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US PAT NO: 4,858,225 [IMAGE AVAILABLE] L3: 16 of 21
SUMMARY :
BSUM (8)

According . . . Dbandwidth B.sub.T while the remaining bandwidth
B.sub.T -B.sub.x may be channelized into a multiplicity of narrow VBVCF
channels suitable for **multicarrier** traffic with a varying number of
different carriers. In its operation, each channel is subsequently routed
to a defined downlink.

DETDESC:
DETD (10)

A . . carrier, variable bit rate traffic in uplink plan 20 occupies
a useful bandwidth B.sub.x 22 from f.sub.Tl to f.sub.xl while
**multicarrier** traffic occupies a bandwidth B.sub.T -B.sub.x from
f.sub.x2 to f.sub.T2. In this example, **multicarrier** traffic is
assigned to two connectivity paths 23 and 24 each containing traffic
destined to the same downlink beam.

DETDESC:
DETD (11)

The . . . with the M-th channelization level of passband 32. Under
these circumstances, the adjacent channel interference (ACI) between
single carrier and **multicarrier** traffic is suppressed more than 39
dB. The center frequency of passband 32 is f.sub.RC =(f.sub.R3
+f.sub.R4) /2. It is referred. .

DETDESC:
DETD (41)

If . . . according to the relationship f.sub.X1l - (f.sub.LO
+B' .sub.X)=£f.sub.R2. In this way, all single carrier traffic remains
within passband 31 while all **multicarrier** traffic is within passband
32. Traffic within the bandwidth 32 emerges from port 47 of the
paralleling circuit 46. Output.
CLAIMS:
CLMS (7)

7. . . . variable bandwidth variable center-frequency satellite
communications system as recited in claim 6 wherein the filter banks of
adjacent subchannels have **asymmetric** transmission amplitude
characteristics at the edges thereof.
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US PAT NO: 4,757,495 [IMAGE AVAILABLE] L3: 17 of 21

ABSTRACT:

The . . . quality, a requested data rate, or a wvalue indicating the
relative user weighting of speech quality and data rate. A
**multi**-**carrier** multi-mode modulation scheme is employed for data
transmission, with this scheme having the ability to fully utilize the
remaining bandwidth, . :

SUMMARY :

BSUM (26)

The first component is a **multi**-**carrier**, multi-mode, ensemble
modem as disclosed in U.S. patent application Ser. No. 06-736,200 filed
May 20, 1985 entitled "Ensemble Modem Structure.

DETDESC:

DETD (61)

The . . . Duplex protocol approach is that the full transmission
capacity of the link is available at all times to respond to
**agymmetric** data transmission requirements.

CLAIMS:
CLMS (33)

33. .

for data transmission, said evaluating means being operatively
associated with the selecting means for said selecting of the data
sub-band, and

**multicarrier** data transmitting means for transmitting data in the
data sub-band on a plurality of carriers.

11



US PAT NO: 4,328,902 [IMAGE AVAILABLE] L3: 20 of 21
SUMMARY :
BSUM (4)

The Muller and Masser patents are examples of prior art interlocking
carriers which have **asymmetrical** interlocking arrangements that are
both difficult to fabricate and time consuming to assemble. The Cornelius
patent requires that the carriers.

SUMMARY :
BSUM (5)

It . . . desirable and it is an object of this invention to provide
carrier units which may be readily interlocked into a
**multi**-**carrier** assembly.

US PAT NO: 3,898,566 [IMAGE AVAILABLE] L3: 21 of 21
TITLE: Method and apparatus for reducing distortion in
**multicarrier** communication systems

SUMMARY :
BSUM(2)

The . . patent application using harmonically related coherent
carriers for transmlttlng a plurality of multiplexed signals such as
television programs in a **multicarrier** communications system were
deemed to be sufficiently great to outweigh the possible disadvantage of
a theoretically predicted increase in crossmocdulation..

SUMMARY :
BSUM(9)

The present invention thus provides a method of reducing distortion such
as crossmodulation between modulated carriers in a **multicarrier**
communication system by establishing a coherent harmonic frequency
relationship between the carriers, combining the carriers to transmit a
signal which.

DETDESC:
DETD(11)

In . . . forms of both FIG. la and FIG. 1lb are symmetrical about .pi.
radians, no consideration has yet been given to. **asymmetry** as must be
done in more complex cases. However, it will be noted that in FIG. 1b the
peak-to-peak excursion.

DETDESC:
DETD(41)

Again . .7 . and +9.73 for a peak-to-peak excursion of 21.63. The
reduction factor in this case is 21.63/50 = 0.432 and the **gsymmetry**

12



biasing is (11.90-9.73)/2 = 1.08.
CLAIMS:
CLMS (1)

What we claim is:

1. The method of reducing distortion in a **multicarrier** CATV cable
communication system comprising the steps of: .

a. establishing a harmonically related coherent frequency relationship

between the carriers of.
CLAIMS:
CLMS (3)

3. The method of reducing distortion in a **multi**-**carrierx*
communication system in which a plurality of said carriers is
individually modulated and then combined to form a vector sum.
CLAIMS:

CLMS (4)

4. The method of reducing distortion in a **multi**-**carrier**
communication system in which a plurality of said carriers is
individually modulated and then combined to form a vector sum.
CLAIMS:

CLMS (5)

5. The method of reducing distortion in a **multi*#*-**carrier**
communication system in which a plurality of said carriers is
individually modulated and then combined to form a vector sum.
CLAIMS:

CLMS (6)

6. In a **multi**-**carrier** communication system, the improvement
comprising;

a. means to estalish a harmonically related coherent frequency

relationship between the carriers of said.
CLAIMS:
CLMS (7)

7. In a **multl** **carrier** CATV cable system, the improvement
comprising:

a. means to establish a harmonically related coherent frequency

relationship between the carriers of.

CLAIMS:

CLMS (8)

13



8. In a **multi**-**carrier** CATV cable system, the improvement
comprising: :
a. means to establish a harmonically related coherent frequency
relationship between the carriers of.

