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(57 ABSTRACT
A system and method that scrambles the phase characteristic
of a carrier signal are described. The scrambling of the phase
characteristic of each carrier signal includes associating a
value with each carrier signal and computing a phase shift
for each carrier signal based on the value associated with
that carrier signal. The value is determined independently of
any input bit value carried by that carrier signal. The phase
shift computed for each carrier signal is combined with the
phase characteristic of that carrier signal so as to substan-
tially scramble the phase characteristic of the carrier signals.
Bits of an input signal are modulated onto the carrier signals
having the substantially scrambled phase characteristic to
produce a transmission signal with a reduced PAR.

39 Claims, 2 Drawing Sheets
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1
SYSTEM AND METHOD FOR SCRAMBLING
THE PHASE OF THE CARRIERS IN A
MULTICARRIER COMMUNICATIONS
SYSTEM

RELATED APPLICATION

This application claims the benefit of the filing date of
copending U.S. Provisional Application, Ser. No. 60/164,
134, filed Nov. 9, 1999, entitled “A Method For Random-
izing The Phase Of The Carriers In A Multicarrier Commu-
nications System To Reduce The Peak To Average Power
Ratio Of The Transmitted Signal,” the entirety of which
provisional application is incorporated by reference herein.

FIELD OF THE INVENTION

This invention relates to communications systems using
multicarrier modulation. More particularly, the invention
relates to multicarrier communications systems that lower
the peak-to-average power ratio (PAR) of transmitted sig-
nals.

BACKGROUND OF THE INVENTION

In a conventional multicarrier communications system,
transmitters communicate over a communication channel
using multicarrier modulation or Discrete Multitone Modu-
lation (DMT). Carrier signals (carriers) or sub-channels
spaced within a usable frequency band of the communica-
tion channel are modulated at a symbol (i.e., block) trans-
mission rate of the system. An input signal, which includes
input data bits, is sent to a DMT transmitter, such as a DMT
modem. The DMT transmitter typically modulates the phase
characteristic, or phase, and amplitude of the carrier signals
using an Inverse Fast Fourier Transform (IFFT) to generate
a time domain signal, or transmission signal, that represents
the input signal. The DMT transmitter transmits the trans-
mission signal, which is a linear combination of the multiple
carriers, to a DMT receiver over the communication chan-
nel.

The phase and amplitude of the carrier signals of DMT
transmission signal can be considered random because the
phase and amplitude result from the modulation of an
arbitrary sequence of input data bits comprising the trans-
mitted information. Therefore, under the condition that the
modulated data bit stream is random, the DMT transmission
signal can be approximated as having a Gaussian probability
distribution. A bit scrambler is often used in the DMT
transmitter to scramble the input data bits before the bits are
modulated to assure that the transmitted data bits are random
and, consequently, that the modulation of those bits pro-
duces a DMT transmission signal with a Gaussian probabil-
ity distribution.

With an appropriate allocation of transmit power levels to
the carriers or sub-channels, such a system provides a
desirable performance. Further, generating a transmission
signal with a Gaussian probability distribution is important
in order to transmit a transmission signal with a low peak-
to-average ratio (PAR), or peak-to-average power ratio. The
PAR of a transmission signal is the ratio of the instantaneous
peak value (i.e., maximum magnitude) of a signal parameter
(e.g., voltage, current, phase, frequency, power) to the
time-averaged value of the signal parameter. In DMT sys-
tems, the PAR of the transmitted signal is determined by the
probability of the random transmission signal reaching a
certain peak voltage during the time interval required for a
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certain number of symbols. An example of the PAR of a
transmission signal transmitted from a DMT transmitter is
14.5 dB, which is equivalent to having a 1E-7 probability of
clipping. The PAR of a transmission signal transmitted and
received in a DMT communication system is an important
consideration in the design of the DMT communication
system because the PAR of a signal affects the communi-
cation system’s total power consumption and component
linearity requirements of the system.

If the phase of the modulated carriers is not random, then
the PAR can increase greatly. Examples of cases where the
phases of the modulated carrier signals are not random are
when bit scramblers are not used, multiple carrier signals are
used to modulate the same input data bits, and the constel-
lation maps, which are mappings of input data bits to the
phase of a carrier signal, used for modulation are not random
enough (i.e., a zero value for a data bit corresponds to a 90
degree phase characteristic of the DMT carrier signal and a
one value for a data bit corresponds to a =90 degree phase
characteristic of the DMT carrier signal). An increased PAR
can result in a system with high power consumption and/or
with high probability of clipping the transmission signal.
Thus, there remains a need for a system and method that can
effectively scramble the phase of the modulated carrier
signals in order to provide a low PAR for the transmission
signal.

SUMMARY OF THE INVENTION

The present invention features a system and method that
scrambles the phase characteristics of the modulated carrier
signals in a transmission signal. In one aspect, a value is
associated with each carrier signal. A phase shift is com-
puted for each carrier signal based on the value associated
with that carrier signal. The value is determined indepen-
dently of any input bit value carried by that carrier signal.
The phase shift computed for each carrier signal is combined
with the phase characteristic of that carrier signal to sub-
stantially scramble the phase characteristics of the carrier
signals.

In one embodiment, the input bit stream is modulated onto
the carrier signals having the substantially scrambled phase
characteristic to produce a transmission signal with a
reduced peak-to-average power ratio (PAR). The value is
derived from a predetermined parameter, such as a random
number generator, a carrier number, a DMT symbol count,
a superframe count, and a hyperframe count. In another
embodiment, a predetermined transmission signal is trans-
mitted when the amplitude of the transmission signal
exceeds a certain level.

In another aspect, the invention features a method
wherein a value is associated with each carrier signal. The
value is determined independently of any input bit value

5 carried by that carrier signal. A phase shift for each carrier

signal is computed based on the value associated with that
carrier signal. The transmission signal is demodulated using
the phase shift computed for each carrier signal.

In another aspect, the invention features a system com-
prising a phase scrambler that computes a phase shift for
each carrier signal based on a value associated with that
carrier signal. The phase scrambler also combines the phase
shift computed for each carrier signal with the phase char-
acteristic of that carrier signal to substantially scramble the
phase characteristic of the carrier signals. In one embodi-
ment, a modulator, in communication with the phase scram-
bler, modulates bits of an input signal onto the carrier signals

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




