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Description

Technical Field

[0001} This invention relates orthogonal frequency

division multiplexing (OFDM) based spread spectrum

multiple access such as may be used in wireless, and
other, communication systems.

Background of the invention

{D0021 it is desired that wireless communication

systems be as efficient as possible to maximize a) the
number of users that can be served and b) the data
rates, if data service is provided. Wireless systems are

shared media systems, i.e., there is a fixed available
bandwidth that must be shared among all the users of

the system. These systems are often implemented as
so—called "cellular" systems, where the covered territory
is divided into separate cells, and each cell is served by
a base station.

[0003] It is well known in the art that the two partic-
ularly desirable features of a cellular wireless system

are 1) that the intracell interference, i.e., interference
experienced by one user that is caused by other users
that are within the same cell as that user, be as small as

possible, and 2) that the intercell interference. i.e., inter-
ference experienced by one user that is caused by other
users that are in cells other than the one in which the

user is located, is avenged across all users in neighbor-

ing cells. Most prior art digital cellular systems are time
division multiple access (TDMA) systems, such as

group special mobile (GSM)-, intermediate standard
(lS)—136-, or lS—54—based systems, or they are code
division multiple access (CDMA) systems, e.g., lS—95
based systems.

[0004] In prior art narrow band TDMA systems
neighboring base stations use different, e.g., non—over-

lapping, parts of the available spectrum. However,
bases stations that are sufficiently far away from each
other to avoid substantial interference between them,

i.e., normeighboring base stations, may use the same

parts of the available spectrum. Notwithstanding such
spectrum reuse, the spectrum available for use in each
cell is a small part of the total available spectrum. Each-
user in a cell has its own unique frequency band and
time slot combination, and hence TDMA systems have

no intracell interference, i.e., they have the first desira-
ble feature of cellular wireless systems. However,

TDMA systems do not have the second desirable fea-
ture, in that a given user only interferes with a small
number of users outside the cell, so that spectral reuse
is based on worst case interference rather than average

interference. As a result, the system has a low "spectral"
efficiency

[0005] in prior art direct sequence (DS)-CDMA sys-
tems the entire bandwidth is used by each base station
but each base station uses a different spreading code.
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Such CDMA systems promise higher spectral efficiency
than narrow band TDMA systems. Thus, CDMA sys-
tems have the second desirable feature of a cellular

wireless system. However, CDMA systems do not have
the first desirable feature of a cellular wireless system

because although the signals transmitted from the base
station within a cell are orthogonal, because of channel

dispersion, the signals received at a receiver are not

necessarily orthogonal. This results in interference
between users within the same cell.

[0006] Proposed prior art frequency hopping (FH)-
CDMA systems are very similar to narrow band TDMA
systems, except that they employ frequency hopping to
also obtain the second desirable feature of a cellular

wireless system. in particular, each transmitter trans-
mits a narrow band signal, and periodically changes the

carrier frequency to achieve the frequency hopping.
However, disadvantageously, such hopping is relatively

slow, reducing the amount of averaging that can be
achieved for a given delay in the transmission path that
the system can tolerate.

[0007] United States Patent No. 5,410,538 issued
to Floche et al. on April 25, 1995 discloses a multi-tone

CDMA system. Such a system is essentially an OFDM

system that eliminates intracell interference by insuring
that the received signals within a cell are orthogonal.
Thus, the Roche et al. system has both desirable fea-
tures of a cellular wireless system. However, the Roche

et al. system partitions the spectrum into a large
number of tones, which makes the system very suscep-

tible to Doppler shifts in mobile systems. Also, because
each mobile user transmits on a large number of tones.

the peak-to—average ratio of the mobile transmitter is
very high, resulting in poor power efficiency at the
mobile station, which is disadvantageous in that power
is often a limited resource in the mobile station.

[0008] United States Patent No. 5,548,582 issued

to Brajal et al. on August 20, 1996 discloses a general
wide-band orthogonal frequency division multiplexing

(OFDM) based spread spectrum multiple access.
[0009] We have recognized in United States Patent
Application Seriai No. (Case Laroia 9-1-1) that the Bra-

jal et at. system is not optimized for use in a cellular sys-
tem in that there is no teaching therein how to optimize

a) the hopping pattern, b) the tone assignment, or c) the
bandwidth reuse. We have further recognized that opti-

mizing these factors, individually and/or collectively, is
important to obtain a spectrally efficient system, i.e., a

system that has the two particularly desirable features
of a cellular wireless system. in particular, we disclosed
in united States Patent Application Serial No. (Case

Laroia 9-1-1) dividing the entire bandwidth into orthogo-
nal tones, and reusing all of the orthogonal tones in

each cell. To reduce peak—to-average ratio at the mobile
transmitter, low bit rate user, such as a voice user, is

allocated preferably a single one, but no more than a

very small number, of the orthogonal tones for use in
communicating with the base station. Data users are
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similarly allocated tones for data communication. How-

ever, the number of tones assigned for each data partic-
ular user is a function of the data rate for that user. The

tone assignment for a given user is not always the same
within the available band, but instead the tones

assigned to each user are hopped over time.