CLAIMS:
CLMS (9)

9. In a **multi**-**carrier** CATV cable system, the improvement
comprising: \
a. means to establish a harmonically related coherent frequency
relationship between the carriers of.

CLAIMS:
CLMS (28)

28. . . . the visual effect of triple beat and other second and third
order distortion in the transmitted multiplexed signal in a
**multi**-**carrier** cable television system having the same channel
frequency bandwidth for each channel, said method comprising the steps
of: ’

a. providing.
=>

14
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5,659,891

1

MULTICARRIER TECHNIQUES IN
BANDLIMITED CHANNELS

FIELD OF THE INVENTION

The present invention relates generally to multicarrier
modulation techniques, and more particularly, to a method
for operating more than one carrier in a single mask-defined,
bandlimited channel assigned to mobile paging use.

DISCUSSION OF RELATED ART

The rising popularity of mobile paging services has
resulted in increased competition for air time on the limited
number of radio-frequency channels allocated by the Federal
Communications Commission (FCC) for mobile paging use.
As demand begins to approach and even exceed the capacity
of assigned channels to handle transmission traffic, delays in
service and deterioration of transmission quality are becom-
ing a major concern to mobile paging users and providers.

The ability of mobile paging providers to successfully
address the problem of transmission saturation is limited by
the finite range of air space dedicated to mobile paging use.
Channels assigned by the FCC to radio paging providers
typically have narrow bandwidths (e.g. 25 kflz) and are
subject to stringent emission mask limitations.

One method that can be used to allow greater access to a
particular channel is to increase the number of messages
transmitted over the channel in a given period. This can be
achieved, for example, by increasing the data rate of the
transmission or by reducing the length of transmitted mes-
sages. U.S. Pat. No. 5,392,452 issued to Davis, for example,
describes a high data rate transmission scheme for handling
lengthy messages in a paging system. Systems employing
techniques to increase transmission rates, however, are
prone to higher error rates. In addition, high data rates tend
to generate greater transmission interference.

Another approach to addressing the saturation problem is
to increase the transmission capacity of the channel itself.
Traditionally, mobile paging providers have operated only
one transmission signal, or carrier, within an assigned chan-
nel. While this mode ensures simplicity of operation and
compliance with FCC mask requirements, it does not pro-
vide the most efficient use of the limited frequency band-
width available. Successful multicarrier modulation,
however, is difficult to achieve without incurring unaccept-
able levels of interference.

The problem of interference is compounded when a
receiver is attempting to acquire a signal from a distant
transmitter while in close proximity to a transmitter oper-
ating on an adjacent .channel. In this environment, the
receiver may experience difficulty in detecting the signal
from the distant source due to interference from the signal
transmitted on the adjacent channel from the closer source.
This is known as the “near-far” problem. This problem can
be avoided by co-locating the transmitters at essentially the
same geographic location.

The FCC requires signals to be confined within emission
limit masks in order to prevent interference caused by
signals straying or spilling into adjacent channels. FCC
masks typically require the power spectral demsity of a
signal to be attenuated at least 70 dB at the band edge.
Despite these stringent constraints, some carrier overlap can
be expected, even when the maximum carrier spacing con-
sistent with the FCC mask requirements is utilized. Such
overlap can result in unacceptable interference of the
carriers, making it difficult for the receivers to acquire the
proper carrier.
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Thus, a traditional multicarrier design would commonly
require the same stringent protection levels between sub-
channels. Specifically, when more than one carrier is oper-
ating within a single channel, each carrier is traditionatly
confined to a submask defining a subchannel internal to the
channel. The carriers are symmetrically located within the
channel such that they are evenly spaced relative to each
other and to the band edges of the primary mask defining the
primary channel. Aithough such symmetry achieves maxi-
mum inter-carrier spacing and reduces the opportunity for
interference among adjacent carriers, it often necessitates
the need for sophisticated receiver and transmitter schemes.

SUMMARY OF THE INVENTION

It is an object of this invention to achieve higher capacity
over a bandlimited channel for paging without the need for
stringent subchannel interference protection. Additional
objects, advantages, and features of the invention will be set
forth in part in the description that follows, and in part will
be obvious from the description, or may be learned by
practice of the invention. The advantages of the invention
will be realized and attained by means of the instrumentali-
ties and combinations particularly pointed out in the written
description and claims herein, as well as the appended
drawings.

To achieve these and other objects, advantages, and
features in accordance with the purpose of the invention, as
embodied and broadly described herein, the invention pro-
vides a method of operating a plurality of paging carriers in
a single mask-defined, bandlimited chaunnel comprising the
step of transmitting the carriers from the same location at
center frequencies within the channel such that the fre-
quency difference between the center frequency of the outer
most carriers and the band edge of the mask defining said
channel is more than half the frequency difference between
the center frequencies of each adjacent carrier.

In another aspect, the invention provides a method of
operating at least two paging carriers each in a correspond-
ing subchannel of a single mask-defined, bandlimited chan-
nel comprising the step of transmitting the carriers from the
same location with each carrier centrally located in a cor-
responding subchannel wherein the frequency difference
between the center frequency of the outer most subchannels
and the band edge of the mask defining said chaanel is more
than half the frequency difference between the center fre-
quencies of each adjacent carrier.

in another aspect, the invention provides a method of
operating a plurality of carriers in a single mask-defined,
bandlimited channel to achieve higher transmission capacity
over the channel in a mobile paging system having a
plurality of transmitters generating a plurality of modulated
carriers over a single bandlimited channel and a plurality of
mobile, independent receiving units. capable of receiving
one of said plurality of carriers. The method comprises the
steps of co-locating the plurality of transmitters such that the
plurality of carriers can be emanated from the same trans-
mission source, and transmitting the carriers over a plurality
of subchannels spaced asymmetrically within the mask
defining the channel.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings., which are incorporated in
and constitute a part of this specification, illustrate several
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embodiments of the invention and together with the
description, serve to explain the principles of the invention.
In the drawings,

FIG. 1 is a block diagram of a co-located multicarrier
transmitter system in a linear amplifier configuration for
using the present invention;

FIG. 2 is a block diagram of a co-located multicarrier
transmitter system in a composite transmitter configuration
for using the present invention;

FIG. 3A is a graph depicting two submasks defining two
subchannels in a single, mask-defined bandlimited channel.

