necessary for a full or half duplex packet baseband
transceiver. The processor 40 has on-board dual 3-bit A/D
converters 41 for receiving the receive I and Q signals from
the quad IF modulator 35. Also like the HSP3824, the high
data rate processor 40 includes a receive signal strength
indicator (RSSI) monitoring function with the on-board 6-bit
A/D converter and CCA circuit block 44 provides a clear
channel assessment (CCA) to avoid data collisions and
optimize network throughput as would be readily under-
stood by those skilled in the art.

The present invention provides an extension of the
PRISM 1 product from 1 Mbit/s BPSK and 2 Mbit/s QPSK
to 5.5 Mbit/s BPSK and 11 Mbit/s QPSK. This is accom-
plished by keeping the chip rate constant at 11 Mchip/s. This
allows the same RF circuits to be used for higher data rates.
The symbol rate of the high rate mode is 11 MHz/8=1.375
Msymbol/s.

For the 5.5 Mbit/s mode of the present invention, the bits
are scrambled and then encoded from 4 bit nibbles to 8 chip
modified Walsh functions. This mapping results in
bi-orthogonal codes which have a better bit error rate (BER)
performance than BPSK alone. The resulting 11 Mchip/s
data stream is BPSK modulated. The demodulator com-
prises a modified Walsh correlator and associated chip
tracking, carrier tracking, and reformatting devices as
described in greater detail below.

For the 11 Mbit/s mode, the bits are scrambled and then
encoded from 4 bit nibbles to 8 chip modified Walsh
functions independently on each I and Q rail. There are 8
information bits per symbol mapped to 2 modified Walsh
functions. This mapping results in bi-orthogonal codes
which have better BER performance than QPSK alone. The
resulting two 11 Mchip/s data streams are QPSK modulated.

The theoretical BER performance of this type of modu-
lation is approximately 107> at an Eb/No of 8 dB versus 9.6
dB for plain BPSK or QPSK. This coding gain is due to the
bi-orthogonal coding. There is bandwidth expansion for all
of the modulations to help combat multi-path and reduce the
effects of interference.

Referring additionally to FIG. 2, the output of the QPSK/
BPSK modulator and scrambler circuit 51 is partitioned into
nibbles of Sign-Magnitude of 4 bits, with the least signifi-
cant bit (LSB) first. For QPSK, 2 nibbles are presented in
parallel to the Modified Walsh Generators 53a, 53b—the
first nibble from the B serial-in/parallel-out SIPO circuit
block 525 and the second from A SIPO 52a. The two nibbles
form a symbol of data. The bit rate may be 11 Mbit/s as
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illustrated. Therefore, the symbol rate is 1.375 Mbit/s (11/
8=1.375). For BPSK, nibbles are presented from the A SIPO
52a only. The B SIPO 52b is disabled. A nibble forms a
symbol of data. The bit rate in this instance is 5.5 Mbit/s and
the symbol rate remains 1.375 Mbit/s (5.5/4=1.375).

The Magnitude part of the SIPO output points to one of
the Modified Walsh Sequences shown in the table below,
along with the basic Walsh sequences for comparison.

MAG BASIC WALSH MODIFIED WALSH
0 00 03
1 OF 0C
2 33 30
3 3C 3F
4 55 56
5 SA 59
6 66 65
7 69 6A.

The Sel Walsh A,, and Sel Walsh B bits from the clock
enable logic circuit 54 multiplex the selected Walsh
sequence to the output, and wherein the LSBs are output
first. The A Sign and B Sign bits bypass the respective
Modified Walsh Generators 53a, 53b and are XOR’d to the
sequence.

As would be readily understood by those skilled in the art,
there are other possible mappings of bits to Walsh symbols
that are contemplated by the present invention. In addition,
the Modified Walsh code may be generated by modulo two
adding a fixed hexadecimal code to the basic or standard
Walsh codes to thereby reduce the average DC signal
component and thereby enhance overall performance as will
be explained in greater detail below.

The output of the Diff encoders of the last symbol of the
header CRC is the reference for the high rate data. The
header may always be BPSK. This reference is XOR’d to |
and Q signals before the output. This allows the demodulator
60, as described in greater detail below, to compensate for
phase ambiguity without Diff decoding the high rate data.
Data flip flops 55a, 55b are connected to the multiplexer,
although in other embodiments the flip flops may be posi-
tioned further downstream as would be readily understood
by those skilled in the art. The output chip rate is 11 Mchip/s.
For BPSK, the same chip sequence is output on each I and
Q rail via the multiplexer 57. The output multiplexer 58
provides the selection of the appropriate data rate and
format.

Referring now additionally to FIG. 3, the timing and
signal format for the interface 80 is described in greater
detail. Referring to the left hand portion, Sync is all 1°s, and
SFD is F3AOh for the PLCP preamble 90. Now relating to
the PLCP header 91, the SIGNAL is:

0Ah 1 Mbit/s BPSK,

14h 2 Mbit/S QPSK,

37h 5.5 Mbit/s BPSK, and
6Eh 11 Mbit/s QPSK.

The SERVICE is OOh, the LENGTH is XXXXh wherein
the length is in us, and the CRC is XXXXh calculated based
on SIGNAL, SERVICE and LENGTH. MPDU is variable
with a number of octets (bytes).

The PLCP preamble and PLCP header are always at 1
Mbit/s, Diff encoded, scrambled and spread with an 11 chip
barker. SYNC and SFD are internally generated. SIGNAL,
SERVICE and LENGTH fields are provided by the interface
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80 via a control port. SIGNAL is indicated by 2 control bits
and then formatted as described. The interface 80 provides
the LENGTH in us. CRC in PLCP header is performed on
SIGNAL, SERVICE and LENGTH fields.

MPDU is serially provided by Interface 80 and is the
variable data scrambled for normal operation. The reference
phase for the first symbol of the MPDU is the output phase
of the last symbol of the header for Diff Encoding. The last
symbol of the header into the scrambler 51 must be followed
by the first bit of the MPDU. The variable data may be
modulated and demodulated in different formats than the
header portion to thereby increase the data rate, and while a
switchover as indicated by the switchover point in FIG. 3,
occurs on-the-fly.

Turning now additionally to FIG. 4, the timing of the high
data rate modulator 50 may be further understood. With the
illustrated timing, the delay from TX_RDY to the first Hi
Rate Output Chip is ten 11 MHz clock periods or 909.1 ns.
The other illustrated quantities will be readily appreciated in
view of the above description.

Referring now to FIG. 5, the high data rate demodulator
60 in accordance with the invention is further described. The
high rate circuits are activated after the signal field indicates
5.5 or 11 Mbit/s operation. At a certain time, the start phase
is jammed into the Carrier NCO 61 and the start frequency
offset is jammed into the Carrier Loop Filter 62. The signal
is frequency translated by the C/S ROM 63 and the Complex
Multiplier 64 and passed to the Walsh Correlator 65. The
correlator 65 output drives the Symbol Decision circuits 66,
as illustrated. The output of the Symbol Decision circuits 66
are serially shifted by the parallel-in/serial-out SIPO block
67 to the descrambler portion of the PSK Demodulator and
Scrambler circuit 70 after passing through the Sign Correc-
tion circuit 68 based on the last symbol of the header. The
timing of the switch over desirably makes the symbol
decisions ready at the correct time.

The signal is phase and frequency tracked via the Com-
plex Multiplier 64, Carrier NCO 61 and Carrier Loop Filter
62. The output of the Complex Multiplier 64 also feeds the
Carrier Phase Error Detector 76. A decision directed Chip
Phase Error Detector 72 feeds the illustrated Timing Loop
Filter 75 which, in turn, is connected to the Clock Enable
Logic 77. A decision from the Chip Phase Error Detector 72
is used instead of early-late correlations for chip tracking
since the SNR is high. This greatly reduces the additional
circuitry required for high rate operation. The 44 MHz
master clock input to the Clock Control 74 will allow
tracking high rate mode chips with +%5 chip steps. Only the
stepper is required to run at 44 MHz, while most of the
remaining circuits run at 11 MHz. The circuit is only
required to operate with a long header and sync.

Turning now additionally to FIG. 6, a pair of Walsh
Correlators 65a, 65b is further described. The I__END and
Q__END inputs from the chip tracking loop are input at 11
MHz. The Modified Walsh Generator 81 produces the 8
Walsh codes (WO to W7) serially to sixteen parallel corr-
elators (8 for I_END and 8 for Q_END). The sixteen
correlations are available at a 1.375 MHz rate. The Walsh
Codes (WO to W7) are the same as listed in the table above
for the high data rate modulator. For the 11 Mbit/s mode, the
largest magnitude of I WO to I W7 is selected by the Pick
Largest Magnitude circuit 81la to form I sym. I sym is
formatted in Sign-Magnitude. The Magnitude is the Modi-
fied Walsh Index (0 to 7) of the largest Correlation and Sign
is the sign bit of the input of the winning Correlation. The
Q channel is processed in parallel in the same manner. For
the 5.5 Mbit/s mode, the largest magnitude of I WO to I W7
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is selected to form Isym. In this case, only I sym is output.
AccEn controls the correlator timing and is supplied by
timing and control circuits.

With additional reference to FIG. 7, the carrier tracking
loop 90 is now described. In the described embodiment, the
number of bits are worst case for estimation purposes. While
3 bits are used for the A/D conversion, a higher number may
be desired in other embodiments as would be readily appre-
ciated by those skilled in the art. The Phase BIAS circuit 91
compensates for constellation rotation, that is, BPSK or
QPSK. FSCALE compensates for the NCO clock frequency.
PHASE SCALE compensates for a phase shift due to
frequency offset over the time difference of the first and
second loops. The Lead and Lag Shifters 92, 93 form the
loop multiplier for the second order carrier tracking loop
filter 62.

Referring now additionally to FIG. 8, the Chip Tracking
Loop 110 is further described. All circuits except Chip
Advance/Retard 111 use the 22 MHz clock signal. The Chip
Advance/Retard circuit 111 may be made to integrate with
the existing clock of the prior art PRISM 1 circuit. PRISM
1 steps in % chips. The PRISM 1 timing may be changed
to switchover this circuit for high data rate operation. The
A/D clock switches without a phase shift. I _ROT and
Q_ROT are from the Complex Multiplier 64 at 22 MHz.
They are sampled by the illustrated Registers 112 to produce
I_End and Q_End at 11 MHz, which are routed to the
Correlators 65 (FIG. 6). The alternate samples I__Mid and
Q__Mid are used to measure the chip phase error. For QPSK,
errors are generated from both rails, and for BPSK, the error
is only generated from the I rail. QPSK En disables the Q rail
phase error for BPSK operation.

The sign of the accumulator is used to advance or retard
the chip timing by ¥s chip. This circuit must be enabled by
the PRISM 1 circuits at the proper time via the HI_ START
signal. The errors are summed and accumulated for 32
symbols (256 chips). The Chip Track Acc signal them
dumps the accumulator for the next measurement. The chip
phase error is generated if the End Sign bits bracketing the
Mid sample are different. This is accomplished using the
transition detectors. The sign of the chip phase error is
determined by the sign of the End sample after the Mid
sample. A multiplier 114 is shown for multiplying by +1 if
the End Sign is O or by -1 if the End Sign is 1. If the End
sign bits are identical, the chip phase error for that rail is 0.
The AND function is only enabled by transitions.

Many modifications and other embodiments of the inven-
tion will come to the mind of one skilled in the art having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it is to
be understood that the invention is not to be limited to the
specific embodiments disclosed, and that modifications and
embodiments are intended to be included within the scope of
the appended claims.

That which is claimed is:

1. A spread spectrum radio transceiver comprising:

a baseband processor and a radio circuit connected

thereto, said baseband processor comprising

a demodulator for spread spectrum phase shift keying
(PSK) demodulating information received from said
radio circuit,

at least one analog-to-digital (A/D) converter having an
output connected to said demodulator and an input
AC-coupled to said radio circuit,

said demodulator comprising at least one modified
Walsh code function correlator for decoding infor-
mation according to a modified Walsh code reducing
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an average DC signal component which in combi-
nation with the AC-coupling to said at least one A/D
converter enhances overall performance, and

a modulator for spread spectrum PSK modulating
information for transmission via the radio circuit,
said modulator comprising at least one modified
Walsh code function encoder for encoding informa-
tion according to the modified Walsh code.

2. A spread spectrum radio transceiver according to claim
1 wherein said modulator comprises means for operating in
one of first format defined by bi-phase PSK (BPSK) modu-
lation at a first data rate and a second format defined by
quadrature PSK (QPSK) modulation at a second data rate;
and wherein said demodulator comprises means for operat-
ing in one of the first and second formats.

3. A spread spectrum radio transceiver according to claim
2 wherein said modulator comprises header modulator
means for modulating data packets to include a header at a
third format defined by a predetermined modulation at a
third data rate and variable data in one of the first and second
formats; and wherein said demodulator comprises header
demodulator means for demodulating data packets by
demodulating the header at the third format and for switch-
ing to the respective one of the first and second formats of
the variable data after the header.

4. A spread spectrum radio transceiver according to claim
3 wherein the predetermined modulation of the third format
is differential BPSK (DBPSK), and wherein the third data
rate is lower than the first and second data rates.

5. A spread spectrum radio transceiver according to claim
3 wherein said demodulator further comprises:

a first carrier tracking loop for the third format; and

a second carrier tracking loop for the first and second

formats.

6. A spread spectrum radio transceiver according to claim
5 wherein said second carrier tracking loop comprises:

a carrier numerically controlled oscillator (NCO); and

carrier NCO control means for selectively operating said

carrier NCO based upon a carrier phase of said first
carrier tracking loop to thereby facilitate switching to
the format of the variable data.

7. A spread spectrum radio transceiver according to claim
5 wherein said second carrier tracking loop comprises:

a carrier loop filter; and

carrier loop filter control means for selectively operating

said carrier loop filter based upon a frequency of said
first carrier tracking loop to thereby facilitate switching
to the format of the variable data.

8. A spread spectrum radio transceiver according to claim
1 wherein said modulator further comprises means for
partitioning data into four bit nibbles of sign (one bit) and
magnitude (three bits) to said at least one modified Walsh
code function encoder.

9. A spread spectrum radio transceiver according to claim
1 wherein the modified Walsh code is a Walsh code modified
by a modulo two addition of a fixed hexadecimal code
thereto.

10. A spread spectrum radio transceiver according to
claim 1 wherein said at least one modified Walsh code
function correlator comprises:

a modified Walsh function generator; and

a plurality of parallel connected correlators connected to

said modified Walsh function generator.

11. A spread spectrum radio transceiver according to
claim 1 wherein said modulator comprises spreading means
for spreading each data bit using a pseudorandom (PN)
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sequence at a predetermined chip rate and preamble modu-
lating means for generating a preamble; and wherein said
demodulator comprises preamble demodulator means for
demodulating the preamble for achieving initial PN
sequence synchronization.
12. A spread spectrum radio transceiver according to
claim 1 wherein said modulator comprises a scrambler; and
wherein said demodulator comprises a descrambler.
13. A spread spectrum radio transceiver according to
claim 1 wherein said demodulator comprises clear channel
assessing means for generating a clear channel assessment
signal.
14. A spread spectrum radio transceiver according to
claim 1 wherein said radio circuit comprises:
a quadrature intermediate frequency modulator/
demodulator connected to said baseband processor; and

an up/down frequency converter connected to said
quadrature intermediate frequency modulator/
demodulator.

15. A spread spectrum radio transceiver according to
claim 14 wherein said radio circuit further comprises:

a low noise amplifier having an output connected to an

input of said up/down converter; and

a radio frequency power amplifier having an input con-

nected to an output of said up/down converter.

16. A spread spectrum radio transceiver according to
claim 15 further comprising:

an antenna; and

an antenna switch for switching said antenna between the

output of said radio frequency power amplifier and the
input of said low noise amplifier.
17. A baseband processor for a spread spectrum radio
transceiver, said baseband processor comprising:
a demodulator for spread spectrum phase shift keying
(PSK) demodulating;

at least one analog-to-digital (A/D) converter having an
output connected to said demodulator and an input
AC-coupled to receive information;

said demodulator comprising at least one predetermined
orthogonal code function correlator for decoding infor-
mation according to a predetermined orthogonal code
reducing an average DC signal component to thereby
increase AC-coupling to said at least one A/D con-
verter; and

a modulator for spread spectrum PSK modulating infor-

mation for transmission, said modulator comprising at
least one predetermined orthogonal code function
encoder for encoding information according to the
predetermined orthogonal code.

18. A baseband processor according to claim 17 wherein
said modulator comprises means for operating in one of first
format defined by bi-phase PSK (BPSK) modulation at a
first data rate and a second format defined by quadrature
PSK (QPSK) modulation at a second data rate; and wherein
said demodulator comprises means for operating in one of
the first and second formats.

19. A baseband processor according to claim 18 wherein
said modulator comprises header modulator means for
modulating data packets to include a header at a third format
defined by a predetermined modulation at a third data rate
and variable data in one of the first and second formats; and
wherein said demodulator comprises header demodulator
means for demodulating data packets by demodulating the
header at the third format and for switching to the respective
one of the first and second formats of the variable data after
the header.
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20. A baseband processor according to claim 19 wherein
the predetermined modulation of the third format is differ-
ential BPSK (DBPSK), and wherein the third data rate is
lower than the first and second data rates.

21. A baseband processor according to claim 19 wherein
said demodulator further comprises:

a first carrier tracking loop for the third format; and

a second carrier tracking loop for the first and second
formats.

22. A baseband processor according to claim 21 wherein

said second carrier tracking loop comprises:

a carrier numerically controlled oscillator (NCO); and

carrier NCO control means for selectively operating said
carrier NCO based upon a carrier phase of said first
carrier tracking loop to thereby facilitate switching to
the format of the variable data.

23. A baseband processor according to claim 21 wherein

said second carrier tracking loop comprises:
a carrier loop filter; and
carrier loop filter control means for selectively operating
said carrier loop filter based upon a frequency of said
first carrier tracking loop to thereby facilitate switching
to the format of the variable data.
24. A baseband processor according to claim 17 wherein
said modulator further comprises means for partitioning data
into four bit nibbles of sign (one bit) and magnitude (three
bits) to said at least one predetermined orthogonal code
function encoder.
25. A baseband processor according to claim 17 wherein
the predetermined orthogonal code is a Walsh code modified
by a modulo two addition of a fixed hexadecimal code
thereto.
26. A baseband processor according to claim 17 wherein
the predetermined orthogonal code is a bi-orthogonal code.
27. A baseband processor according to claim 17 wherein
said at least one predetermined orthogonal code function
correlator comprises:
a predetermined orthogonal code function generator; and
a plurality of parallel connected correlators connected to
said predetermined orthogonal code function generator.
28. A baseband processor according to claim 17 wherein
said modulator comprises spreading means for spreading
each data bit using a pseudorandom (PN) sequence at a
predetermined chip rate and preamble modulating means for
generating a preamble; and wherein said demodulator com-
prises preamble demodulator means for demodulating the
preamble for achieving initial PN sequence synchronization.
29. A baseband processor according to claim 17 wherein
said modulator comprises a scrambler; and wherein said
demodulator comprises a descrambler.
30. A baseband processor for a spread spectrum radio
transceiver, said baseband processor comprising:
a modulator for spread spectrum phase shift keying (PSK)
modulating information for transmission, said modula-
tor comprising
at least one encoder for encoding information for
transmission,

means for operating in one of a first format defined by
bi-phase PSK (BPSK) modulation at a first data rate
and a second format defined by quadrature PSK
(QPSK) modulation at a second data rate,

header modulator means for modulating data packets to
include a header at a third format defined by a
predetermined modulation at a third data rate and
variable data in one of the first and second formats;
and
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a demodulator for spread spectrum PSK demodulating

received information, said demodulator comprising

at least one correlator for decoding received
information,

means for operating in one of the first and second
formats,

header demodulator means for demodulating data
packets by demodulating the header at the third
format and for switching to the respective one of the
first and second formats of the variable data after the
header,

a first carrier tracking loop for the third format, and

a second carrier tracking loop for the first and second
formats.

31. A baseband processor according to claim 30 wherein
the predetermined modulation of the third format is differ-
ential BPSK (DBPSK), and wherein the third data rate is
lower than the first and second data rates.

32. A baseband processor according to claim 30 wherein
said second carrier tracking loop comprises:

a carrier numerically controlled oscillator (NCO); and

carrier NCO control means for selectively operating said
carrier NCO based upon a carrier phase of said first
carrier tracking loop to thereby facilitate switching to
the format of the variable data.
33. A baseband processor according to claim 30 wherein
said second carrier tracking loop comprises:

a carrier loop filter; and

carrier loop filter control means for selectively operating
said carrier loop filter based upon a frequency of said
first carrier tracking loop to thereby facilitate switching
to the format of the variable data.

34. A baseband processor according to claim 30 wherein
said modulator comprises spreading means for spreading
each data bit using a pseudorandom (PN) sequence at a
predetermined chip rate and preamble modulating means for
generating a preamble; and wherein said demodulator com-
prises preamble demodulator means for demodulating the
preamble for achieving initial PN sequence synchronization.

35. A baseband processor according to claim 30 wherein
said modulator comprises a scrambler; and wherein said
demodulator comprises a descrambler.

36. A modulator for a spread spectrum radio transceiver,
said modulator comprising:

modulator means for spread spectrum phase shift keying
(PSK) modulating information for transmission, said
modulator means comprising at least one predeter-
mined orthogonal code function encoder for encoding
information according to a predetermined orthogonal
code for reducing an average DC signal component.

37. A modulator according to claim 36 wherein said
modulator means comprises means for operating in one of
first format defined by bi-phase PSK (BPSK) modulation at
a first data rate and a second format defined by quadrature
PSK (QPSK) modulation at a second data rate.

38. A modulator according to claim 37 wherein said
modulator means comprises header modulator means for
modulating data packets to include a header at a third format
defined by a predetermined modulation at a third data rate
and variable data in one of the first and second formats.

39. A modulator according to claim 38 wherein the
predetermined modulation of the third format is differential
BPSK (DBPSK), and wherein the third data rate is lower
than the first and second data rates.

40. A modulator according to claim 36 wherein said
modulator means further comprises means for partitioning
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data into four bit nibbles of sign (one bit) and magnitude
(three bits) to said at least one predetermined orthogonal
code function encoder, and wherein the predetermined
orthogonal code is a Walsh code modified by a modulo two
addition of a fixed hexadecimal code thereto.

41. A modulator according to claim 36 wherein said at
least one predetermined orthogonal code function correlator
comprises:

a predetermined orthogonal code function generator; and

a plurality of parallel connected correlators connected to
said predetermined orthogonal code function generator.
42. A modulator according to claim 36 wherein the
predetermined orthogonal code is a Walsh code modified by
a modulo two addition of a fixed hexadecimal code thereto.
43. A modulator according to claim 36 wherein the
predetermined orthogonal code is a bi-orthogonal code.
44. A demodulator for a spread spectrum radio
transceiver, said demodulator comprising:

demodulator means for spread spectrum phase shift key-
ing (PSK) demodulating information received from
said radio circuit, said demodulator means comprising
at least one predetermined orthogonal code function
correlator for decoding information according to a
predetermined orthogonal code reducing an average
DC signal component.

45. A demodulator according to claim 44 wherein said
demodulator means comprises means for operating in one of
first format defined by bi-phase PSK (BPSK) modulation at
a first data rate and a second format defined by quadrature
PSK (QPSK) modulation at a second data rate.

46. A demodulator according to claim 45 wherein said
demodulator means comprises header demodulator means
for demodulating data packets including a header in a third
format defined by a predetermined modulation at a third data
rate and variable data in one of the first and second formats,
and for switching to the respective one of the first and
second formats of the variable data after the header.

47. A demodulator according to claim 46 wherein the
predetermined modulation of the third format is differential
BPSK (DBPSK), and wherein the third data rate is lower
than the first and second data rates.

48. A demodulator according to claim 46 wherein said
demodulator means further comprises:

a first carrier tracking loop for the third format; and

a second carrier tracking loop for the first and second

formats.

49. A demodulator according to claim 48 wherein said
second carrier tracking loop comprises:

a carrier numerically controlled oscillator (NCO); and

carrier NCO control means for selectively operating said
carrier NCO based upon a carrier phase of said first
carrier tracking loop to thereby facilitate switching to
the format of the variable data.
50. A demodulator according to claim 48 wherein said
second carrier tracking loop comprises:

a carrier loop filter; and
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carrier loop filter control means for selectively operating
said carrier loop filter based upon a frequency of said
first carrier tracking loop to thereby facilitate switching
to the format of the variable data.

51. A demodulator according to claim 44 further com-
prising means for partitioning data into four bit nibbles of
sign (one bit) and magnitude (three bits).

52. A demodulator according to claim 44 wherein the
predetermined orthogonal code is a Walsh code modified by
a modulo two addition of a fixed hexadecimal code thereto.

53. A demodulator according to claim 44 wherein the
predetermined orthogonal code is a bi-orthogonal code.

54. A demodulator according to claim 44 wherein said at
least one predetermined orthogonal code function correlator
comprises:

a predetermined orthogonal code function generator; and

a plurality of parallel connected correlators connected to

said predetermined orthogonal code function generator.
55. A method for baseband processor for spread spectrum
radio communication, the method comprising the steps of:
spread spectrum phase shift keying (PSK) modulating
information for transmission while encoding the infor-
mation according to the predetermined orthogonal code
for reducing an average DC signal component; and

spread spectrum PSK demodulating received information
by decoding the received information according to the
predetermined orthogonal code.

56. A method according to claim 55 further comprising
the step of AC-coupling received information for spread
spectrum PSK demodulating so that the reduced average DC
signal component in combination with the AC-coupling
enhances overall performance.

57. A method according to claim 55 further comprising
the steps of modulating and demodulating in one of first
format defined by bi-phase PSK (BPSK) modulation at a
first data rate and a second format defined by quadrature
PSK (QPSK) modulation at a second data rate.

58. A method according to claim 57 further comprising
the steps of:

modulating data packets to include a header at a third

format defined by a predetermined modulation at a
third data rate and variable data in one of the first and
second formats; and

demodulating data packets by demodulating the header at

the third format and for switching to the respective one
of the first and second formats of the variable data after
the header.

59. A method according to claim 58 wherein the prede-
termined modulation of the third format is differential BPSK
(DBPSK), and wherein the third data rate is lower than the
first and second data rates.

60. A method according to claim 55 wherein the prede-
termined orthogonal code is a Walsh code modified by a
modulo two addition of a fixed hexadecimal code thereto.

61. A method according to claim 55 wherein the prede-
termined orthogonal code is a bi-orthogonal code.

#* #* #* #* #*

IPR2020-00034 Page 00035



Exhibit H

United States Patent [

Yamano et al.

US006075814A

6,075,814
Jun. 13, 2000

[(11] Patent Number:
451 Date of Patent:

[54] METHOD AND APPARATUS FOR
REDUCING SIGNAL PROCESSING
REQUIREMENTS FOR TRANSMITTING
PACKET-BASED DATA WITH A MODEM

[75] Inventors: Larry C. Yamano, Sunnyvale; John T.
Holloway, Woodside; Edward H.
Frank, Portola Valley; Tracy D.
Mallory, Palo Alto; Alan G. Corry,
Santa Clara; Craig S. Forrest; Kevin
H. Peterson, both of San Francisco;
Timothy B. Robinson, Boulder Creek;
Dane Snow, Santa Clara, all of Calif.

[73] Assignee: Broadcom HomeNetworking, Inc.,
Sunnyvale, Calif.

[21] Appl. No.: 08/853,683

[22] Filed: May 9, 1997

[51] It CL7 e H04B 1/38

[52] US. Cle e 375/222; 455/574

[58] Field of Search .........ccccccoeecnenenncneee 375/222, 223,
370/311, 318; 455/557, 574, 343

[56] References Cited

U.S. PATENT DOCUMENTS
4,234,952 11/1980 Gable et al. .

4,680,773  7/1987 Amundson .

4,691,314  9/1987 Bergins et al. .

4,756,007 7/1988 Qureshi et al. .

4,856,030 8/1989 Batzer et al. .

4,868,850 9/1989 Kaku et al. .