[0010] A tone hopping pattern was disclosed that

achieves maximum frequency diversity and averages
the intercell interference, e.g., using a pattern that is a

function of a mutually orthogonal latin square. More
specitically, in the downlink, ie, in the channel from the

base station to the mobile station, the tones assigned to
each user are change relatively rapidly, e.g., from sym-
bol to symbol, i.e., the user fast "hops" from one tone to
another. However, in the uplink, ie, in the channel from

the mobile station to the base station, although fast hop-

ping is possible, preferably slow hopping is employed to
allow efficient modulation of the uplink signal. However,
when slow hopping is used in the uplink, it is necessary
to empioy additional techniques, such as interleaving, to
compensate for the reduction in the intercell interfer-

ence averaging effect.

Summary of the invention

[0011] We have recognized that notwithstanding
the foregoing advancements, additional improvements
are yet necessary to achieve a spectrally efficient sys-

tem, i.e., a system that has the two particularly desirable
features of a cellular wireless system. One such
improvement, in accordance with the principles of the
invention, is the use by a base station within a cell of a

directional antenna in order to be able to employ sector-
ization as a way to reduce the intercell interference. in

accordance with an aspect of the invention, not only is

the cell sectorized from a transmission point of view by
the directionality of the downlink antenna, but the

OFDM tone set employed in each cell is correspond-
ingly sectorized, i.e., each sector in the cell is allocated
a set of tones within a sub—band of the available fre-

quency bandwidth for use when transmitting into that
sector. For example, with hexagonally shaped calls, all
the sectors with the same directional orientation are

allocated tones within the same sub-band.

[0012] in accordance with another aspect of the
invention, the sub-bands assigned to each sector are
periodically changed, or "hopped", among the available
sub-bands within the totally available bandwidth. Such

sub—band hopping is a so-called "slow" hopping, in that
it is not performed on a symbol-by-symbol basis but
instead occurs only after more than one symbol has
been transmitted in a sector on tones within the sub-

band. Furthermore, the slow hopping of the sub-bands
can be no faster than slow hopping which may be
employed in the uplink. i.e., the link from the mobile ter-
minal to the base station, such as is described in United

States Patent Application Serial No. (Case Laroia EH-
1). in the downlink, each sector employs its own pilot
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signal, which is assigned one or more ones within the

sub-band currently employed by that sector.

[0013] Similarly, for the uplink, the base station may
employ a directional receiver antenna. Preferably, in
accordance with an aspect of the invention, the mobile
terminal only transmits on a tone that is within a sub-
band that is allocated to the sector in which the mobile

terminal is located. This, sub—band, however, need not

correspond to the same location within the bandwidth

as the sub—band used by the downlink to communicate
with the mobile terminal.

Brief Description of the Drawing

[0014] In the drawing:

Fla 1 shows an example of available orthogonal
tones at one cell with a spacing of it within a band-
width W;

FIG. 2 shows a time domain view of the symbol
period which is available for symbol transmission,
and the additional time required for transmission of
the cyclic prefix;

FlG. 3 shows a block diagram of an exemplary
OFDM transmitter;

Fla 4 shows a block diagram of an exemplary
OFDM receiver;

FIG. 5 shows further details 01 an exemplary imple-
mentation of data-to—tone applier of FlG. 3 for a
base station;

FlG. 6 shows several contiguous hexagonally
shaped cells;

HQ. 7 shows one allocation of sub—band assign-
ment for sets of the hexagonally shaped sectors of
HG. 6;
FIG. 8 shows another allocation of sub—band

assignment for sets of the hexagonally shaped sec-
tors of FIG. 6; and

HG. 9 shows an exemplary hopping pattern from
one user, in accordance with the principles of the
invention.

Detailed Description

{(3015} The following merely illustrates the princi-
ples of the invention. it will thus be appreciated that
those skilled in the art will be able to devise various

arrangements which, although not explicitly described

or shown herein, embody the principles of the invention
and are included within its spirit and scope. Further-
more, all examples and conditional language recited

herein are principally intended expressly to be only for
pedagogical purposes to aid the reader in understand-

ing the principles ot the invention and the concepts con-
tributed by the inventor(s) to furthering the art, and are

to be construed as being without limitation to such spe-
cifically recited examples and conditions. Moreover, all

statements herein reciting principles, aspects, and
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embodiments of the invention, as well as specific exam-

ples thereof, are intended to encompass both structural
and functional equivalents thereof. Additionally, it is
intended that such equivalents include both currently

known equivalents as well as equivalents developed in

the future, ie. any elements developed that perform the
same function, regardless of structure.

[0016] Thus, for example, it will be appreciated by
those skilled in the art that the block diagrams herein

represent conceptual views of illustrative circuitry
embodying the principles of the invention. Similarly, it
will be appreciated that any flow charts, flow diagrams,
state transition diagrams, pseudocode, and the like rep-
resent various processes which may be substantially
represented in computer readable medium and so exe-
cuted by a computer or processor, whether or not such

computer or processor is explicitly shown.
[0017] The functions of the various elements shown
in the FlGs., including functional blocks labeled as
"processors" may be provided through the use of dedi-
cated hardware as well as hardware capable of execut-

ing software in association with appropriate software.
When provided by a processor, the functions may be

provided by a single dedicated processor. by a single
shared processor, or by a plurality of individual proces-
sors, some of which may be shared. Moreover, explicit

use of the term "processor" or "controller" should not be
construed to refer exclusively to hardware capable of

executing software, and may implicitly include, without
limitation, digital signal processor (DSP) hardware,

read-only memory (ROM) for storing software, random
access memory (RAM), and non-volatile storage. Other
hardware, conventional and/or custom, may also be

included. Similarly, any switches shown in the FIGS. are
conceptual only. Their function may be carried out

through the operation of program logic, through dedi-
cated logic, through the interaction of program control
and dedicated logic, or even manually, the particular

technique being selectable by the implementor as more
specifically understood from the context.

