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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.X1 - (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 value indicating the
relative user weighting of speech quality and data rate. A
**qultix*-**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
capa01ty of the link is available at all times to respond to
**agymmetric** data transmission requirements.

CLAIMS:
CLMS (33)

33.

for data transmlss1on, said evaluating means being operatively
associated with the selecting means for said selecting of the data
sub-band, and

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




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 transmitting 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 crossmodulation. .

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 . .° . 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 **asymmetry**

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**-**carrier**
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 toc form a vector sum.
CLAIMS:

CLMS (5)

5. The method of reducing distortion in a **multi**-**carrier**
commurniication 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 **multi**-**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 harmoﬁically 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**-**xcarrier** cable television system having the same channel

frequency bandwidth for each channel, said method comprising the steps
of: ’

a. providing.
=>
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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 kHz) 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 density 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 traditionally
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. Although 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 channel 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 channel 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

29



5,659,891

3

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. SAis 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, 11 and 11, a first and second
modulator, 12 and 12b, 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 12b. 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, 23a and 23b, 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. 22a
and 22b, respectively. Each modulator converts the incom-
ing digital information into a representative modulated sig-
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nal or catrier. 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.. 5 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, 30¢ and 305, are asymmetrically located
within a single mask-defined, bandlimited channel 31,
resulting in some subchannel overlap. FIG. 3B depicts two
carriers, 32¢ 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. 5A.

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
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

6

as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. Amethod 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 e

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 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 length 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, 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 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. p Bue tothe-limitedbandwidth of
e S R S S U T

<n multicarrier—tramsmission, even when the maximum carrier

spacing consistent with the FCC mask requirements is utilized.
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Such overlap can result in unacceptable interference of the
carriers, making it difficult for the receivers to acquire the

proper carrier.

Thus, , &—practieal -multiearrier—envirenmert s Commonly
ﬂnHefstéaazis:ié%§i£e~s%fiﬁgent\gnhchaﬂﬁel-p;etectfbn‘iéﬁéls.
Specifically, when more than one carrier is operating within a
single channel, each carrier is traditionally confined to a
submask defining a subchannel internal to the channel. The
carriefs are symmetrically located within the channel such that
they are eveﬂiy spaced relative to each other and to the.bandb
edges of the primary mask defining the primary channel. Although
such symmetry achieves maximum inter-carrier spacing and reduces
the opportunity for interference among adjacent carri%ﬂi”ﬂ%&gnﬁ+&a
often necessitates the need for sophisticated receiveq\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 instrumentalities 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 provides a
method of operating a plurality of paging carriers in a single
mask-defined, bandlimited channel comprising the step of

transmitting the carriers from the same location at center
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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
operating 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 of 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
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 transmission 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 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. In the

drawings,

Fig. 1 is awa6ék diagram of a co-located multicarrier
transmitter sys in a linear amplifier configuration for using
the present invention;

7

Fig. 3,4% é block diagram of a co-located multicarrier

transmitter system in a composite transmitter configuration for

using the present inveng;on?

o
Fig.ﬂaﬁﬂis a graph depicting two submasks defining two
subchannels in a singﬁgﬁﬁﬁgsk—defined bandlimited channel.

Fig. 5B is a graph depicting the power spectra of two
carriers asymmetrically located within a single mask-defined,
bandlimited channel.

Fig. s a graph depictingmthe-FGG—emiss4£uL4thnth
o s r3

t i r era T g

pert"
Figlwﬁﬂdig a graph depicting the power spectra of a
system with‘ﬁZak deviation of 2400 Hz and data rate of 6000 bits

per second (bps);

ire 5A in terms of bit error rate versus the signal
noise ratio (SNR);
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Fig,..6A-1s a graph depicting the power spectra of a
system with peak deviation of 1800 Hz and a data rate of
6400 bps;

&
Fig./gB”ﬁiﬁa graph depicting the performance of the
system of Figure 6A in terms of bit error rate versus SNR;
. ;&"” -
Fig,xjﬁﬁﬁs 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 Figure 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 throughout 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, 1la and 11b, a first
and second modulator, 12a and 12b, a summation circuit 13, a
linear RF amplifier 14, and an antenna 15. The first and second
data sources, lla and 1lb, generate a respective first and second
digital bit stream which are provided to respective first and
second modulators, 1l2a and 12b. Each modulator converts the
incoming digital information into a representative modulated
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. -