FIG. 3B is a graph depicting the power spectra of two
carriers asymmetrically located within a single mask-
defined. bandlimited channel.

FIG. 4 is a graph depicting an exemplary FCC emissions
mask that requires the power spectral density to be attenu-
ated at least 70 dB within 10 kHz from center frequency.

FIG. SA s a graph depicting the power spectra of a system
with peak deviation of 2400 Hz and data rate of 6000 bits per
second (bps);

FIG. 5B is a graph depicting the performance of the
system of FIG. 5A in terms of bit error rate versus the signal
noise ratio (SNR);

FIG. 6A s a graph depicting the power spectra of a system
with peak deviation of 1800 Hz and a data rate of 6400 bps;

FIG. 6B is a graph depicting the performance of the
system of FIG. 6A in terms of bit error rate versus SNR;

FIG. 7Ais a graph depicting the power spectra of a system
with peak deviation of 2100 Hz and a data rate of 6400 bps;
and

FIG. 7B is a graph depicting the performance of the
system of FIG. 7A in terms of bit error rate versus SNR.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the presently
preferred embodiments of the invention. examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

Referring to FIG. 1, a co-located multicarrier transmitter
system in a linear amplifier configuration 10 comprises a
first and second data source, 11a and 115, a first and second
modulator, 124 and 125, a summation circuit 13, a linear RF
amplifier 14, and an antenna 15. The first and second data
sources, 11a and 115, generate a respective first and second
digital bit stream which are provided to respective first and
second modulators, 12a and 125. Each modulator converts
the incoming digital information into a representative modu-
lated signal or carrier. The outputs of each modulator are
then combined into a single output signal by summation
circuit 13, the output of which is fed into linear RF amplifier
14. The combined output signal is then applied to antenna 15
for transmission in a bandlimited channel.

Alternatively, referring to FIG. 2, a co-located multicar-
rier transmitter in a composite amplifier configuration 20
comprises a first and second data source, 21a and 215, a first
and second modulator, 22a and 225, a first and second RF
amplifier, 23¢ and 235, a summation circuit 24, and an
antenna 25. The first and second digital bit streams gener-
ated respectively by the first and second data sources, 21a
and 215, are provided to first and second modulators, 224
and 22b, respectively. Each modulator converts the incom-
ing digital information into a representative modulated sig-
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nal or carrier. The outputs of the first and second modulators
are fed into first and second RF amplifiers, 23a and 23b,
respectively. The outputs of the RF amplifiers are combined
into a single output signal by summation circuit 24, the
output of which is applied to antenna 25 for transmission in
a bandlimited channel.

Alternative embodiments of co-located transmitter sys-
tems are also possible. For example, the co-located trans-
mitter configurations discussed above can be expanded to
support more than two data sources and transmit more than
two carriers in the bandlimited channel.

Because transmitter co-location does not give rise to the
near-far problem to which the FCC mask requirements are
directed, carrier spacings far closer than would ordinarily be
allowed (e.g.. S to 10 kHz) are achievable. Moreover, the
carriers need not be symmetrically or evenly spaced within
the mask defining the channel. That is, the frequency spac-
ings between adjacent carriers, while symmetric to each
other, can be smaller than the frequency spacings between
the band edges of the mask and the nearest respective carrier.
Indeed, carrier spacings may be irregular such that the
carriers are asymmetrically located within the mask without
incurring undue interference.

Referring to FIG. 3A, two submasks defining two
subchannels, 30a and 30b, are asymmetrically located
within a single mask-defined, bandlimited channel 31,
resulting in some subchannel overlap. FIG. 3B depicts two
carriers, 32a and 32b, operating respectively over two
asymmetrically-located subchannels, resulting in some car-
rier overlap. In accordance with this asymmetry, the fre-
quency difference between the center frequency of each
carrier and the nearest band edge of the mask is greater than
half the frequency difference between the center frequencies
of the two carriers.

The practical implication of transmitter co-location is that
a greater range of operating parameters, including the peak
frequency, deviation bit rate, and carrier frequencies, are
available so that multicarrier modulation in a standard
bandlimited channel can be obtained without the need for
stringent subchannel interference protection. In accordance
with the present invention, these and other parameters can be
adjusted so that the carriers generated and transmitted
according to the present invention will remain within the
FCC emission limits while providing optimal transmission
performance.

FIG. 4 shows a FCC emissions mask which requires the
power spectral density to be attenuated at least 70 dB within
10 kHz from center frequency. Co-location of the transmit-
ters allows for signals with a greater range of deviation and
baud rates to be carried in the bandlimited channel than has
been otherwise thought possible in view of FCC 70 dB
cutoff requirements. The present invention will be further
clarified by the following examples, which are intended to
be purely exemplary of the invention.

FIG. 5A is a spectra graph of a two-carrier system in
which the following parameter values were selected: a peak
frequency deviation of 2400 Hz, a bit rate of 6000 bps,
premodulation filter cutoff frequency of 3000 Hz, and carrier
frequencies set to within 4590 Hz of the center frequency.
Using this operative parameter combination, the carriers
remained within the FCC mask while providing an accept-
able error-rate versus signal strength performance (FIG. 5B).

Alternatively, FIG. 6A is a spectra graph of a two-carrier
system using a peak frequency deviation of 1800 Hz, a bit
rate of 6400 bps, a premodulation filter cutoff frequency of
3200. and carrier frequencies set to within 5150 Hz of the
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center frequency. As depicted in FIG. 6B, this combination
of operative parameters exhibited a higher bit error rate than
the system of FIG. 5A.