[0018] in the claims hereof any element expressed
as a means for performing a specified function is
intended to encompass any way of performing that func-

tion including, for example, a) a combination of circuit
elements which performs that function or b) software in
any form, including, therefore, firmware. microcode or
the like, combined with appropriate circuitry for execut-

ing that software to perform the function. The invention
as defined by such claims resides in the fact that the
functionalities provided by the various recited means
are combined and brought together in the manner which
the claims call for. Applicant thus regards any means

which can provide those functionalities as equivalent as
those shown herein.

[0019] Before describing the invention it is neces-

sary to understand generally the environment in which
the invention operates, namely, orthogonal frequency

‘ division multiplexing (OFDM) systems.

01

10

75

20

25

30

35

40

45

50

55

[0020] Orthogonal frequency division multiplexing

(OFDM) systems employ orthogonal tones within afre-
quency bandwidth to transmit data from different users
at the same time. in particular, for any particular symbol

period T which is available for symbol transmission, and
a given bandwidth W, the number of available orthogo-
nal tones N, is given by WT. in accordance with an

aspect of the invention, the same bandwidth W is
reused in each cell. The spacing between the orthogo-

nal tones is A, which is given by i/T. in addition to the

symbol period T which is available for symbol transmis-
sion, an additional time To is required for transmission

of a cyclic prefix, which is prepended to each symbol

period and is used to compensate for the dispersion
introduced by the channel response and the pulse

shaping filter used at the transmitter. Thus, although a
total period of T+Tc is employed, only T is available for
user data transmission.

[0021] FIG. 1 shows an example of available
orthogonal tones at one cell with a spacing of A within a
bandwidth W. FlG. 2 shows a time domain view of the

symbol period T which is available for symbol transmis-
sion, and the additional time To required for transmis-

sion of the cyclic prefix, Note that within each symbol

period T data may be sent on each of the tones sub-
stantiaily simultaneously. Also, the last portion of the

data symbol period T is often employed as the cyclic
prefix in manner shown in F IG. 2.
[0022] FlG. 3 shows a block diagram of exemplary
OFDM transmitter 301. Because of its high level,

whether or not the diagram of FlG. 3 depicts a prior art
OFDM transmitter or an OFDM in accordance with the

principles of the invention depends on the particular
implementation of the various components of H6. 3.
Also, OFDM transmitter 301 may be used in either a
base station as the downlink transmitter or in a mobile

station as an uplink transmitter. The particular embodi-
ments necessary for either application will be described
more fully hereinbelow.

[0023] OFDM transmitter 301 includes a) encoder
303, b) data—to-tone applier 305, c) tone assignment
unit 307, and d) cyclic prefix prepender 809.
[0024] Encoder 303 receives an overall information
stream for transmission from a source and encodes it

according to a particular encoding scheme. Such over-
all lnformation stream typically includes information

streams generated on behalf of more than one user if
OFDM transmitter 301 is being used in a base station

and only includes information streams for one user if
OFDM transmitter 301 is being used in a mobile station.

The encoding scheme employed may vary whether the
information being transmitted in a particular information
stream is voice or data. Those of ordinary skill in the art

will be able to 1) select, e.g., traditional convolutional or

block coding, or 2) devise, appropriate encoding
schemes as a function of the model of the interference

environment in which the OFDM system is being

deployed.
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'-"U153.
{@0251 Data-to—tc-ne applier uuv modutates the

overall encoded information stream supplied as an out-
put from encoder 303 onto the various available tones.

For each particular encoded information stream within
the overall encoded information stream at least one

tone is assigned by tone assignment unit 307, and that
tone is used to modulate the particular encoded infor-

mation stream received from encoder 303. it a particu-
lar encoded information stream is voice then, in

accordance with an aspect of the invention, preferably a
single one, but no more than a very small number, of the
orthogonal tones are assigned for particular encoded
information stream. if a particular encoded information

stream is data then, in accordance with an aspect of the
invention, the number of orthogonal tones assigned that
particular encoded information stream is a function of

the data rate for the user of that particular encoded
information stream.

[0026] Tones are assigned to each encoded infor-
mation stream by tone assignment unit 307, which con-
veys the assignments to data-to-tone applier 305. The

tone assignment for a given user is not always the same
within the available band, but instead the tones

assigned to each user are hopped over time by tone
assignment unit 307.

[0027] Cyclic prefix prepender 309 adds the cyclic
prefix to each symbol period as described above. The

cyclic prefix is added only for the tones being used by
OFDM transmitter 301. Thus, for example, if OFDM
transmitter 301 is in a base station using all of the tones,

then the cyclic prefix uses all of the available orthogonal
tones within bandwidth W. it OFDM transmitter 301 is in

a mobile station using only a single one of the tones,
then the cyclic prefix uses only that particular single
tone. Advantageously, use of the cyclic prefix eliminates
the need for equalization at the receiver.