5,463,661 10/1995 Moran, III et al. ..c.coeecvvuenenene 375/222
5,491,721 2/1996 Cornelius et al. ....cccoeereevenene 3757222
5,544,082  8/1996 Garcia-duarte et al. ................ 364/707
5,625,651 4/1997 Cioffi .coovoevverneceercreceenne 375/354
5,636,200  6/1997 Perlman ......cccoeeeeveuevcverennenene 370/281
5,745,860  4/1998 Kallin .cccovoueveveerneeencnercrenennenene 455/574

FOREIGN PATENT DOCUMENTS

WO 86/03642
91 07038

6/1986 WIPO .
5/1991  WIPO ..o HO4L 29/06

OTHER PUBLICATIONS

R. Aber: “XDSL Supersharges Copper. DSL schemes prom-
ise multimegabit rates over local phone lines—and carriers
and vendors are nearly ready to deliver”’Data Communica-

tions,vol. 26, No. 3, Mar. 1997, pp. 99-100, 102, 104/105
XP000659545.

Alvarez et al.: “Data—Pump Implementation for Automatic
Interworking Between Automode Modems and other CCITT
& Bell Modems”Signal Processing Theories and Applica-
tions,Brussels, Aug. 24-27, 1992, vol. 3, No. CONF. 6, Aug.
24, 1992, pp. 1645-1648, XP000356561.

F. Gao: “DSP Algorithms and Software for Modem, Fax, and
Telephony”Electronic Design,vol. 44, No. 11, Nay 28, 1996,
pp. 123/124, 126 XP000623737.

“Digital Signal Processor Modem for Multiple telephone
Lines”IBM Technical Disclosure Bulletin,vol. 39, No. 4,
Apr. 1, 1996, pp. 263/264 XP000587492.

Primary Examiner—Don N. Vo
Attorney, Agent, or Firm—Christie, Parker & Hale, LLP

[57] ABSTRACT

A modem and method for operating same. A receiver circuit
of the modem is coupled to receive a continuous analog
signal from a communication channel. This analog signal
includes both packet and idle information. The receiver
circuit monitors the analog signal to detect the presence of
idle information. Upon detecting idle information, the
receiver circuit enters a standby mode in which the process-
ing requirements of the receiver circuit are reduced. A burst
mode protocol is also provided, in which packets of digital
information are modulated by a transmitter circuit of the
modem, thereby converting the packets of digital informa-
tion into analog signal bursts of discrete duration. These
analog signal bursts are transmitted from the transmitter
circuit to a telephone line. However, the transmitter circuit
does not generate any signals between the analog signal
bursts. A receiver circuit monitors the telephone line to
detect the analog signal bursts. Upon detecting the presence
of the analog signal bursts on the telephone line, the receiver
circuit demodulates the analog signal bursts using full
processing capabilities of the receiver circuit. However,
upon detecting the absence of the analog signal bursts on the
telephone line, the demodulating function of the receiver
circuit is disabled. The burst mode protocol enables multi-
drop and multi-cast operation, as well as reducing required
DSP resources.

12 Claims, 9 Drawing Sheets
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METHOD AND APPARATUS FOR
REDUCING SIGNAL PROCESSING
REQUIREMENTS FOR TRANSMITTING
PACKET-BASED DATA WITH A MODEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the reduction of the
required amount of signal processing in a modulator/
demodulator (modem) which is transferring packet-based
data or other information which is intermittent in nature on
a communication channel.

2. Related Art

Modern data networks commonly use complex digital
signal processing (DSP) devices called modems to transport
data over communication channels. Data is typically trans-
ported via an analog transmission signal which is represen-
tative of a synchronous, constant rate bit stream. This form
of communication channel is suitable for the transmission of
real-time information such as voice or video. However, it is
increasingly common to use modems for the transmission of
packet-based information. For example, packet-based infor-
mation is used to access the Internet and the World Wide
Web. However, packet-based information is typically bursty
in nature, with an average data rate which is often much less
than the available peak data transfer rate of the communi-
cation channel.

FIG. 1 is a block diagram of a transmitter circuit 100 of
a conventional modem. Transmitter circuit 100 includes
packet queue 101, framer 102, channel coding circuit 103,
output shaper 104, modulator 105 and digital-to-analog
(D/A) converter 106. In accordance with conventional
modem protocols, transmitter circuit 100 transforms source
data received by packet queue 101 into a continuous time
analog transmit signal, which is provided at the output
terminal of D/A converter 106.

More specifically, within transmitter circuit 100, the
source data is grouped into packets and stored in packet
queue 101. These packets are not synchronous with respect
to the modem bit clock, but arrive at packet queue 101 at
random times. Framer 102 receives the packets from packet
queue 101, and in response, composes a continuous bit
stream which is synchronous with respect to the modem bit
clock. To create such a synchronous bit stream in response
to the asynchronous packets, framer 102 generates idle
information (i.e., nulls or a marking tone) when no packets
are available, and generates packet data when packets are
available. The packet data and idle information are delin-
eated in such a way that a receiver circuit of a modem (see,
e.g., FIG. 2) can determine where the packet boundaries lie.

The synchronous bit stream generated by framer 102 is
then coded by channel coding circuit 103. Channel coding
circuit 103 is used to compensate for noise and distortion in
the communication channel. Channel coding circuit 103
provides redundant information (e.g., convolutional
encoding) to allow for error correction. Channel coding
circuit 103 further performs a scrambling function, as well
as mapping the coded bit stream onto symbol values. The
stream of symbol values generated by channel coding circuit
103 is provided to output shaper 104.

Output shaper 104 digitally filters the stream of symbol
values received from channel coding circuit 103. Output
shaper circuit 104 limits the frequency bandwidth of these
symbol values within a predetermined range and may also
be adjusted to help compensate for channel distortion. The
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2

filtered sample stream provided by output shaper 104 is
provided to modulator 105, which modulates a carrier signal
by the filtered sample stream. The output of modulator 105
is provided to D/A converter 106, which generates an analog
TRANSMIT signal for transmission on the communication
channel (i.e., telephone line).

Transmitter circuit 100 exhibits three distinct disadvan-
tages. First, because transmitter circuit 100 transmits con-
stantly (either packet data or idle information), a modem can
be functionally connected to only one telephone line at any
given time. Moreover, only a small percentage of the total
information carrying capacity of the communication channel
is used to transmit data, while a large percentage of this
capacity is used to transmit idle information. Additionally,
transmitter circuit 100 is unsuited to multi-drop operation on
a single communication channel. The first disadvantage
mentioned above is particularly deleterious where a number
of xDSL. modems are collected together in a central office to
provide data communications to a number of remote loca-
tions. In this case, each remote location requires a dedicated
xDSL modem in the central office.

The analog TRANSMIT signal is transmitted over the
telephone line to the telephone company central office.
Within the central office, an analog to digital converter
converts the analog TRANSMIT signal into a digital signal.
This digital signal is multiplexed onto a digital backbone
circuit and routed to a second central office location. The
digital signal is demultiplexed within the second central
office location and routed over a digital trunk to a digital
server which performs additional processing on the digital
signal.

FIG. 2 is a block diagram of a receiver circuit 200 of a
conventional modem. Receiver circuit 200 includes analog-
to-digital (A/D) converter 201, resampler 202, equalizer
203, carrier recovery circuit 204, symbol decision circuit
205, channel decoding circuit 206, framer 207, packet queue
208, echo canceler 209, timing update circuit 210, equalizer
update circuit 211 and carrier update circuit 212. Carrier
recovery circuit 204 and symbol decision circuit 205 are
sometimes referred to as a demodulator circuit. A/D con-
verter 201 is coupled to the telephone line to receive the
analog signal from the telephone company central office.
A/D converter 201 samples this analog signal, thereby
converting the analog signal into a digital signal.

The modem which includes receiver circuit 200 also
includes a transmitter circuit (i.c., a near end transmitter
circuit, not shown) which is similar to transmitter circuit
100. During full duplex operation, this near end transmitter
circuit may be generating a TRANSMIT signal at the same
time that receiver circuit 200 is attempting to receive the
analog signal from the remote (or far end) transmitter circuit
100. Under these conditions, receiver circuit 200 may
receive an echo of the TRANSMIT signal. Echo canceler
209 generates a signal which is a replica of this echo. The
signal generated by echo canceler 209 is then subtracted
from the output signal provided by A/D converter 201.

Resampler 202 adjusts the raw input samples received
from A/D converter 201 to match the symbol rate of the
transmitter circuit 100. Timing update circuit 211 extracts
timing information which is used to control resampler 202.
Equalizer 203 compensates for linear distortions introduced
by the communication channel (e.g., the telephone line).
Carrier recovery circuit 204 extracts the carrier signal from
the received signal and provides rough symbols (or a soft
symbol decision) to symbol decision circuit 205. Symbol
decision circuit 205 quantizes the rough symbols and makes
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hard decisions as to the identity of the received symbols.
Equalizer update circuit 211 and carrier update circuit 212
receive the symbols provided by symbol decision circuit
205. In response, equalizer update circuit 211 and carrier
update circuit 212 determine quantizer error. In response to
this quantizer error, equalizer update circuit 211 and carrier
update circuit 212 adjust the coefficients used by equalizer
203 and carrier recovery circuit 204, respectively, thereby
improving the accuracy of subsequent hard symbol deci-
sions.

Channel decoding circuit 206 uses redundant information
present in the received analog signal to correct for quantizer
errors. Channel decoding circuit 206 typically implements a
maximum likelihood sequence estimator (MLSE) circuit
(such as a Viterbi decoder or other form of error correction.
Channel decoding circuit 206 provides a decoded bit stream
to framer 207. Finally, framer 207 decodes the bit stream
into packet data, discarding the idle information, and loading
the packets of data into packet queue 208.

The operation of receiver circuit 200 is significantly more
complex than the operation of transmitter circuit 100. Sub-
stantial signal processing is performed by receiver circuit
200, typically many hundreds or thousands of operations per
symbol processed. Much of the signal processing is concen-
trated in equalizer 203, echo canceler 209, and channel
decoding circuit 206. A significant percentage of this signal
processing is dedicated to the processing of the idle infor-
mation generated by transmitter circuit 100.

It would therefore be desirable to have a modem system
which is capable of utilizing a greater percentage of the
information carrying capacity of the telephone line to trans-
fer packet based data. It would also be desirable to have a
modem system which minimizes the signal processing
which must be dedicated to the processing of idle symbols.
It would further be desirable to have a modem system which
enables a common modem to be functionally connected to a
plurality of telephone lines at the same time. It would further
be desirable to have a modem system which enables a
common telephone line to be used with a plurality of
modems in a multi-drop configuration.

SUMMARY

Accordingly, the present invention provides a method for
operating a modem on a communication channel which
includes the following steps. A receiver circuit of the modem
is coupled to receive a continuous analog signal which is
transmitted on the communication channel. This continuous
analog signal includes both packet information and idle
information. The receiver circuit monitors the analog signal
to detect the presence of the idle information. Upon detect-
ing the presence of the idle information, the receiver enters
a standby mode. In the standby mode, the amount of
processing performed by the receiver circuit is reduced.

The reduction of the amount of processing performed by
the receiver circuit can be achieved by disabling and/or
reducing the processing precision of selected elements
within the receiver circuit. For example, a symbol decision
circuit, a channel decoder and a framer within the receiver
circuit can be disabled during the standby mode in one
embodiment of the invention. Moreover, the processing
precision of other elements, such as an echo canceler, update
circuits and an equalizer can be reduced when the receiver
circuit is in the standby mode.

To detect the presence of the idle information, the receiver
circuit fully demodulates the analog signal to provide a
digital bit stream. This digital bit stream is processed by the
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receiver circuit to determine when packet data ceases to be
transmitted on the communication channel, and the trans-
mission of idle information commences. At some point after
the receiver circuit detects the start of the idle information,
the receiver circuit enters the standby mode. At this time,
various elements within the receiver circuit are disabled
and/or operated with reduced precision. In addition, an idle
bit pattern, which is synchronous with the idle bit pattern
generated by the associated transmitter circuit, is converted
to a plurality of expected idle symbols. The expected idle
symbols are then compared with a plurality of soft symbols
which are generated by the receiver circuit in response to the
analog signal using reduced processing within the receiver
circuit. The receiver circuit remains in the standby mode as
long as the expected idle symbols match the soft symbols.

The receiver circuit can further store a most recent history
of the analog signal in a buffer. After the standby mode is
exited, this buffer can be accessed, thereby enabling the
receiver circuit to reprocess the most recent history of the
analog signal. This helps ensure that no packet information
is lost due to the inherent delay in detecting the presence of
packet information.

In accordance with another aspect of the present
invention, the receiver circuit can monitor the quality of the
analog signal on the communication channel and reduce the
amount of processing performed by the receiver circuit if the
channel quality exceeds a predetermined level. This further
reduces the processing requirements of the receiver circuit.

In accordance with another embodiment of the invention,
a burst mode protocol is provided for operating a modem on
a telephone line. The burst mode protocol involves modu-
lating packets of digital information by a transmitter circuit
of the modem, wherein the packets of digital information are
converted into analog signal bursts of discrete duration.
These analog signal bursts are transmitted from the trans-
mitter circuit to the telephone line. However, no signal is
provided from the transmitter circuit to the telephone line
between the analog signal bursts. In one embodiment, a
non-idle state signal is appended to the beginning of the
analog signal bursts by the transmitter circuit, thereby sig-
nalling the presence of the analog signal bursts.

A receiver circuit of the modem monitors the telephone
line to detect the presence and absence of the analog signal
bursts. This monitoring step is performed by a non-idle
detector within the receiver circuit. When the non-idle
detector detects the presence of the analog signal bursts on
the telephone line, the non-idle detector causes the receiver
circuit to demodulate the analog signal bursts using full
processing capabilities of the receiver circuit. However,
when the non-idle detector detects the absence of the analog
signal bursts on the telephone line, the non-idle detector
disables the demodulating function of the receiver circuit.
This greatly reduces the processing requirements of the
receiver circuit when there are no analog signal bursts
present on the telephone line.

In one embodiment, the non-idle detector determines the
presence and absence of the analog signal bursts on the
telephone line by monitoring the telephone line for the
presence and absence of carrier energy. Alternatively, the
non-idle detector can monitor the telephone line for the
presence and absence of a non-idle state signal provided by
the transmitter circuit.

In accordance with the burst mode protocol, there are
certain periods during which the transmitter circuit is not
transmitting any signals. During these periods, the echo
canceler of the associated local receiver circuit can be
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disabled, since there will be no echo signal to cancel during
these periods. This further reduces the processing require-
ments of the receiver circuit.

In accordance with another aspect of the present
invention, the receiver circuit can monitor the quality of the
analog signal bursts on the telephone line and reduce the
amount of processing performed by the receiver circuit if the
line quality exceeds a predetermined level. This further
reduces the processing requirements of the receiver circuit.

In accordance with another embodiment of the present
invention, a plurality of remote transmitter circuits, which
are coupled to separate telephone lines, generate analog
signal bursts in accordance with the burst mode protocol.
The separate telephone lines are connected together at a
central location where the analog signal bursts are multi-
plexed to a number of receiver circuits. A non-idle detector
is coupled to receive the analog signal bursts from each of
the transmitter circuits, and to detect the presence and
absence of the analog signal bursts on the telephone lines.
Typically, only a small number of the telephone lines will be
transmitting analog signal bursts at any given time. The
analog signal bursts are therefore multiplexed into a number
of receiver circuits which is less than the number of tele-
phone lines. That is, each receiver circuit can process analog
signal bursts from a plurality of telephone lines. As a result,
the number of receiver circuits required to handle informa-
tion from a given number of telephone lines is advanta-
geously reduced. In a particular embodiment, different sets
of update coefficients are enabled within the receiver
circuits, depending upon which telephone line is currently
coupled to the receiver circuit.

The present invention also includes a method for operat-
ing a plurality of modems on a single telephone line (i.e.,
multi-drop operation). This method includes the steps of (1)
modulating packets of digital information by the modems,
wherein the packets of digital information are converted into
analog signal bursts of discrete duration, (2) transmitting the
analog signal bursts from the modems to the telephone line,
(3) providing no signal from the modems to the telephone
line between the analog signal bursts, and (4) arbitrating the
transmitting of the analog signal bursts from the modems to
the telephone line such that only one modem is transmitting
analog signal bursts to the telephone line at any given time.

In one variation of the multi-drop method, each of the
analog signal bursts includes a preamble and a correspond-
ing main body. Each preamble is transmitted in accordance
with a predetermined first modem protocol. However, the
main bodies can be transmitted in accordance with different
modem protocols which are different than the first modem
protocol. For example, the different modem protocols may
implement different data rates, modulation formats and/or
protocol versions. The modem protocol associated with each
of the main bodies is identified by information included in
the corresponding preamble. This variation enables devices
having different operating capabilities (e.g., personal com-
puters and smart appliances) to be operably coupled to the
same telephone line in a multi-drop configuration.

The present invention further includes a method for
implementing a multi-line network access circuit. In this
embodiment, digital data packets are transmitted from a
plurality of sources (e.g., ISPs) to a multi-line network
circuit. The digital data packets do not include idle infor-
mation. The multi-line network access circuit identifies the
telephone lines associated with the digital data packets using
a destination address monitor. Digital data packets from
different sources are multiplexed to a common digital signal
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processing (DSP) resource. This common DSP resource
modulates digital data packets from different sources. The
multi-line network access circuit then de-multiplexes the
modulated digital data packets onto telephone lines corre-
sponding to the destination addresses. In one variation, a
common idle generator within the multi-line network access
circuit is used to generate common idle information for each
of the telephone lines. In another variation, a non-idle state
signal generator within the multi-line network access circuit
is used to generate non-idle state signalling for each of the
telephone lines.

Yet another embodiment of the present invention provides
a method of implementing a multi-cast network access
circuit. In accordance with this method, a digital data packet
is transmitted from a source to the multi-cast network access
circuit. In this embodiment, the digital data packet does not
include idle information. The digital data packet identifies a
plurality of destination addresses to which the digital data
packet is to be transmitted. The digital data packet is routed
to a digital processing resource and modulated. The modu-
lated digital data packet is demultiplexed to a plurality of
telephone lines which correspond to the destination
addresses, thereby completing the multi-cast operation.

The present invention will be more fully understood in
view of the following detailed description taken together
with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a transmitter circuit of a
conventional modem;

FIG. 2 is a block diagram of a receiver circuit of a
conventional modem;

FIG. 3 is a block diagram of a receiver circuit of a modem
in accordance with one embodiment of the invention;

FIG. 4 is a block diagram of a receiver circuit of a modem
in accordance with a burst-mode protocol of the present
invention;

FIG. § is a block diagram of a multi-line network access
circuit which can be located in a central office in accordance
with one embodiment of the invention;

FIG. 6 is a schematic diagram of packet data received on
the multiple lines of the multi-line network access circuit of
FIG. 5 in accordance with one embodiment of the invention;

FIG. 7 is a schematic diagram of a multi-drop configu-
ration which includes modems in a subscriber’s residence
and a modem in the telephone company central office;

FIG. 8 is a schematic representation of packet information
which is transmitted by transmitter circuits in accordance
with the burst-mode protocol of the present embodiment;

FIG. 9 is a block diagram of a multi-line network access
circuit in accordance with another embodiment of the
present invention; and

FIG. 10 is a schematic diagram of packet information
received by and transmitted from the multi-line network
access circuit of FIG. 9.

DETAILED DESCRIPTION

FIG. 3 is a block diagram of a receiver circuit 300 of a
modem in accordance with one embodiment of the present
invention. Receiver circuit 300 includes A/D converter 301,
resampler 302, equalizer 303, carrier recovery circuit 304,
symbol decision circuit 305, channel decoder 306, framer/
idle detector 307, sample buffer 308, echo canceler 309,
timing update circuit 310, equalizer update circuit 311,
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carrier update circuit 312, idle generator 314, idle symbol
predictor 316, comparator circuit 317, packet queue 318 and
summing node 319. In combination, carrier recovery circuit
304 and symbol decision circuit 305 form a demodulator. In
the described embodiment, A/D converter 301 is imple-
mented by a coder/decoder (codec) chip, while the remain-
ing elements of receiver circuit 300 are implemented by a
digital signal processor (DSP). In other embodiments, the
elements of receiver circuit 300 can be implemented by
other means, such as a general purpose processor. Receiver
circuit 300 is coupled to receive an analog RECEIVE signal
from communication channel 321, which in the described
embodiment, is a telephone line. It is understood that other
communication channels, such as twisted pair other than a
telephone line, wireless, coaxial cable, infrared or optical,
can be used in other embodiments.

In the described embodiment, the RECEIVE signal
received on communication channel 321 is an analog signal
in accordance with a conventional modem protocol, such as
xDSL or a voice band modem protocol. For example, this
analog RECEIVE signal could originate from transmitter
circuit 100 (FIG. 1) in the manner previously described.
Thus, the analog RECEIVE signal received on communi-
cation channel 321 includes modulated packet data as well
as idle information which is interleaved with the packet data.

A/D converter 301 samples the analog RECEIVE signal,
thereby converting the analog RECEIVE signal into a digital
signal. This digital signal is provided to a positive input
terminal of summing node 319. Echo canceler 309 uses the
local transmit signal to adaptively predict the echo signal on
communication channel 321. As previously described, an
echo of the local transmit signal may be present if the
modem which includes receiver circuit 300 is operating in
full duplex mode. Echo canceler 309 applies the predicted
echo signal to the negative input terminal of summing node
319, thereby canceling the echo signal from the digital
signal.

The digital signal output by summing node 319 is pro-
vided to a conventional resampler 302. Resampler 302
interpolates this digital signal to generate samples which
match the symbol rate of the transmitter circuit. Timing
update circuit 310 monitors the digital signal provided by
summing node 319. Timing update circuit 310 is a conven-
tional element which runs a control loop to extract symbol
timing information from this digital signal. This symbol
timing information is provided to resampler 302, thereby
enabling resampler 302 to control the sampling process as
necessary.

The digital signal output by summing node 319 is further
provided to sample buffer 308. Sample buffer 308 is a
dual-port first-in, first-out (FIFO) circular buffer which
stores a most recent history of the digital signal provided by
summing node 319. In the described embodiment, the infor-
mation stored in sample buffer 308 is representative of a
plurality N of the most recent symbols. In one embodiment,
N is equal to eight, although N can be any integer value. In
other embodiments N is much larger, having a magnitude on
the order of hundreds or even thousands. The operation of
sample buffer 308 is described in more detail below.

The raw input samples are routed from resampler 302 to
adaptive equalizer 303. Adaptive equalizer 303 is a conven-
tional element which modifies the raw input samples to
compensate for linear distortions introduced by communi-
cation channel 321. To accomplish this, equalizer 303 pro-
cesses the raw input samples using a plurality of equaliza-
tion coefficients which are updated periodically within
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equalizer update circuit 311 based on quantization errors
measured at the output of the symbol decision circuit 3085.

Equalizer 303 provides a stream of equalized digital
samples to carrier recovery circuit 304. Carrier recovery
circuit 304 is a conventional element which extracts the
carrier signal from the equalized digital samples and, for
each digital sample, provides a soft decision (i.e., a best
estimate) concerning the identity of the corresponding sym-
bol. The symbols achieved by the soft decision are herein-
after referred to as soft symbols. The soft symbols are
transmitted to symbol decision circuit 305.

Symbol decision circuit 305 is a conventional circuit
which quantizes the soft symbols provided by carrier recov-
ery circuit 304, thereby making a hard decision as to the
identity of the received symbols. The symbols achieved by
the hard decision are hereinafter referred to as hard symbols.
The hard symbols are fed back to equalizer update circuit
311 and carrier update circuit 312. In response, equalizer
update circuit 311 and carrier update circuit 312 determine
quantizer error. In response to the quantizer error, equalizer
update circuit 311 and carrier update circuit 312 adjust the
processing coefficients used by equalizer 303 and carrier
recovery circuit 304, respectively, thereby improving the
accuracy of the hard decisions made by symbol decision
circuit 305.

The hard symbols generated by symbol decision circuit
305 are also provided to conventional channel decoding
circuit 306. Channel decoding circuit 306 uses redundant
information in present in the RECEIVE signal to correct for
quantizer errors. Channel decoding circuit 306 typically
implements a maximum likelihood sequence estimator
(MLSE) circuit such as a Viterbi decoder or some other form
of error correction. Channel decoding circuit 306 provides a
decoded bit stream to framer/idle detector 307.

Framer/idle detector 307 monitors the digital bit stream to
determine if the digital bit stream is representative of an idle
bit pattern. When the digital bit stream is representative of
an idle bit pattern, the digital bit stream is said to represent
an IDLE state. When the digital bit stream is not represen-
tative of an idle bit pattern (i.e., the digital bit stream is
representative of packet data), the digital bit stream is said
to represent a DATA state. To decrease the chance of falsely
detecting the presence of an idle bit pattern, the determina-
tion can be postponed until several successive symbols of
the idle bit pattern have been detected by framer/idle detec-
tor 307.

If framer/idle detector 307 detects that the digital bit
stream is representative of packet data (i.e., a DATA state
exists), then framer/idle detector 307 de-asserts a control
signal (ENTER _STANDBY) to disable idle generator cir-
cuit 314. Framer/idle detector 307 also generates a digital bit
stream which is representative of the received packet data.
This digital bit stream is provided to packet queue 318 for
further processing. Framer/idle detector 307 is a conven-
tional circuit element well known to those of ordinary skill
in the art.

If framer/idle detector 307 determines that the digital bit
stream provided by channel decoding circuit 306 is repre-
sentative of an idle bit pattern (i.e., an IDLE state exists),
then receiver circuit 200 enters a standby mode in the
following manner. Framer/idle detector 307 does not pro-
vide any output bit stream to packet queue 318. Framer/idle
detector 307 asserts the ENTER _STANDBY signal which
enables idle generator circuit 314. In response, idle genera-
tor circuit 314 generates an idle bit pattern as defined by the
applicable modem protocol. This idle bit pattern is synchro-
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nous with the pattern that receiver circuit 300 expects to
receive from the corresponding transmitter circuit.

The idle bit pattern generated by idle generator circuit 314
is also provided to idle symbol predictor circuit 316. In
response to the idle bit pattern, idle symbol predictor 316
generates a sequence of expected idle symbols in accordance
with the applicable modem protocol. Thus, the idle bit
pattern is converted into a stream of expected idle symbols.
Alternatively, where the stream of expected idle symbols
repeats with a reasonable period, the stream of expected idle
symbols can be pre-computed and stored in a table within
receiver circuit 300, and accessed when framer/idle detector
307 detects an idle bit pattern.

The sequence of expected idle symbols is provided to a
first input terminal of comparator circuit 317. The second
input terminal of comparator circuit 317 is coupled to carrier
recovery circuit 304, such that the soft symbols generated by
carrier recovery circuit 304 are provided to the second input
terminal of comparator circuit 317. Comparator circuit 317
compares the expected idle symbols received from idle
symbol predictor circuit 316 with the soft symbols received
from carrier recovery circuit 304. If comparator circuit 317
detects a match, comparator circuit 317 allows processing to
continue in standby mode by de-asserting a control signal,
EXIT STANDBY. The de-asserted EXIT STANDBY sig-
nal causes receiver circuit 300 to remain in the standby
mode. In this manner, the soft symbols provided by carrier
recovery circuit 304 are used make the determination as to
whether the RECEIVE signal is representative of an IDLE
state.

Because the soft symbols are used to determine whether
the RECEIVE signal is representative of an IDLE state, the
following elements of receiver circuit 300 can be disabled
during the standby mode: symbol decision circuit 305,
channel decoder 306, framer/idle detector 307, equalizer
update circuit 311 and carrier update circuit 312. As a result,
the processing requirements of receiver circuit 300 are
greatly reduced when receiver circuit 300 operates in the
standby mode. In the described embodiment, the symbol
decision circuit 305, channel decoder 306, framer/idle detec-
tor 307, equalizer update circuit 311 and carrier update
circuit 312 are disabled in response to the asserted ENTER
STANDBY control signal, and are enabled in response to the
asserted EXIT STANDBY control signal. To further reduce
the processing requirements of receiver circuit 300 during
the standby mode, equalizer 303, carrier recovery circuit
304, timing update circuit 310 and echo canceler 309 can be
operated in a reduced precision processing mode while
receiver circuit 300 is operating in the standby mode. Even
further reductions are possible by applying well understood
sequence estimation concepts. That is, the quality of pro-
cessing required to make the soft decision can be greatly
relaxed during standby mode.