FIG. 7A is a spectra graph of a two-carrier system using
a peak frequency deviation of 2100 Hz, a bit rate of 6400
bps, a premodulation filter cutoff frequency of 3200, and
carrier frequencies set to within 4750 Hz of the center
frequency. As depicted in FIG. 7B, this combination gives
significantly better performance than the system of FIG. 6A
but performs slightly worse than the system of FIG. SA.

Thus, according to the present invention, increased trans-
mission capacity is achieved by operating more than one
carrier in a standard bandlimited channel assigned for
mobile paging use, such as in the Narrowband Personal
Communications Service or the Part 22 Service. In the
modulation technique of the present invention, carriers oper-
ating at different frequencies are fit within a single band-
width allocation in a manner consistent with FCC mask
requirements. This is achieved through the use of co-located
transmitters and the selection of an optimal combination of
operating parameters, including peak frequency deviation,
bit rate, and carrier separation frequencies. Through the
multicarrier modulation technique of the present invention,
the normal transmission capacity of a standard channel can
be increased without the need for stringent subchannel
protection levels and complicated receiver and transmitter
schemes.

The modulation technique of the present invention has
particular application in metropolitan areas where the vol-
ume and concentration of transmission traffic is high and
where the need for increased transmission capacity is acute.
In addition, the modulation technique of the present inven-
tion may also be suited for use in areas where the incidence
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of unacceptable interference is high, such as international

border regions. In that type of environment, transmissions
from the respective bordering countries can be assigned to
one of the carriers operating within the channel to reduce the
risk of interference.

It will be apparent to those skilled in the art that various
modification and variations can be made to present invention
without departing from the spirit or scope of the invention.
Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. Thus, it
is intended that the specification and examples be considered
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as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. A method of operating a plurality of paging carriers in
a single mask-defined, bandlimited channel comprising the
step of transmitting said carriers from the same location with
said carriers having center frequencies within said channel
such that the frequency difference between the center fre-
quency of the outer most of said carriers and the band edge
of the mask defining said channel is more than half the
frequency difference between the center frequencies of each
adjacent carrier.

2. The method of claim 1 wherein adjacent carriers
overlap with each other.

3. A method of operating at least two paging carriers each
in a corresponding subchannel of a single mask-defined,
bandlimited channel comprising the step of transmitting said
carriers from the same location with each carrier centrally
located in said corresponding subchannel wherein the fre-
quency difference between the center frequency of the outer
most of said corresponding subchannels and the band edge
of the mask defining said channel is more than half the
frequency difference between the center frequencies of each
adjacent carrier.

4. The method of claim 3 wherein adjacent subchannels
overlap with each other.

5. In a paging system having a plurality of transmitters
transmitting a plurality of modulated carriers over a single
mask-defined, bandlimited channel and a plurality of mobile
receiving units independently receiving one of said plurality
of carriers, a method of operating said plurality of carriers in
said channel to achieve higher transmission capacity com-
prising the steps of:

co-locating said plurality of transmitters such that said
plurality of carriers can be emanated from the same
transmission source; and

transmitting said plurality of carriers over a plurality of
subchannels spaced within the mask defining said chan-
nel wherein the frequency difference between the cen-
ter frequency of the outer most carriers and the band
edge of said mask is greater than half the frequency
difference between the center frequencies of each adja-
cent carrier.
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Field Of The Invention 5

The present invention relates generally to multicarrier
modulation techniques, and more particularly, to a method for
operating more than one carrier in a single mask-defined,

bandlimited channel assigned to mobile paging use.

Discussion Of Related Art

The rising popularity of mobile paging services has
resulted in increased competition for air time on the limited
number of radio—frequency channels allocated by the Federal
lCommunications Commission (FCC) for mobile paging use. As demand
begins to approach and even exceed the capacity of assigned
channels to handle transmission traffic, delays in service and
deterioration of transmission quality are becoming a major
concern to mobile paging users and providers.

The ability of mobile paging providers to successfully
address the problem of transmission saturation is limited by the
finite range of air space dedicated to mobile paging use.
Channels assigned by the FCC to radio paging providers typically
have narrow bandwidths (e.g. 25 kHz) and are sﬁbject to stringent

emission mask limitations.

One method that can be used to allow greater access to
a particular channel is to increase the number of messages
transmitted over the channel in a given period. This can be
achieved, for example, by increasiqg the data rate of the

transmission or by reducing the leﬁgth of transmitted messages.
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U.S. Patent No. 5,392,452 issued to Davis, for example, describes
a high data rate transmission scheme for handling lengthy
messages in a paging system. Systems employing techniques to
increase transmission rates, however, are prone to higher, exror
rates. In addition, high data rates tend to generate greater

transmission interference.

Another approach to addressing the saturation problem
is to increase the transmission capacity of the channel itself.
Traditionally, mobile paging providers have operated only one
transmission signal, or carrier, within an assigned channel.
While this mode ensures simplicity of operation and compliance
with FCC mask requirements, it does not provide the most
efficient use of the limited frequency bandwidth available.
Successful multicarrier modulation, however, is difficult to

achieve without incurring unacceptable levels of interference.

‘'The problem of interference is compounded when a
receiver is attempting to acquire a signal from a distant.
transmitter while in close proximity to a transmitter operating

on an adjacent channel. 1In this environment, the receiver may

~experience difficulty in detecting the signal from the distant

source due to interference from the signal transmitted on the
adjacent channel from the closer source. This is known as the
"near-far" problem. This problem can be avoided by co-locating

the transmitters at essentially the same geographic location.

The FCC requires signals to be confined within emission
limit masks in order to prevent interference caused by signals
straying or spilling into adjacent channels. FCC masks typically

require the power spectral density of a signal to be attenuated

at least 70 dB at the band edge.ﬁﬁhnrﬂzTﬂﬂx*ddjﬁied-baﬂdwidtg~gi

& <G > T > O = =

~4n multicarrier—transmission, even when the maximum carrier

spacing consistent with the FCC mask requirements is utilized.
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frequencies within the channel such that the frequency difference
between the center frequency of the outer most carriers and the
"band edge of the mask defining said channel is more than half the
frequency difference between the center frequencies of each

adjacent carrier.