[0028] FIG. 4 shows a block diagram of an exem-
plary OFDM receiver 401. As with FlG. 3 because of its

high level, whether or not the diagram of FIG. 4 depicts
a prior art OFDM receiver or an OFDM in accordance

with the principles of the invention depends on the par-
ticular implementation of the various components of
FIG. 4. Also, as shown OFDM receiver 401 may be used
in either a base station as the downlink receiver or in a

mobile station as an uplink receiver. The particular
embodiments necessary for either application will be
described more fully hereinbelow.

[0029] OFDM receiver 401 includes a) cyclic prefix

remover 409, b) tone-to-data extractor 405, c) tone
assignment unit 407, and d) decoder 403.
[0030] The signal received at OFDM receiver 401,

e.g., by an antenna and amplifier arrangement, not
shown, is supplied to cyclic prefix remover 409. Cyclic
prefix remover 409 removes the cyclic prefix from each
total period of the received signal. The remaining signal,
with period T, is supplied to tone—todata extactor 405.
[0031] Tone-to—data extractor 405 extracts each
information stream received on the various available
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ones which are being used by OFDM receiver 401 to
develop an overall reconstructed data stream. Tones

are assigned for use by OFDM receiver 401 by tone
assignment unit 407, which conveys the assignments to
data-to—tone remover 405. The tone assignment for a
given user is not always the same within the available

band, but instead the tones assigned to each user are

hopped over time by tone assignment unit 407. As a

resuit, it is necessary that there be correspondence
between tone assignment unit 307 of OFDM transmitter
301 and tone assignment unit 407 of an associated

OFDM receiver 401. Such correspondence is typically
achieved through a priori arrangement, e.g., upon call
set up.

[0032] Decoder 403 receives an overall information
stream from transmission tone-to-data extractor 405

and decodes it to develop an overall output information
stream. The decoding is often performed according to
the inverse of the scheme used to encode the informa-

tion stream. However, modifications may be made to the
decoding scheme to account for channel and other

effects to produce a more reliable decoded output than
simply using the inverse of the encoding scheme. Alter-

natively, specific algorithms may be developed for use in
decoding the received signal that take into account
channel response, interference, and other effects. Such

overall output information stream typically includes
information streams generated on behalf of more than

one user if OFDM receiver 401 is being used in a base
station and only includes information streams for one

user if OFDM receiver 401 is being used in a mobile sla-
tion.

[0033] The resulting overall output stream is sup-
plied to a destination tor further pocessing. For exam-
ple, if the information stream is voice and OFDM
receiver 401 is within a mobile station, then the informa-

tion stream is supplied to be converted to an audible
signal that is played for the user. if the information
stream is voice and OFDM receiver 401 is within a base

station, the voice information may be separated for

transmission to the ultimate destination, e.g., via a wire-
line network.

[0034] FlG. 5 shows further details of an exemplary
implementation of data-to-tone applier 305 for a base

station. Each of multipliers 501 multiplies a particular
intormation stream by a sinusoidal waveform which is
one of the orthogonal tones and is generated by tone
generator 503. The resulting modulated signals are

then summed by adder 505. Typically, data—to-tone

applier 305 is implemented digitally, e.g., by a processor
performing the functionality of multipliers 501, tone gen-
erator 503, and adder 505 using digital representations
of the orthogonal tones.

{0035} The same general architecture as shown in

FIG. 5 may be used to implement data-to-tone applier
305 for a mobile station. However, instead of covering
the entire range of N orthogonai tones used within the

cell by the base station by having N multipliers, only the
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maximum number of orthogonal tones used by the
mobile station need have available multipliers. Since

many mobile stations are used strictly for voice, only
one multiplier need be provided. However, since, as will
be described in more detail hereinbelow, the tone

assignments for each user are changed, it is necessary
that the tone generator in a mobile station be able to

generate the entire range of N orthogonal tones. Fur-
thermore, if only one tone is used, adder 505 may be
dispensed with.

[0036] As described above, the tones assigned to
any particular information stream is changed periodi-
cally. This is known in the art generally as frequency
hopping. and is referred to herein more specifically as
tone hopping.

[0037] in accordance with the principles of the

invention, in OFDM systems, the antenna ultimately
transmitting the overall encoded information stream as

applied to the various available tones may be a direc-
tional antenna so that sectorization of the cell may be

employed as a way to reduce the intercell interference.
in accordance with an aspect of the invention, not only
is the cell sectcrized from a transmission point of view

by the directionality of the downlink antenna, but the
OFDM tone set employed in each cell is correspond-

ingly sectorized, i.e., each sector in the cell is allocated
a set of tones within a sub—band oi the available fre-

quency bandwidth for use when transmitting into that
sector.

[0038] FlG. 6 shows several contiguous hexago-
nally shaped cells 601. Within hexagonally shaped cells
601 , all sectors with the same directional orientation,

e.g., sets of sectors 603, 605 and 607, are allocated
tones within the same sub—band, as indicated by labels

1, 2, and 3. FIG. 7 shows one allocation of sub—band

assignment for sets of sectors 603, 605, and 607 to sub-
bands 1, 2, and 3, respectively. in accordance with

another aspect of the invention, the sub-bands
assigned to each sector are periodically changed, or
"hopped", among the available sub-bands within the

totally available bandwidth. Thus, FIG. 8 shows another,
e.g., later, allocation of sub-band assignment for sets of
sectors 603, 605, and 607 to sub—bands 3, 1, and 2,

respectively.
[0039] Such .sub-band hopping is preferably a so—
called “slow" hopping, in that it is not performed on a

symbol-by-symbol basis but instead occurs only after
more than one symbol has been transmitted in a sector
on tones within the sub—band. Furthermore, the slow

hopping of the sub-bands can be no faster than the slow
hopping that may be employed in the uplink, i.e., the link
from the mobile terminal to the base station, such as is

described in United States Patent Application Serial No.