More specifically, the length of echo canceler 309 can be
significantly reduced during standby mode because the
resulting uncompensated error will be compensated for by
the vastly increased window of comparison implemented by
comparator circuit 317. In addition, the frequency of updates
within echo canceler 309 can also be reduced. The length of
echo canceler 309 can also be reduced since distant echos
may now be small enough to be ignored. Similarly, the
tolerance requirements for timing update circuit 310 can be
greatly relaxed and the length of resampler 302 can be
shortened. In many cases, equalizer 303 can be disabled
during standby mode. In most other cases, equalizer 303 can
be implemented with just a few taps of a FIR filter during
standby mode. If the carrier signal is locked to the timing,
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then the carrier tracking performed by carrier recovery
circuit 304 may not be necessary if the target C/I ratio is
reduced to approximately 12 dB to provide an acceptable
level of phase jitter. If carrier recovery circuit 304 includes
a phase locked loop (PLL) to track a center frequency of the
signal provided by equalizer 303, then the update rate of the
PLL may be reduced.

An example of the reduced processing implemented dur-
ing the standby mode is described in more detail below. The
full and reduced precision processing modes of equalizer
303, carrier recovery circuit 304 and echo canceler 309 can
be entered and exited in response to the ENTER
STANDBY and EXIT_STANDBY control signals.

When comparator 317 determines that a soft symbol
provided by carrier recovery circuit 304 does not correspond
with an expected idle symbol provided by the idle symbol
predictor circuit 316, comparator 317 asserts the EXIT
STANDBY signal. The asserted EXIT _STANDBY signal is
also used to cause receiver circuit 300 to exit the standby
mode. Upon exiting the standby mode, symbol decision
circuit 305, channel decoder 306, framer/idle detector 307,
equalizer update circuit 311 and carrier update circuit 312
are enabled. In addition, equalizer 303, carrier recovery
circuit 304 and echo canceler 309 are returned to their full
processing capabilities.

The asserted EXIT_STANDBY signal also causes the
most recent history of the digital signal stored in sample
buffer 308 to be provided to resampler 302. In the described
example, sample buffer 308 initially provides the symbol
which was received N symbols before the soft symbol which
failed to match the expected idle symbol. Processing then
proceeds forward from this previous sample. By reprocess-
ing the most recent history of the digital signal, the prob-
ability that useful data is thrown away because of failure to
detect the end of the IDLE state is minimized. Moreover,
reprocessing the most recent history of the digital signal
enables the timing, carrier and equalization update circuits to
be restored to the accuracies necessary to operate at the
agreed upon transmission rate.

In the foregoing example, receiver circuit 300 must pro-
cess N symbols of the most recent history of the digital
signal two times, once at reduced processing capability and
once at full processing capability. However, this
re-processing enables many (typically thousands) of idle
symbols to be processed at a reduced processing capability.
The overall result is a large reduction in the overall pro-
cessing requirements.

In the foregoing manner, receiver circuit 300 is only
required to operate at full processing capability when the
RECEIVE signal transmits symbols which are representa-
tive of data. In a packet based data transmission
environment, this can greatly reduce the percentage of time
during which receive circuit 300 must operate at full pro-
cessing capability. This reduced processing load on receiver
circuit 300 can allow for other processing, such as non-
communication processing, to be effected by the same
processing resource used by receiver circuit 300, or can be
used to reduce power consumption of the processing ele-
ment. In another embodiment, the reduced processing load
on receiver circuit 300 can enable a single processing
resource to perform standby idle prediction and detection for
multiple lines. In this embodiment, the single processing
resource signals other processing resources to schedule for
full demodulation processing when the received signal
enters the DATA state.

One example of the reduced processing possible during
standby mode will now be described. For example, consider
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a quadrature amplitude modulation (QAM) modem. Assume
that all symbols have the same probability of being trans-
mitted (although this assumption is not necessary to practice
the present invention). Each of the symbols can be defined
as having a particular location (or signal point) within a
signal constellation. The signal points are separated by
predetermined distances within the signal constellation. In
the present embodiment, the idle symbol predictor 316
determines the location of the next expected idle symbol.
Idle symbol predictor 316 then defines a predicted region
which laterally surrounds the location of this expected IDLE
symbol. The predicted region has a radius, Rprrprerepn- If
the soft symbol identified by carrier recovery circuit 304 lies
within the predicted region, then this soft symbol will be
deemed to have been the expected IDLE symbol. Note that
once the transmission of useful data symbols resumes, there
is still a chance that the initial data symbol will lie within the
predicted region of the next expected IDLE symbol.
However, if the entire signal constellation is considered, the
probability of the initial data symbol lying within the
predicted region of the expected idle symbols can be made
small. As a result, the radius Rpgpprcrsp can be made
relatively large, while the chances of incorrectly remaining
in the standby mode can be made relatively small.

For example, assume that “Area_ predicted” is the area of
the predicted region (i.e., the area of the region within
Rprepicren of the expected IDLE symbol), and that
“Area_ total” is the area of the entire signal constellation.
Further assuming that for normal useful data transmission
the received symbols would be distributed uniformly over
Area_ total, then the probability of missing the transition
from an IDLE state to a DATA state is approximately:

P [miss]=Area_ predicted/Area_ total

However, the probability of N useful data symbols tracking
N expected IDLE symbols (where N is an integer greater
than one) is approximately:

Py[miss]=(Area_ predicted/Area_total"

Using sample buffer 308 to maintain a recent history of N
samples minimizes the likelihood of missing transitions
from the IDLE state to the DATA state.

A specific example is provided below with hypothetical
numbers. If Area_predicted/Area_ total=% and a sequence
of 8 symbols is considered (i.e., N=8), then,

Py miss]=(%)%=1.5x107°

Furthermore, this ratio of Area predicted/Area_ total
implies that the quality of processing need only be roughly
equivalent to that of quadrature phase shift keying (QPSK).

If receiver circuit 300 fails to detect the transition from an
IDLE state to a DATA state within N symbols, the initial data
packet would be lost. However, the modem protocol, such as
V.42, or a higher level modem protocol would merely
request retransmission of the initial data packet. The end
result is a brief degradation in data throughput. Most net-
work protocols require that packets have a minimum size,
increasing the likelihood of detection of the initial data
packet.

The probability of falsely detecting that a DATA state
exists (when an IDLE state actually exists) can be calculated
as follows. First, assume a carrier to interference ratio (C/T)
of 10.5 dB (with interference being defined as noise plus
interference plus equalizer mismatch plus other forms of
processing degradation, primarily resulting from reduced
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processing. Therefore, the probability of falsely detecting a
DATA state is approximately 1x107>, based on error prob-
ability curves for QPSK modulation. The error probability
curves for QPSX modulation can be used because QPSK
modulation, like the described example, exhibits an Area__
Predicted/Area_ Total ratio of %. Because there is a rela-
tively low probability of falsely detecting a DATA state, in
one variation of the invention, a single detected data symbol
causes receiver circuit 300 to transition to the DATA state.

Moreover, if a soft symbol which is actually representa-
tive of an expected idle symbol is erroneously determined to
be located outside of the predicted region, then receiver
circuit 300 merely exits the standby mode resumes more
accurate processing of the RECEIVE signal. If the
RECEIVE signal is indeed representative of an IDLE state,
receiver circuit 300 subsequently detects the IDLE state and
re-enters the standby mode. The end result is a brief deg-
radation in computational efficiency.

In the present example, 99.9% (i.e., 1-(1x107%)) of the
IDLE state should be detectable. Furthermore, sequential
estimation techniques across a set of samples can be used to
further decrease the error in idle estimation, if necessary.
The associated transmitter circuit can enhance detection of
the DATA states by prefixing new packet transmissions with
a preamble to trigger comparator 317.

It is estimated that the previously described optimizations
provide an order of magnitude reduction in processing
within receiver circuit 300 during the standby mode.

In another embodiment of the present invention, receiver
circuit 300 is modified such that comparator 317 receives the
equalized digital samples provided by equalizer circuit 303,
rather than the soft symbols provided by carrier recovery
circuit 304. In this embodiment, conventional differential
processing can be performed on the equalized digital
samples provided by equalizer circuit 303. This differenitial
processing determines the actual differences between suc-
cessive equalized digital samples. In this embodiment, idle
symbol predictor 316 is modified to provide predicted
differences between successive IDLE symbols (rather than
predicted IDLE symbols). Comparator 317 then compares
the actual differences provided by equalizer 303 with the
predicted differences provided by idle symbol predictor 316
to determine whether the signal received on communication
channel 321 is representative of an IDLE state or a DATA
state.

The concept of idle detection and idle symbol prediction
can be applied to other modulation types in addition to
QAM. One example of an alternative modulation type is
carrier-less amplitude and phase (CAP) modulation. Another
example is pulse amplitude modulation (PAM). PAM can be
geometrically viewed as a one dimensional constellation,
where the ‘areas’ described for in QAM example convert to
‘line lengths’ in PAM.

For multi-carrier techniques such as discrete multi-tone
modulation (DMT) (also known as orthogonal frequency
division multiplexing, or OFDM), there is, as in the QAM
example, a channel decoding stage out of which the IDLE
state can be detected. Assuming that the remote transmitter
circuit is a single channel and continues to transmit idle
information, subsequent idle symbols at the receiver circuit
can be predicted.

Once the IDLE state has been detected, a standby mode
can be entered during which only one (or a small subset) of
the multiple carriers is processed. If the output of this
reduced processing matches properly with the expected
continuation of the idle sequence, then the standby mode is
maintained. Otherwise, the standby mode is exited and full
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processing is resumed from a point far enough back in the
input sample buffer to guarantee correct demodulation of the
onset of useful data.

In accordance with another embodiment of the invention,
the quality of the communication channel 321 can be
determined by monitoring various elements within receiver
circuit 300. For example, error correction circuitry present in
channel decoder 306 can be monitored to determine the
quality of the established communication channel 321 (i.e.,
whether a large or small amount of error correction is being
performed). Another measure of the signal quality is the
mean of the square of the quantizer error (i.e., the difference
between the input and the output of the symbol decision
circuit 305). If the communication channel 321 is deter-
mined to be a high quality connection, then the processing
within receiver circuit 300 can be reduced. For example,
equalizer 303, carrier recovery circuit 304, timing update
circuit 310 and echo canceler 309 can be operated in a
reduced precision processing mode when a high quality
communication channel 321 exists. The processing per-
formed by receiver circuit 300 in the reduced precision
mode in accordance with this variation is approximately 50
to 25 percent of the processing required in the full process-
ing mode.

In a variation of this embodiment, the quality of the
communication channel 321 can be determined using higher
protocol layers, and the processing precision of receiver
circuit 300 can be adjusted accordingly.

Where a given telephone line is intentionally configured
to use reduced symbol rates or relaxed number of bits per
symbol, as in the case where subscriber data rates are
adjusted according to class of service, then processing
within receiver circuit 300 can be reduced.

In another variation, echo canceler 309 can monitor the
coefficients which used to generate the echo signal. There
are typically a predetermined number of coefficients used to
generate the echo signal. If certain coefficients are small
enough to be ignored, the number of coefficients used to
generate the echo signal can be reduced (with the insignifi-
cant coefficients being ignored). As a result, the processing
requirements of echo canceler 309 are advantageously
reduced.

The previously described methods are based on modem
formats that continuously signal on a communication
channel, using distinguished idle symbol sequences within
the modulation to indicate the absence (and presence) of
data.

Alternative Embodiments

In accordance with another embodiment of the present
invention, the transmitter and receiver circuits provide for
direct support of packet traffic, as opposed to continuous bit
streams, using low-level modem protocols. The protocol
which facilitates this packet traffic will hereinafter be
referred to as a burst-mode protocol. In the burst-mode
protocol, the transmitter circuit does not transmit idle infor-
mation as previously described in connection with transmit-
ter circuit 100 (FIG. 1). Instead, the transmitter circuit
transmits a predetermined non-idle state signal to indicate
that packet data is about to be transmitted, and then transmits
the packet data. If the transmitter circuit is not transmitting
the predetermined non-idle state signal or packet data, the
transmitter circuit does not transmit any signals on the
communication channel. Stated another way, the transmitter
circuit does not transmit idle information. The transmitter
circuit only sends information when there is meaningful
packet data available to be sent.

FIG. 4 is a block diagram of a receiver circuit 400 in
accordance with the burst-mode protocol. Many of the
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elements of receiver circuit 400 are similar to elements
previously described in connection with receiver circuit 300
(FIG. 3). Thus, similar elements in FIGS. 3 and 4 are labeled
with similar reference numbers. Thus, receiver circuit 400
includes A/D converter 301, resampler 302, equalizer 303,
carrier recovery circuit 304, symbol decision circuit 305,
channel decoder 306, framer/idle detector 307, sample
buffer 308, echo canceler 309, timing update circuit 310,
equalizer update circuit 311, carrier update circuit 312 and
packet queue 318. In addition, receiver circuit 400 includes
a non-idle detector circuit 401, which is coupled to receive
the output signal provided by summing node 319.

In the burst-mode protocol, the presence of packet data
(ie., an analog signal burst) is immediately preceded by a
predetermined signalling on the communication channel
(i.e., a non-idle state signal). This signalling is selected to be
detected by non-idle detector 401 without the computational
complexity of full demodulation. Three such signalling
schemes are discussed below.

First, an easily detected signal, such as a pure tone, can be
used to signal the presence of packet data (hereinafter
referred to as a DATA state) and the absence of packet data
(hereinafter referred to as a NO DATA state). In the
described example, the easily detected signal is prefixed to
the onset of the transmission of packet data. Upon detecting
the easily detected signal, non-idle detector 401 enables the
full processing mode of receiver circuit 400, thereby causing
receiver circuit 400 to perform full demodulation on the
incoming RECEIVE signal. After the packet data has been
received, non-idle detector 401 detects the absence of the
easily detected signal (and the packet data) on the commu-
nication channel, and in response, enables a reduced pro-
cessing mode of receiver circuit 400. To enable the reduced
processing mode of receiver circuit 400, non-idle detector
401 disables resampler 302, equalizer 303, carrier recovery
circuit 304, symbol decision circuit 305, channel decoder
306, framer/idle detector 307, echo canceler 309, timing
update circuit 310, equalizer update circuit 311, carrier
update circuit 312 and packet queue 318 of receiver circuit
400, thereby simplifying the modem function when there is
no packet data being received (ie., during the NO DATA
state).

In a second scheme, non-idle detector 401 monitors the
presence and absence of carrier energy within the commu-
nication channel to determine whether packet data is being
received. Upon detecting carrier energy within the commu-
nication channel, non-idle detector 401 enables the full
processing mode of receiver circuit 400. When no carrier
energy (or a minimum carrier energy) is detected within the
communication channel, non-idle detector 401 enables the
reduced processing mode of receiver circuit 400.

In a third scheme, a sub-carrier signal is used to signal the
presence and absence of packet data. In this embodiment,
the sub-carrier signal is demodulated with much less com-
putational requirements than the packet data. One example
of a signalling protocol which uses a sub-carrier signal is
multi-carrier modulation (MCM) signalling. One example of
multi-carrier modulation signalling is Discrete Multi-Tone
(DMT) signalling. Although the receiver circuit used in
connection with an MCM signalling protocol (hereinafter an
MCM receiver circuit) is different from receiver circuit 400,
such an MCM receiver circuit is well known in the art and
can be adapted for use with a non-idle detector in the manner
described below.

In MCM signalling, the received analog signal consists of
multiple sub-channels in the frequency domain. In such a
format, one of these sub-channels is used by the associated
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transmitter circuit to signal the presence of the DATA state.
A non-idle detector circuit is coupled to receive the selected
sub-channel of the incoming MCM signal. Upon detecting
the sub-channel signalling, the non-idle detector circuit
causes the receiver circuit to enter into a full processing
mode, in which the received analog signal is processed using
the full processing capabilities of the receiver circuit. After
the packet data has been transmitted, the sub-channel signal
is de-asserted. Upon detecting the absence of the sub-
channel signal, the non-idle detector enables a reduced
processing mode within the receiver circuit.

In the foregoing schemes, receiver circuit 400 (or the
MCM receiver circuit) operates with a reduced level of
processing to monitor the communication channel to detect
the presence of a DATA state. After a timeout period has
expired, the communication channel can automatically be
assigned to a call-inactive status, and the detection process-
ing performed by non-idle detector 401 can be reduced. The
associated transmitter circuit can then initiate a session by
transmitting a non-idle state signal long enough to ensure
that non-idle detector 401 detects the subsequent DATA
state. Alternatively, receiver circuit 400 can periodically poll
the other end of the communication channel (i.e., the asso-
ciated transmitter circuit), and only enable non-idle detector
401 during a window following each poll.

Alternatively, receiver circuit 400 can periodically enable
the non-idle detector 401 during predetermined time inter-
vals which can be used by the remote transmitter circuit to
signal the transmission of a packet. A periodic poll or some
other timing signal would be used to maintain synchroniza-
tion of these time intervals between receiver circuit 400 and
the remote transmitter circuit. In the case of a multi-line
access network access circuit (described in more detail
below in connection with FIG. 5), the time intervals can be
staggered across the multiple lines such that idle detection
can be shared across those lines. In this manner, the pro-
cessing requirements of the receiver circuit 400 are further
reduced.

In a particular embodiment, receiver circuit 400 is imple-
mented in software in a subscriber’s personal computer
(PC). In this embodiment, the processing resources required
to implement receiver circuit 400 are greatly reduced during
the NO DATA state. For example, when receiver circuit 400
demodulating a standard V.34 signal is in the full processing
mode (i.e., during a DATA state), approximately 40 percent
of a 100 MHz Pentium™ PC’s computing resources may be
consumed by the implementation of receiver circuit 400.
However, during the reduced processing mode (i.e., during
a NO DATA state), this percentage can be reduced by
approximately one order of magnitude.

As previously described, when no packet data is being
received, there is a statistically significant reduction in the
amount of processing required within receiver circuit 400.
This reduction in processing can be used to reduce power
consumption.

In accordance with another aspect of the invention, the
quality of communication channel 321 can be determined in
the manner previously described in connection with receiver
circuit 300 (FIG. 3). If the quality of communication channel
321 is determined to be relatively high, then the processing
within receiver circuit 400 can be reduced in the manner
previously described in connection with receiver circuit 300.

In accordance with another aspect of the invention, when
using the burst-mode protocol, the local transmitter circuit
associated with receiver circuit 400 will not be continuously
transmitting. During the periods when the local transmitter
circuit is not transmitting local transmit data, there is no
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possibility of an echo signal on communication channel 321.
Accordingly, echo canceler 309 can be disabled when the
local transmitter circuit is not transmitting packet
information, thereby further reducing the processing
requirements of receiver circuit 300.

In another embodiment, receiver circuit 400 is used in a
telephone company central office to implement a multi-line
network access circuit (i.e., increase the number of lines that
can be handled by a single DSP resource). FIG. 5 is a block
diagram of a multi-line network access circuit 500 which
can be located in a central office. In another embodiment,
multi-line network access circuit 500 can be used by an
internet service provider (ISP). Multi-line network access
circuit 500 includes a first number N of incoming commu-
nication channels 401-405 (e.g., telephone lines), a corre-
sponding number of A/D converters 411-415 and buffers
421-425, a switch matrix 440, a second number M of digital
signal processing resources 431-433, a non-idle detector
circuit 450 and DSP allocation and scheduling circuit 451. In
the described embodiment, N is an integer greater than one,
and M is an integer greater than or equal to one. In a
particular example, N is equal to 100, while M is equal to 10.
The ratio of N:M is referred to as the concentration ratio.
The larger the concentration ratio, the fewer the number of
DSP resources required to support a large number of incom-
ing signal lines. In the described embodiment, the concen-
tration ratio is greater than 1:1.

Each of the corresponding telephone lines 401405 is
coupled to a corresponding subscriber (rot shown). Each
subscriber has one or more transmitter circuits which trans-
mit non-idle state signalling and packet data on the corre-
sponding line in accordance with the burst mode protocol
previously described. Each of lines 401-405 is coupled to a
dedicated A/D converter 411-415. Each of A/D converters
411-415 is substantially equivalent to the previously
described A/D converter 301 (FIGS. 3 and 4). Typically,
each of A/D converters 411-415 is located within a codec
which also includes a corresponding D/A converter (not
shown).

Each of the A/D converters 411415 is coupled to a
dedicated buffer circuit 421-425. Each of buffer circuits
421-425 operates in a first in, first out manner, and stores a
plurality of samples of the incoming signals. Buffer circuits
421-425 are coupled to switch matrix 440. Switch matrix
440 is controlled to provide the output signals from each of
buffers 421-425 to non-idle detector 450. Non-idle detector
450, which includes N non-idle detector circuits (one for
each of lines 401-405), monitors the signals provided by
buffer circuits 421-425. In response, non-idle detector 450
determines which of the lines 401-405 are in a DATA state
and which of the lines 401405 are in a NO DATA state. At
any given time, it is probable that only a few (if any) of the
lines 401-405 will be in the DATA state. As a result, it is
possible to multiplex the packet data on the plurality of lines
401405 into a single one of the DSP circuits 431-433.

In the described embodiment, each of DSP circuits
431-433 includes the following elements which were pre-
viously described in connection with receiver circuits 300
and 400 (FIGS. 3 and 4): resampler 302, equalizer 303,
carrier recovery circuit 304, symbol decision circuit 305,
channel decoder 306, framer/idle detector 307, sample
buffer 308, echo canceler 309, timing update circuit 310,
equalizer update circuit 311, carrier update circuit 312, and
summing node 319.

Non-idle detector 450 generates a plurality of control
signals which are provided to DSP allocation and scheduling
circuit 451. These control signals indicate which of the lines
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401-405 are carrying packet data at any given time. In
response to the control signals, DSP allocation and sched-
uling circuit 451 routes the received packet data from buffers
421-425 to DSP circuits 431-433. DSP circuits 431433
operate in the manner previously described in connection
with FIGS. 3 and 4 to provide demodulated bit streams. The
demodulated bit streams provided by DSP resources
431-433 are routed over digital switching circuitry to an end
destination, such as internet service provider (ISP).

The following example will further illustrate how DSP
allocation and scheduling circuit 451 routes the received
packet data. FIG. 6 is a schematic diagram of packet data
received on lines 401—405. In this example, data packets
601, 602 and 603 are simultaneously transmitted on lines
401, 402 and 403, respectively. At this time, lines 404 and
405 are in a NO DATA state. Non-idle detector 450 detects
the presence of data packets 601, 602 and 603 in accordance
with one of the previously described non-idle signalling
schemes. Non-idle detector 450 transmits control signals to
DSP allocation and scheduling circuit 451 indicating the
presence of packet data on lines 401, 402 and 403. In
response, DSP allocation and scheduling circuit 451 controls
switch matrix 440 to route the output signals from lines 401,
402 and 403 to different ones of DSP circuits 431-433. For
example, the packet information on line 401 can be routed
to DSP circuit 431, the packet information on line 402 can
be routed to DSP circuit 432, and the packet information on
line 403 can be routed to DSP circuit 433.

Subsequently, data packets 604, 605 and 606 are received
on lines 402, 403 and 404, respectively. Again, non-idle
detector 450 detects these data packets 604—606, and
informs DSP allocation and scheduling circuit 451. In
response, DSP allocation and scheduling circuit 451 controls
switch matrix 440 to route the data packets 604, 605 and 606
to different DSP circuits 431-433. For example, data packet
604 on line 402 can be routed to DSP 432, data packet 605
on line 403 can be routed to DSP 433, and data packet 606
on line 404 can be routed to DSP 431. In this manner, DSP
431 is used to process packet data from both line 401 and
line 404 (i.e., data packets 601 and 606).

Subsequently, data packets 607 and 608 are received on
lines 401 and 404, respectively. Again, non-idle detector 450
detects these data packets 607—-608, and informs DSP allo-
cation and scheduling circuit 451. DSP allocation and sched-
uling circuit 451 controls switch matrix 440 to route data
packets 607 and 608 to different DSP circuits 431-433. For
example, data packet 607 on line 401 can be routed to DSP
431 and data packet 608 on line 404 can be routed to DSP
432. In this manner, DSP 432 is used to process packet data
from both line 402 and line 404 (i.c., data packets 602, 604
and 608).

DSP allocation and scheduling circuit 451 establishes and
removes the previously described routing connections by a
scheduling algorithm that uses information about queue
occupancy and link activity detection to identify those lines
that have data to process.

In accordance with the foregoing description, each of DSP
resources 431-433 is capable of processing packet informa-
tion from a plurality of lines 401-405. To facilitate such
processing, each of DSP resources 431433 stores several
sets of update coefficients. Each set of update coefficients
corresponds with a particular communication channel estab-
lished on one of line 401—405. For example, if DSP resource
431 is processing packet data received on lines 401 and 404,
then DSP resource stores two sets of update coefficients. A
first set of update coefficients is selected in view of the
operating characteristics of the session established on line
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401 and a second set of update coefficients is selected in
view of the operating characteristics of the session estab-
lished on line 404. The first set of update coefficients is
enabled within DSP resource 431 when receiving packet
data on line 401, and the second set of update coefficients is
enabled within DSP resource 431 when receiving packet
data on line 404. The various sets of update coefficients are
enabled by DSP allocation and scheduling circuit 451. Each
set of update coefficients include the update coefficients
associated with timing update circuit 310, equalizer update
circuit 311 and carrier recovery update circuit 312 within the
DSP resource (FIGS. 3 and 4).

By storing the update coefficients associated with the
various communication channels, DSP resources 431-433
can quickly become operational upon receiving packet infor-
mation (because the update coefficients do not need to be
re-established). This scheme works well because the same
communication link, having relatively constant signal trans-
mission characteristics, exists on lines 401-405 for the
duration of each session.

One result of the previously described multi-line network
access circuit 500 is a reduction in the real-time digital
signal processing requirements. In conventional systems,
sufficient DSP resources must be dedicated to each line to
continuously perform the full modem function. However,
within multi-line network access circuit 500, most of the
DSP resources 431-433 are freed up for most of the time,
and can be applied to other lines that have active packet
traffic.

Given a system designed with a certain concentration
ratio, such as 10:1, there is some probability that more than
10 percent of the lines 401-405 may be receiving packet
information at the same time. By design, this probability is
minimized to an acceptable level, by controlling the con-
centration ratio based on observed or predicted traffic inten-
sities.

In existing systems with session-based concentration
mechanisms (such as call-connection used in voice and
ISDN networks), when the offered traffic load instanta-
neously exceeds the available resources, communication is
blocked. However, in accordance with the present invention,
buffers 421-425 store input samples for subsequent full
precision processing. Such buffering allows communication
to proceed during periods of instantaneous oversubscription
with the introduction of some additional latency. As long as
DSP resources 431-433 have sufficient capacity over the
buffer time period to process all of the received packet
information, no packet information will be blocked.

In the described embodiment, input samples for each of
lines 401-405 are stored in corresponding buffer circuits
421-425. DSP allocation and scheduling circuit 451 imple-
ments a service queue model to schedule the processing of
the input samples within DSP resources 431-433. Buffer
circuits 421-425 enable the smoothing of instantaneous
packet traffic peaks, where packets arrive on many of the
lines 401-405 coincidentally. The scheduling capability can
be used with a Quality of Service policy mechanism to
allocate DSP resources 431433 to those lines 401-405 that
require lower latency and/or lower retransmission rate.

Additionally, this invention includes a signalling method
from the system of DSP resources 431-433 back to each of
the modems coupled to communication channels 401-405.
This signalling method is used to indicate the buffer fill level
and can be used by the remote modems to temporarily
reduce the packet transmission rates, thereby controlling the
oversubscription of the system.

In accordance with another embodiment of the invention,
the burst-mode protocol effectively enables multi-drop
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operation. In multi-drop operation, multiple modems con-
nected are connected to the same communication channel
using time-division multiplexing. For example, in accor-
dance with multi-drop operation, a subscriber can operably
couple more than one modem to a single telephone line. FIG.
7 is a schematic diagram of a multi-drop configuration
which includes modems 1001-1003 in the subscriber’s
residence 1010, and modem 1004 in the telephone company
central office 1011. Modems 1001-1004 are coupled by a
twisted pair telephone line 1012. Each of modems
1001-1004 include a transmitter circuit and a receiver
circuit which operate in accordance with the previously
described burst-mode protocol. Because the transmitter cir-
cuits in modems 1001-1004 do not generate IDLE symbols
in accordance with the burst-mode protocol, these transmit-
ter circuits do not introduce any traffic onto telephone line
1012 during the time that the transmitter circuits of modems
1001-1004 are not transmitting packets. As a result, any of
the transmitter circuits of modems 1001-1004 can establish
a session on telephone line 1012 as follows.