-6 -
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Alternatively, referring to Fig. 2, a co-located
multicarrier transmitter in a composite amplifier
configuration 20 comprises a first and second data source, 2la
and 21b, a first and second modulator, 22a and 22b, a first and
second RF amplifier, 23a and 23b, a summation circuit 24, and an
antenna 25. The first and second digital bit streams generated
respectively by the first and second data sources, 2la and 21b,
are provided to first and second modulators, 22a and 22b,
respectively. Each modulator converts the incoming digital
information into a representative modulated signal 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
systems are also possible. For example, the co-located
transmitter 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 requiréments are
directed, carrier spacings far closer than would ordinarily be
allowed (e.g., 5 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 spacings
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.
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Referring to Fig. 3A, two submasks defining two
subchannels, 30a and 30b, are asymmetrically located within .a
single mask-defined, bandlimited ¢hannel 31,.resulting in some
subchannel overlap. Fig. 3B depicts two carriers, 32a and 32b,
opérating respectively over two asymmetrically-located
subchannels, resulting in some carrier overiap. 1In accordance
with this asymmetry, the frequency difference between the center
frequency of each carrier and the nearest band edge of the mask
is greater than 4he half the frequency difference between the
center frequencies of the two carriers.

The practical implication of transmitter co-location is
that a grea?ﬁaugange of operating parameters, including the peak
frequency,Abit 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 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 following examples, which are intended to be purely exemplary
of the invention.
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Fig. 5A is a spectra graph of a two-carrier system in
which the following parameter values were selectéd: 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 acceptable 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
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 Figure 6A but
performs slightly worse than the system of Fig. S5A.

Thus, according to the present invention, increased
transmission 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 operating at different
frequencieé are fit within a single bandwidth 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
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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 foaa;}r#%bunt

'subchannel protection levels and complicated recelveg\schemes.

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. In@?ﬂ?&i}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
) comespording
difference between the center frequency of the outer most of salé\
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 pluralid of

- 11 -

47



transmission source; and
transmitting said plurality of carci
plurality of subchannels spaced asymmetri

defining said channel.

nsmission performance.

8. The method accqQrding to claim 5 wherein the
frequency difference between -y of the outer
most carriers and the band said mask is greater than half

he center frequencies of each

-12 -
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ABSTRACT OF THE DISCLOSURE "‘/

A method of multicarrier modulation usinéiéd:'
transmitters to achieve higher transmission capacity
paging and two-way digital communication in a mann consistent
with FCC emission mask limits. Co-location of the transmitters

or mobile

obviates the need for stringent, symmetrical subchannel
interference protection and provides for a wider range of
operating parameters, including peak frequency deviation, bit

rate, and carrier frequencies, to obtain optimal transmission
performance.

- 13 -
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statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United
States Code, and that such willful false ' statements may jeopardize the validity of the
application or any patent issuing thereon.

Il ,,,,, M
FULL NAME OF FIRST INVENTOR INVENTOR'S SIGNATURE DATE
oy P > .
william D. Hays ?&Mav,.. 2 Aé\/r/, ///3 C’/‘f-.s-
TRESTDENEE——- / COUNTRY OF CITIZENSHIP
2345 Twin Lakes Circle _Jackson, MS 39211 N U.S.A.
POST OFFICE ADDRESS / W'
P. 0. Box 2469 Jackson, MS 39225-2469 7
FULL NAME OF SECOND INVENTOR I@ENTOR'S SIGNATURE DATE
SN AN
Dennis Cameron o b/ (./ o, (e M,\ %{p’
RESIDENCE COUNTRY OF CITIZENSHIP
29 Polo Drive, Jackson, MS 39211 " (:
’ / L _—
POST OFFICE ADDRESS
P. 0. Box 2469 Jackson, MS 39225-2469
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER FHFGD 1/95
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FULL NAME OF THIRD INVENTOR

Walter Roehr

INVENTOR’S SIGNATURE

DATE

RESIDENCE COUNTRY OF CITIZENSHIP
U.s.A.
POST OFFICE ADDRESS
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER FHFGD 1/95

73




Attorney Docket No. 03680.0143
DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that: my residence, post office address and
zitizenship are as stated below next to my name; I believe I am the original, first and joint
inventor of the subject matter which is claimed and for which a patent is sought on the
invention entitled:  MULTICARRIER TECHNIQUES IN BANDLIMITED CHANNELS
the specification of which [ )} is attached and/or [X] was filed as United States Application
serial No. 08/480,718 on June 7, 1995 and was amended on _September 6, 1995 .