(Case Laroia 9-1-1).
{D040} H62. 9 shows an exemplary hopping pattern
for the mobile terminal of one user, in accordance with

the principles of the invention. Each column represents

a symbol or set of symbols that is transmitted, for a
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given time period. The length of the time period and the

length of the symbol period T determine whether each
column represents a single symbol or a set of symbols.
However, preterabl y, in the downlink each column repre-

sents a single symbol and in the uplink each column

represents a set of symbols. The rows of H6. 9 repre-
sents atone that is used to transmit the user's symbol or

set of symbols. The tones included within sub-bands 1,
2, and 3. are identified on the Y-axis of HG. 9.

{OD411 According to the exemplary hopping pattern
of FIG. 9, the user's mobile terminal first experiences

several symbol periods, e.g., 5, within sub-band 1 using
various tones therein, at which point the sector the
user's mobile terminal is located in switches to sub-

band 2. The user's mobile terminal then experiences

several symbol periods within sub-band 2, at which

point the sector the user's mobile terminal is located in
switches to sub-band 3. After 3 syrrbol periods, the
user's mobile terminal leaves the sector it was located in
and enters another sector of the same cell that is using
tones in sub—band 2. The user‘s mobile terminal thus

experiences an additional two symbol periods in sub-
band 2, at which point the new sector in which the users
mobile terminal became located in hops to sub-band 3.

The user's mobile terminal then experiences 5 symbols

in sub-band 3. Finally, the new sector that the user’s
mobile terminal is located in hops back to sub—band t,
and the user's mobile terminal employs 5 symbols in
sub-band 1, whereupon the user turns off his mobile ter-
minal.

{O04-2] Note that there is no requirement for user to

experience each tone in a sub—band before the sub-
band employed by the user is changed.

[0043] The sub—bands assigned to the various sec-

tors are preferably, identical in bandwidth, as well as
contiguous, continuous, and nonoverlapping in the fre-
quency domain. Note, however that the sub-bands
assigned to the various sectors may be overlapping as
such an arrangement may be able to achieve higher

capacity for the entire system. Additionally, the sub-
bands need not have identical bandwidths, so that some

sub~bands may include more tones than other sub-
bands. Furthermore, the tones making up a sub—band

may change dynamically. in fact, the tones making up a
sub—band need not be contiguous in the frequency

domain. However, the system with contiguous sub

bands may require less tones for use as pilot signals.
[0044] A pilot signal is a signal that is known to the
receiver, and so the pilot signal as received can be used

for purposes such as channel estimation, eg., by figur-
ing out the operation performed by the channel to the
pilot signal as transmitted in order to develop the pilot
signal as received. in accordance with an aspect of the
invention, each sector employs its own pilot signal,

which is assigned one or more tones within the sub-

band currently employed by that sector. Thus, for the
above example shown in FlGs. 6-8, there would be

three pilot signals in the downlink, one within sub-band
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1, another within sub-band 2, and a third within sub-

band 3. The tones used for the pilot signal are hopped
along with all the other tones carrying user information.
It more than one tone is employed as the pilot signal, the
tones making up the pilot signal may be separated from
each other. Such separation may be used to achieve
better channel estimation, because, by distributing the
tones used by the pilot signal across the sub-bands. the

channel effects experienced by the tones of the pilot sig-
nal are more likely to be representative of the channel
effects experienced by adjacent tones carrying user
data.

[D0451 Similarly, for the uplink, which is the chan-
nels from the mobile terminal to the base station, the

base station may employ a directional receiver antenna.
Preferably, in accordance with an aspect of the inven-
tion, the mobile terminal only transmits on a tone that is
within a sub-band that is allocated to the sector in which

the mobile terminal is located. This sub-band, however,

need not correspond to the same location within the
bandwidth as the sub-band used by the downlink to
communicate with the mobile terminal.

Claims

1. A method for operating a cellular orthogonal fre-

quency division multiplexing (OFDM) based spread
spectrum multiple access wireless system, employ-
ing within a cell of said system a plurality of direc-
tional antennas each oriented so as to divide said

cell into a plurality of sectors, each of said sectors
corresponding to one of said directional antennas.

the method comprising the steps of:

dividing a frequency spectrum available to said
OFDM based spread spectrum multiple access
wireless system into a plurality of sub-bands;
assigning a first respective one of each of said

sub-bands to each respective one of said sec-
tors;

assigning at least a first tone for communica-
tion to each terminal within each of said sec-

tors, each first tone assigned to each of said
terminals being within said first sub-band
assigned to the one of said sectors within
which said each terminal is located;

using said assigned first tones to communicate
at least one symboi;

assigning at least a second tone for communi-
cation to each terminal within each of said sec-

tors, each second tone assigned to each of

said terminals being within said first sub-band
assigned to the one of said sectors within
which said each terminal is located;

using said assigned second tones to communi-

cate at least one symbol;
assigning a second respective one of each of

said sub-bands to each respective one of said
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sectors;

assigning at least a third tone for communica-
tion to each terminal within each of said sec-

tors, each third tone assigned to each of said
terminals being within said second sub-band

assigned to the one oi said sectors within
which said each terminal is located.