First, the transmitter circuits coupled to the common line
1012 can transmit packets whenever necessary. However,
this may introduce collisions between packet information
sent by the transmitter circuits. A better solution is to use a
carrier sense multiple access (CSMA) scheme, where each
transmitter circuit listens to the communication channel
prior to sending packet information. A common extension to
CSMA is CSMA/CD in which transmissions are immedi-
ately terminated if collisions are detected. Such CSMA
schemes are commonly used in the ethernet field. These
CSMA schemes enable effective communication between all
modems connected to a single telephone twisted pair wire
(e.g., line 401), including a plurality of modems in the
subscriber’s home (or business) and a modem in the tele-
phone company central office (e.g., the modem which
includes DSP resource 431).

An alternative to the contention based protocols described
above are a class of schemes commonly referred to as
reservation based protocols. Applying these well known
techniques, multiple modems would use a separate arbitra-
tion channel to decide which modem gains access to the
channel.

In an alternative embodiment, multi-drop access is pro-
vided by implementing well known time division multiple
access (TDMA) techniques in which every transmitter cir-
cuit is assigned a fixed time slot during which to transmit
packet information. The advantage of this scheme is ease of
implementation.

In yet other embodiments, multi-drop access is provided
by implementing conventional frequency division multiple
access (FDMA) schemes, code division multiple access
(CDMA) arbitration schemes, or data sense multiple access
(DSMA) schemes.

In accordance with another aspect of the present
invention, the burst-mode protocol enables multiple trans-
mitter circuits to transfer data at different rates in a rate
adaptive manner. FIG. 8 is a schematic representation of
packet information which is transmitted by transmitter cir-
cuits in accordance with the burst-mode protocol of the
present embodiment. In the described example, it is assumed
that packet 700 is transmitted by the transmitter circuit of
modem 1001. This packet 700 can be transmitted to any one
or more of the other modems 1002-1004. Packet 700
includes a preamble 701 and a main body 702. Packet 700
is transmitted using a gated modulation or gated carrier
signal. Preamble 701, which is approximately 20 to 100
symbols in length, includes information identifying the
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nature of the packet 700. For example, preamble 701 can
include information which identifies: (1) a version or type
field for the preamble, (2) packet source and destination
addresses, (3) the line code (i.e., the modem protocol being
used), (4) the data rate, (5) error control parameters, (6)
packet length and (7) a timing value for the expected
reception slot of a subsequent packet.

The receiver circuits of the modems 1002-1004 coupled
to the telephone line 1012 detect the information present in
the preamble 701 and establish synchronization at the begin-
ning of the packet 700. In the described embodiment, all
preambles are transmitted at a relatively low, common
transmission rate. The preamble 701 contains information
which identifies the data rate of the main body 702 of the
packet. For example, the preamble 701 may indicate that the
main body 702 of the packet 700 includes data which is
being transmitted at a higher data rate. The transmitter
circuit of modem 1001 then transmits the main body 702 of
the packet 700 at this higher rate. The receiver circuit
identified by the destination address of preamble 701
receives the main body 702 of the packet 700 at the rate
identified in the preamble 701.

Returning to FIG. 8, packet 710 is representative of a
packet sent by a second transmitter circuit. In the described
example, packet 710 is transmitted by modem 1004 in the
central office 1011 to one or more of the modems 1001-1003
in the subscriber’s residence 1010. Packet 710 includes
preamble 711 and main body 712. Preamble 711 includes
information which is transmitted at the same rate as the
information of preamble 701. However, preamble 711 indi-
cates that the main body 712 is transmitted at a second data
rate, which is different from the data rate of the main body
702 of packet 700.

Because the receiver circuits are informed of these dif-
ferent data rates prior to receiving main body 702 and main
body 712, the receiver circuits are able to adjust for these
different data rates. More specifically, preamble 711 can be
used to select a different set of update coefficients for use
within the receiver circuit to process main body 712.

The previously described rate adaptive protocol allows
both simple devices (which communicate at a relatively low
speed) and complex devices (which communicate at a
relatively high speed) to be operably coupled to a single
telephone line at the same time. For example, modem 1001
can be located in a personal computer, while modem 1002
can be located in a “smart toaster” or similar appliance.

The previously described rate adaptive protocol allows a
multi-line network access circuit to take advantage of
reduced processing required for receiving packets that have
a lower data rate in their main body. For example, an
operator may offer subscribers lower rates in exchange for
limiting packet traffic to lower data rates during certain times
or under certain classes of service.

When the preamble in a burst-mode packet includes the
destination address of the packet, the receiver circuits can
monitor the destination address of the packet, and in
response, filter packets which do not need to be
demodulated, thereby reducing the processing requirements
of the receiver circuits. In addition, when the preamble in a
burst-mode packet includes a source address of the packet,
the receiver circuit can recall appropriate stored configura-
tion parameters to speed the acquisition/demodulation of the
packet.

As previously described, the preamble can also contain
error control information that will be used by the main body
of the packet. Using this scheme, the same modem can
accommodate both “expensive” error control schemes such
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as might be required for video applications, as well as
“inexpensive” error control schemes which might be used
for traditional packet traffic. Another portion of the error
control information can be used to “request an acknowl-
edgement” from the receiver circuit. If the received packet
is acceptable, then the receiver circuit will cause an
acknowledge (ack) signal to be transmitted to the modem
residing at the source address. If the received packet is not
acceptable, then the receiver circuit will cause a no acknowl-
edge (nack) signal to be transmitted to the modem residing
at the source address.

FIG. 9 is a block diagram of a multi-line network access
circuit 800 in accordance with another embodiment of the
present invention. In general, multi-line network access
circuit 800 facilitates the transmission of packet information
from a source which generates digital packet information
(e.g., an internet service provider) to a subscriber’s modem
which operates in response to a conventional modem pro-
tocol (i.e., packet data interleaved with idle information).
Multi-line network access circuit 800 includes D/A convert-
ers 511-515, switch matrix 530, DSP resources 531-533,
common idle generator 535, input packet processor 540,
DSP allocation and scheduling circuit 541, multiplexer 550
and buffer circuits 561-563.

Multiplexer 550 is coupled to a plurality of internet
service providers (ISPs) 551-553 through buffer circuits
561-563. The present invention is not limited to ISPs, but
can be extended to any source which transmits digital packet
data. Moreover, although three ISPs 551-553 are illustrated,
it is understood that many other sources can be coupled to
multiplexer 550.

Packets arriving from ISPs 551-553 are stored in the
corresponding input buffers 561-563. The input packet
processor 540 examines the destination addresses associated
with the incoming packets stored in buffers 561-563. In
response to these destination addresses, input packet pro-
cessor 540 determines which subscriber telephone line
501-505 is to receive the packet. This information is trans-
mitted to DSP allocation and scheduling circuit 541. In
response, DSP allocation and scheduling circuit 541 selects
one of the DSP resources 531-533 to modulate the packet
data, and sends control signals to multiplexer 550, thereby
routing the packets from the input buffers 561-563 to the
selected DSP resources 531-533. DSP allocation and sched-
uling circuit 541 also controls switch matrix 530 to couple
DSP resources 531-533 and common idle generator 535 to
D/A converters 511-515. Each of the D/A converters
511-515 is coupled to a corresponding telephone line
501-505. Each of telephone lines 501-505 is connected to
a subscriber who has a receiver circuit that is capable of
receiving packet data and idle information. The following
example will clarify the operation of multiplexer 550 and
switch matrix 530.

FIG. 10 is a schematic diagram of packet data received
from ISPs 551-553. In this example, ISPs 551 and 552
simultaneously transmit data packets 901 and 902, respec-
tively. At this time, ISP 553 is not transmitting a data packet.
Packets 901 and 902 are received in input buffers 561 and
562, respectively. Input packet processor 540 detects the
arrival of data packets 901 and 902, notifies DSP allocation
and scheduling circuit 541. In response, DSP allocation and
scheduling circuit 541 selects which DSP resource will
process each packet. In the present example, packet 901 is
routed to DSP resource 531 and data packet 902 is routed to
DSP resource 532, although any other combination of
resource assignment is possible, including the allocation of
both packets 901 and 902 to a single DSP resource.
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In addition, DSP allocation and scheduling circuit 541
controls switch matrix 530 as follows. Assume that the data
packet 901 transmitted by ISP 551 is intended for a sub-
scriber connected to telephone line 504 and that data packet
902 is intended for a subscriber connected to telephone line
501. In this case, switch matrix 530 is controlled to couple
DSP resource 531 to D/A converter 514. In addition, switch
matrix 530 is controlled to couple DSP resource 532 to D/A
converter 511. At the same time, switch matrix 530 is
controlled to couple the remaining active D/A converters
512, 513 and 515 to common idle generator 535. Common
idle generator 535 generates a stream of idle information in
accordance with a conventional modem protocol. In one
embodiment, common idle generator 535 generates the
stream of idle information in the manner previously
described in connection with idle generator 314 and idle
symbol predictor 316 (FIG. 4). In another embodiment,
where the stream of expected idle information repeats with
a reasonable period, the stream of expected idle information
can be pre-computed and stored in a buffer memory within
common idle generator 535. This buffer memory is then
accessed when common idle generator 535 is to generate the
common idle signal.

As a result, data packet 902 is transmitted on telephone
line 501, data packet 901 is transmitted on telephone line
504, and idle information is transmitted on telephone lines
502, 503 and 505. After the transmission of data packets 901
and 902 is complete, DSP allocation and scheduling circuit
541 causes switch matrix 530 to couple D/A converters 511
and 514 to common idle generator 535, thereby transmitting
idle information on lines 501 and 504.

In the foregoing manner, only one DSP resource (i.e.,
common idle generator 535) is required to generate idle
information for a relatively large number of telephone lines.
This advantageously results in a reduced amount of pro-
cessing within multi-line network access circuit 800, when
compared with prior art systems which require a dedicated
idle generator for each of telephone lines 501-505.

Multi-line network access circuit 800 also facilitates an
efficient multi-cast transmission scheme. Assume that ISP
553 is to transmit the same data packet 903 (FIG. 10) to each
of telephone lines 501-505. To accomplish this, multiplexer
550 is controlled to route the data packet to one of DSP
resources 531-533 (e.g., DSP resource 531). DSP allocation
and scheduling circuit 541 causes switch matrix 530 to route
the output signal provided by DSP 531 to each of D/A
converters 511-515. As a result, the data packet is simulta-
neously multi-cast on telephone lines 501-505 using a single
one of DSP resources 531-533 (See, FIG. 10).

Multi-cast data packets can be interleaved with uni-cast
data packets (i.e., data packets which are transmitted to a
single subscriber) using synchronous or asynchronous meth-
ods. In a synchronous method, the multi-cast data packets
are transmitted from a common buffer in a time aligned
manner on all of the lines 501-505. In this method, the
common buffer is continuously loaded by the selected DSP
resource. This requires that time slots be reserved across the
set of channels for multi-cast data, and that DSP allocation
and scheduling circuit 541 control the uni-cast data trans-
missions to not overlap with the time slots reserved for
multi-cast data transmission.

In an asynchronous method, the multi-cast and uni-cast
data samples for each channel are stored in a buffer associ-
ated with the channel. Each of lines 501-505 is driven by
data stored in a corresponding buffer. This enables the
multi-cast data to be sent at different times on each indi-
vidual line, removing the time slot reservation restriction of
the previously described synchronous method.

IPR2020-00034 Page 00056



6,075,814

23

In one variation, common idle generator 541 is eliminated
from multi-line network access circuit 800, such that idle
information is not inserted between the packet data. In this
variation, the receiver circuits coupled to lines 501-505 are
replaced with receiver circuits which operate in response to
the previously described burst-mode protocol. The non-idle
signalling required to indicate the presence of a DATA state
in accordance with the burst-mode protocol is performed
within multi-line network access circuit 800. For example,
this signalling can be implemented by the individual DSP
resources 531-533 or by a common signalling circuit (not
shown) which is controlled by DSP allocation and schedul-
ing circuit 541.

An alternative configuration of multi-line access circuit
800 includes multiple modems that do not include D/A
converters 511-515, but instead provide aggregated digital
signals directly to a digital trunk line of the telephone
network. The previously described techniques apply to this
configuration as well. Similarly, A/D converters 411-415
can be eliminated from multi-line network access circuit 500
(FIG. 5). In such an embodiment, multi-line network access
circuit 500 receives aggregated digital signals directly from
a digital trunk line of the telephone network.

Although the invention has been described in connection
with several embodiments, it is understood that this inven-
tion is not limited to the embodiments disclosed, but is
capable of various modifications which would be apparent to
one of ordinary skill in the art. For example, although the
present modems have been described in terms of codecs and
DSP chips, it is understood that the modems in accordance
with the present invention can be implemented entirely by
software within a conventional X86 or X86 with MMX
processor. Moreover, although the present invention has
been described in connection with communication channels
which are telephone lines, it is understood that other types
of communication channels can be used to implement the
present invention. In addition, although the present inven-
tion has been described in connection with selected modu-
lation techniques (i.e., QAM and MCM) it is understood that
other modulation techniques, such as carrier-less amplitude
and phase (CAP) modulation, can be used. Moreover,
although the receiver circuits 300 and 400 (FIGS. 3 and 4)
have been described as having a resampler 302, it is under-
stood that in embodiments which process baud synchronous
samples, the resampler 302 can be eliminated from these
receiver circuits. Thus, the invention is limited only by the
following claims.

What is claimed is:

1. A method for operating a modem on a communication
channel the method comprising the steps of:

receiving a continuous analog signal transmitted on the

communication channel with a receiver circuit of the
modem, the analog signal comprising packet informa-
tion and idle information;

detecting the presence of the idle information with the

receiver circuit;

entering a standby mode within the receiver circuit upon

detecting the presence of the idle information, wherein
an amount of processing performed by the receiver
circuit is reduced during the standby mode;

reducing the amount of processing performed by selected

circuitry within the receiver circuit when the receiver
circuit is in the standby mode;

wherein the receiver circuit comprises an echo canceler,

the method further comprising the step of reducing a
length of the echo canceler when the receiver circuit is
in the standby mode.
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2. The method of claim 1, wherein the receiver circuit
comprises an equalizer, the method further comprising the
step of reducing the processing requirements of the equalizer
when the receiver circuit is in the standby mode.

3. A method for operating a modem on a communication
channel, the method comprising the steps of:

receiving a continuous analog signal transmitted on the
communication channel with a receiver circuit of the
modem, the analog signal comprising packet informa-
tion and idle information;

detecting the presence of the idle information with the
receiver circuit; and

entering a standby mode within the receiver circuit upon
detecting the presence of the idle information, wherein
an amount of processing performed by the receiver
circuit is reduced during the standby mode;

wherein the step of detecting further comprises the steps

of:

fully demodulating the analog signal with the receiver
circuit to provide a digital bit stream;

determining whether the digital bit stream corresponds
with a predetermined idle bit stream;

wherein the step of entering the standby mode further
comprises the step of entering the standby mode if
the digital bit stream corresponds with the predeter-
mined idle bit stream; and

generating an idle bit pattern if the digital bit stream
corresponds with the predetermined idle bit stream;

converting the idle bit pattern to a plurality of expected
idle symbols;

comparing the expected idle symbols with a plurality of
soft symbols which are generated by the receiver
circuit at a reduced processing power in response to
the analog signal; and

remaining in the standby mode as long as the expected
idle symbols match the soft symbols.

4. The method of claim 3, further comprising the step of
exiting the standby mode when an expected idle symbol
does not match a corresponding soft symbol.

5. The method of claim 4, further comprising the steps of:

storing a most recent history of the analog signal in a
buffer; and

accessing the buffer after the step of exiting the standby
mode, thereby enabling the receiver circuit to process
the most recent history of the analog signal.
6. A method for operating a modem on a communication
channel, the method comprising the steps of:

receiving a continuous analog signal transmitted on the
communication channel with a receiver circuit of the
modem, the analog signal comprising packet informa-
tion and idle information;
detecting the presence of the idle information with the
receiver circuit; and
entering a standby mode within the receiver circuit upon
detecting the presence of the idle information, wherein
an amount of processing performed by the receiver
circuit is reduced during the standby mode;
wherein the step of detecting further comprises the steps
of:
fully demodulating the analog signal with the receiver
circuit to provide a digital bit stream; and
determining whether the digital bit stream corresponds
with a predetermined idle bit stream;
wherein the step of entering the standby mode further
comprises the step of entering the standby mode if
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the digital bit stream corresponds with the predeter-
mined idle bit stream; and

generating an idle bit pattern if the digital bit stream
corresponds with the predetermined idle bit stream;

converting the idle bit pattern to a plurality of expected
differences between successive idle symbols;

comparing the expected differences with a plurality of
actual differences between successive idle symbols
which are generated by the receiver circuit at a
reduced processing power in response to the analog
signal; and

remaining in the standby mode as long as the expected
differences correspond with the actual differences.

7. A method for operating a modem on a communication

channel, the method comprising the steps of:
receiving a continuous analog signal transmitted on the
communication channel with a receiver circuit of the
modem, the analog signal comprising packet informa-
tion and idle information;
detecting the presence of the idle information with the
receiver circuit; and
entering a standby mode within the receiver circuit upon
detecting the presence of the idle information, wherein
an amount of processing performed by the receiver
circuit is reduced during the standby mode;
wherein the step of detecting further comprises the steps
of:
fully demodulating the analog signal with the receiver
circuit to provide a digital bit stream;

determining whether the digital bit stream corresponds
with a predetermined idle bit stream;

wherein the step of entering the standby mode further
comprises the step of entering the standby mode if
the digital bit stream corresponds with the predeter-
mined idle bit stream; and

accessing a memory which stores a repetitive pattern of
expected idle symbols if the digital bit stream cor-
responds with the predetermined idle bit stream;

comparing the expected idle symbols with a plurality of
soft symbols which are generated by the receiver
circuit at a reduced processing power in response to
the analog signal; and

remaining in the standby mode as long as the expected
idle symbols match the soft symbols.

8. A receiver circuit for use in a modem, the receiver

circuit comprising:

an analog to digital (A/D) converter for receiving an
analog signal which comprises packet information and
idle information;

a carrier recovery circuit coupled to the A/D converter,
wherein the carrier recovery circuit provides soft sym-
bol decisions regarding the identity of the packet infor-
mation and idle information;

a symbol decision circuit coupled to the carrier recovery
circuit, wherein the symbol decision circuit provides
hard symbol decisions regarding the identity of the
packet information and idle information;

an idle detector circuit coupled to the symbol decision
circuit, wherein the idle detector circuit detects the
presence of idle information in response to the hard
symbol decisions provided by the symbol decision
circuit, and wherein the idle detector circuit instructs
the receiver circuit to enter a reduced processing mode
upon detecting the presence of idle information;

an idle generator circuit coupled to the idle detector
circuit, wherein the idle generator circuit generates an
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idle bit pattern when the idle detector detects the
presence of the idle information;

an idle symbol predictor coupled to the idle generator
circuit, wherein the idle symbol predictor provides a
plurality of expected idle symbols in response to the
idle bit pattern; and

a comparator coupled to the idle symbol predictor and the
carrier recovery circuit, wherein the comparator com-
pares the expected idle symbols with the soft symbol
decisions, wherein the comparator causes the receiver
circuit to remain in the standby mode as long as the
expected idle symbols match the soft symbol decisions
and wherein the comparator causes the receiver circuit
to exit the standby mode when an expected idle symbol
does not match the soft symbol decision.

9. A receiver circuit for use in a modem, the receiver

circuit comprising:

an analog to digital (A/D) converter for receiving an
analog signal which comprises packet information and
idle information;

an equalizer circuit coupled to the A/D converter, wherein
the equalizer circuit provides actual equalized digital
samples which correspond to the identity of the packet
information and idle information;

a symbol decision circuit coupled to the equalizer circuit,
wherein the symbol decision circuit provides hard
symbol decisions regarding the identity of the packet
information and idle information;

an idle detector circuit coupled to the symbol decision
circuit, wherein the idle detector circuit detects the
presence of the idle information in response to the hard
symbol decisions provided by the symbol decision
circuit, and wherein the idle detector circuit instructs
the receiver circuit to enter a reduced processing mode
upon detecting the presence of idle information;

an idle generator circuit coupled to the idle detector
circuit, wherein the idle generator circuit generates an
idle bit pattern when the idle detector detects the
presence of idle information;

an idle symbol predictor coupled to the idle generator
circuit, wherein the idle symbol predictor provides a
plurality of expected equalized digital samples associ-
ated with expected idle symbols in response to the idle
bit pattern; and

a comparator coupled to the idle symbol predictor and the
equalizer circuit, wherein the comparator compares the
expected equalized digital samples with the actual
equalized digital samples, wherein the comparator
causes the receiver circuit to remain in the standby
mode as long as the expected equalized digital samples
match the actual equalized digital samples, and wherein
the comparator causes the receiver circuit to exit the
standby mode when an expected equalized digital
sample does not match an actual equalized digital
sample.

10. A method for transferring information on a telephone

line, the method comprising the steps of:

modulating packets of digital information by a first trans-
mitter circuit, wherein the packets of digital informa-
tion are converted into first analog signal bursts of
discrete duration, and wherein the first transmitter
circuit is coupled to a first telephone line;

providing no signal from the first transmitter circuit to the
first telephone line between the first analog signal
bursts;
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modulating packets of digital information by a second
transmitter circuit, wherein the packets of digital infor-
mation are converted into second analog signal bursts
of discrete duration, and wherein the second transmitter
circuit is coupled to a second telephone line;

providing no signal from the second transmitter circuit to
the second telephone line between the second analog
signal bursts;

monitoring the first and second telephone lines with a
multi-line network access circuit;

detecting the presence and absence of the first and second
analog signal bursts on the telephone line by a non-idle
detector of multi-line network access circuit;

demodulating the first and second analog signal bursts
with a single receiver circuit of the multi-line network
access circuit when the non-idle detector detects the
presence of the first and second analog signal bursts on
the telephone line; and
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disabling the demodulating within the receiver circuit
when the non-idle detector detects the absence of the
first and second analog signal bursts on the telephone

line.

11. The method of claim 10, further comprising the step
of buffering the first and second analog signal bursts within
the multi-line network access circuit.

12. The method of claim 10, further comprising the steps

of:

selecting a first set of operating coefficients within the
receiver circuit to process the first set of analog signal

bursts; and

selecting a second set of operating coefficients within the
receiver circuit to process the second set of analog

signal bursts.
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1
SYSTEM AND METHOD OF
COMMUNICATION USING AT LEAST TWO
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No. 11/774,803, filed on Jul. 9, 2007, which is a continuation
of U.S. application Ser. No. 10/412,878, filed Apr. 14, 2003,
which is a continuation-in-part of U.S. application Ser. No.
09/205,205, filed Dec. 4, 1998, and which claims priority to
and the benefit of the filing date of U.S. Provisional Applica-
tion No. 60/067,562, filed Dec. 5, 1997, each of which is
incorporated by reference herein.

TECHNICAL FIELD

The present invention relates generally to the fields of data
communications and modulator/demodulators (modems),
and, more particularly, to a data communications system in
which a plurality of modulation methods are used to facilitate
communication among a plurality of modem types.

BACKGROUND

In existing data communications systems, a transmitter and
receiver modem pair can successfully communicate only
when the modems are compatible at the physical layer. That
is, the modems must use compatible modulation methods.
This requirement is generally true regardless of the network
topology. For example, point-to-point, dial-up modems oper-
ate in either the industry standard V.34 mode or the industry
standard V.22 mode. Similarly, in a multipoint architecture,
all modems operate, for example, in the industry standard
V.27bis mode. While the modems may be capable of using
several different modulation methods, a single common
modulation is negotiated at the beginning of a data session to
be used throughout the duration of the session. Should it
become necessary to change modulation methods, the exist-
ing data session is torn down, and a new session is negotiated
using the new modulation method. Clearly, tearing down an
existing data session causes a significant disruption in com-
munication between the two modems.

As discussed in the foregoing, communication between
modems is generally unsuccessful unless a common modu-
lation method is used. In a point-to-point network architec-
ture, if a modem attempts to establish a communication ses-
sion with an incompatible modem, one or both of the modems
will make several attempts to establish the communication
link until giving up after a timeout period has expired or the
maximum number of retry attempts has been reached. Essen-
tially, communication on the link is impossible without
replacing one of the modems such that the resulting modem
pair uses a common modulation method.

In a multipoint architecture, a single central, or “master,”
modem communicates with two or more tributary or “trib”
modems using a single modulation method. If one or more of
the trib modems are not compatible with the modulation
method used by the master, those tribs will be unable to
receive communications from the master. Moreover, repeated
attempts by the master to communicate with the incompatible
trib(s) will disturb communications with compatible trib(s)
due to time wasted in making the futile communication
attempts.

Thus, communication systems comprised of both high per-
formance and low or moderate performance applications can

15

25

30

40

45

55

65

2

be very cost inefficient to construct. For example, some appli-
cations (e.g., internet access) require high performance
modulation, such as quadrature amplitude modulation
(QAM), carrier amplitude and phase (CAP) modulation, or
discrete multitone (DMT) modulation, while other applica-
tions (e.g., power monitoring and control) require only mod-
est data rates and therefore a low performance modulation
method. All users in the system will generally have to be
equipped with a high performance modem to ensure modu-
lation compatibility. These state of the art modems are then
run at their lowest data rates for those applications that require
relatively low data throughput performance. The replacement
of inexpensive modems with much more expensive state of
the art devices due to modulation compatibility imposes a
substantial cost that is unnecessary in terms of the service and
performance to be delivered to the end user.

Accordingly, what is sought, and what is not believed to be
provided by the prior art, is a system and method of commu-
nication in which multiple modulation methods are used to
facilitate communication among a plurality of modems in a
network, which have heretofore been incompatible.

SUMMARY

The present invention disclosed herein includes communi-
cation systems, devices, and methods. For example, a device
may be capable of communicating according to a master/
slave relationship in which a communication from a slave to
a master occurs in response to a communication from the
master to the slave. The device may include a transceiver in
the role of the master for sending transmissions modulated
using at least two types of modulation methods, for example
a first modulation method and a second modulation method.
The first modulation method may be of a different type than
the second modulation method. The transmissions may be
groups of transmission sequences. A group may be structured
with a first portion and a payload portion. First information in
the first portion may indicate which of the first modulation
method or the second modulation method is used for modu-
lating second information in the payload portion. The trans-
missions may be addressed for an intended destination of the
payload portion. First information in a transmission that
includes an address for an intended destination may include a
first sequence in the first portion that is modulated according
to the first modulation method and that indicates an impend-
ing change from the first modulation method to the second
modulation method. Second information in a transmission
that includes an address for an intended destination may
include a second sequence in the payload portion that is
modulated according to the second modulation method. The
second sequence may be transmitted after the first sequence.

The present invention has many advantages, a few of which
are delineated hereafter as merely examples.

One advantage of the present invention is that it provides to
the use of a plurality of modem modulation methods on the
same communication medium.

Another advantage of the present invention is that a master
transceiver can communicate seamlessly with tributary trans-
ceivers or modems using incompatible modulation methods.

Other features and advantages of the present invention will
become apparent to one with skill in the art upon examination
of the following drawings and detailed description. It is
intended that all such additional features and advantages be
included herein within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be better understood with refer-
ence to the following drawings. The components and repre-
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sentations in the drawings are not necessarily to scale, empha-
sis instead being placed upon clearly illustrating the
principles of the present invention. Moreover, in the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

FIG. 1 is a block diagram of a prior art multipoint commu-
nication system including a master transceiver and a plurality
of tributary transceivers;

FIG. 2 is a ladder diagram illustrating the operation of the
multipoint communication system of FIG. 1;

FIG. 3 is a block diagram of a master transceiver and
tributary transceiver for use in the multipoint communication
system of FIG. 1 in accordance with the principles of the
present invention;

FIG. 4 is a block diagram of a multipoint communication
system including the master transceiver and a plurality of
tributary transceivers of the type illustrated in FIG. 3;

FIG. 5 is a ladder diagram illustrating the operation of the
multipoint communication system of FIG. 4;

FIG. 6 is a state diagram for a tributary transceiver of FIGS.
3-5 using a secondary modulation method in accordance with
the principles of the present invention;

FIG. 7 is a state diagram for a tributary transceiver of FIGS.
3-5 using a primary modulation method in accordance with
the principles of the present invention; and

FIG. 8 is a signal diagram for an exemplary transmission
according to an embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

While the invention is susceptible to various modifications
and alternative forms, a specific embodiment thereof'is shown
by way of example in the drawings and will herein be
described in detail. It should be understood, however, that
there is no intent to limit the invention to the particular form
disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the claims.