I hereby state that I have reviewed and understand the contents of the above-identified

specification, including the claims, as amended by any amendment referred to above. I
acknowledge the duty to disclose information which is material to the examination of this
application in accordance with Title 37, Code of Federal Regulations, § 1.56(a). )
I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any
foreign application(s) for patent or inventor’'s certificate or of any PCT international
application{s) designating at least one country other than the United States cf America listed
below and have also identified below any foreign application(s) for patent or inventor's
certificate or any PCT international application(s) designating at least one country other
than the United states of America filed by me on the same subject matter having a filing date
before that of the application(s) of which priority is claimed:

COUNTRY APPLICATION NUMBER DATE OF FILING PRIORITY CLAIMED

(if pcT indicate PCT) (day, month, year) UNDER 35 USC 119
[_] Yes [ 1 No

[ ] Yes [ 1 No

I 1 Yes [ 1 No

[ 1 Yes [ 1 No

[ 1 Yes [_] No

[ 1 Yes [ 1 No

I hereby claim the benefit under Title 35, United States Code, § 120 of any United states
application(s) or PCT international application(s) designating the United States of America
that is/are 1listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in that/those prior application(s) in the manner provided by the
first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which
occurred between the filing date of the prior application(s) and the national or PCT
international filing date of this application:

U.S. APPLICATIONS ] STATUS (Check one)
U.S. APPLICATION NUMBER U.S. FILING DATE PATENTED PENDING ABANDONED

PCT APPLICATIONS DESIGNATING THE U.S.

PCT APPLICATION NO |PCT FILING DATE |U.S. SERIAL NUMBER
. ASSIGNED (if any)

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER FHFGD 1/95
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I hereby appoint the following attorney and/or agent(s) to prosecute this application and
transact all business in the Patent and Trademark Office connected therewith. FINNEGAN,
HENDERSON, FARABOW, GARRETT & DUNNER, Reg. No. 22,540, Douglas B. Henderson, Reg. No. 20,291;
Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner,
Reg. No. 19,073; Brian G. Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645;
Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, Reg.
No. 23,098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014; Albert J.
santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. No. 25,857; Richard H. Smith, Reg.
No. 20,609; Stephen L. Peterson, Reg. No. 26,325; John M. Romary, Reg. No. 26,331; Bruce C.
Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. No. 27,932; Allen M. sSokal, Reg.
No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, Reg. No. 28,478; David W.
Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. 28,619; Charles E. Lipsey, Reg. No. 28,165;
Thomas W. wWwinland, Reg. No. 27,605; Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs, Reg.
No. 28,508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan
Haberman Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. Jenkins, Reg.
No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr., Reg. No. 20,348;
Christopher P. Foley, Reg. No. 31,354; John C. Paul, Reg. No. 30,413; Roger D. Taylor, Reg.
No. 28,992; David M. Xelly, Reg. No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol P.
Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; Steven M. Anzalone, Reg.
No. 32,095; Jean B. Fordis, Reg. No. 32,984; Barbara C. McCurdy, Reg. No. 32,120; James K.
Hammond, Reg. No. 31,964; Richard v. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg.
No. 32,824; and Howard A. Kwon - Req. No. 36,350 . Please address all correspondence to
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 1300 I Street, N.W., Washington, D.C. 20005,
Telephone No. (202) 408-4000.

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United
States Code, and that such willful false statements may jeopardize the validity of the
application or any patent issuing thereon.

FULL NAME OF FIRST INVENTOR INVENTOR’S SIGNATURE DATE

William D. Hays
RESIDENCE COUNTRY OF CITIZENSHIP

U.S.A.
POST OFFICE ADDRESS .