The invention as defined in claim 1 wherein said

first tone is used for communication first, subse-
quently said second tone is used for communica-
tion, and yet laterthan use of said second tone said
third tone is used for communication.

The invention as defined in claim 1 further compris-
ing the steps of:

using said assigned third tones to communi-

cate at least one symbol;
assigning at least a fourth tone for communica-
tion to each terminal within each of said sec-

tors, each fourth tone assigned to each of said
terminals being within said second sub-band

assigned to the one of said sectors within
which said each terminal is located.

The invention as defined in claim 1 wherein said

first sub-band assigned to any particular one of said
sectors is different from said second sub-band

assigned to said particular one of said sectors.

The invention as defined in ciaim 1 wherein each of

said sub-bands is nonoverlapping in the frequency
domain with any other of said sub-bands: or is con-
tinuous in the frequency domain; or occupies a con-
tiguous spectrum in the frequency domain.

The invention as defined in claim 1 wherein each of

said sectors employs its own respective pilot signal,
each said pilot signal being made up of one or more

tones within the one of said sub-bands currently
assigned to the one of said sectors employing said
pilot signal.

The invention as defined in ciaim 1 wherein each

terminal only transmits on a tone that is within said

sub-band that is presently assigned to the sector in
which said each mobile terminal is located.

A method for operating a cellular orthogonal fre-
quency division multiplexing (OFDM) based spread
spectrum multiple access wireless system, employ-
ing within a cell of said system a plurality of direc-
tional antennas each oriented so as to divide said

cell into a plurality of sectors, each of said sectors

corresponding to one of said directional antennas,
the method comprising the steps of:
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dividing the frequency spectrum available to
send OFDM based spread spectrum multiple
access wireless system into a plurality of sub-
bands;

assigning a first respective one of each of said
sub-bands to each respective one of said sec-
tors;

assigning at least a first tone for communica-
tion to each terminal within each of said sec-

tors, each first tone assigned to each of said
terminals being within said first sub-band

assigned to the one of said sectors within
which said each terminal is located;

using said assigned first tones to communicate
a plurality of symbols;

assigning a second respective one of each of
said sub-bands to each respective one of said
sectors;

assigning at least a second tone for communi-
cation to each terminal within each of said sec-

tors, each second tone assigned to each of

said terminals being within said second sub-

band assigned to the one of said sectors within
which said each terminal is located.

The invention as defined in claim 8 further compris-

ing the step of:

using said assigned second tones to communi-
cate a plurality of symbols.

The invention as defined in claim 1 or 8 wherein at

least one of said sub-bands remains unassigned to

any sector after each of said assigning steps.

Software in a computer readable form for use in a

tone assignment unit of a cell of a cellular orthogo-
nal frequency division multiplexing (OFDM) based

spread spectrum multiple access wireless system
in which a frequency spectrum available to said
OFDM based spread spectrum multiple access

wireless system is divided into a plurality of sub-
bands, said tone assignment unit including a proc-
essor for executing software, said software com-
prising:

a module for assigning a first respective one of
each of said sub-bands to each respective one
of said sectors;

a module for assigning at least a first tone for
communication to each terminal within each of

said sectors, each first tone assigned to each
of said terminals being within said first sub-

band assigned to the one of said sectors within
which said each terminal is located;

a module for assigning a second respective
one of each of said sub-bands to each respec-

tive one of said sectors after said assigned first
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12.

13.

14.

14

tones are used to communicate a plurality of

symbols;

a module for assigning at least a second tone
for communication to each terminal within each

of said sectors, each second tone assigned to

each of said terminals being within said second
sub-band assigned to the one of said sectors
within which said each terminal is located.

Software in a computer readable form for use in a
tone assignment unit of a cell of a cellular orthogo-

nal frequency division multiplexing (OFDM) based
spread spectrum multiple access wireless system
in which a frequency spectrum available to said
OFDM based spread spectrum multiple access

wireless system is divided into a plurality of sub-
bands, said tone assignment unit including a proc-
essor for executing software, said software com-
prising:

a module for assigning a first respective one of
each of said sub-bands to each respective one
of said sectors;

a module for assigning at least a first tone for
communication to each terminal within each of

said sectors, each first tone assigned to each

of said terminals being within said first sub-

band assigned to the one of said sectors within
which said each terminal is located;

a module for assigning at least a second tone
for communication to each terminal within each

of said sectors, each second tone assigned to

each of said terminals being within said first

sub-band assigned to the one of said sectors
within which said each terminal is located after

said assigned first tones are used to communi-
cate at least one symbol;
a module for assigning a second respective
one of each of said sub-bands to each respec-

tlve one of said sectors after said assigned sec-
ond tones are used to communicate at least

one symbol; and
a module for assigning at least a third tone for
communication to each terminal within each of

said sectors, each third tone assigned to each

of said terminals being within said second sub-

band assigned to the one of said sectors within
which said each terminal is located.

The invention as defined in claim 11 or 12 wherein

at least one ot said sub-bands remains unassigned

to any sector after execution of each of said assign-
ing modules.