In another aspect, the invention provides a method of
operéting at least two paging carriers each in a corresponding
subchannel of a single mask-defined, bandlimited channel
comprising the step of transmitting the carriers from the same
location with each carrier centrally located in a corresponding
subchannel wherein the frequency‘difference between the center
frequency df the outer most subchannels and the band edge of the
mask defining said channel is more than half the frequency
difference between the center frequencies of .each adjacent

carrier.

In another aspect, the invention provides a method of
operafing a plurality of carriers in a single mask-defined,
bandlimited channel to achieve higher transmission capacity over
the channel in a mobile paging system having a plurality of
transmitters generating a plurality of modulated carriers over a
single bandlimited channel and a plurality of mobile, independent
receiving units capable of receiving one of said plurality of
carriers. The method comprises the steps of co-locating the
plurality of transmitters such that the’plurality bf carriers can
be emanated from the same traﬁsmission saqurce, and ttansmitting
the carriers over a plurality of subchannels spaced
asymmetrically within the mask defining the channel.

It is to be understood that both the foregoing general
description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention, as

claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the description,
serve to explain the principles of the invention. 1In the

drawings,

Fig. 1 iswgﬁbfggk diagram of a co-located multicarrier
transmitter szgpeﬁﬁln a linear amplifier configuration for using
the present invention;

™ -
Fig.lﬁf&gijblock diagram of a co-located multicarrier
transmitter system in a composite transmitter configuration for
using the present inveng}on?

e

el | .
Fig.ﬁaﬂwis a graph depicting two submasks defining two

subchannels in a sing%%wwﬁggk—defined bandlimited channel.

Fig. 3B is a graph depicting the power spectra of two
carriers asymmetrically located within a single mask-defined,
bandlimited channel.

“1s a graph depicting, the—Fec emission limits
I, . s
mask—for-digital transmitter era T q

Figéwﬁﬁwﬁs a graph depicting the power spectra of a
system with “peak deviation of 2400 Hz and data rate of 6000 bits

per second (bps); e

Fig A (i
system of Figlire 5A in terms of bit error rate versus the signal

noise ratio (SNR);
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Referring to Fig. 3A, two submasks defining two
subchannels, 30a and 30b, are asymmetricelly located within .a
single mask-defined, bandlimited channel 31, resulting in some
subchannel overlap. Fig. 3B depicts two carriers, 32a and 32b,
operatingvrespectively over two asymmetrically—located
subchannels, resulting in some carfier overlap. In accordance
with this asymmetry, ‘the frequency.dlfference between the center
frequency of each carrier and the nearest band edge of the mask
is greater than ¢he half the frequency difference between the
center frequencies of the two carriers.

The practical implication of transmitter co-location is
that a greagﬁﬁqﬁange of operating parameters, including the peak
frequency, bit rate, and carrier frequencies, are available so
that multlcarrler modulation in a standard bandlimited channel
can be obtained without the need for stringent subchannel
interference protection. 1In accordance with the present
invention, these and other parameters can be adjusted so that the
carriers generated and transmitted according to the present
invention will remain within the FCC emission limits while

providing optimal transmission performance.

Fig. 4 shows a FCC emissions mask which requires the
power spectral density to be attenuated at least 70 dB within
10 kHz from center frequency. Co-location of the transmitters
allows for signals with a greater range of deviation and baud
rates to be carried in the bandlimited channel than has been
otherwise thought possible in view of FCC 70 dB cutoff
requirements. The present .invention will be further clarified by
the foliowing examples, which are intended to be purely exemplary

of the invention.
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frequency deviation, bit rate, and carrier separation
frequencies. Through the multicarrier modulation technique of
the present invention, the normal transmission capacity of a
standard channel can be increased without the need foam;}ré%bdnt

subchannel protection levels and complicated recelvegﬁschemes.

The modulation technique of the present invention has
particular application in metropolitan areas where the volume and
concentration of transmission traffic is high and where the need
for increased transmission capacity is acute.,hIn&Egg%E}on, the
modulation technique of the present invention i 1 suited
for use in areas where the incidence of unacceptable interference
is high, such as international border regions. 1In that type of
environment, transmissions from the respective bordering
countries can be assigned to one of the carriers operating within

the channel to reduce the risk of interference.

It will be apparent to those skilled in the art that
various modification and variations can be made to present
invention without departing from the spirit or scope of the
invention. Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
Thus, it is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the

invention being indicated by the following claims.

- 10 -
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WHAT IS CLAIMED IS:

1. A method of operating a plurality of paging
carriers in a single mask-defined, bandlimited channel comprising
the step of transmitting said carriers from the same location
with said carriers having center frequencies within said channel
such that the frequenéy difference between the center frequency
of the outer most of said carriers and the band edge of the mask
defining said channel is more than half the frequency difference

between the center frequencies of each adjacent carrier.

2. The method of claim 1 wherein adjacent carriers
overlap with each other.

3. A method of operating at least two paging carriers
each in a corresponding subchannel of a single mask-defined,
bandlimited channel comprising the step of transmitting said
carriers from the same location with each carrier centrally
located in said corresponding subchannel wherein the frequency LWY%7WYL
difference between the center frequency of the outer most of saléﬂ
subchannels and the band edge of the mask defining said channel
is more than half the frequency difference between the center

frequencies of each adjacent carrier.

4. The method of claim 3 wherein adjacent subchannels
overlap with each other.

5. In a paging system having a plurald of

- 11 -
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Attorney Docket No. 03680.0143

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

William D. HAYS et al.

)
)
)
Serial No. 08/480,718 ) Group Art Unit: Unassigned
) _
Filed: June 7, 1995 ) Examiner: Unassigned
)
For: MULTICARRIER TECHNIQUES )

IN BANDLIMITED CHANNELS )
Assistant Commissioner for Patents
Washington, D.C. 20231 '

REQUEST FOR EXTENSION OF TIME
Sir:

Applicants hereby petition for a one month extension of
time to respond to the Notice of Missing Parts dated July 21,
1995.