FULL NAME OF SECOND INVENTOR INVENTOR'S SIGNATURE DATE

Dennis Cameron
RESIDENCE COUNTRY OF CITIZENSHIP

U.S.A.

POST OFFICE ADDRESS

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER FHFGD 1/95
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U.S.A.
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LAW OFFICES

ZINNEGAN, HEND! ?&\l’%’
FARABOW, GARRETT
& DUNNER,L.L.P.
1300 I STREET, N. W.
WASHINGTON, DC 20005
202-408-4000

JI0s - 115 A

PATENT
Attorney Docket No. 03680.0143

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

William D. HAYS et al.

Filed: June 7, 1995 Examiner: Unassigned

For: MULTICARRIER TECHNIQUES

)
)
)
Serial No. 08/480,718 ) Group Art Unit: Unassigned
)
)
)
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.

Respectfully submitted,

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

oy sl

ward A. Kwon
Reg. No. 36,350

B 10705795 084B0Y 1

Dated: September 21, 1995
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120,00 165 Ao

futh URITED STATL .EPARTMENT OF COMMERCE
+ | Patent and Trademark Offi
Address: COMMISSIONER OF PA TS AND TRADEMARKS
K Washxngt.un D.C. 20231

"M'ru Cad
Kl
FILNG DATE ] FIRST NAMED APPLICANT | ATTY. DOCKET NO.TITLE |
0, 7LE UEAO7 /95 HEY S W

CNEERGOM  FARARDE

EOUOE-33LE

DATE MAILED: uan

NOTICE TO FILE MISSING PARTS OF APPLICATION 07/21/95
FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are missing. The required items and fees identified below must be tlmely submxtted ALONG WITH
THE PAXMENT OF A SURCHARGE for items 1 and 3-6 only of $_/ for large entities or
$ G5 for small entities who have filed a verified statement claumng such status. The surcharge is set forth in
37 CFR 1.16(e).

If all required items on this form are filed within the period iet below, the total amount owed by applicant as a ;’{arge
entity, [J small entity (verified statement filed), is $4_

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM  THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. O The statutory basic filing fee is: U missing U insufficient. Applicant as a (J large entity [J small
entity, must submit $ to complete the basic filing fee.

2. [J Additional claim fees of $ as a [J large entity, (J small eﬂtity., including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. E/gl}e-’éath or declaration:
is missing.
[ does not cover-the newly submitted items.®

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. OO The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. [0 The signature(s) to the oath or declaration is/are: [J missing; [l by a person other than the inventor
or a persen qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

6. J The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration listing the names of all, iriventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Fllmg
Date, is required.

r The application was filed in a language other than English. Applicant must file a verified English
translatlon of the application and a fee of § under 37 CFR_ 1 17(k) unless this fee has
already been pald

processing fee is i"équired since your check was returned without payment.

9] 0 ;\\(our filing receipt was mailed in error because your check was returnéd without payment.

"10. D The apphcatxon does not comply with the Sequence Rules. See attached N ouce to Comply with
" Sequence Rules 37 CFR 1.821-1.825. " :

11.0 Other.
s

Direct the response to Box stsmg Part and refer any quemmwﬁ%ice Center
at (703) 308-1202. :

A copy of this notice MUST be returned with the response.

COPY TO BE RETURNED WITH RESPONSE ™
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Law oFFicES
INNEGAN, HENDERSON
EARABOW, GARRETT
& DUNNER
1300 I STREET, N. W.
/ASHINGTON, DC 20005
1-202-408-4000

William D. Hays et al.

kN
Lol 6300

PATENT
Attorney Docket No.: 03680.0143

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE Z /¢/ 2

ML

In re Application of:

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

Sir:

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(b)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(b), Applicants bring
to the attention of tﬁe Examiner the document listed on the
attached PTO 1449. This Information Disclosure Statement is
being filed within three months of the filing date of the above-
referenced application.

A copy of the listed document is attached. Also enclosed is
a graph providing a second interpretation of the applicable
FCC Part 22 iegulations. These submissions are intended to
clarify that the graph of Fig. 4 of the application is a
representative illustration and is not the only possible
representation of an emissions mask defined by those

regulations.
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LAw OFFICES
FINNECAN, HENDERSON
FARABOW, GARRETT
’ & DUNNER
1300 I STREET, N. W.
WASHINGTON, DC 20005
1-202-408-4000

Attorney D et No.: 03680.0143
Serial No.: 08/480,718

Applicants £espectfully request that the Examiner consider
the listed document and indicate that it was considered by
making appropriate notations on the attached form.