Apparatus for assigning tones in a cellular orthogo-

nal frequency division multiplexing (OFDM) based
spread spectrum multiple access wireless system,

said system employing within a cell of said system
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a plurality of directional antennas each oriented so

as to divide said cell into a plurality of sectors, each
of said sectors corresponding to one of said direc-
tional antennas, the apparatus comprising:

means tor dividing a frequency spectrum avail-
able to said OFDM based spread spectrum

multiple access wireless system into a plurality
of sub-bands;

means for assigning a first respective one of
each of said sub-bands to each respective one
of said sectors;

means for assigning at least a first tone for
communication to each terminal within each of

said sectors, each first tone assigned to each
of said terminals being within said first sub-
band assigned to the one of said sectors within
which said each terminal is located;

means for using said assigned first tones to
communicate at least one symbol:
means for assigning at least a second tone for
communication to each terminal within each of

said sectors, each second tone assigned to
each of said terminals being within said first
sub-band assigned to the one of said sectors
within which said each terminal is located;

means for using said assigned second tones to
communicate at least one symbol;
means for assigning a second respective one
of each of said sub-bands to each respective
one of said sectors;

means for assigning at least a third tone for
communication to each terminal within each of

said sectors, each third tone assigned to each
of said terminals being within said second sub-
band assigned to the one of said sectors within.
which said each terminal is located.

15. The invention as defined in 14 wherein said tirst

tone is used for communication first, subsequently
said second tone is used for communication, and

yet later than use of said second tone said third
tone is used for communication.

16. The invention as defined in 14 further comprising:

means for using said assigned third tones to
communicate at least one symbol;

means for assigning at least a fourth tone for
communication to each terminal within each of

said sectors, each fourth tone assigned to each
oi‘ said terminals being within said second sub-
band assigned to the one of said sectors within
which said each terminal is located.

17. Apparatus for assigning tones in a cellular orthogo-
nal trequency division multiplexing (OFDM) based

spread spectrum multiple access wireless system,
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said system employing within a cell of said system
a plurality of directional antennas each oriented so
as to divide said cell into a plurality of sectors, each
of said sectors corresponding to one of said direc-

tional antennas, the apparatus comprising:

means for dividing the frequency spectrum

available to send OFDM based spread spec-
trum multiple access wireless system into a

plurality of sub-bands;
means for assigning a first respective one of
each of said sub-bands to each respective one
of said sectors;

means for assigning at least a first tone for
communication to each terminal within each of

said sectors, each first tone assigned to each

of said terminals being within said first sub-
band assigned to the one of said sectors within
which said each terminal is located;

means for using said assigned first tones to
communicate a plurality of symbols;

means for assigning a second respective one
of each of said sub-bands to each respective
one of said sectors;

means for assigning at least a second tone for
communication to each terminal within each of

said sectors, each second tone assigned to
each of said terminals being within said second
sub—band assigned to the one of said sectors
within which said each terminal is located.

The invention as defined in claim 14 or 17 wherein

at least one of said sub-bands remains unassigned
to any sector after assignments are made by each

of said means for assigning.

A method for operating a cellular orthogonal fre-
quency division multiplexing (OFDM) based spread
spectrum multiple access wireless system, employ-

ing within a cell of said system a plurality of direc-
tional antennas each oriented so as to divide said

cell into a plurality of sectors, each of said sectors
corresponding to one of said directional antennas.

the method comprising the steps of:

assigning to each of said sectors a sub—band
from within a frequency spectrum available to
said OFDM based spread spectrum multiple
access wireless system;

using tones within said assigned sub-bands for
communication with remote terminals within

said sectors for at least two symbol periods;
assigning to each of said sectors a new one of
said sub-bands; and

using tones within said new assigned sub-
bands for communication with remote termi-

nals within said sectors for at least one symbol
period.
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Apparatus for operating a cellular orthogonal fre-
quency division multiplexing (OFDM) based spread
spectrum multiple access wireless system, employ-
ing within a cell ot said system a plurality of direc-
tional antennas each oriented so as to divide said

cell into a plurality of sectors, each of said sectors
corresponding to one of said directional antennas,
the method comprising the steps of:

a tone assignment unit for assigning to each of
said sectors a sub-band from within a fre-

quency spectrum available to said OFDM
based spread spectrum multiple access wire-
less system and for specifying particular tones
within said assigned sub-bands tor communi-
cation with terminals within said sectors for at

least two symbol periods; and for further
assigning to each of said sectors a new one of
said sub-bands and tor specifying tones within

said new assigned sub-bands for communica-
tion with said terminals within said sectors for

at least one symbol period; and
a data-to-tone applier for applying data des-
tined tor said terminals with at least one of said

tones assigned by said tone assignment unit.

The invention as defined in claim 20 wherein said

data-to-tone appiier receivers data from an
encoder.

The invention as defined in claim 20 wherein said

data-to-tone applier applies said tones to which

data has been applied to a cyclic prefix prepender.

The invention as defined in claim 20 further com-

prising a tone-to~data extractor which extracts data
from received tones, said received tones being from

said terminals, and wherein each terminal only
transmits on a tone that is within said sub-band that

is presently assigned to the sector in which said
each mobile terminal is located.

A method for use in operating a cellular orthogonal

frequency division multiplexing (OFDM) based
spread spectrum multiple access wireless system
terminal, in which a cell of said system employs a

plurality of directional antennas each oriented so as
to divide said cell into a plurality of sectors, each of

said sectors corresponding to one of said direc-
tional antennas, the method comprising the steps
of:

transmitting information from each terminal
within a sector of said cell on one or more tones

selected to be within a sub-band of a frequency

spectrum available to said OFDM based
spread spectrum multiple access wireless sys-
tem that is presently assigned to said sector
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with which said terminals are located

changing which sub-band is assigned to said
sector; and

repeating said transmitting step.