A check in the amount of $110.00 is enclosed to cover the
cost of the extension of time.

If there are any other fees due in connection with the
filing of this paper, please charge the fees to our Deposit
Account No. 06-0916. If a fee is required for an extension of
time under 37 C.F.R. § 1.136 not accounted for above, such an
extension is requested and the fee should also be charged to our
Deposit Account.
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—————— XU i i
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ing 9.5 kHz: At least 103 logio (f43.9)
decibels; :

(iii) On any frequency removed fro
the center of the authorized bandwidth
by a displacement frequency (fs in kHz)
of more than 9.5 kHz up to and includ-
ing 15 kHz: At least 157 logio (fy/5.3)
decibels;

(iv) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency greater
than 15 kHz: At least 50 plus 10 logio (P)
or 70 decibels, whichever is the lesser
attenuation.

(4) For those transmitters that oper-
ate in the frequency bands 932-932.5941-
941.5 MHz with a bandwidth greater
than 12.5 kHz,

(i) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fs in kHz)
of more than 5 kHz up to and including
10 kHz: At least 83 log,o (fv/5) decibels;

(ii) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fs in kHz)
of more than 10 kHz up to and includ-

in® 980 narrant nf tha anthorized hand. -

§22.108 Directional antennas.
(a) Directional antennas required.

- Rural radio stations, control stations,

repeater stations, and dispatch sta-
tions shall use a directional antenna
with the major lobe of radiation in the
horizontal plane directed toward the
receiving station or the passive reflec-
tor with which the station commu-
nicates. A multi- or omni-directional
antenna may be authorized if necessary
where a station communicates with
more than one point.

(b) Beam width required. Stations re-
quired to use directional antennas
shall meet the standards indicated
below. Maximum beam width is for the

" major lobe of radiation at the half

power points. Suppression is the mini-
mum attenuation required for any sec-
ondary lobe signal and is referenced to
the maximum signal in the main lobe.

Maxi-

mum

beam Sup-
Frequency range width pression

(Ge- (dB)

grees)
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LAW OFFICES
FINNECAN, HENDERSON
FARABOW, GARRETT
& DUNNER
1300 I STREET, N.W.
WASHINGTON, DC 20005
1-202-408-4000

Attorney Docket No. 003680.0143-00
Serial No.: 480,718 -
Accordingly, Applicants respectfully request that the

Examiner enter the amendments forthwith.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

oy A e

ward A. Kwon
eg. No. 36,350

Dated: September 6, 1995
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Please find below a communication from the EXAMINER in .charge of this application.

— Commissioner of Patents

REPLY TO STATUS INQUIRY

01. This letter is in reply to the status letter received in the
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Serial Number: 08/480,718 . -5-

Art Unit: 2611

Seidel (U.S. Patent 3,914,554) teaches communication system
employing spectrum folding.

Jasper et al. (U.S. Patent 5,343,499) teach quadrature
amplitude ﬁodulation synchronization method. |

Koontz (U.S. Patent 5,163,181) teaches multiple RF signal

amplification method and apparatus.

8. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Lee Nguyen
whose telephone number is (703) 308-5249. The examiner can

normally be reached on Monday-Friday from 8:00 AM to 5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful,
the examiner’s supervisor, Reinhard Eisenzopf, can be reached on
(703) 305-4711. The fax phone number for this Group is (703)

305-9508.

Any inquiry of a general nature or relating to the status of this
application or proceeding should be directed to the Group

receptionist whose telephone number is (703) 305-4700.

Lee Nguyen Llee«/ ' /ZAJZ4 g//zz

February 1, 1996 | Reinhard J. Eisenzopt 2 -5~ %¢
' Supervisory Patent Examiner
Group 260
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LAW OFFICES

NNEGAN, HENDERSON,

FARABOW, GARRETT
& DUNNER,L.L.P.
1300 I STREET, N. W.
ASHINGTON, DC 20005

202-408-4000

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
William D. HAYS et al.
Serial No.: 08/480,718
Filed: June 7, 1995

Examiner: L. Nguyen

For: MULTICARRIER TECHNIQUES
IN BANDLIMITED CHANNELS

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

AMENDMENT
In response to the Office Action dated February 9,
months by the filing of a request for extension and fee

payment filed concurrently herewith, please amend the

application as follows:

IN THE SPECIFICATION:

Page 8, line 9, %ﬁfé; ”than"/@é{ete --the--.

IN THE CLATIMS:

vt

Please amend clgim 3 as follows:

Claim 3, 1lin

ALY A /\:: PR

<o /7] :Fﬂ,éé

PATEN

Attorney Docket No.: 03680. 0143

Arrel
s €

Group Art Unit: 2611 L/////

1996, the period of response having been extended for three

6, after "said" Ansert --corresponding--.
”:‘?(’ QM LF\ 'j 4.7° “.C {‘&LP( Wk &4 I R

RAQ SRS
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LAW OFFICES

“INNECAN, HENDERSON,
FARABOW, GARRETT
8 DUNNER,L.L.P.
1300 I STREET, N. W.
WASHINGTON, DC 20005
202-408-4000

Attorney Docket No.: 03680.0143
Serial No.: 08/480,718

Claims 5-7 are rejected under 35 U.S.C. § 103 in view
of Chang and the admitted prior art. Applicants

respectfully traverse the Examiner's obviousness rejections

"of these claims. Applicants submit that the claimed

invention would not have been obvious to one of ordinary
skill in the art based on the prior art of record.

Chang discloses a point-to-point wire line data
transmission system that simultaneously transmits and
simultaneously receives a plurality of multiplexed
band-limited data signals over a line 49 using mutually
orthogonal signaling channels. The Examiner believes that
one of ordinary skill in the art would have arrived at
Applicants' claimed "paging system" method in view of
Chang's point-to-point wire line system and the admitted
prior art. In reaching that determination, the Examiner
expressly relies on Chang's aisclosure of shaping the
spectra of adjacent channels by virtue of their
orthogonality so that they can overlap without producing
interchannel interference. Applicants submit that Chang

falls well short of‘the Applicants' claimed method.