This submission does not represent that a search has been
made or that no better art exists and does not constitute an
admission that the listed document is material or constitutes
"prior art." If the Examiner applies the document as prior art
against any claim in the application and Applicants determine
that the cited document does not constitute "prior art" under
United States law, Applicants reserve the right to present to
the office the relevant facts and law regarding the appropriate
status of such document.

Applicants further reserve the right to take appropriate
action to establish the patentability of the disclosed invention
over the listed docuﬁent, should the document be applied against
the claims of the present application.

If there is any fee due in connection with the filing of
this Statement, please charge the fee to our Deposit Account

No. 06-0916..

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER

o Al

©  /Howard A. Kwon
Reg. No. 36,350

Date: Auqust 9, 1995
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OMB No. 0651-0011

considered.

Atty. Docket No. Serial No.
03680,0143 08/480,718
INFORMATION DISCLOSURE CITATION Applicant
(Use several sheets if npecessary)
William D. Hays et al.
Filing Date Group+” )
T 2
June 7, 1985 Unassigned
S. PATENT DOCUMENTS
*Examiner : Sub Filing Date
Initial Name Class |Class|If Appropriate
FOREIGN PATENT DOCUMENTS
Document Sub Translation
Number Date Country Class [Class Yes No
OTHER DOCUMENTS (Including Author, Title, Date, Pertipeﬁ% Pages, Etc.)
L/ 47 C.F.R. §.22.106 (1994) i
wﬂfw
Examiner Date Considersgf
' Ol L
LEE  ABUNEM ofily 4
*EXAMINER: Initial if reference considered, whether or not citation is in conformance

with MPEP 609; draw line through citation if not in conformance and not
Include copy of this form with next communication to applicant.

Form PTO 1449

Patent and Trademark Office — U.S. DEPARTMENT OF COMMERCE
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Federal Comrnunications Commission

prefixed by a number specifying the
necessary bandwidth in kilohertz. This
figure does not necessarily indicate the
bandwidth actually occupied by the
emission at any instant. In those cases
where Part 2 of this chapter does not
provide a formula for the computation
of the necessary bandwidth, the occu-
pied bandwidth may be used in the
emission designator.

§22.106 Emission limit.

(a) For transmitters other than those
employing digital modulation tech-
niques, the mean power of emissions
shall be attenuated below the mean
output power of the transmitter in ac-
cordance with the following schedule:

(1) On any frequency removed from
the assigned frequency by more than 50
percent up to and including 100 percent
of the authorized bandwidth: at least 25
decibels;

(2) On any frequency removed from
the assigned frequency by more than
100 percent up to and including 250 per-
cent of the authorized bandwidth: at
least 35 decibels;

(3) On any frequency removed from
the assigned frequency by more than
250 percent of the authorized band-
width: At least 43 plus 10 Logo (mean
output power in. watts) decibels, or 80
decibels, whichever is the lesser at-
tenuation.

(b) For transmitters not equipped
with an audio low pass filter required
by the provisions of paragraphs (f) and
(g) of §22.508, and for those employing
digital modulation techniques, the
power of any emission shall be attenu-
ated below the unmodulated carrier
power (P) in accordance with the fol-
lowing schedule:

(1) For those transmitters that oper-
ate in the frequency bands of 35.0 to
44.0 MHz, 72.0 to 73.0 MHz, 75.4 to 76.0
MHz or 152.0 to 159.0 MHz,

(i) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fd in
kHz) of more than 5 kHz up to and in-
cluding 10 kHz: at least 83 Logo (fd/5)
decibels;

(ii) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fd in
KHz) of more than 10 KHz up to and in-
cluding 250 percent of the authorized

§22.106

bandwidth: At least 29 Logl0 fd11
decibels or 50 decibels, whichever is the
lesser attenuation;

(iii) On any frequency removed from
the center of the authorized bandwidth
by more than 250 percent of the author-
ized bandwidth: at least 43 plus 10 Log,o
(output power in watts) decibels or 80
decibels, whichever is the lesser at-
tenuation.