With reference to FIG. 1, a prior art multipoint communi-
cation system 22 is shown to comprise a master modem or
transceiver 24, which communicates with a plurality of tribu-
tary modems (tribs) or transceivers 26-26 over communica-
tion medium 28. Note that all tribs 26-26 are identical in that
they share a common modulation method with the master
transceiver 24. Thus, before any communication can begin in
multipoint system 22, the master transceiver and the tribs
26-26 must agree on a common modulation method. If a
common modulation method is found, the master transceiver
24 and a single trib 26 will then exchange sequences of
signals that are particular subsets of all signals that can be
communicated via the agreed upon common modulation
method. These sequences are commonly referred to as train-
ing signals and can be used for the following purposes: 1) to
confirm that the common modulation method is available, 2)
to establish received signal level compensation, 3) to estab-
lish time recovery and/or carrier recovery, 4) to permit chan-
nel equalization and/or echo cancellation, 5) to exchange
parameters for optimizing performance and/or to select
optional features, and 6) to confirm agreement with regard to
the foregoing purposes prior to entering into data communi-
cation mode between the users. In a multipoint system, the
address of the trib with which the master is establishing
communication is also transmitted during the training inter-
val. At the end of a data session a communicating pair of
modems will typically exchange a sequence of signals known
as trailing signals for the purpose of reliably stopping the
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session and confirming that the session has been stopped. Ina
multipoint system, failure to detect the end of a session will
delay or disrupt a subsequent session.

Referring now to FIG. 2, an exemplary multipoint commu-
nication session is illustrated through use of a ladder diagram.
This system uses polled multipoint communication protocol.
That is, a master controls the initiation of its own transmission
to the tribs and permits transmission from a trib only when
that trib has been selected. At the beginning of the session, the
master transceiver 24 establishes a common modulation as
indicated by sequence 32 that is used by both the master 24
and the tribs 264, 265 for communication. Once the modula-
tion scheme is established among the modems in the multi-
point system, The master transceiver 24 transmits a training
sequence 34 that includes the address of the trib that the
master seeks to communicate with. In this case, the training
sequence 34 includes the address of trib 26a. As a result, trib
26b ignores training sequence 34. After completion of the
training sequence 34, master transceiver 24 transmits data 36
to trib 264 followed by trailing sequence 38, which signifies
the end of the communication session. Similarly, with refer-
ence to FIG. 8, the sequence 170 illustrates a Type A modu-
lation training signal, followed by a Type A modulation data
signal. Note that trib 265 ignores data 36 and trailing
sequence 38 as it was not requested for communication dur-
ing training sequence 34.

At the end of trailing sequence 38, trib 264 transmits train-
ing sequence 42 to initiate a communication session with
master transceiver 24. Because master transceiver 24 selected
trib 26a for communication as part of training sequence 34,
trib 26a is the only modem that will return a transmission.
Thus, trib 26a transmits data 44 destined for master trans-
ceiver 24 followed by trailing sequence 46 to terminate the
communication session.

The foregoing procedure is repeated except master trans-
ceiver identifies trib 265 in training sequence 48. In this case,
trib 264 ignores the training sequence 48 and the subsequent
transmission of data 52 and trailing sequence 54 because it
does not recognize its address in training sequence 48. Master
transceiver 24 transmits data 52 to trib 265 followed by trail-
ing sequence 54 to terminate the communication session.
Similarly, with reference to FIG. 8, sequence 172 illustrates a
Type A modulation signal, with notification of a changes to
Type B, followed by a Type B modulation data signal. To send
information back to master transceiver 24, trib 265 transmits
training sequence 56 to establish a communication session.
Master transceiver 24 is conditioned to expect data only from
trib 265 because trib 265 was selected as part of training
sequence 48. Trib 265 transmits data 58 to master transceiver
24 terminated by trailing sequence 62.

The foregoing discussion is based on a two-wire, half-
duplex multipoint system. Nevertheless, it should be under-
stood that the concept is equally applicable to four-wire sys-
tems.

Consider the circumstance in which master transceiver 24
and trib 265 share a common modulation type A while trib
26a uses a second modulation type B. When master trans-
ceiver attempts to establish A as a common modulation dur-
ing sequence 32, trib 26a will not be able to understand that
communication. Moreover, trib 26a will not recognize its
own address during training interval 34 and will therefore
ignore data 36 and trailing sequence 38. Master transceiver 24
may time out waiting for aresponse from trib 26a because trib
26a will never transmit training sequence 42, data 44, and
trailing sequence 46 due to the failure of trib 264 to recognize
the communication request (training sequence 34) from mas-
ter transceiver 24. Thus, if the tribs in a multipoint commu-
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nication system use a plurality of modulation methods, the
overall communication efficiency will be disrupted as spe-
cific tribs will be unable to decipher certain transmissions
from the master transceiver and any unilateral transmission
by a trib that has not been addressed by the master transceiver
will violate the multipoint protocol.

As discussed hereinbefore, however, it is desirable to
design a multipoint communication system comprising tribs
that use a plurality of modulation methods. For example, one
moderately priced trib may be used to communicate at a
relatively high data rate for some applications, such as Inter-
net access, while another, lower priced, trib is used to com-
municate at a lower data rate for other applications, such as
power monitoring and control. The needs of these different
applications cannot be efficiently met by a single modulation.
While it is possible to use high performance tribs running
state of the art modulation methods such as QAM, CAP, or
DMT to implement both the high and low data rate applica-
tions, significant cost savings can be achieved if lower cost
tribs using low performance modulation methods are used to
implement the lower data rate applications.

A block diagram of a master transceiver 64 in communi-
cation with a trib 66 in accordance with the principles of the
present invention is shown in FIG. 3. Master transceiver 64
comprises a central processing unit (CPU) 68 in communica-
tion with modulator 72, demodulator 74, and memory 76.
Memory 76 holds software control program 78 and any data
necessary for the operation of master transceiver 64. Control
program 78 includes logic for implementing a plurality of
modulation methods. For purposes of illustration, control
program 78 can implement both a type A and a type B modu-
lation through modulator 72 and demodulator 74.

Trib 66 comprises CPU 82 in communication with modu-
lator 84, demodulator 86, and memory 88. Memory 88, like-
wise holds software control program 92 and any data neces-
sary for the operation of trib 66. Control programs 78 and 92,
are executed by CPUs 68 and 82 and provide the control logic
for the processes to be discussed herein. Control program 92
includes logic for implementing a particular modulation
method, which, for purposes of illustration, is called type X
Inasmuch as master transceiver 64 is capable of running
either a type A or a type B modulation method, type X refers
to one of those two modulation methods. The master trans-
ceiver 64 communicates with trib 66 over communication
medium 94.

Referring now to FIG. 4, a multipoint communication sys-
tem 100 is shown comprising a master transceiver 64 along
with a plurality of tribs 66-66. In this example, two tribs
66a-66a run a type A modulation method while one trib 665
runs a type B modulation method. The present invention
permits a secondary or embedded modulation method (e.g.,
type B) to replace the standard modulation method (e.g., type
A) after an initial training sequence. This allows the master
transceiver 64 to communicate seamlessly with tribs of vary-
ing types.

The operation of multipoint communication system 100
will be described hereafter with reference to the ladder dia-
gram of FIG. 5 and the state diagrams of FIGS. 6 and 7. A
communication session between the master transceiver 64
and a type B trib 665 will be discussed first. A state diagram
for a type B trib 6654 is shown in FIG. 6. Type B trib 665 is
initialized in state 102 in which type A modulation transmis-
sions are ignored. In the present example, the primary modu-
lation method is type A, thus, as shown in FIG. 5, master
transceiver 64 establishes type A as the primary modulation in
sequence 104. Note that because trib 665 responds only to
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type B modulation transmissions, only the type A tribs 66a-
664 are receptive to transmission sequence 104.

To switch from type A modulation to type B modulation,
master transceiver 64 transmits a training sequence 106 to
type A tribs 664 in which these tribs are notified of an impend-
ing change to type B modulation. The switch to type B modu-
lation could be limited according to a specific time interval or
for the communication of a particular quantity of data. After
notifying the type A tribs 664 of the change to type B modu-
lation, master transceiver 64, using type B modulation, trans-
mits data along with an address in sequence 108, which is
destined for a particular type B trib 665. The type B trib 665
targeted by the master transceiver 64 will transition to state
112 as shown in FIG. 6 upon detecting its own address where
it processes the data transmitted in sequence 108.

After completing transmission sequence 108, master trans-
ceiver 64 transmits a trailing sequence 114 using type A
modulation thus notifying all type A tribs 66a that type B
modulation transmission is complete. [f master transceiver 64
has not transmitted a poll request to the type B trib 665 in
sequence 108, then the type B trib 665 that was in communi-
cation with the master transceiver 64 will return to state 102
after timing out based on the particular time interval defined
for the type B modulation transmission or transfer of the
particular quantity of data. Note that the trailing sequence 114
is ineffective in establishing the termination of a communi-
cation session between master transceiver 64 and a type B trib
665 because the trailing sequence is transmitted using type A
modulation.

If, however, master transceiver 64 transmitted a poll
request in sequence 108, then the type B trib 665 transitions to
state 116 where it will transmit data, using type B modulation,
to master transceiver 64 in sequence 118. After completion of
this transmission, the type B trib 665 returns to state 102
where type A transmissions are ignored.

With reference to FIG. 5 and FIG. 7, a communication
session between the master transceiver 64 and a type A trib
66a will now be discussed. A state diagram for a type A trib
664 is shown in FIG. 7. A type A trib 664 is initialized in state
122 in which it awaits a type A modulation training sequence.
If, however, master transceiver transmits a training sequence
in which the type A tribs 66a-66a are notified of a change to
type B modulation as indicated by sequence 106, then a
transition is made to state 124 where all type B transmissions
are ignored until a type A modulation trailing sequence (e.g.,
sequence 114) is detected. Upon detecting the type A trailing
sequence, atype A trib 66a returns to state 122 where it awaits
a training sequence.

To initiate a communication session with a type A trib 66a,
master transceiver 64 transmits a training sequence 126 in
which an address of a particular type A trib 664 is identified.
The identified type A trib 66a recognizes its own address and
transitions to state 128 to receive data from master transceiver
64 as part of sequence 132.

After completing transmission sequence 132, master trans-
ceiver 64 transmits a trailing sequence 134 using type A
modulation signifying the end of the current communication
session. If master transceiver 64 has not transmitted a poll
request to the type A trib 66« in sequence 132, then the type
A trib 664 that was in communication with the master trans-
ceiver 64 will return to state 122 after receiving trailing
sequence 134.

If, however, master transceiver 64 transmitted a poll
request in sequence 132, then the type A trib 664 transitions to
state 136 after receiving trailing sequence 134 where it will
transmit training sequence 138, followed by data sequence
142, and terminated by trailing sequence 144 all using type A
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modulation. After completion of these transmissions, the type
A trib 66a returns to state 122 to await the next type A
modulation training sequence by master transceiver 64.

The control programs 78 and 92 of the present invention
can be implemented in hardware, software, firmware, or a
combination thereof. In the preferred embodiment(s), the
control programs 78 and 92 are implemented in software or
firmware that is stored in a memory and that is executed by a
suitable instruction execution system.

The control programs 78 and 92, which comprise an
ordered listing of executable instructions for implementing
logical functions, can be embodied in any computer-readable
medium foruse by or in connection with an instruction execu-
tion system, apparatus, or device, such as a computer-based
system, processor-containing system, or other system that
can fetch the instructions from the instruction execution sys-
tem, 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, propa-
gate, or transport the program for use by or in connection with
the instruction execution system, apparatus, or device. The
computer readable medium can be, for example but not lim-
ited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, device, or
propagation medium. More specific examples (a nonexhaus-
tive 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 ran-
dom access memory (RAM) (magnetic), a read-only memory
(ROM) (magnetic), an erasable programmable read-only
memory (EPROM or Flash memory) (magnetic), an optical
fiber (optical), 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
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.

In concluding the detailed description, it should be noted
that it will be obvious to those skilled in the art that many
variations and modifications can be made to the preferred
embodiment without substantially departing from the prin-
ciples of the present invention. All such variations and modi-
fications are intended to be included herein within the scope
of the present invention, as set forth in the following claims.
Further, in the claims hereafter, the corresponding structures,
materials, acts, and equivalents of all means or step plus
function elements are intended to include any structure, mate-
rial, or acts for performing the functions with other claimed
elements as specifically claimed.

What is claimed:

1. A communication device capable of communicating
according to a master/slave relationship in which a slave
communication from a slave to a master occurs in response to
a master communication from the master to the slave, the
device comprising:

a transceiver, in the role of the master according to the
master/slave relationship, for sending at least transmis-
sions modulated using at least two types of modulation
methods, wherein the at least two types of modulation
methods comprise a first modulation method and a sec-
ond modulation method, wherein the second modulation
method is of a different type than the first modulation
method, wherein each transmission comprises a group
of transmission sequences, wherein each group of trans-
mission sequences is structured with at least a first por-
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tion and a payload portion wherein first information in
the first portion indicates at least which of the first modu-
lation method and the second modulation method is used
for modulating second information in the payload por-
tion, wherein at least one group of transmission
sequences is addressed for an intended destination ofthe
payload portion, and wherein for the at least one group
of transmission sequences:

the first information for said at least one group of transmis-

sion sequences comprises a first sequence, in the first
portion and modulated according to the first modulation
method, wherein the first sequence indicates an impend-
ing change from the first modulation method to the sec-
ond modulation method, and

the second information for said at least one group of trans-

mission sequences comprises a second sequence that is
modulated according to the second modulation method,
wherein the second sequence is transmitted after the first
sequence.

2. The device of claim 1, wherein the transceiver is config-
ured to transmit a third sequence after the second sequence,
wherein the third sequence is transmitted in the first modula-
tion method and indicates that communication from the mas-
ter to the slave has reverted to the first modulation method.

3. The device of claim 1, wherein the transceiver is config-
ured to transmit the second sequence according to a specific
time interval.

4. The device of claim 1, wherein the transceiver is config-
ured to transmit the second sequence according to a particular
quantity of data.

5. The device of claim 1, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transceiver to transmit the first sequence and the second
sequence.

6. The device of claim 5, wherein the memory comprises an
erasable programmable read-only memory.

7. The device of claim 5, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

8. The device of claim 5, wherein the memory comprises
random access memory.

9. The device of claim 5, wherein the memory comprises
read-only memory.

10. The device of claim 5, wherein the memory has stored
therein program code for operating the transceiver in a mul-
tipoint master/slave relationship.

11. The device of claim 1, wherein the first communication
from the master to the slave is a poll in accordance with a
multipoint communications relationship, wherein the poll
indicates that the master has selected the slave for transmis-
sion.

12. The device of claim 1, wherein the transceiver is con-
figured to be the master.

13. The device of claim 1, wherein the first information in
the first portion indicates the first modulation method when
the intended destination is a first type of receiver and indicates
the second modulation when the intended destination is a
second type of receiver.

14. The device of claim 13, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being designated for transmitting in
the second modulation method.

15. The device of claim 13, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being operable to ignore transmis-
sions intended for the first type of receiver.
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16. The device of claim 15, wherein the intended destina-
tion ignores transmissions in the second modulation when the
intended destination is the first type of receiver.

17. The device of claim 15, wherein the intended destina-
tion ignores transmissions in the first modulation when the
intended destination is the second type of receiver.

18. The device of claim 15, wherein the intended destina-
tion is the first type of receiver and unable to demodulate the
second modulation method.

19. The device of claim 13, wherein the transceiver is
configured to receive data from the intended destination in the
first modulation method when the intended destination is the
first type of receiver.

20. The device a claim 13, wherein the transceiver is con-
figured to receive data from the intended destination in the
second modulation method then the intended destination is
the second type of receiver.

21. The device of claim 1, the transceiver is configured to
transmit a third sequence, according to the first modulation
method, at a time after the second sequence is transmitted.

22.The device of claim 1, wherein the transceiver transmits
data modulated according to either the first modulation
method or the second modulation method at any given point
in time when the transceiver is transmitting.

23. A communications device, comprising:

a processor; and

amemory having stored therein executable instructions for

execution by the processor, wherein the executable
instructions direct transmission of a first data with a first
modulation method followed by a second data with a
second modulation method, wherein the first modula-
tion method is different than the second modulation
method, wherein the first data comprises an indication of
an impending change from the first modulation method
to the second modulation method, wherein the execut-
able instructions direct transmission of a third data with
the first modulation method after the second data, and
wherein the third data indicates that communication has
reverted to the first modulation method.

24. The device of claim 23, wherein transmission of the
second data is according to a specific time interval.

25. The device of claim 23, further comprising a transmit-
ter configured to transmit the first data and the second data.

26. The device of claim 23, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

27. The device of claim 23, wherein the memory comprises
random access memory.

28. The device of claim 23, wherein the memory comprises
read-only memory.

29. The device of claim 23, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

30. The device of claim 23, wherein transmission of the
second data is according to a particular quantity of data.

31. The device of claim 23, wherein the memory comprises
an erasable programmable read-only memory.

32. A communications device, comprising:

a processor; and

amemory having stored therein executable instructions for

execution by the processor, wherein the executable
instructions direct transmission of a first data with a first
modulation method followed by a second data with a
second modulation method, wherein the first modula-
tion method is different than the second modulation
method, wherein the first data comprises an indication of
an impending change from the first modulation method
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to the second modulation method wherein the execut-

able instructions direct transmission of a third data with

the first modulation method after the second data, and
wherein transmission of the second data is according to

a particular quantity of data.

33. The device of claim 32, wherein transmission of the
second data is according to a specific time interval.

34. The device of claim 32, further comprising a transmit-
ter configured to transmit the first data and the second data.

35. The device of claim 32, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

36. The device of claim 32, wherein the memory comprises
random access memory.

37. The device of claim 32, wherein the memory comprises
read-only memory.

38. The device of claim 32, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

39. The device of claim 32, wherein the memory comprises
an . erasable programmable read-only memory.

40. A device that transmits in accordance with a first modu-
lation method and a second modulation method that is differ-
ent than the first modulation method, said device comprising;

at least one modulator;

a transceiver that includes the at least one modulator,

wherein the transceiver is configured to transmit:

a first sequence, modulated in accordance with the first
modulation method, that indicates an impending
change from the first modulation method to the sec-
ond modulation method, and

asecond sequence, in accordance with the second modu-
lation method, that is transmitted at a time after the
first sequence.

41. The device of claim 40, wherein the transceiver is
configured to transmit a third sequence after the second
sequence, wherein the third sequence is transmitted in accor-
dance with the first modulation method and indicates that a
subsequent communication has reverted to the first modula-
tion method.

42. The device of claim 40, wherein the transceiver is
configured to transmit the second sequence according to a
specific time interval.

43. The device of claim 40, wherein the transceiver is
configured to transmit the second sequence according to a
particular quantity of data.

44. The device of claim 40, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transmitter to transmit this first sequence and the second
sequence.

45. The device of claim 44, wherein the memory comprises
random access memory.

46. The device of claim 44, wherein the memory comprises
read-only memory.

47. The device of claim 44, wherein the memory has stored
therein program code for a multipoint communications pro-
tocol.

48. The device of claim 44, wherein the memory comprises
an erasable programmable read-only memory.

49. A computer-readable storage medium having computer
executable instructions stored therein that when executed by
a processor control a master transceiver, said computer
executable instructions, comprising:
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first logic configured to transmit first information in a first
modulation method for communication;

second logic configured to transmit a first sequence to
notify of a change from said first modulation method to
a second modulation method;

third logic configured to transmit second information in
said second modulation method; and

fourth logic configured to transmit a second sequence after
the second information is transmitted, wherein the sec-
ond sequence is transmitted in the first modulation
method and indicates that communication has reverted
to the first modulation method.

50. The computer-readable storage medium of claim 49,
wherein the first transceiver is configured to transmit the
second sequence according to a specific time interval.

51. The computer-readable storage medium of claim 49,
further comprising program code for the first modulation
method and the second modulation method.

52. The computer-readable storage medium of claim 49,
further comprising program code for a multipoint communi-
cations protocol.

53. The computer-readable storage medium of claim 49,
wherein the first transceiver is configured to transmit the
second sequence according to a particular quantity of data.

54. A computer-readable storage medium having computer
executable instructions stored therein that when executed by
a processor control a master transceiver, said computer
executable instructions, comprising:

first logic configured to transmit first information in a first
modulation method for communication;

second logic configured to transmit a first sequence to
notify of a change from said first modulation method to
a second modulation method;

third logic configured to transmit second information in
said second modulation method; and

fourth logic configured to transmit a second sequence after
the second information is transmitted, wherein the
fourth logic is configured to transmit the second
sequence according to a particular quantity of data.

55. The computer-readable storage medium of claim 54,
wherein the first transceiver is configured to transmit the
second sequence according to a specific time interval.

56. The computer-readable storage medium of claim 54,
further comprising program code for the first modulation
method and the second modulation method.

57. The computer-readable storage medium of claim 54,
further comprising program code for a multipoint communi-
cations protocol.

58. A communication device capable of communicating
according to a master/slave relationship in which a slave
message from a slave to a master occurs in response to a
master message from the master to the slave, the device
comprising:

a transceiver, in the role of the master according to the
master/slave relationship, capable of transmitting using
at least two types of modulation methods, wherein the at
least two types of modulation methods comprise a first
modulation method and a second modulation method,
wherein the second modulation method is of a different
type than the first modulation method, and wherein the
transceiver is configured to transmit messages with:

a first sequence, in the first modulation method, that indi-
cates at least which of the first modulation method and
the second modulation method is used for modulating a
second sequence, wherein, in at least one message, the
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first sequence indicates an impending change from the
first modulation method to the second modulation
method, and wherein the at least one message is
addressed for an intended destination of the second
sequence, and

the second sequence, modulated in accordance with the
modulation method indicated by the first sequence and,
in the at least one message, modulated using the second
modulation method, wherein the second sequence is
transmitted after the first sequence.

59. The device of claim 58, wherein the transceiver is
configured to transmit a third sequence after the second
sequence, wherein the third sequence is transmitted in the first
modulation method and indicates that communication from
the master to the slave has reverted to the first modulation
method.

60. The device of claim 58, wherein the transceiver is
configured to transmit the second sequence according to a
specific time interval.

61. The device of claim 58, wherein the transceiver is
configured to transmit the second sequence according to a
particular quantity of data.

62. The device of claim 58, further comprising a processor
and a memory, wherein the memory has stored therein
instructions that when executed by the processor cause the
transceiver to transmit the first sequence and the second
sequence.

63. The device of claim 62, wherein the memory has stored
therein program code for the first modulation method and the
second modulation method.

64. The device of claim 62, wherein the memory comprises
random access memory.

65. The device of claim 62, wherein the memory comprises
read-only memory.

66. The device of claim 62, wherein the memory has stored
therein program code for operating the transceiver in a mul-
tipoint master/slave relationship.

67. The device of claim 62, wherein the memory comprises
an erasable programmable read-only memory.

68. The device of claim 58, wherein the first communica-
tion from the master to the slave is a poll in accordance with
a multipoint communications relationship, wherein the poll
indicates that the master has selected the slave for transmis-
sion.

69. The device of claim 58, wherein the transceiver is
configured to be the master.

70. The device of claim 58, wherein the first information in
the first portion indicates the first modulation method when
the intended destination is a first type of receiver and indicates
the second modulation when the intended destination is a
second type of receiver.

71. The device of claim 70, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being designated for transmitting in
the second modulation method.

72. The device of claim 70, wherein the second type of
receiver differs from the first type of receiver at least by the
second type of receiver being operable to ignore transmis-
sions intended for the first type of receiver.

73. The device of claim 72, wherein the intended destina-
tion ignores transmissions in the second modulation when the
intended destination is the first of receiver.
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74. The device of claim 72, wherein the intended destina-
tion ignores transmissions in the first modulation when the
intended destination is the second type of receiver.

75. The device of claim 72, wherein the intended destina-
tion is the first type of receiver and unable to demodulate the
second modulation method.

76. The device of claim 70, wherein the transceiver is
configured to receive data from the intended destination in the
first modulation method when the intended destination is the
first type of receiver.

77. The device of claim 70, wherein the transceiver is
configured to receive data from the intended destination in the

10

14
second modulation method when the intended destination is
the second type of receiver.

78. The device of claim 58, the transceiver is configured to
transmit a third sequence, according to the first modulation
method, at a time after the second sequence is transmitted.

79. The device of claim 58, wherein the transceiver trans-
mits data modulated according to either the first modulation
method or the second modulation method at any given point
in time when the transceiver is transmitting.
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REQUEST FOR EX PARTE REEXAMINATION OF U.S. PATENT NO. 8,023,580
PURSUANT TO 35 U.S.C. § 302,37 C.F.R. § 1.510

Pursuant to 35 U.S.C. § 302 and 37 C.F.R. § 1.510, Samsung Electronics Co., Ltd.
and Samsung Electronics America, Inc. (the “Requesters”) hereby request ex parte reexamination
of claims 2 and 59 (the “Challenged Claims”) of U.S. Patent No. 8,023,580 (“the ‘580 patent”),
which issued from U.S. Patent Application Serial No. 12/543,910, filed August 19, 2009 (“the
‘910 Application”). (A complete copy of the ‘580 patent is attached as Exhibit A, a copy of the
‘910 application as filed is attached as Exhibit B, and a copy of the prosecution history for the
‘580 patent (other than the prior art of record) is attached as Exhibit C (“the ‘580 Prosecution

History™)). Pursuant to 37 C.F.R. § 1.510(b)(6), Requesters certify that the statutory estoppel
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provisions of 35 U.S.C. §§315(e)(1) or 325(e)(1) do not prohibit Requesters from filing this
Request.1

Requesters assert herein that substantial new questions of patentability exist as to claims
2 and 59 of the ‘580 patent based on a prior art reference, Snell, filed on March 17, 1997 and
issued on November 9, 1999, that was not considered during original prosecution, along with
various additional references: four references that were and two references that were not before
the United States Patent and Trademark Office (“Patent Office” or “USPTO”) during the original
prosecution or inter partes review of the ‘580 patent. As detailed below, claims 2 and 59 of the
“580 patent are rendered obvious by the references cited herein by the Requesters.”

Because the challenged patent is involved in pending litigation, Requesters respectfully
request that, consistent with 35 U.S.C. § 305 and MPEP § 2261, all proceedings associated with

this reexamination be conducted not only with the “special dispatch” accorded all

! Pursuant to 37 CF.R. § 1.565, the Requesters provide notice that the Patent Owner

Rembrandt Wireless Technologies, LP (“Rembrandt” or “Patent Owner”) has asserted the ‘580
patent in Rembrandt Wireless Techs., LP v. Samsung FElecs. Co., C.A. No. 2:13-cv-00213-JRG
(E.D. Tex.) (the “Rembrandt Litigation”). On February 13, 2015, a jury found that claims 2 and
59 of the ‘580 patent were infringed and, on the record then before it, not invalid. Rembrandt
Wireless Techs., LP v. Samsung Elecs. Co., C.A. No. 2:13-cv-00213-JRG, Dkt. 288 (E.D. Tex.).
The issue of post-trial relief was severed and assigned a separate case number, styled as
Rembrandt Wireless Techs., LP v. Samsung Elecs. Co., C.A. No. 2:16-cv-00170-JRG, Dkt. 2
(E.D. Tex.). The defendants in the above litigation have appealed the decision to the U.S. Court
of Appeals for the Federal Circuit in Rembrandt Wireless Techs., LP v. Samsung Elecs. Co., No.
2016-1729 (Fed. Cir.). In addition, the ‘580 patent has been involved in multiple inter partes
reviews (IPRs) (“the Rembrandt IPRs”). Two petitions for IPR were instituted and have resulted
in final written decisions (Samsung FElecs. Co. v. Rembrandt Wireless Techs., LP, IPR2014-
00518, Pap. 47 (Final Written Decision) (Sept. 17, 2015); Samsung Elecs. Co. v. Rembrandt
Wireless Techs., LP, IPR2014-00519, Pap. 49 (Final Written Decision) (Sept. 17, 2015)). Four
petitions for IPR were denied (Samsung Elecs. Co. v. Rembrandt Wireless Techs., LP, IPR2014-
00514, Pap. 18 (Decision on Institution) (Sept. 9, 2014); Samsung Llecs. Co. v. Rembrandt
Wireless Techs., LP, IPR2014-00515, Pap. 18 (Decision on Institution) (Sept. 9, 2014); Samsung
Elecs. Co. v. Rembrandt Wireless Techs., LP, IPR2015-00114, Pap. 14 (Decision on Institution)
(Jan. 28, 2015); Samsung Elecs. Co. v. Rembrandt Wireless Techs., LP, IPR2015-00118, Pap. 14
(Decision on Institution) (Jan. 28, 2015)).