103




Attorney Docket No.: 03680.0143
Serial No.: 08/480,718

\

Unlike the method disclosed by Chang, the multicarrier
paging system moduiation technique.claimed by Applicants
requires "a plurality of mobile receiving units
independently receiving one of said plurality of carriers."
Thus, Applicgnts' method does not involve the simultaneous
receipt of multiplexed orthogonal carriers over a simple
transmission line, as disclosed by Chang. Rather, in
Applicants' claimed method, a plurality of carriers are
broadcasted over a plurality of individual subchannels

- spaced asymmetrically within a bandlimited channel. As

described in Applicants' specification, the frequency
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LAW OFFICES

“INNEGCAN, HENDERSON,

FARABOW, CARRETT
8 DUNNER,L.L.P.
1300 I STREET, N. W.
WASHINGTON, DC 20005
202-408-4000

Attorney Docket No.: 03680.0143
Serial No.: 08/480,718

Accordingly, Applicants submit that the method of

claim 5 would not have been obvious to one or ordinary

'skill in the art in view of the prior art of record. 1In

addition, dependent claims 6 and 7 are allowable at least
by virtue of their dependency on claim 5.

In view of the foregoing amendments and remarks,
Applicants respectfully request the reconsideration and
reexamination of this application and the timely allowance
of the pending claims.

If any fees are due in connection with the filing of
this Amendment, please charge those fees to Deposit Account
No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

By: ;>é;;;weé7/4/.pi$;;_m~_
/Hé@ard A. Kwon

" Reg. No. 36,350

Dated: August 9, 1996
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Serial Number: 08/480,718 —7-

Art Unit: 2611

non-obviousness by attacking references individually where, as
here, the rejections are based on combinations of references.
. Therefore, from the responses stated above the examiner

believes that the rejection of claim 5 is still proper.

5. THIS ACTION IS MADE FINAL. Applicant is reminded of the

extension of time policy as set forth in 37 C.F.R. ° 1.136(a).

A SHORTENED STATUTORY PERIQOD FOR RESPONSE TO THIS FINAL ACTION
IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION. IN THE
EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS OF THE MAILING
DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION IS NOT MAILED
UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED STATUTORY PERIOD,
THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE DATE THE
ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT TO 37
C.F.R. ° 1.136(a) WILL BE CALCULATED FROM THE MAILING DATE OF THE
ADVISORY ACTION. IN NO EVENT WILL THE STATUTORY PERIOD FOR
RESPONSE EXPIRE LATER THAN SIX MONTHS FROM THE DATE OF THIS FINAL
ACTION.

6. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Lee Nguyen
whose telephone number is (703) 308-5249. The examiner can

]

_-A'_-_-411.HH r-_1.A.

!
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The drawings submitted with this application were declared
informal by the applicant. Accordingly they have not been
reviewed by a draftsperson at this time. When formal
drawings are submitted, the draftsperson will perform a
review. | |

Direct any inquires concerning drawing review to the Drawing
Review Branch (703) 305-8404.

SUBSTITUTE PTO-948
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Attorney Docket No.: 03680.0143
Serial No.: 08/480,718

REMARKS.

The Examiner has rejected claims 5-7 under 35 U.S.C. §
103 as obvious over the prior art admitted by Applicants in
view of Chang. The Examiner has allowed claims 1-4 and 9.

.To advance prosecution of this application, Applicants
cancel rejected claims 5-7, thereby placing the application
in condition for allowance upon entry of this amendment.
Allowance of this application is requested.

If any fees are due in connection with the filing of
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L ; Eﬂﬁ‘ . UNITED STATES DEPARTMENT OF COMMERCE:
é’ Patent and Trademark Office

' Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

il

RYTORNEY BOCKET NO. ‘

. EXAMINER |

PAPER NUMBER |

1%

DATE MAILED:

NOTICE OF ALLOWABILITY

PART L, }
1. ;'//Thls communlcatlon is responsive to __AZUAM‘}, LL&A Zi 4'.1
All

2. the claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. if not included
herewith {or previously mailed), a Notice Of Allowance ‘And Issue Fee Due or-other appropriate communication will be sent in due
ourse.

3. The allowed claims are -4 au A 1

4. O The drawings filed on are acceptable.

5. [ Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has [_] been received. [_] not been
received. [..) been filed in parent application Serial No. filed on

6. [J Note the attached Examiner's Amendment.

7. OJ Note the attached Examiner Interview Summary Record, PTOL-413.
Lyl .

[

9. O Note the attached NOTICE OF REFERENCES CITED, PTO-892. .
10. O Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449,

"PART Il

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

declaration is deficient. A SUBSTITUTE OATH OR DEC A ‘I'TB'N IS REQUIRED.
jICANT MUST MAKE THE DRAWING CHA 'NDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF /HIS PAPER. it

Drawmg informalities are indicat *on the NOTICE"RE .PATENT DRAWINGS, PTO-948, attached hereto or to Paper No.
. CORRECTION IS REQUIRED.

1, yte the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
p

2.

b. (O The proposed drawing correctnon filed on has been approved by the examiner. CORRECTION IS
REQUIRED.

c. [J Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS
QUIRED.

d. b Formal drawings are now REQUIRED.

Any response to this letter should include in the upper right hand ‘corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

Attachments:

- Examiner’'s Amendment ) ~ Notice of Informal Application, PTO-152
— Examiner Interview Summary Record. PTOL- 413 _ Notice re Patent Drawings, PT0O-948
— Reasons for Allowance - Listing of Bonded Drattsmen
- Notice of References Cited. PT0-892 _ Other
- Information Disclosure Citation, PTQO-1449 N
LEE bPGUYELD

(703) t0& ~524q | Rect L ﬁ_ﬁ{

Reinhard J. Eisenzopt
Supervisory Patent Examiner

1-3-97
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LAW OFFICES

FINNEGAN, HENDERSON,
FARABOW, CARRETT
8 DUNNER,L.L.P.
. 1300 I STREET, N. W.
WASHINGTON, D. C. 20005
202-408-4000

William D. HAYS et al. Group Art Unit: 2611

Serial No.: 08/480,718 Examiner: L. Nguyen

Filed: June 7, 1895
Februvary 4, 1997

Por: MULTICARRIER TECHNIQUES
IN BANDLIMITED CHANNELS

)
)
)
)
)
)
)
)
)
) Batch No.: Ji2
)

Assistant Commissiocner for Patents
Washington, D.C. 20231

Sir:

SUBMISSION OF FORMAL DRAWINGS

Subject to the approval of the Examiner, please replace
the informal drawings with the formal drawings filed
herewith. If the formal drawings for any reason are not in
1 compliance with the pertinent statutes and
regulations, please so advise the undersigned.