NoTE: The measurements of emission
power can be expressed in peak or average
values provided they are expressed in the

same parameters as the unmodulated trans-
mitter carrier power.

(2) For those transmitters that oper-
ate in the frequency bands 450.0 to 512.0
MHz, or 929.0 to 932.0 MHz,

(1) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fd in
kHz) of more than 5 kHz up to and in-
cluding 10 kHz: at least 83 Log,o (fd/5)
decibles:

(ii) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fd in
kHz) of more than 10 kHz up to and in-
cluding 250 percent of the authorized
bandwidth: at least 116 Log,, (fd/6.1)
decibels or 50 plus 10 Log, (P) or 70
decibels, whichever is the lesser at-
tenuation;

(ii1) On any frequency removed from
the center of the authorized bandwidth
by more than 250 percent of the author-
ized bandwidth: at least 43 plus 10 Logo
(output power in watts) decibels or 80

decibels, whichever is the lesser at-
tenuation.
NoOTE: The measurements of emission

power can be expressed in peak or average
values provided they are expressed in the
same parameters as the unmodulated trans-
mitter carrier power.

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

(1) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fs in kHz)
of more than 2.5 kHz up to and includ-
ing 6.25 kHz: At least 53 logio (£4/2.5)
decibels;

(ii) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fy in kHz)
of more than 6.25 kHz up to and includ-
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§22.107

ing 9.5 kHz: At least 103 logwo ({#3.9)
decibels;

(iii) On any frequency removed from
the center of the authorized bandwidth
by a displacement frequency (fy in kHz)
of more than 9.5 kHz up to and includ-
ing 15 kHz: At least 157 logio (f¥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 932-9832.5/941-
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 logio (f¥/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-
ing 250 percent of the authorized band-
width: At least 116 logio (f/6.1) decibels
or 50 plus 10 logio (P) or 70 decibels,
whichever is the lesser attenuation;

(1i1) On any frequency removed {rom
the center of the authorized bandwidth
by more than 250 percent of the author-
ized bandwidth: At least 43 plus 10 log,o
(output power in watts) decibels or 80
decibels, whichever is the lesser at-
tenuation.

(c) When an emission outside of the
authorized bandwidth causes harmful
interference, the Commission may, at
its discretion, require greater attenu-
ation than specified in this section.

(49 FR 3332, Jan. 26, 1984, as amended at 52
FR 10573, Apr. 2, 1987; 56 FR 10463, Mar. 21,
1990)

§22.107 Standby facilities.

(a) Base. Standby facilities for base
stations will be authorized when the
resultant reliable service area and in-
terference contour(s) do not exceed
those of the facilities which are being
replaced.

(b) Control-Repeater. Standby control
facilities will be authorized subject to
non-interference to other users.

(50 FR 32208, Aug. 9, 1985}

TCFR Ch. | (10~1-94 Edition)

§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
Sup-
Frequency range Wmf“ pression
el
Qrees)
Below 512 MHz .. 80 10
512 to 1000 MH2 20 13
1500 to 2500 MHz .. 12 13

(¢) Temporary fized station require-
ment. Temporary fixed stations may
use antenna structures not exceeding
the height criteria in Part 17 of this
chapter. Greater height requires FAA
or FCC approval.

(d) All applications for station au-
thorization (Form 401) shall include the
beam with of the major lobe of the an-
tenna pattern (polar diagram). For this
purpose the beam width is defined as
the arc, in degrees, including all points
on the polar diagram which are within
3 decibels of the point of maximum -
gain (half power points). For
omnidirectional antennas the beam
width is defined as 360 degrees.

[49 FR 3333, Jan. 28, 1984)

$22.109 Antenna structure.

(a) General provisions. (1) Permittees
and licensees shall not allow antenna
structures to become a hazard to air
navigation.

(2) Antenna structures shall be
marked and maintained in accordance
with section 303(q) of the Communica-
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PATENT
Attorney Docket No. 03680.0143-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE»%fjg
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In re Application of:

95
.k

Serial No.: 08/480,718 Group Art Unit: Unassigned

Filed: June 7, 1995 Examiner: Unassigned

For: MULTICARRIER TECHNIQUES
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