> In the context of the present Request, the standard for claim interpretation during patent
examination as provided in MPEP § 2111 (Claim Interpretation; Broadest Reasonable
Interpretation) is applied.

i
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reexaminations, but also with the “priority over all other cases” accorded reexaminations of
patents involved in litigation. MPEP § 2261. In the Rembrandt Litigation, a jury imposed a
verdict of $15.7 million based in part on the jury’s verdict concerning infringement of challenged
claims 2 and 59 of the ‘580 patent. As shown in this Request — based on combinations of prior
art that were never previously considered by the Office — claims 2 and 59 should have never
issued. In light of the Patent Owner’s demonstrated intent to assert these invalid claims, timely

conduct of the requested reexamination is of particular importance to the public.

3 Reaquesters are also seeking reexamination of U.S. Patent No. 8,457,228 (“the ‘228

patent”), which is a continuation of the ‘580 patent.

il
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I BACKGROUND OF THE REQUEST

The 580 patent relates generally to “a data communications system in which a plurality
of modulation methods are used to facilitate communication among a plurality of modem types.”
‘580 patent at 1:19-23. According to the ‘580 patent, messages — such as those shown in the
‘580 patent’s Figure 8 — can be sent on the same network using different modulation methods
(e.g., type A and type B) by providing an indication in the first sequence of the message of the

modulation method used for the second sequence of the message.

i T & Nadalans s R BaRetatn § Ty A Sfadutating
sy Sapeet P Rt 1 Ty ATl It Sgne
Pk Tope & dodifoesgl] ¢

: Tyge B Mo 2 Ty A Modwiagion:
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FIG. 8

The supposed “invention” in each of the Challenged Claims was already well known and
obvious to those of ordinary skill in the art at the time of the earliest claimed priority date for the
‘580 patent—December 5, 1997. Indeed, in IPR2014-000518, the Board correctly found that
independent claims 1 and 58 (from which claims 2 and 59 depend) are invalid as obvious in view
of the prior art. Specifically, the Board correctly found that U.S. Patent No. 5,706,428 (“Boer”)
disclosed all of the limitations of claims 1 and 58, other than the use of a master/slave
relationship. The Board also correctly found that the Applicant’s admitted prior art, as reflected
in the 580 patent specification (“APA”), demonstrated that the use of a master/slave protocol

was well-known in the art, and that an article by Upender ef al. (“Upender,” a copy of which is
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attached as Exhibit G) provided a motivation to use a master/slave protocol when implementing
Boer’s system.

As discussed herein, claims 2 and 59 are rendered obvious by the combinations of cited
references presented in this Request, which demonstrate that all of the elements of claims 2 and
59 were well known in the art before the earliest claimed priority date of the ‘580 patent. The
Snell reference cited here by Requesters discloses a transceiver capable of transmitting data
packets with preamble, header, and data portions, where the preamble and header are transmitted
using BPSK modulation, and the data portion is transmitted using either BPSK or QPSK
modulation. Snell alternatively discloses that the preamble and header are transmitted using
DBPSK modulation, and the data portion is transmitted using either DBPSK or DQPSK
modulation. See, e.g., Snell at Fig. 3, 6:35-36, 6:52-63. As the PTAB correctly found in
IPR2014-00518, DBPSK and DQPSK are “different types of modulation methods” in the context
of ‘580 independent claims 1 and 58, and thus also of dependent claims 2 and 59. IPR2014-
00518, Pap. 47 at 19; 580 Prosecution History at 408. Snell discloses the use of sequences in
the header portion that indicate which type of modulation is being used for transmitting the data
portion. See, e.g., Snell at 6:52-63. Snell also discloses (through its incorporation of Harris
ANO9614) the ability to use its teachings with a polled (master/slave) protocol. Harris AN9614 at
3. Alternatively, it would have been obvious to a person of ordinary skill in the art (“POSITA”)
to use a master/slave protocol when implementing Snell’s system based on the same Admitted
Prior Art and Upender disclosures that were relied on by the PTAB in IPR2014-00518.

In IPR2014-000518, the PTAB declined to institute review of dependent ‘580 claims 2
and 59 based on the Board’s view that the cited prior art failed to disclose the additional

limitation of those claims requiring transmission of a “third sequence . . . transmitted in the first
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modulation method [that] indicates that communication from the master to the slave has reverted
to the first modulation method.” Requesters cite herein the Kamerman reference, which
demonstrates reversion to the first modulation method, required by dependent claims 2 and 59,
was obvious and well-known in the art. Specifically, Kamerman discloses an automatic rate
adaptation scheme for transmitting a first data packet where the data is modulated using a second
modulation method, such as QPSK (corresponding to a higher data transfer rate), and next
transmitting a second data packet where the data is modulated using a first modulation method,
such as BPSK (corresponding to a lower data transfer rate) (i.e., to revert to the first modulation
method). Kamerman at 6, 11-12. It would have been obvious to a POSITA to use Kamerman’s
teaching of transmitting a first data packet where the data is modulated using a second
modulation method and next transmitting a second data packet where the data is modulated using
a first modulation method in implementing Snell’s system for communicating data packets
modulated according to different modulation methods to advantageously maximize the data
transfer rate and adapt to changing channel conditions (as also taught by Kamerman).

Finally, it was well-known in the art, as demonstrated by Yamano, that packets can be
advantageously addressed for an intended destination. It would have been obvious to a POSITA
to use Yamano’s teaching of including a destination address in the data packet in implementing
Snell’s teachings of a communication system for transmitting data packets to advantageously
specify which receiver the data is intended for and to reduce processing requirements of
receiving devices by allowing the receiving device to filter out packets which it does not need to
demodulate.

Under any proper understanding of the scope of the Challenged Claims, and certainly

under the broadest reasonable construction required here, claims 2 and 59 are obvious over Snell
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in view of Yamano and Kamerman; Snell in view of Harris 4064.4, Harris AN9614, Yamano,
and Kamerman; and Snell in view of Harris 4064.4, the Admitted Prior Art, Upender, Yamano,
and Kamerman. Moreover, as detailed herein, if Patent Owner were to argue for a construction
of the term “type” that is wholly unsupported by the intrinsic record, as it did in the cited
Rembrandt Litigation and Rembrandt IPRs, these arguments should be rejected as the PTAB did
in the Rembrandt IPRs. £.g., [PR2014-00518, Pap. 47 at 7-12; ‘580 Prosecution History at 396-
401. Requesters respectfully submit that reexamination of both Challenged Claims should be
granted, and that the Challenged Claims should be found unpatentable and cancelled for the
reasons set forth herein.

I1. SUBSTANTIAL NEW QUESTIONS OF PATENTABILITY

Reexamination is respectfully requested for dependent claims 2 and 59 of the ‘580 patent
under 35 U.S.C. § 302 and 37 CF.R. § 1.510.

A. Listing of Prior Art Patents and Printed Publications

Pursuant to 37 C.F.R. § 1.510(b)(3), reexamination of the Challenged Claims is requested
in view of the references below and Applicant’s admitted prior art of a master/slave
communication system depicted in Figures 1 and 2 and described in column 3, line 40 through
column 4, line 50 of the ‘580 patent (“Admitted Prior Art”). The Snell, Harris 4064.4, Harris
ANO9614, Yamano, and Kamerman references were not previously cited or considered in any
rejection by the Examiner during prosecution or by the Board during infer partes review of the
‘580 patent and present new technological teachings that were not previously considered in
connection with the ‘580 patent. Accordingly, the combinations presented in this request were
never previously considered by the Office with respect to the ‘580 patent.

Exhibit D: U.S. Patent No. 5,982,807, filed on Mar. 17, 1997 and issued on Nov. 9,
1999, to Snell, J. (“Snell”).
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Exhibit E: Andren, C. et al., Using the PRISM™ Chip Set for Low Data Rate
Applications, Harris Semiconductor Application Note No. AN9614,
March 1996 (“Harris AN9614”).

Exhibit F: HSP3824 Direct Sequence Spread Spectrum Baseband Processor, Harris
Semiconductor File No. 4064.4, Oct. 1996 (“Harris 4064.4”).

Exhibit G: Declaration of Jon Mears; Exhibit A thereto (Upender ef al,
“Communication Protocols for Embedded Systems,” Embedded Systems
Programming, Vol. 7, Issue 11, November 1994. — (“Upender”)).

Exhibit H: U.S. Patent No. 6,075,814, filed on May 9, 1997 and issued on Jun. 13,
2000, to Yamano, L., ef al. (“Yamano”).

Exhibit I: Kamerman, A., Throughput Density Constraints for Wireless LANs Based
on DSSS, IEEE 4th International Symposium on Spread Spectrum
Techniques and Applications Proceedings, Mainz, Germany, Sept. 22-25,
1996, pp. 1344-1350 vol .3 (“Kamerman”).

A Form SB-08 and copies of the cited references are submitted herewith.

B. Statement Setting Forth Each Substantial New Question of Patentability

This Request presents new issues of patentability that were not considered during
prosecution or prior inter partes review of the ‘580 patent. As described in more detail in this
section, the Snell, Harris 4064.4, Harris AN9614, Yamano, and Kamerman references provide
new technological teachings and were not cited by the Applicant or the Examiner or otherwise
considered during prosecution of the ‘580 patent or during inter partes review of the ‘580 patent.
Notably, Snell, which is included in every combination of references proposed herein by the
Requesters, clearly discloses transmitting data packets where the preamble and header are always
modulated using a first modulation method and indicate whether the data portion of the data
packet is modulated using a first modulation method or a second modulation method, a limitation
that is fundamental to each of the Challenged Claims. In addition, Harris 4064.4 (incorporated
by Snell) discloses transmitting data packets where the preamble and header are always
modulated using a first modulation method and indicate whether the data portion of the data

packet is modulated using a first modulation method or a second modulation method. Harris
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ANO9614 (incorporated by Snell) discloses that the system described in Snell may operate
according to a polled (master/slave) protocol. Yamano, also included in each proposed
combination of references, clearly discloses including a destination address in the preamble
portion of a data packet. And Kamerman, also included in each proposed combination of
references, clearly discloses transmitting a first data packet where the data is modulated using a
second modulation method, such as QPSK (corresponding to a higher data transfer rate), and
next transmitting a second data packet where the data is modulated using a first modulation
method, such as BPSK (corresponding to a lower data transfer rate) (i.e., to revert to the first
modulation method), which is required by dependent claims 2 and 59 and is the only limitation
of the Challenged Claims that the Board previously found was not disclosed by the prior art that
was then before the Board.

Although the Board previously considered Applicant’s admission that master/slave
communication systems were known in the prior art to the ‘580 patent and Upender’s disclosure
of motivation to use a master/slave communication system, these teachings were never before
considered in connection with the Snell, Harris 4064.4, Harris AN9614, Yamano, or Kamerman
references. Thus, the questions of patentability raised in this Request were not raised during the
prosecution of the application that led to the ‘580 patent or during inter partes review of the ‘580
patent. As described below, in combination these new references disclose that all the limitations
of the Challenged Claims were well-known and obvious at the time the application for the ‘580
patent was filed.

Accordingly, the references raise the following substantial new questions of patentability
that were not considered during the original prosecution or prior inter partes review of the ‘580

patent:
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1. SNQ-1: A substantial new question of patentability as to claims 2 and 59 is raised by
Snell in view of Yamano and Kamerman.

2. SNQ-2: A substantial new question of patentability as to claims 2 and 59 is raised by
Snell in view of Harris 4064 .4, Harris AN9614, Yamano, and Kamerman.

3. SNQ-3: A substantial new question of patentability as to claims 2 and 59 is raised by
Snell in view of Harris 4064.4, the Admitted Prior Art, Upender, Yamano, and
Kamerman.

In light of the new grounds raised, the combinations of the above references render the

Challenged Claims invalid.

C. Background and Prosecution of the ‘580 Patent
1. The 580 Patent

The ‘580 patent is directed to the “fields of data communications and
modulator/demodulators (modems), and, more particularly, to a data communications system in
which a plurality of modulation methods are used to facilitate communication among a plurality
of modem types.” ‘580 patent at 1:19-23. The ‘580 patent describes a problem with
communications systems where “communication between modems is generally unsuccessful
unless a common modulation method is used.” Id. at 1:45-47. In the context of a “multipoint
architecture” for a network, which utilizes a “master” modem and at least two “tributary” (or
“trib”) modems, id. at 1:56-58, the ‘580 patent notes that where “one or more of the trib modems
are not compatible with the modulation method used by the master, those tribs will be unable to
receive communications from the master,” id. at 1:58-61.

Because of these issues, the ‘580 patent asserts that “communication systems comprised
of both high performance and low or moderate performance applications can be very cost

inefficient to construct.” /Id. at 1:66-2:1. The ‘580 patent asserts that the solution used at the
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time to overcome incompatible modulation methods was the use of high performance modems
for all users, which resulted in higher costs. /d. at 2:8-16. Thus, the ‘580 patent asserts that
“what is sought, and what is not believed to be provided by the prior art, is a system and method
of communication in which multiple modulation methods are used to facilitate communication
among a plurality of modems in a network, which have heretofore been incompatible.” Id. at
2:17-20 (emphasis added).

The purported invention of the ‘580 patent is a system like that shown in Figure 3, in
which a master transceiver 64 is capable of transmitting and receiving data using different
modulation methods (e.g., what the patent identifies as “type A” modulation and “type B”
modulation). /Id. at 5:23-33. Master transceiver 64 can communicate with tribs, e.g., trib 66,
each of which communicates using either a type A or type B modulation method (shown as “type
X in Figure 3), but not both. /d. at 5:34-46. Figure 4 shows an exemplary network in which
master transceiver 64 can communicate using either a type A or type B modulation method. 7d.
at 5:47-51. Trib 66a communicates using a type A modulation method, while trib 66b

communicates using a type B modulation method. /d.
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‘580 patent, Figure 4.

According to the ‘580 patent, the master transceiver can communicate with both type A
and type B tribs by providing in the first sequence (i.e., header) of a message an indication of the
modulation method that is used for the second sequence (i.e., data portion) of the message. Id. at
5:51-6:12. For example, a master can communicate with a type A trib by transmitting a training
sequence using type A modulation followed by a second sequence also in type A modulation. /d.
at 6:49-54. To send a message to a type B trib (that uses type B modulation), the master
transmits a training sequence, again using type A modulation, that provides notification of an
impending change to type B modulation. /d. at 6:3-6. The second sequence is then transmitted
using type B modulation. /d. at 6:8-15.

2. Prosecution History of the ‘580 Patent

The 580 patent issued from U.S. Application No. 12/543,910. The ‘910 Application was
a continuation of U.S. Application No. 11/774,803, which issued as U.S. Patent No. 7,675,965.
The 803 Application was a continuation of U.S. Application No. 10/412,878, which issued as
U.S. Patent No. 7,248,626. The ‘878 Application was a continuation-in-part of U.S. Application
No. 09/205,205, which became U.S. Patent 6,614,838. The ‘580, ‘965, ‘626, and ‘838 patents all
claim the benefit of the filing date of U.S. Provisional App. No. 60/067,562, filed Dec. 5, 1997.

The ‘910 Application that eventually matured into the ‘580 patent was filed on August 19,
2008 with 100 claims. ‘910 Application at 32-41. In an September 1, 2010 Office Action, a
number of claims were objected to due to an antecedent basis issue but were otherwise deemed
allowable, while other claims were rejected under 35 U.S.C. §§ 102(b) & 103(a). ‘580
Prosecution History at 72-77. Application claim 1, which would issue as claim 1, was one such

claim that was deemed allowable but for the antecedent basis issue. /d. at 72, 77. In a March 1,
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2011 response (“3/1/2011 Reply”), Patent Owner amended many pending claims, including
application claims 1 and 2 (which would issue as claims 1 and 2, respectively), cancelled other
claims, and added forty-eight new claims. /d. at 127-38. Included within the added claims were
claims 123 and 124, which would issue as claims 58 and 59, respectively. Id. at 135-36. On
March 10, 2011, Patent Owner refiled the claims in response to a Notice Of Non-Compliant
Amendment. /d. at 167-81. Inits 3/1/2011 Reply, Patent Owner amended claim 1, even though
it had been allowed. Patent Owner offered the following explanation:

Applicant thanks Examiner Ha for the indication that claims 1-18, and 37-57 are

allowed (office action, p. 7). Applicant has further amended claims 1-2, 9-15, 18,

37-38, and 45-46 with additional recitations to more precisely claim the subject-

matter. For example, the language of independent claim 1 has been clarified to

refer to two types of modulation methods, i.e., different families of modulation

techniques, such as the FSK family of modulation methods and the QAM family of

modulation methods. Support for the clarifying amendments can be found
throughout the specification, for example [0024], [0025] and [0031] - [0036].

Id. at 140. Patent Owner later relied on this post-allowance statement—made 14 years after the
provisional application to which the ‘228 patent claims priority was filed—to assert during
litigation that the meaning of “different types” of modulation methods referred to “different
families” of modulation methods that did not have any overlapping characteristics. The court in
the Rembrandt Litigation construed this claim term. Rembrandt Wireless Techs., LP v. Samsung
Elecs. Co., Ltd., No. 2:13-cv-00213-JRG-RSP, Dkt. 114, Claim Construction Order (E.D. Tex.
July 10, 2014). After the court issued its claim construction order, the PTAB also construed this

193

term, correctly rejecting Rembrandt’s argument, explaining that “‘[i]t is inappropriate to limit a
broad definition of a claim term based on prosecution history that is itself ambiguous.’
[PR2014-00518, Pap. 47 at 9 (quoting Inverness Med. Switz. GmbH v. Warner Lambert Co., 309

F.3d 1373, 1382 (Fed. Cir. 2002)); ‘580 Prosecution History at 398.
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On May 11, 2011, Patent Owner filed a paper making further amendments to pending
claims 1 and 95. /Id. at 187-200. The application was allowed on July 22, 2011, although no
Statement of Reasons for Allowance was provided. Id. at 249-74. On July 26, 2011, Patent
Owner filed an Amendment After Allowance further amending claims that, after entry, issued as
claims 40, 49, and 54. Id. at 275-90. The ‘580 patent issued on September 20, 2011. /d. at 306.

In December 2014, Rembrandt Wireless, LP, the assignee of record, disclaimed claims 24,
26-28, 31-37, 39-40, 42-46, and 48. Exs. M and N; ‘580 Prosecution History at 363, 366.

3. Inter Partes Review of the ‘580 Patent (IPR2014-00518)

On March 20, 2014, Samsung Electronics Co. Ltd., Samsung Electronics America, Inc.,
Samsung Telecommunications America, LLC, and Samsung Austin Semiconductor, LL.C filed a
petition for inter partes review of claims 1-2, 4-5, 10, 13, 19-22, 49, 52-54, 57-59, 61-62, 66, 70,
and 76-79 based on U.S. Patent No. 5,706,428 (“Boer”) in view of Applicant’s admitted prior art
of a master/slave communication system, as reflected in the ‘580 patent specification. IPR2014-
00518, Pap. 1 (Mar. 20, 2014). On September 23, 2014, the PTAB instituted inter partes review
of claims 1, 4, 5, 10, 13, 20-22, 54, 57, 58, 61, 62, 66, 70, and 76-79 but declined to institute
review of claims 2, 19, 49, 52, 53, and 59. IPR2014-00518, Pap. 16 at 2 (Sept. 23, 2014); ‘580
Prosecution History at 319.* The PTAB did not institute review of claims 2 and 59 (Boer in
view of Applicant’s admitted prior art as reflected in the ‘580 patent specification), finding that
the petitioner did not show that the prior art taught the dependent limitation of these claims,

which requires “‘indicat[ing]’ that communication from the master to the slave has reverted to

* Some documents from the Rembrandt IPRs appear in the file wrapper of the 580 patent,
including institution decisions and final written decisions. IPR documents appearing in the file
wrapper (attached here as Exhibit C, “’580 Prosecution History”) are cited herein both to their
original source documents and to their locations within Exhibit C.
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the first modulation method.” IPR2014-00518, Pap. 16 at 14-15; ‘580 Prosecution History at
331-32.

On September 17, 2015, in a Final Written Decision, the PTAB correctly found all
reviewed claims (claims 1, 4, 5, 10, 13, 20-22, 54, 57, 58, 61, 62, 66, 70, and 76-79), including
the independent claims from which the Challenged Claims depend, were unpatentable over Boer
in view of Applicant’s admitted prior art of a master/slave communication system, as reflected in
the ‘580 patent specification. IPR2014-00518, Pap. 47 at 21 (Sept. 17, 2015); ‘580 Prosecution
History at 391.

In the Final Written Decision, the PTAB correctly construed the claim terms using their
broadest reasonable construction in light of the ‘580 patent specification. IPR2014-00518, Pap.
47 at 5; ‘580 Prosecution History at 394. The PTAB correctly construed the claim term
“modulation” as having “its customary and ordinary meaning as the process by which some
characteristic of a carrier is varied in accordance with a modulating wave.” TPR2014-00518, Pap.
47 at 7; ‘580 Prosecution History at 396.

The PTAB also construed different “type[s]” of modulation methods as “modulation
methods that are incompatible with one another,” specifically finding that the
“DQPSK...modulation method[] [is] incompatible with DBPSK modulation” and thus DQPSK
modulation is “a different type” of modulation than DBPSK. TPR2015-00518, Pap. 47 at 12, 18-
19; ‘580 Prosecution History at 401, 407-408. The specification also supports the PTAB’s
interpretation of different types of modulation methods as those which are incompatible. The
specification addresses the asserted problem of lack of compatibility between modems, stating
“what is sought, and what is not believed to be provided by the prior art, is a system and method

of communication in which multiple modulation methods are used to facilitate communication
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among a plurality of modems in a network, which have heretofore been incompatible.” 580
patent at 2:16-20 (emphasis added); see also ‘580 patent at 1:58-65, 1:27-30, 1:47-52, 2:8-10,
2:12-16, 2:55-57. The provisional application to which the ‘580 patent claims priority, also
explains that if a master uses a modulation method that is not compatible with the modulation
method used by a trib, the master cannot communicate with that trib. U.S. Provisional
Application No. 60/067,562 at 2 (*...the master communicates to all tribs with a single
modulation method. If one or more of the tribs is not compatible, the master cannot communicate
with that trib.”’). In construing the meaning of different “type[s]” of modulation methods, the
PTAB correctly rejected Patent Owner’s proffered construction after thorough consideration of
the prosecution history of the ‘580 patent, including the Response dated March 1, 2011.
[PR2015-00518, Pap. 47 at 7-12; IPR2015-00518, Pap. 47 at 12, 18-19.

The PTAB further found that the ‘580 patent disclosed admitted prior art of master/slave
communication systems, agreeing that “the ‘580 patent’s [disclosure of] multipoint
communication systems (or master/slave systems), depicted in Figures 1 and 2 and described in
column 3, line 40 through column 4, line 50, contains material that may be used as prior art
against the patent under 35 U.S.C. § 103(a).” IPR2014-00518, Pap. 47 at 13; ‘580 Prosecution
History at 402. The PTAB further found that Upender provided a motivation to combine the
master/slave relationship of the admitted prior art with Boer. IPR2014-00518, Pap. 47 at 16-18;
‘580 Prosecution History at 405-407. The PTAB noted that Upender states that polling is one of
the more popular protocols for embedded systems “because of its simplicity and determinacy”
and “teaches that master/slave protocols were widely used and a good choice for simple systems.”
IPR2014-00518, Pap. 47 at 15-16; ‘580 Prosecution History at 404-405. The PTAB agreed that

Upender provided appropriate motivation to use the simpler master/slave protocol in conjunction

13

IPR2020-00034 Page 00099



Request for £x Parte Reexamination, U.S. Patent No. 8,023,580

with Boer. IPR2014-00518, Pap. 47 at 17 (“one of ordinary skill in the art would have found it
obvious to use a different prior art communication protocol (e.g., a simpler protocol) when using
multiple data rates as described by Boer.”); ‘580 Prosecution History at 406.

Rembrandt did not appeal the PTAB’s finding of unpatentability.

4. Inter Partes Review of the ‘580 Patent (IPR2014-00519)

On March 20, 2014, Samsung Electronics Co. Ltd., Samsung Electronics America, Inc.,
Samsung Telecommunications America, LLC, and Samsung Austin Semiconductor, LL.C filed a
petition for infer partes review of claims 23, 25, 29-30, 32, 34, 38, 40-41, 43-44 and 47 of the
‘580 patent. IPR2014-00519, Pap. 1 (Mar. 20, 2014). On September 23, 2014, the PTAB
instituted inter partes review of claims 32, 34, 38, 40, 43, 44, and 47 of the ‘580 patent but
declined to institute review of claims 23, 25, 29, 30, and 41. IPR2014-00519, Pap. 16 at 15 (Sept.
23, 2014). Rembrandt thereafter disclaimed claims 32, 34, 40, 43, and 44. IPR2014-00519, Pap.
49 at 2 (Sept. 17, 2015). On September 17, 2015, the PTAB correctly found the remaining
claims 38 and 47 unpatentable over Boer in view of Applicant’s admitted prior art of a
master/slave communication system, as reflected in the ‘580 patent specification. /d.

S. Inter Partes Reviews of the ‘580 Patent (IPR2014-00514 and IPR2014-
00515)

On March 20, 2014, Samsung Electronics Co. Ltd., Samsung Electronics America, Inc.,
Samsung Telecommunications America, LLC, and Samsung Austin Semiconductor, LL.C filed a
petition for inter partes review of claims 1, 2, 4, 5, 10, 13, 19-22, 49, 52-54, 57-59, 61, 62, 66,
70, and 76-79 of the ‘580 patent (IPR2014-00514, Pap. 1 (Mar. 20, 2014)) and a petition for
inter partes review of claims 23, 25, 29-30, 32, 34, 38, 40-41, 43-44 and 47 of the 580 patent.
[PR2014-00515, Pap. 1 (Mar. 20, 2014). On September 9, 2014, the PTAB declined to institute

inter partes review of the ‘580 patent based on either petition, finding that the petitioner did not
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make a sufficient showing that the reference relied upon in the petitions (IEEE P802.11, Draft
Standard for Wireless LAN, Medium Access Control (MAC) and Physical Layer (PHY)
Specification, P802.11D4.0, May 20, 1996) was publicly available before the claimed priority
date. IPR2014-00514, Pap. 18 at 9-10 (Sept. 9, 2014); IPR2014-00515, Pap. 18 at 10 (Sept. 9,
2014).