If any fees are due in connecticn with the submission
of these formal drawings, please charge those fees to

Deposit Account No. 06-091¢.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GAKRETT & DUNNER, L.L.P.

/ﬁé@ard A, Kwon
Reg. No. 36,350

1

PED

" Attorney Docket Nc.: 025€0.0143

NOTICE OF ALLOWANCE DATED:
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Form PTO 948 (Rev. 10-94) U.S. DEPARTMENT OF COMMERCE - Patent and Trademark Office Application No. / g

NOTICE OF DRAFTSPERSON’S PATENT DRAWING REVIEW

PTO Draftpersons review all originally filed drawings regardless of whether they are designated as formal or informal. Additionally,
patent Examiners will review the drawings for compliance with the regulations. Direct telephone inquiries concerning this review to
the Drawing Review Branch, 703-305-8404.
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Attorney Docket No.: 03680.0143
Serial No.: 08/480,718

If any fees are due in connection with the submission
of these formal drawings, please charge those fees to

‘Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.
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Enclosures: Figures - 5A, 6A, 7A

LAW OFFICES

FINNECAN, HENDERSON,
FARABOW, GARRETT
8 DUNNER,L.L.P
1300 I STREET, N. W.

WASHINGTON, DC 20005

202-408-4000

136







13¢€












Thomson Innovation Patent Export, 2013-06-13 10:59:11 -0500

Table of Contents

1. US5659891A Multicarrier techniques in bandlimited [1

142



Family 1/1
1 record(s) per family

Record 1/1 US5659891A Multicarrier techniques in bandlimited channels

Publication Number: US5659891A 19970819

Title: Multicarrier techniques in bandlimited channels

Title - DWPI: Paging carrier operating method for mobile paging service has frequency difference
between centre frequel]

is more than half frequency difference between centre frequencies of each adjacent carrier
Priority Number: US1995480718A

Priority Date: 1995-06-07

Application Number: US1995480718A

Application Date: 1995-06-07

Publication Date: 1997-08-19

IPC Class Table:
IPC Section Class Subclass Class Group Subgroup
H04L002726 H HO04 HO4L H04L0027 H04L002726

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Cl Subgroup - DWPI
DWPI
H04B000102 H HO4 H04B H04B0001 H04B000102

Assignee/Applicant: Mobile Telecommunication [

JP F Terms:
JP FI Codes:
Assignee - Original: Mobile Telecommunication Technologies
Any CPC Table:
Type Invention Additional Version Office

Current HO4L 27/2601 - 20130101 EP




	1995-06-07  US File History 5,659,891
	1995-06-07  Transaction History
	1995-06-07  Issue information including classification, examiner, name, claim, renumbering, etc.
	1995-06-07  Index of Claims
	1995-06-07  Search Information including classification, databases and other search related notes
	1995-06-07  Examiner's search strategy and results
	1997-08-19  US Patent 5,659,891
	1995-06-07  Application
	1995-06-07  Specification
	1995-06-07  Claims
	1995-06-07  Abstract
	1995-06-07  Drawings

	1995-07-21  Pre-Exam Formalities Notice
 
	1995-09-21  Applicant Response to Pre-Exam Formalities Notice
 
	1995-09-21  Oath or Declaration filed
	1995-09-21  Extension of Time
 
	1995-08-09  Information Disclosure Statement (IDS) Filed
	1995-08-09  List of References cited by applicant and considered by examiner
	1995-09-06  Amendment
	1995-09-06  Preliminary Amendment
 
 
	1995-09-06  Specification
	1995-09-06  Claims
	1995-09-06  Applicant Arguments/Remarks Made in an Amendment

	1995-10-03  Information Disclosure Statement (IDS) Filed
	1995-10-03  List of References cited by applicant and considered by examiner
	1995-11-09  Applicant Communication Re: Status Inquiry
	1996-01-17  USPTO Communication Re: Status Inquiry Reply
	1996-02-09  Office Action
 
	1996-02-09  Non-Final Rejection
	1996-02-09  List of references cited by examiner

	1996-08-09  Amendment
	1996-08-09  Amendment/Req. Reconsideration-After Non-Final Rejection
 
	1996-08-09  Specification
	1996-08-09  Claims
	1996-08-09  Applicant Arguments/Remarks Made in an Amendment

	1996-10-29  Office Action
 
	1996-10-29  Final Rejection
	1996-10-29  Notice of Formal Drawings Required 
 

	1997-01-21  Amendment
	1997-01-21  Amendment After Final or under 37CFR 1.312 initialed by the examiner
 
	1997-01-21  Claims
	1997-01-21  Applicant Arguments/Remarks Made in an Amendment

	1997-02-04  Notice of Allowance
	1997-02-04  Notice of Allowability (PTO-37)
 
	1997-02-04  Notice of Allowance and Fees Due (PTOL-85)
 

	1997-03-03  Drawings
	1997-03-25  USPTO Communication Re: Notice of Drawing Requirements
	1997-03-25  Notice of Formal Drawings Required 
 
	1997-04-03  Drawings
	1997-05-01  Issue Fee Payment (PTO-85B)
 
	1997-08-19  USPTO Grant
 
	2013-06-13  Family and Legal Status Report – FREE
 
	2013-06-13  USPTO Maintenance Report
 