6. Inter Partes Reviews of the ‘580 Patent (IPR2015-00114 and IPR2015-
00118)

On October 21, 2014, Samsung Electronics Co. Ltd., Samsung Electronics America, Inc.,
Samsung Telecommunications America, LLC, and Samsung Austin Semiconductor, LL.C filed a
petition for inter partes review of claims 2, 19, 49, 52, 53, and 59 of the ‘580 patent (IPR2015-
00114, Pap. 1 (Oct. 21, 2014)) and a petition for infer partes review of claims 23, 25, 29, 30, and
41 of the ‘580 patent (IPR2015-00118, Pap. 1 (Oct. 21, 2014)). The asserted ground of
unpatentability was Boer in view of Applicant’s admitted prior art of a master/slave
communication system as reflected in the ‘580 patent specification—a combination of references
that is different from the combinations submitted in this Request giving rise to substantial new
questions of patentability. On January 28, 2015, the PTAB declined to institute inter partes
review of the ‘580 patent based on either petition under 35 U.S.C. § 325(d), finding that “the
same or substantially the same prior art or arguments” had been presented in IPR2014-00518 and
[PR2014-00519 and that, barring joinder, the petitions were time-barred. IPR2015-00114, Pap.
14 at 7-8 (Jan. 28, 2015); IPR2015-00118, Pap. 14 at 7 (Jan. 28, 2015). In the decisions not to
institute, the PTAB specifically declined to reach the merits of the grounds presented. IPR2015-

00114, Pap. 14 at 6 (Jan. 28, 2015); IPR2015-00118, Pap. 14 at 5 (Jan. 28, 2015).
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D. Secondary Considerations

This Request demonstrates that claims 2 and 59 of the ‘580 patent are obvious under 35
U.S.C. § 103 based on the references presented here. As discussed below, these clear teachings
in the prior art cannot be overcome by any supposed “secondary considerations.”

The “ultimate determination of whether an invention is obvious is a legal question based
on the totality of the evidence.” See Brown & Williamson Tobacco Corp. v. Philip Morris, Inc.,
229 F.3d 1120, 1131 (Fed. Cir. 2000) (citing Richardson-Vicks Inc. v. Upjohn Co., 122 F.3d
1476, 1483 (Fed. Cir. 1997)). As set forth in Graham v. John Deere Co., 383 U.S. 1, 17 (1966),
those fact determinations involve (1) the scope and content of the prior art, (2) the differences
between the prior art and the claimed invention, (3) the level of ordinary skill in the pertinent art,
and (4) additional evidence, which may serve as indicia of non-obviousness. This “additional
evidence” with respect to obviousness may include “secondary considerations [such] as
commercial success, long felt but unsolved needs, [and] failure of others.” Graham, 383 U.S. at
17. However, a lack of invention cannot be outweighed by secondary factors. Dow Chem. Co.
v. Halliburton Oil Well Cementing Co., 324 U.S. 320 (1945). See also Great Atl. & Pac. Tea Co.
v. Supermarket Equip. Corp., 340 U.S. 147, 153 (1950) (“[Clommercial success without
invention will not make patentability.”); Brown & Williamson, 229 F.3d at 1131 (“indicators of
nonobviousness cannot overcome the strong evidence of obviousness™) (citing Newell Cos. v.
Kenney Mfg. Co., 864 F.2d 757, 769 (Fed. Cir. 1988) (“finding obviousness despite strong
evidence of commercial success”)).

Any supposed evidence of commercial success is unavailing without a concrete
correlation between the merits of the invention and the alleged success. Richardson-Vicks Inc.,
122 F.3d at 1483 (“evidence of commercial success proffered by plaintiff is limited to sales data,

and does not include evidence of market share, of growth in market share, of replacing earlier
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units sold by others or of dollar amounts, and no evidence of a nexus between the sales and the
merits of the invention”) (internal quotation omitted). In order to show the required nexus to the
claimed invention for an argument of commercial success, the patent owner would need to show
not only the sale of a covered product, but also that customers are choosing the product because
of features that are purportedly within the exclusive boundaries of the ‘580 patent’s claims. In
other words, such sales could be pertinent to a “commercial success” argument for obviousness
purposes only if the patent owner could prove it was these features, and not others, that were
driving demand.

The patent owner cannot demonstrate the required nexus. As detailed in this Request,
each of the limitations of claims 2 and 59, properly construed for reexamination purposes, was
actually known and present in the art long before the ‘580 patent’s earliest possible priority date,
undercutting any suggestion that any limitation played the required role in generating any
supposed “success.”

The Applicants also clearly did not satisfy any long-felt need, nor was there a failure of
others to satisfy any long-felt need. To the contrary, as reflected in the prior art submitted
herewith, this is a long-standing art with disclosures addressing, well before the ‘580 patent’s
earliest possible priority date, the same claimed features in claims 2 and 59. The clear teachings
of prior art preceding the ‘580 patent’s earliest possible priority date belie any claim of a
long-felt need or failure by others.

Finally, the Patent Owner’s only apparent license (as argued during litigation) resulted
from a settlement of litigation. Rembrandt Wireless Techs., LP v. Samsung FElectronics Co.,
Case No. 16-1729, D.1. 34 (Brief for Plaintift-Appellee Rembrandt Wireless Technologies, LP)

at 24, filed Jul. 21, 2016 (Fed. Cir.). Thus, there is nothing to show that the license was
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attributable to the merits of the claimed invention rather than other considerations, such as a
desire to avoid litigation.

The ‘580 patent claims are based on an idea that was well-known when the Applicants
filed for a patent. They are rendered obvious by the prior art, and the overwhelming invalidity of
the claims under 35 U.S.C. § 103 cannot be rebutted with secondary considerations.

II. DETAILED EXPLANATION OF THE PERTINENCE AND MANNER OF

APPLYING THE PRIOR ART REFERENCES TO EVERY CLAIM FOR WHICH
REEXAMINATION IS REQUESTED®

As required under 37 CFR. § 1.510(b)(2), a detailed explanation of the pertinence and
manner of applying the prior art references to the claims is provided here with Requesters’
proposed rejections.

As noted above, for purposes of this request, the Requesters construe claim language
according to MPEP § 2111, such that claim terms are given their broadest reasonable
interpretation. See In re Am. Acad. of Sci. Tech Ctr., 367 F.3d at 1364. When the claims are
construed in this manner, or even in a narrower manner, all the claims are unpatentable in view
of the prior art references presented herein. In construing the claim language in this manner or as
otherwise set forth explicitly or implicitly herein, the Requesters expressly reserve the right to
argue a different claim construction in litigation as appropriate to such proceeding.

A. The PTAB’s Constructions of the Terms “Modulation” and Different
“Type|s]” of Modulation Methods

As an initial matter, Requesters note that the PTAB has already construed the terms
“modulation” and different “type[s]” of modulation methods, applying the broadest reasonable
interpretation, in an infer partes review of claims 1 and 58, independent claims from which

claims 2 and 59 depend, respectively. IPR2014-00518, Pap. 47 at 5-12; ‘580 Prosecution

> All emphases and annotations are added unless otherwise noted.
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History at 394-401. The PTAB has also construed these same terms in three infer partes reviews
of U.S. Patent No. 8,457,228, a continuation of the ‘580 patent. Samsung FElecs. Co. v.
Rembrandt Wireless Techs., LP, IPR2014-00892, Pap. 46 at 6-13 (Final Written Decision) (Sept.
24, 2015); Samsung Elecs. Co. v. Rembrandt Wireless Techs., LP, IPR2014-00893, Pap. 44 at 6-
13 (Final Written Decision) (Sept. 24, 2015); Samsung Elecs. Co. v. Rembrandt Wireless Techs.,
LP, IPR2014-00895, Pap. 44 at 6-13 (Final Written Decision) (Sept. 24, 2015).

1. The PTAB’s Construction of “Modulation”

193

In all four IPR decisions, the PTAB properly construed “‘modulation’ in accordance with
its customary and ordinary meaning as the process by which some characteristic of a carrier is
varied in accordance with a modulating wave.” TPR2014-00518, Pap. 47 at 7; ‘580 Prosecution
History at 396. See also IPR2014-00892, Pap. 46 at 7; IPR2014-00893, Pap. 44 at 7, IPR2014-
00895, Pap. 44 at 7.

2. The PTAB’s Construction of “Different ‘Type[s]” of Modulation
Methods”

Also in all four IPR decisions, the PTAB properly construed “different ‘types’ of
modulation methods as “modulation methods that are incompatible with one another,” IPR2014-
00518, Pap. 47 at 12; ‘580 Prosecution History at 401, and held that “DQPSK and PPM/DQPSK
modulation methods are incompatible with DBPSK modulation,” IPR2014-00518, Pap. 47 at 18;
‘580 Prosecution History at 407. See also IPR2014-00892, Pap. 46 at 13, 19; IPR2014-00893,
Pap. 44 at 13, 19; IPR2014-00895, Pap. 44 at 13, 18-19.

The specification supports the PTAB’s interpretation of different types of modulation
methods as those which are incompatible. The specification addresses the asserted problem of
lack of compatibility between modems, stating “what is sought, and what is not believed to be

provided by the prior art, is a system and method of communication in which multiple
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modulation methods are used to facilitate communication among a plurality of modems in a
network, which have heretofore been incompatible.” ‘580 patent at 2:16-20 (emphasis added).
The specification further describes the asserted problem as follows:

If one or more of the trib modems are not compatible with the modulation method

used by the master, those tribs will be unable to receive communications from the

master. Moreover, repeated attempts by the master to communicate with the

incompatible trib(s) will disturb communications with compatible trib(s) due to
time wasted in making the futile communication attempts.

‘580 patent at 1:58-65.

Indeed, the specification continues to focus on compatibility, or the lack thereof, as the
issue which the purported invention addresses. See also ‘580 patent at 1:27-30, 1:47-52, 2:8-10,
2:12-16. The summary section concludes by stating: “[a]nother advantage of the present
invention is that a master transceiver can communicate seamlessly with tributary transceivers or
modems using incompatible modulation methods.” ‘580 patent at 2:55-57.

Contrary to the plain language of the specification, Patent Owner argued in the
Rembrandt IPRs that different “types” of modulation methods should be interpreted to mean
“different ‘families’ of modulation techniques,” IPR2014-00518, Pap. 47 at 7, ‘580 Prosecution
History at 396, and that different “families” of modulation methods should be further understood
to mean modulation methods that do not vary overlapping characteristics, [IPR2014-00518, Pap.
47 at 11; 580 Prosecution History at 400. Patent Owner relied solely on a single remark made
in the prosecution history after allowance. In an office action reply dated March 1, 2011
(3/1/2011 Reply), Patent Owner amended claim 1 to introduce the term “type,” even though
claim 1 had been allowed,’ stating:

Applicant thanks Examiner Ha for the indication that claims 1-18, and 37-57 are

allowed (office action, p. 7). Applicant has further amended claims 1-2, 9-15, 18,
37-38, and 45-46 with additional recitations to more precisely claim the subject-

% Claim 59 (application claim 124) was added in the 3/1/2011 Reply after claim 1 was allowed.
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matter. For example, the language of independent claim 1 has been clarified to
refer to wo types of modulation methods, i.e., different families of modulation
techniques, such as the FSK family of modulation methods and the QAM family of
modulation methods. Support for the clarifying amendments can be found
throughout the specification, for example [0024], [0025] and [0031] - [0036].

’580 Prosecution History at 140 (emphasis added). Based on the foregoing statement during
prosecution, Patent Owner argued to the PTAB that “different families” of modulation methods
cannot be based on varying any overlapping characteristics. The PTAB correctly rejected Patent
Owner’s argument, stating:

Thus, according to counsel for Patent Owner, two modulation methods that are
different in one characteristic but the same in another, e.g., one varying phase and
amplitude and the other varying frequency and amplitude, would be regarded as
belonging in the same family. Such an understanding of the classification or
categorization of “family” in case of partial overlap was not a part of any
representation during prosecution history, but presented for the first time by
counsel for Patent Owner during oral argument. It reflects ambiguity in the
construction proposed by Patent Owner.

IPR2014-00518, Pap. 47 at 11; ‘580 Prosecution History at 400.
The PTAB further found that:
the claim amendments with respect to two “types” of modulation methods were
not made in response to a rejection, as the relevant claims had been allowed. Nor
do the above remarks explain what a “family” might be, or why FSK is
considered to be a member of one “family” and QAM a member of another

“family.” . . . Patent Owner’s purported “definition” is anything but clear or
precise.

[PR2014-00518, Pap. 47 at 8 (citation omitted); ‘580 Prosecution History at 397.
Ultimately, the PTAB concluded that “[t]he prosecution history is, at best, ambiguous.
‘It is inappropriate to limit a broad definition of a claim term based on prosecution history that is
itself ambiguous.”” IPR2014-00518, Pap. 47 at 9 (quoting Ilnverness Med. Switz. GmbH v.
Warner Lambert Co., 309 F.3d 1373, 1382 (Fed. Cir. 2002)); ‘580 Prosecution History at 398.
After rejecting Patent Owner’s unsupported and ambiguous construction, the PTAB

correctly construed different “types” of modulation methods under the broadest reasonable
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interpretation in light of the specification to mean modulation methods that are incompatible.
The PTAB expressly found that:

In view of the foregoing, we do not interpret a “type” of modulation method as
referring to some vague or undefined “family” of modulation methods. We
interpret different “types” of modulation methods as modulation methods that are
incompatible with one another. Thus, contrary to Patent Owner’s construction,
two modulation methods that are based on varying the same one of the frequency,
amplitude, or phase of the carrier wave may be different “types” of modulation
methods.

[PR2014-00518, Pap. 47 at 18; ‘580 Prosecution History at 407.

Applying this construction to the Boer reference before it, the PTAB correctly found
“that DQPSK and PPM/DQPSK modulation methods are incompatible with DBPSK modulation.”
IPR2014-00518, Pap. 47 at 18; ‘580 Prosecution History at 407. The PTAB rejected Patent
Owner’s argument that Boer’s disclosure of the same mobile station transmitting and receiving
using DBPSK and DQPSK meant that the two methods are compatible:

whether one “type” of modulation is incompatible with another “type” concerns
the method of modulation, not necessarily the modem for carrying out that method.
That is, a modem might be designed (as in Boer) to transmit and receive using,
separately, two incompatible modulation methods, but that does not mean the two
modulation methods are compatible with each other.

IPR2014-00518, Pap. 47 at 19; ‘580 Prosecution History at 408.
Accordingly, the PTAB correctly found that DQPSK modulation and DBPSK modulation
are different “types” of modulation, stating:
Patent Owner argues that DBPSK and DQPSK are not different “'types” of
modulation methods because the methods are within the same “family,” because
both vary the same fundamental characteristic of a carrier wave — its phase. We
do not find Patent Owner's argument to be persuasive because we are not

convinced that the broadest reasonable interpretation of “types” of modulation is
so limited.

[PR2014-00518, Pap. 47 at 19 (citations omitted); ‘580 Prosecution History at 408. See also

IPR2014-00892, Pap. 46 at 19-20; IPR2014-00893, Pap. 44 at 19; IPR2014-00895, Pap. 46 at 19.
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Should Patent Owner attempt here to argue that DBPSK and DQPSK are not different
types of modulation methods, as it appears to have done in the cited Rembrandt Litigation and

193

Rembrandt IPRs, this interpretation of the term “‘types’ of modulation methods” would not only
be wholly unsupported by the claims and the specification of the ‘580 patent, but it would also
directly conflict with the PTAB’s interpretation of claims 1 and 58 (from which claims 2 and 59

depend), which was never appealed by Patent Owner.

B. Overview of Prior Art
1. Overview of Snell

Snell is prior art under at least § 102(e) because it is a U.S. Patent filed by another in the
United States on March 17, 1997, which is prior to December 5, 1997, the earliest claimed
priority date of the ‘580 patent. Snell has not been previously cited to or considered by the
Patent Office in connection with the ‘580 patent.

Snell discloses a transceiver that serves as an access point for communicating data with
other transceivers connected to a wireless local area network (WLAN). Snell at 1:34-46; see id.
at 1:47-50, 4:42-47, 5:18-21. Snell’s transceiver transmits data packets intended for another
transceiver, where the communication may switch on-the-fly between a “first modulation method”
(e.g., BPSK) and a “second modulation method” (e.g., QPSK) that is “of a different type than the

first modulation method.”” Id. at 2:61-63 (“The modulator may also preferably include header

7 As explained in §IILA.2, supra, in IPR2014-00518, the Board construed different “type[s]” of
modulation methods as “modulation methods that are incompatible with one another,”
specifically finding that the “DQPSK.. modulation method[] [is] incompatible with DBPSK
modulation” and thus DQPSK modulation is “a different type” of modulation than DBPSK.
IPR2015-00518, Pap. 47 at 12, 18-19; ‘580 Prosecution History at 401, 407-408. Accordingly,
Snell, which provides examples of switching between BPSK and QPSK modulation, and
alternatively switching between DBPSK and DQPSK modulation, discloses the claimed feature
of changing between different modulation types, even if Snell’s “first modulation method” and
“second modulation method” each use phase shift keying. In addition, Snell further discloses a
SIGNAL field in the header to indicate the modulation method used to modulate the MPDU data,
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modulator means for modulating data packets.”), 1:55-57 (“The PRISM 1 chip set provides all
the functions necessary for full or half duplex, direct sequence spread spectrum, packet
communications at the 2.4 to 2.5 GHz ISM radio band.”), 2:27-30 (“It is another object of the
invention to provide a spread spectrum transceiver and associated method to permit operation at
higher data rates and which may switch on-the-fly between different data rates and/or formats.”),
7:10-14 (“The variable data may be modulated and demodulated in different formats than the
header portion to thereby increase the data rate, and while a switchover as indicated by the
switchover point in FIG. 3, occurs on-the-fly.”), 1:58-61 (“In particular, the HSP3824 baseband
processor manufactured by Harris Corporation employs quadrature or bi-phase phase shift
keying (QPSK or BPSK) modulation schemes.”), 2:15-17 (“Moreover, a WLAN application, for
example, may require a change between BPSK and QPSK during operation, that is, on-the-fly.”).
See id. at Abstract, 1:55-61, 2:56-59, Fig. 2, Fig. 3, Fig. 5.

Snell discloses that each data packet transmission comprises a “group of transmission
sequences” structured with a “first portion” (e.g., a PLCP preamble and PLCP header) and a
“payload portion” (e.g., MPDU data). Id. at 6:35-36, 6:64-66, 7:5-14, Fig. 3. The PLCP
preamble contains SYNC and SFD fields, and the PLCP header contains SIGNAL, SERVICE,
LENGTH, and CRC fields. /Id. at Fig. 3, 6:48-7:14. The MPDU data is the data to be
transmitted to the receiving transceiver. Id. at 7:5-6 (“MPDU is serially provided by Interface 80

and is the variable data scrambled for normal operation.”); see also id. at 7:6-14, Fig. 3.

thereby disclosing an indication of an impending change from the first modulation method to the
second modulation method or vice-versa.
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1d. at Fig. 3.

Snell teaches that the PLCP preamble and PLCP header are always modulated using the
“first modulation method” (e.g., BPSK). Snell at 6:35-36 (“The header may always be BPSK”),
Fig. 3. Snell further discloses that “first information in the first portion” (e.g., the SIGNAL field
in the PLCP header) “indicates” which of the “first modulation method” (e.g., BPSK) and
“second modulation method” (e.g., QPSK) is used for modulating “second information” in the
“payload portion” (e.g., MPDU data).

For example, Snell discloses “[n]ow relating to the PLCP header 91, the SIGNAL is:

0Ah 1 Mbit/s BPSK,

14h 2 Mbit/S QPSK,

37h 5.5 Mbit/s BPSK, and
6Eh 11 Mbit/s QPSK.

Snell at 6:52-59. Thus, Snell teaches that the SIGNAL field in the PLCP header includes the
symbol “OAh” to indicate when the MPDU data is modulated using the “first modulation method”
(e.g., BPSK at 1 Mbit/s). Id. at 6:52-59, 7:1-2, 7:5-14, Fig. 3. Snell also teaches that the
SIGNAL field in the PLCP header includes the symbol “14h” to indicate when the MPDU data is
modulated using the “second modulation method” (e.g., QPSK at 2 Mbit/s). Id. Snell thus

teaches that “[t]he variable data may be modulated and demodulated in different formats than the
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header portion to thereby increase the data rate, and while a switchover as indicated by the

switchover point in FIG. 3, occurs on-the-fly.” Id. at 7:10-14; see also, e.g., id. at Fig. 3, 2:27-30.
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1d. at Fig. 3 (annotated).

Snell teaches communicating multiple data packets with the ability to “switch on-the-fly
between different data rates and/or formats.” Id. at 2:29-30. Based on this disclosure, a person
of ordinary skill in the art would have understood that Snell teaches that a series of packets may
be sent that switch from using a second modulation method to using a first modulation method
for the payload portion of the data packet, as shown in the annotated Figure 3 above. For
example, Snell’s transceiver transmits a first group of transmission sequences comprising a “first
sequence” (e.g., PLCP preamble and PLCP header) that is “modulated according to the first
modulation method” (e.g., BPSK) where the “first sequence” (e.g., “SIGNAL” field in PLCP
header) “indicates” (e.g., using “14h”) the modulation type (e.g., QPSK) used for modulating the
“second sequence” (e.g., MPDU data). For the first packet, the “SIGNAL” field in the PLCP

header uses a code (e.g., “14h”) that “indicates” when the MPDU data is modulated “according
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to the second modulation method” (e.g., QPSK). The “second modulation method” (e.g., QPSK)
“is of a different type than the first modulation method” (e.g., BPSK).

Snell’s transceiver then transmits a second packet comprising a “third sequence” (e.g.,
PLCP preamble and PLCP header) “transmitted in the first modulation method” (e.g., BPSK)
where the “third sequence” (e.g., “SIGNAL” field in PLCP header) “indicates” (e.g., using
“0Ah”) the modulation type (e.g., BPSK) used for modulating the MPDU data of the second
packet. Dependent claims 2 and 59 require “transmit[ting] a third sequence after the second
sequence, wherein the third sequence is transmitted in the first modulation method and indicates
that communication from the master to the slave has reverted to the first modulation method.”
During the Rembrandt Litigation, Rembrandt asserted that “the access code and header of a
subsequent basic rate packet constitute a ‘third sequence,’...” Rembrandt Wireless Techs., LP v.
Samsung Elecs. Co., Ltd. et al., No. 2:13-cv-00213, Excerpted pages from Plaintiftf Rembrandt
Wireless Technologies, LP’s Disclosure of Asserted Claims and Infringement Contentions dated
July 25, 2013, Exhibit C at 14, 48 (E.D. Tex.) (attached as Exhibit O). For the second packet,
the “SIGNAL” field in the PLCP header uses a code (e.g., “0OAh”) that “indicates” when the
MPDU data is modulated using the BPSK modulation method at 1 Mbit/s. This “SIGNAL” thus
“indicates that communication” from the transceiver “has reverted to the first modulation method”
(e.g., reverted to BPSK modulation). In addition, transmitting the data using the “first
modulation method” (e.g., BPSK) results in a data rate of 1 Mbit/s which is lower than
transmitting the data using the “second modulation method,” which results in a data rate of 2
Mbit/s.

While Snell describes that the “first modulation method” may be BPSK and the “second

modulation method” may be QPSK (which are two different types of modulation methods, see
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supra §II1.A.2), Snell alternatively discloses that the “first modulation method” may be
differential BPSK (“DBPSK”) and the “second modulation method” may be differential QPSK
(“DQPSK”) (which, again, are two different types of modulation methods, see id.). For example,
Snell teaches that the PLCP preamble and PLCP header may be modulated using differential
BPSK. Snell at 2:56-3:5 (“[t]he modulator may also preferably include header modulator means
for modulating data packets to include a header at a predetermined modulation and a third data
rate defining a third format.... The third format is preferably differential BPSK.”), 6:64-66
(“/t]he PLCP preamble and PLCP header are always at 1 Mbit’s, Diff encoded, scrambled and
spread with an 11 chip barker.”), Fig. 3. Snell also teaches that the MPDU data may be
modulated using either differential BPSK or differential QPSK. See, e.g., Snell at 7:6-8 (“The
reference phase for the first symbol of the MMPDU is the output phase of the last symbol of the
header for Diff Encoding.”), Figs. 2, 5; see also, e.g., Harris 4064.4 (incorporated by reference
into Snell at 5:13-17) at 14 (“The preamble and header are always transmitted as DBPSK
waveforms while the data packets can be configured to be either DBPSK or DQPSK.”), 14 (“The
HSP3824 transmitter is designed as a Direct Sequence Spread Spectrum DBPSK/DOPSK
modulator.”), 14 (“The modulator is capable of switching rate automatically in the case where
the preamble and header information are DBPSK modulated, and the data is DQOPSK
modulated.””), 15 (“The preamble is always transmitted as a DBPSK waveform with a
programmable length of up to 256 symbols long.”), 15 (“Signal Field (8 Bits) - This field
indicates whether the data packet that follows the header is modulated as DBPSK or DOPSK. In
mode 3 the HSP3824 receiver looks at the signal field to determine whether it needs to switch
from DBPSK demodulation into DQPSK demodulation at the end of the always DBPSK

preamble and header fields.”), 16 (“Mode 3 - In this mode the preamble is programmable up to
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256 bits (all 1’s). The header in this mode is using all available fields. /n mode 3 the signal field
defines the modulation type of the data packet (DBPSK or DOPSK) so the receiver does not need
to be preprogrammed to anticipate one or the other. In this mode the device checks the Signal
field for the data packet modulation and it switches to DQPSK if it is defined as such in the
signal field. Note that the preamble and header are always DBPSK [thus] the modulation
definition applies only for the data packet.”).

2. Overview of Harris 4064.4 (Incorporated by Reference into Snell)

Harris 4064.4 is prior art under at least § 102(e) together with Snell because it is
incorporated by reference in its entirety into Snell (Snell at 5:13-17)%, a U.S. Patent filed by
another in the United States on March 17, 1997, which is prior to the earliest ‘580 patent priority
date of December 5, 1997. A copy of Harris 4064.4 was submitted to the Patent Office in an
Information Disclosure Statement dated March 17, 1997, in the original filing of U.S. Patent
Application No. 08/819,846, from which Snell issued (“the ‘846 Snell Application”). The file
wrapper of the ‘846 Snell Application (attached as Exhibit L) includes a copy of Harris 4064 .4,
Exhibit L at 158-97, and a Form PTO-1449 dated March 17, 1997 cites Harris 4064 4, id. at 78.
Harris 4064.4 is a publication by Harris Corporation dated October 1996 with a 1996 copyright
notice by Harris Corporation. Harris 4064.4 at 1; Snell at cover (listing Harris 4064.4 under
“Other Publications”), 5:13-17. Harris 4064.4 describes the HSP3824 Direct Sequence (DSSS)

baseband processor that was a part of the PRISM chipset developed, manufactured, and sold by

® Snell expressly incorporates by reference “the entire disclosure” of Harris 4064.4 (Snell at
5:13-17). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) (“the entire ‘579
application disclosure was incorporated by the broad and unequivocal language: ‘The disclosures
of the two applications are hereby incorporate[d] by reference.””); Advanced Display Sys., Inc. v.
Kent State Univ., 212 F.3d 1272, 1282 (Fed.Cir.2000) (“Incorporation by reference provides a
method for integrating material from various documents into a host document—a patent or
printed publication in an anticipation determination—by citing such material in a manner that
makes clear that the material is effectively part of the host document as if it were explicitly
contained therein.”).
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Harris Corporation. Harris 4064.4 at 1 (“The Harris HSP3824 Direct Sequence (DSSS)
baseband processor is part of the PRISM™ 2.4 GHz radio chipset...”; “Ordering Information. ..
Part No. HSP 3824VI”); Snell at 1:47-63, 5:8-17, 5:31-33. Harris 4064.4 is also prior art under
at least §§ 102(a) and (b) because it is a printed publication that was publicly available at least as
early as October 1996. Harris 4064.4 has not been previously cited to or considered by the
Patent Office in connection with the ‘580 patent.

Harris 4064.4, the entirety of which is incorporated by reference into Snell, is a
publication from Harris Corporation that describes features and operation of the HSP3824
baseband processor, part of the PRISM chipset disclosed in Snell. Harris Corporation was the
assignee of Snell at issuance and developed and manufactured the PRISM chipset. Snell at 1:47-
50. Harris 4064.4 discloses that the HSP3824 baseband processor can transmit using either
DPBSK or DQPSK modulation. Harris 4064.4 at 14 (“The preamble and header are always
transmitted as DBPSK waveforms while the data packets can be configured to be either DBPSK
or DOPSK.”); id. (“The HSP3824 transmitter is designed as a Direct Sequence Spread Spectrum
DBPSK/DQPSK modulator”); id. (“The modulator is capable of switching rate automatically in
the case where the preamble and header information are DBPSK modulated, and the data is
DQPSK modulated.”).

Harris 4064.4 also discloses that the “Signal” field of the header indicates the type of
modulation used for the data portion of the packet, and that the switching can be done on-the-fly.
Id. at 15 (“Signal Field (8 Bits) - This field indicates whether the data packet that follows the
header is modulated as DBPSK or DQPSK. In mode 3 the HSP3824 receiver looks at the signal
field to determine whether it needs to switch from DBPSK demodulation into DQPSK

demodulation at the end of the always DBPSK preamble and header fields.”); id. at 16 (“In mode
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3 the signal field defines the modulation type of the data packet (DBPSK or DOPSK) so the
receiver does not need to be preprogrammed to anticipate one or the other. In this mode the
device checks the Signal field for the data packet modulation and it switches to DQPSK if it is
defined as such in the signal field. Note that the preamble and header are always DBPSK [thus]
the modulation definition applies only for the data packet.”); id. at Fig. 10.

Accordingly, Harris 4064 .4 teaches that the “Signal” sequence, which is modulated using
DBPSK and occurs prior to the data portion of the packet, indicates whether the modulation type
for the data portion will remain as DBPSK or will switch to DQPSK.

3. Overview of Harris AN9614 (Incorporated by Reference into Snell)

Harris AN9614 is prior art under at least § 102(e) together with Snell because it is
incorporated by reference in its entirety into Snell (Snell at 5:2-7)°, a U.S. Patent filed by another
in the United States on March 17, 1997, which is prior to December 5, 1997, the earliest claimed
priority date of the ‘580 patent. A copy of Harris AN9614 was submitted to the Patent Office in
an Information Disclosure Statement dated March 17, 1997, in the original filing of U.S. Patent
Application No. 08/819,846, from which Snell issued (“the ‘846 Snell Application”). The file
wrapper of the ‘846 Snell Application includes a copy of Harris AN9614, Exhibit L at 80, 83-84,
and a Form PTO-1449 dated March 17, 1997 cites Harris AN9614, Id. at 78. Harris AN9614 is a
publication by Harris Corporation dated March 1996 with a 1996 copyright notice by Harris

Corporation. Harris AN9614 at 1, Snell at cover (listing Harris AN9614 under “Other

? Snell expressly incorporates by reference “the entire disclosure” of Harris AN9614 (Snell at
5:2-7). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) (“the entire ‘579 application
disclosure was incorporated by the broad and unequivocal language: ‘The disclosures of the two
applications are hereby incorporate[d] by reference.’”); Advanced Display Sys., Inc. v. Kent State
Univ., 212 F.3d 1272, 1282 (Fed.Cir.2000) (“Incorporation by reference provides a method for
integrating material from various documents into a host document—a patent or printed
publication in an anticipation determination—by citing such material in a manner that makes
clear that the material is effectively part of the host document as if it were explicitly contained
therein.”).

31

IPR2020-00034 Page 00117



Request for £x Parte Reexamination, U.S. Patent No. 8,023,580

Publications™), 1:47-54, 4:65-5:7. Harris AN9614 describes the HSP3824 Direct Sequence
(DSSS) baseband processor that was a part of the PRISM chipset developed, manufactured, and
sold by Harris Corporation. Harris AN9614 at 1, 2; Snell at 1:47-63, 5:8-17, 5:31-33; Harris
4064.4 (“The Harris HSP3824 Direct Sequence (DSSS) baseband processor is part of the
PRISM™ 2.4 GHz radio chipset...”; “Ordering Information... Part No. HSP 3824VI”). Harris
ANO9614 is also prior art under at least §§ 102(a) and (b) because it is a printed publication that
was publicly available at least as early as March 1996. Harris AN9614 has not been previously
cited to or considered by the Patent Office in connection with the ‘580 patent.

Harris AN9614, the entirety of which is incorporated by reference into Snell, is a
publication from Harris Corporation that describes features and operation of the PRISM chipset
disclosed in Snell. Harris Corporation was the assignee of Snell at issuance and developed and
manufactured the PRISM chipset. Snell at 1:47-50. Harris AN9614 discloses that the PRISM
chipset described in Snell can operate in a polled (master/slave) protocol: *°
[T]he controller can keep adequate time to operate either a polled or a time
allocated scheme. In these modes, the radio is powered off most of the time and
only awakens when communications is expected. This station would be awakened
periodically to listen for a beacon transmission. The beacon serves to reset the
timing and to alert the radio to traffic. If traffic is waiting, the radio is instructed
when to listen and for how long. In a polled scheme, the remote radio can respond
to the poll with its traffic if it has any. With these techniques, the average power

consumption of the radio can be reduced by more than an order of magnitude
while meeting all data transfer objectives.

Harris AN9614 at 3. This discloses that when the PRISM chipset described in Snell is
configured to operate in a polled (master/slave) protocol, power consumption can beneficially be

reduced by more than an order of magnitude.

1% A polled protocol is a master/slave protocol, as confirmed by the ‘580 patent. 580 patent at
4:6-9. See also IPR2014-00518, Pap. 47 at 15 (“In [a polling] protocol, a centrally assigned
master periodically sends a polling message to the slave nodes, giving them explicit permission
to transmit on the network.”); ‘580 Prosecution History at 404; IPR2014-00518, Exhibit 1220
(Goodman Declaration) §103.
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4. Overview of Admitted Prior Art

The ‘580 patent describes a prior art multipoint network architecture using a master
modem and at least two tribs, with the specification making clear that “tribs” are the same thing
as “slaves.” ‘580 patent at 3:40-4:50, Figs. 1, 2. For example, in the “Description of the
Mlustrative Embodiments,” the ‘580 patent discusses an “exemplary” multipoint communication
protocol, asserting that in such a protocol the “master ... permits transmission from a trib only
when that trib has been selected.” ‘580 patent at 4:4:9. In its “Summary,” the ‘580 patent
describes a “master/slave” relationship as being one where “communication from a slave to a
master occurs in response to a communication from the master to the slave.” ‘580 patent at 2:24-
29. Thus, the ‘580 patent teaches that “tribs” and “slaves” are both controlled by a master, which
demonstrates that in the ‘580 patent, tribs and slaves are the same thing, and the terms are used
interchangeably.

Both the figures and the specification of the ‘580 patent admit that communications
systems using master/slave relationships were known in the prior art. In particular, Figure 1,
which shows a master transceiver 24 in communication with three tributary transceivers, i.e.,
slaves, is labeled as “Prior Art.” See In re Nomiya, 509 F.2d 566, 571 (CCPA 1975) (holding
applicant’s labeling of two figures in the application drawings as “prior art” to be an admission
that what was pictured was prior art relative to applicant’s improvement); MPEP § 2129. 1In
addition, the specification of the ‘580 patent admits that multipoint communication systems
utilizing a master and multiple slaves were known in the prior art. /d. at 3:40-44 (“With
reference to FIG. 1, a prior art multipoint communication system 22 is shown fo comprise a
master modem or transceiver 24, which communicates with a plurality of tributary modems
(tribs) or transceivers 26-26 over communication medium 28.”) (emphasis added), see

Pharmastem Therapeutics, Inc. v. Viacell, Inc., 491 F.3d 1342, 1362 (Fed. Cir. 2007)
33

IPR2020-00034 Page 00119



Request for £x Parte Reexamination, U.S. Patent No. 8,023,580

(“Admissions in the specification regarding the prior art are binding on the patentee for purposes
of a later inquiry into obviousness.”); Constant v. Advanced Micro—Devices, Inc., 848 F.2d 1560,
1570 (Fed.Cir.1988); § 2129.

Patentee made further admissions during prosecution of one of the parent applications to
the ‘580 patent. As will be discussed in more detail below, one of the parent applications to the
‘580 patent is Serial No. 09/205,205, which issued as U.S. Patent No. 6,614,838 (“the ‘838
Patent”). During prosecution of the ‘838 patent, an Office Action, mailed on June 28, 2001,
required the Applicant to designate Figure 2 as prior art. Ex. J at 3. (“Figure 2 should be
designated by a legend such as - prior art - because only that which is old is illustrated.”). In a
“First Amendment And Response” filed October 1, 2001, the Applicant made the amendment,
thus admitting that the subject matter shown in Figure 2 was known in the prior art. Ex. K at 5, 9.
The specification of the ‘580 patent describes the prior art shown in Figure 2 as follows:

Referring now to FIG. 2, an exemplary multipoint communication session is

illustrated through use of a ladder diagram. This system uses polled multipoint

communication protocol. That is, a master controls the initiation of its own

transmission to the tribs and permits transmission from a trib only when that trib
has been selected.

‘580 patent at 4:4-9 (emphasis added). Lest there be any doubt that polled multiport
communications using masters and slaves are admitted prior art, the specification says that the
operation of the prior art system of Fig. 1 is illustrated in Fig. 2. /d. at 3:9-10 (“FIG. 2 is a ladder
diagram illustrating the operation of the multipoint communication system of FIG. 1.”).
Patentee’s admissions in the ‘580 patent and the prosecution history of its ancestor ‘205
application regarding the fact that master/slave communication systems are prior art are binding,
and can be used when determining whether a claim is obvious. Pharmastem Therapeutics, Inc. v.
Viacell, Inc., 491 F.3d 1342, 1362 (Fed. Cir. 2007) (“Admissions in the specification regarding

the prior art are binding on the patentee for purposes of a later inquiry into obviousness.”),
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Constant v. Advanced Micro—Devices, Inc., 848 F.2d 1560, 1570 (Fed.Cir.1988) (‘A statement
in the patent that something is in the prior art is binding on the applicant and patentee for
determinations of anticipation and obviousness.’”).

The PTAB correctly found that “the ‘580 patent's disclosed multipoint communication
systems (or master/slave systems), depicted in Figures 1 and 2 and described in column 3, line 40
through column 4, line 50, contains material that may be used as prior art against the patent
under 35 U.S.C. § 103(a).” IPR2014-00518, Pap. 47 at 13; 580 Prosecution History at 402. See
also TPR2014-00519, Pap. 49 at 5; [IPR2014-00892, Pap. 46 at 13, 19; IPR2014-00893, Pap. 44
at 13, 19; IPR2014-00895, Pap. 44 at 13.

The prior art master/slave system depicted in Figures 1 and 2 and described in column 3,
line 40 through column 4, line 50 (“Admitted Prior Art”) includes “a master modem or
transceiver 24, which communicates with a plurality of tributary modems (tribs) or transceivers
26-26 [(slave transceivers)] over communication medium 28.” ‘580 patent at 3:41-44.

The master/slave system described in the Admitted Prior Art operates using a polled
multipoint communication protocol. /d. at 4:6. In this protocol, “a master [transceiver] controls
the initiation of its own transmission to the tribs and permits transmission from a trib [(i.e., slave
transceiver)] only when that trib has been selected.” Id. at 4:7-9. The master transceiver selects
a trib by “transmit[ting] a training sequence 34 that includes the address of the trib that the
master seeks to communicate with. In this case, the training sequence 34 includes the address of
trib 26a.” Id. at 4:14-17. Further, “[b]ecause master transceiver 24 selected trib 26a for
communication as part of training sequence 34, trib 26a is the only modem that will return a

transmission. Thus, trib 26a transmits data 44 destined for master transceiver 24.” Id. at 4:29-33.
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The Admitted Prior Art describes that the master can poll another trib (i.e., slave
transceiver) for data as well:
The foregoing procedure is repeated except master transceiver identifies trib 26b
in training sequence 48. In this case, trib 26a ignores the training sequence 48 and
the subsequent transmission of data 52 and trailing sequence 54 because it does
not recognize its address in training sequence 48. Master transceiver 24 transmits
data 52 to trib 26b followed by trailing sequence 54 . . . To send information back
to master transceiver 24, trib 26b transmits training sequence 56 to establish a
communication session. Master transceiver 24 is conditioned to expect data only

from trib 26b because trib 26b was selected as part of training sequence 48. Trib
26b transmits data 58 to master transceiver 24 terminated by trailing sequence 62.

1d. at 4:35-50.

Accordingly, the Admitted Prior Art describes a prior art master/slave relationship in
which a slave communication (e.g., 44, 58) from a slave (e.g., 26a, 26b) to a master (e.g., 24)
occurs in response to a master communication (e.g., 34, 48) from the master (e.g., 24) to the
slave (e.g., 26a, 26b).

5. Overview of Yamano

Yamano is prior art under at least § 102(e) because it is a U.S. Patent filed by another in
the United States on May 9, 1997, which is prior to December 5, 1997, the earliest claimed
priority date of the ‘580 patent. Yamano has not been previously cited to or considered by the
Patent Office in connection with the ‘580 patent.

Yamano discloses transmitting a group of transmission sequences, including a preamble
and main body, and that the preamble includes a destination address for an intended destination
of the payload portion. Yamano at 19:63-64 (“Packet 700 includes a preamble 701 and a main
body 702.”); Yamano at 20:1-7 (“For example, preamble 701 can include information which
identifies: . . . (2) packet source and destination addresses.”). Yamano also discloses that the

preamble precedes the main body (containing data), as shown in Figure 8:
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Yamano at Fig. 8 (annotated).

Further, Yamano discloses that including the destination address in the preamble is
advantageous because the receiver can demodulate only those packets that are addressed to it,
thereby reducing its processing requirements. /d. at 20:54-59.

6. Overview of Kamerman

Kamerman is prior art under at least § 102(a) because it is a printed publication that was
publicly available at least as early as September 22-25, 1996, which is prior to December 5, 1997,
the earliest claimed priority date of the ‘580 patent. Kamerman (attached as Exhibit I) is an
article titled “Throughput Density Constraints for Wireless LANs Based on DSSS,” authored by
Ad Kamerman, published by IEEE at the 1996 IEEE 4th International Symposium on Spread
Spectrum Techniques and Applications Proceedings held from September 22-25, 1996 in Mainz,
Germany. Kamerman at 3. Kamerman also bears a copyright date of 1996 by the Institute of
Electrical and Electronics Engineers, Inc. (Kamerman at 4) and was available to the public in the
Library of Congress as early as January 16, 1997, as indicated by the Library of Congress date

stamp of January 16, 1997 (Kamerman at 2). Kamerman has not been previously cited to or

considered by the Patent Office in connection with the ‘580 patent.
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Kamerman, like Snell, relates to DSSS transceivers designed according to the then-draft
IEEE 802.11 standard, and discloses an automatic rate selection scheme for transmitting a first
data packet where the data is modulated using a second modulation method (e.g., QPSK at 2
mbps) and next transmitting a second data packet where the data is modulated using a first
modulation method (e.g., BPSK at 1 mbps) to adjust the data transfer rate based on channel
conditions. /d. at 11 (“IEEE 802.11 DS specifies BPSK and QPSK, in addition there could be
applied proprietary modes with M-PSK and QAM schemes that provide higher bit rates by
encoding more bits per symbol. . . . An automatic rate selection scheme based on the reliability
of the individual uplink and downlink could be applied. The basic rate adaptation scheme could
be: after unacknowledged packet transmissions the rate falls back, and after a number (e.g. 10)
of successive correctly acknowledged packet transmissions the bit rate goes up.”). Kamerman
discloses that the data transfer rates can fall forward (i.e., increase) with reliable connections and
fall back (i.e., revert) when there is strong cochannel interference. /d. at 12 (“The application of
proprietary bit rates of 3 and 4 Mbps in addition to the basic 1 and 2 Mbps, can be combined
with an automatic rate selection. This automatic rate selection gives fall forward at reliable
connections and fall back at strong cochannel interference.”).

Kamerman discloses adjusting the data transfer rates by switching between modulation
types, including between a second modulation method, such as QPSK (which corresponds to a
higher data transfer rate) and a first modulation method of a different type, such as BPSK (which
corresponds to a lower data transfer rate). /d. at 11. Kamerman teaches that the automatic rate
selection scheme can maximize the data transfer rate by transmitting the data using the second
modulation method (which corresponds to the higher data transfer rate) when there is a reliable

connection and reverting to transmitting the data using the first modulation method (which
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corresponds to a lower data transfer rate) during higher load conditions when a more robust
signal is needed due to “mutilation of transmissions by interference.”
At lower load in the neighbor cells the highest bit rate can be used more often. At
higher load the transmissions from the accesspoint to stations at the outer part of
the cells, will be done often at fallback rates due to mutilation of transmissions by
interference. In practice the network load for LANs at nowadays client-server
applications is very bursty, with sometimes transmission bursts over an individual
links and low activity during the major part of the time. Therefore the higher bit
rate can be used during the most of the time, and at high load in the neighbor cells

(as will evoked by test applications) there will be switched to fall back rates in the
outer part of the cell.

Id at11.

Accordingly, Kamerman discloses an automatic rate selection scheme for transmitting a
first data packet where the data is modulated using a second modulation method (e.g., QPSK at 2
mbps) when there is a reliable connection to maximize the data transfer rate, and, after
unacknowledged packet transmissions (for instance, when there is a high load in neighbor cells
causing cochannel interference which requires a more robust signal) next transmitting a second
data packet where the data is modulated using a first modulation method (e.g., BPSK at 1 mbps)
(i.e., “falling back” or “reverting”). This automatic rate selection scheme is advantageous
because it maximizes the data transfer rate when possible while preserving reliability during
periods of strong cochannel interference.

C. SNQ-1: Unpatentability of Claims 2 and 59 Under 35 U.S.C. § 103 Over
Snell, Yamano, and Kamerman

Requesters submit that the combined teachings of Snell (submitted herewith as Exhibit
D), Yamano (submitted herewith as Exhibit H) and Kamerman (submitted herewith as Exhibit I)
raise a substantial new question of patentability with respect to claims 2 and 59 of the ‘580
patent, and that claims 2 and 59 of the ‘580 patent are unpatentable under 35 U.S.C. 103 as

obvious over Snell in view of Yamano and Kamerman.
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It was well-known in the art, as demonstrated by Yamano, that packets can be
advantageously addressed for an intended destination. A POSITA would have been motivated
and found it obvious and straightforward to use Yamano’s teaching of including a destination
address in the data packet in implementing Snell’s teachings of a communication system for
transmitting data packets to advantageously specify which receiver the data is intended for and to
beneficially reduce processing requirements of receiving devices by allowing the receiving
device to filter out packets which it does not need to demodulate. Snell and Yamano are in the
same field of art, with both relating to transmitting data packets over a network (see, e.g., Snell at
1:55-58, 2:61-63, 2:66-3:3, 5:18-21, 6:48-63, Fig. 3; Yamano at 1:1-29, 19:54-20:33, Fig. 8), at
varying rates (see, e.g., Snell at 2:15-17, 6:52-59; Yamano at 19:54-56). Yamano expressly
teaches that including a destination address in the preamble portion of the data packet, which
precedes the data portion, will advantageously reduce processing requirements of receiving
devices because the receiving device can filter out packets which it does not need to demodulate.
Yamano at 20:54-59 (“When the preamble in a burst-mode packet includes the destination
address of the packet, the receiver circuits can monitor the destination address of the packet, and
in response, filter packets which do not need to be demodulated, thereby reducing the processing
requirements of the receiver circuits.”). In addition, Snell teaches structuring its data packet to
include a preamble, header, and MPDU data portion (see, e.g., Snell at 6:35-36, 6:64-66, 7:5-14,
Fig. 3), and Yamano teaches structuring its data packet to also include a preamble and data
portion, and to place the destination address in the preamble portion (Yamano at 19:63-20:7, Fig.
8). It would have been routine and straightforward for a POSITA to include a destination
address in the data packet, as taught by Yamano, in implementing Snell’s system for transmitting

data packets between transceivers, as Snell teaches that its data packet already includes a
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preamble portion—and in combination, each element (Yamano’s teaching of placing a
destination address in the preamble and Snell’s teaching of a system for communicating data
packets modulated according to different modulation methods between transceivers) performs
the same function as it would separately, yielding nothing more than predictable results. KSR
Int’l Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007). A POSITA would have thus recognized that
this combination (yielding the claimed limitation) would have worked as expected. For these
reasons, a POSITA would have been motivated and found it obvious and straightforward to use
Yamano’s advantageous teachings of including a destination address in the data packet in
implementing Snell’s communication system.

It was also well-known in the art, as demonstrated by Kamerman, to transmit a first data
packet where the data is modulated using a second modulation method, such as QPSK
(corresponding to a higher data transfer rate), and to next transmit a second data packet where
the data is modulated using a first modulation method, such as BPSK (corresponding to a lower
data transfer rate) (i.e., to revert to the first modulation method). A POSITA would have been
motivated and found it obvious and straightforward to use Kamerman’s teaching of transmitting
a first data packet where the data is modulated using a second modulation method and next
transmitting a second data packet where the data is modulated using a first modulation method in
implementing Snell’s system for communicating data packets modulated according to different
modulation methods (implemented using the teachings of Yamano, as discussed above) to
advantageously maximize the data transfer rate and adapt to changing channel conditions (as also
taught by Kamerman). In particular, Kamerman expressly teaches that it is beneficial to transmit
the data of a first data packet using a second modulation method corresponding to a higher data

transfer rate (e.g., QPSK modulation at 2 mbps) during lower load conditions to maximize the
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data transfer rate during lower load conditions when the connection is more reliable and to next
transmit the data of a second data packet using a first modulation method corresponding to a
lower data transfer rate (e.g., BPSK modulation at 1 mbps) (7.e., falling back) during higher load
conditions when a more robust signal is needed due to “mutilation of transmissions by
interference.” See Kamerman at 6 (“Then there is looked to automatic rate control to keep the
cochannel interference at a tolerable level.”), 11 (“The basic rate adaptation scheme could be:
after unacknowledged packet transmissions the rate falls back, and after a number (e.g. 10) of
successive correctly acknowledged packet transmissions the bit rate goes up.”), 11 (“At lower
load in the neighbor cells the highest bit rate can be used more often. At higher load the
transmissions from the accesspoint to stations at the outer part of the cells, will be done at
Jallback rates due to mutilation of transmissions by interference. In practice the network load for
LANSs at nowadays client-server applications is very bursty, with sometimes transmission bursts
over an individual links and low activity during the major part of the time. 7herefore the higher
bit rate can be used during the most of the time, and at high load in the neighbor cells ... there
will be switched to fall back rates in the outer part of the cell”), 12 (“This automatic rate
selection gives fall forward at reliable connections and fall back at strong cochannel interference.
Therefore it gives adaptation of the bit rate to the interference as it occurs in time depending on
positions as load.”).

Moreover, Snell and Kamerman are in the same field of art, with both relating to
communications between transceivers that use BPSK and QPSK modulation methods to transfer
data at different rates according to the draft IEEE 802.11 standard available at that time. See,
e.g., Snell at 1:47-63 (“The assignee of the present invention has developed and manufactured a

set of integrated circuits for a WLAN under the mark PRISM 1 which is compatible with the
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proposed IEEE 802.11 standard...””), 5:31-33 (“The present invention provides an extension of
the PRISM 1 product from / Mbit’s BPSK and 2 Mbit’'s QPSK ...”), Kamerman at 6 (“This paper
considers the critical parameters for wireless LANs that operate conform to the ILEE 802.11
DSSS (direct sequence spread spectrum) standard...””), 11 (“IEEE 802.11 DS specifies bit rates
of 1 and 2 Mbps.”, 11 (“IEEE 802.11 DS specifies BPSK and QPSK...”). It would have been
routine and straightforward for a POSITA to use Kamerman’s teaching of transmitting a first
data packet where the data is modulated using a second modulation method and next transmitting
a second data packet where the data is modulated using a first modulation method (i.e., reverting
to the first modulation method) in implementing Snell’s system (implemented in light of
Yamano) for communicating data packets modulated according to different modulation methods,
as both Snell and Kamerman are directed to IEEE 802.11 systems utilizing QPSK and BPSK
modulation methods corresponding, respectively, to higher and lower data transfer rates—and in
combination, each element (Kamerman’s teaching of transmitting a first data packet where the
data is modulated using a second modulation method and next transmitting a second data packet
where the data is modulated using a first modulation method and Snell’s system for
communicating data packets modulated according to different modulation methods) performs the
same function as it would separately, yielding nothing more than predictable results. KSR, 550
U.S. at 417. A POSITA would have thus recognized that this combination (yielding the claimed
limitation) would have worked as expected. For these reasons, a POSITA would have been
motivated and found it obvious and straightforward to implement Kamerman’s advantageous
teaching of transmitting a first data packet where the data is modulated using a second
modulation method and next transmitting a second data packet where the data is modulated using

a first modulation method (i.e., reverting to the first modulation method) in implementing Snell’s
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system (implemented in light of Yamano) for communicating data packets modulated according
to different modulation methods.

The combination of Snell, Yamano, and Kamerman shows or renders obvious each and
every element of the inventions of claims 2 and 59. The relevant teachings of the combination of
Snell, Yamano, and Kamerman were not considered during the prior examination of the ‘580
patent and a reasonable Examiner would consider these disclosures important in determining
whether or not the claims are patentable.

Therefore, the combination of Snell, Yamano, and Kamerman raises a substantial new
question of patentability with respect to claims 2 and 59 of the ‘580 patent (SNQ-1) and presents
new technological teachings not previously considered in connection with prosecution of the
‘580 patent. MPEP § 2216. Accordingly, Requesters propose that claims 2 and 59 should be
rejected under § 103 as rendered obvious by Snell in view of Yamano and Kamerman.

The following claim chart demonstrates, in further detail, how each limitation is, at a

minimum, obvious in light of Snell, Yamano, and Kamerman.

1.[preamble] A To the extent this preamble is considered a limitation of the claim,

communication Snell discloses a communication device capable of communicating

device capable of according to a master/slave relationship in which a slave

communicating communication from a slave to a master occurs in response to a

according to a master communication from the master to the slave. See, e.g., Snell at

master/slave 1:34-46, 1:47-50, 1:55-57, 2:27-30, 4:42-47, 5:18-21; Harris AN9614 at

relationship in which | 3.

a slave

communication from | For example, Snell discloses a transceiver that serves as an access point

a slave to a master for communicating data with other transceivers connected to a wireless

occurs in response to local area network (WLAN)

a master

communication from | ‘In a typical WLAN, an access point provided by a transceiver, that is, a

the master to the combination transmitter and receiver, connects to the wired network from

slave, the device a fixed location. Accordingly, the access transceiver receives, buffers, and

comprising: transmits data between the WLAN and the wired network. 4 single access
transceiver can support a small group of collocated users within a range
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of less than about one hundred to several hundred feet. The end users
connect to the WLAN through transceivers which are typically
implemented as PC cards in a notebook computer, or ISA or PCI cards for
desktop computers. Of course the transceiver may be integrated with any
device, such as a hand-held computer.” Snell at 1:34-46.

“Like the HSP3824 baseband processor, the high data rate baseband
processor 40 of the invention contains all of the functions necessary for a
full or half duplex packet baseband fransceiver.” Snell at 5:18-21.

“The PRISM 1 chip set provides all the functions necessary for full or half
duplex, direct sequence spread spectrum, packet communications at the
2.4 t02.5 GHz ISM radio band.” Snell at 1:55-57.

See also, e.g., Snell at 2:27-30 (“It is another object of the invention to
provide a spread spectrum transceiver and associated method to permit
operation at higher data rates and which may switch on-the-fly between
different data rates and/or formats.”); Snell at 1:47-50 (“The assignee of
the present invention has developed and manufactured a set of integrated
circuits for a WLAN under the mark PRISM 1 which is compatible with
the proposed IEEE 802.11 standard.”); Snell at 4:42-47 (“Referring to
FIG. 1, awireless transceiver 30 in accordance with the invention is first
described. The fransceiver 30 may be readily used for WLAN applications
in the 2.4 GHZ ISM band in accordance with the proposed IEEE 802.11
standard. Those of skill in the art will readily recognize other applications
for the transceiver 30 as well.”).

Snell incorporates by reference Harris AN9614,"" which discloses that the
communications between transceivers can operate according to a polled
(i.e., master/slave) protocol.'> See, e.g., Harris AN9614 at 3.

“[T]he controller can keep adequate time to operate either a polled or a

1 Snell expressly incorporates by reference “the entire disclosure” of Harris AN9614 (Snell at
5:2-7). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) (“the entire ‘579 application
disclosure was incorporated by the broad and unequivocal language: ‘The disclosures of the two
applications are hereby incorporate[d] by reference.’”); see also Advanced Display Sys., Inc. v.
Kent State Univ., 212 F.3d 1272, 1282 (Fed.Cir.2000) (“material not explicitly contained in the
single, prior art document may still be considered for purposes of anticipation if that material is
incorporated by reference into the document.”).

12 A polled protocol is a master/slave protocol, as confirmed by the ‘580 patent. 580 patent at
4:6-9. See also IPR2014-00518, Pa