25. A method for use in operating a cellular orthogonal

trequency division multiplexing (OFDM) based
spread spectrum multiple access wireless system
terminal, in which a cell of said system employs a

plurality of directional antennas each oriented so as
to divide said cell into a plurality of sectors, each of
said sectors corresponding to one of said direc-
tional antennas. the method comprising the steps
of:

receiving information from each terminal within
a sector of said cell on one or more tones

selected to be within a sub-band of a frequency

spectrum available to said OFDM based
sprwd spectrum multiple access wireless sys-
tem that is presently assigned to said sector
with which said terminals are located

changing which sub-band is assigned to said
sector; and

repeating said receiving step.
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KENKYUSHO

(54) DIGITAL MOBILE RADIO COMMUNICATION METHOD

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a digital mobile

radio communication method that transmits a signal

with high efficiency under the frequency selective
fading environment.
SOLUTION: The multi-carrier transmission system

consisting of a plurality of sub carriers is introduced, a

plurality of adaptive modulation blocks ia—ic

corresponding to each sub carrier are provided, and a
transmitter side temporary storage section 2 and a

receiver side temporary storage section i0

corresponding to a plurality of the adaptive modulation
blocks la-lo and a transmission path estimate section

13 corresponding to a plurality of the adaptive

modulation blocks ia-lo are provided, and the
transmission path estimate section 13 is configured to

send lots of information through the sub carrier with
excellent transmission line state and less information

through the sub carrier with bad transmission line
state.
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* NOTICES >i<

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

l.This document has been translated by computer. So the translation may not reflect the

original precisely.
2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]
[Claim 1]Provide two or more adaptive modulation blocks which introduce a multicarrier
transmission system which consists of two or more subcarriers, and correspond to each
above~*mentioned suboarrier in trequency-selective-‘fading environment, and. It has an
adaptive modulation block of this plurality, one transmitting side temporary storage part which
performs transmission and reception of a signal, receiving side temporary storage part, and a
transmission-line estimating part corresponding to two or more above-mentioned adaptive
modulation blocks, A digital mobile radio communication method constituting from a good
subcarrier of a transmission line state in this transmission-line estimating part so that many

information may be transmitted and information may be transmitted few in a bad subcarrier of
a transmission line state.

[Claim 2]When data which should be transmitted does not exist in the above—mentioned
transmitting side temporary storage part, assign a modulation method of a modulation factor of
a degree forcibly in the middle to a signal with which a modulation method with a large
modulation factor was chosen in the above-mentioned transmission-line estimating part, and.
a case where data which should be transmitted fills the above—mentioned transmitting side
temporary storage part -- a transmisslon—line estimating part -- a modulation method with a
small modulation factor -- or to a signal with which dummy data was chosen, A digital mobile
radio communication method according to claim 1 assigning a modulation method of a
modulation factor of a degree forcibly in the middle of the above.

[Translation done]
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>i< NOTICES >l<

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.
2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Detailed Description of the invention]
[0001]

[Field of the Invention]The present invention relates to the digital mobile radio communication

Enethcid for transmitting digital data at high speed and with high quality.0002

[Description of the Prior Art]Applicant of this application has already applied for JP,H7-
250ii6,A as technology for transmitting digital data at high speed and with high quality
oonventionaily.

[0OO3]in the adaptive modulation system which the technical contents disclosed here add a
temporary storage part to an adaptive modulation system, are the methods of obtaining a fixed

data transmission rate, presume a transmission line, determine the bandwidth of the optimal
transmission, and a modulation method according to the change, and transmits, The

information and the data for transmission of a transmission line which were presumed based

on the information on the operating condition of the storage capacity of the transmitting side
temporary storage part accumulated Transmission band width, It is a data transmission
method which transmits based on the bandwidth and the modulation method which determined

the modulation method and were determined in the data of the transmitting side temporary
storage part, accumulates received data by a receiving side temporary storage part in a
receiving side, and is outputted with constant speed.
[0004]

[Problem to be solved by the inventionii-iowever. in a frequency-selective-fading environment
characteristic in mobile communications. a transmission characteristic deteriorates for

intersymbol interference. Since the occupancy frequency band of a carrier became wide like

Fig.5 (a) when symbol speed is gathered in order to raise access speed, the tolerance over

frequency*-selective-fading environment was deteriorated, and it had the problem that a
transmission characteristic deteriorated.

[O005]An object of the present invention though an adaptive modulation system is used is to
transmit digital data at high speed and with high quality.
[0006]

[Means for solving problem]ln [the present invention is proposed in view of the above, and ]
frequency-selectivrfading environment, Provide two or more adaptive modulation blocks

which introduce the multicarrier transmission system which consists of two or more

subcarriers as shown in Fig.5 (b), and correspond to each above-mentioned subcarrier, and. It

has an adaptive modulation block of this plurality, one transmitting side temporary storage part

which performs transmission and reception of a signal, receiving side temporary storage part,
and a transmissiorrline estimating part corresponding to two or more above*mentioned

adaptive modulation blocks, In this transmission-line estimating part, by the good subcarrier of
a transmission line state, many information is transmitted and the digital mobile radio
communication method constituted from a bad subcarrier of the transmission line state so

that information might be transmitted few is provided.

[0007]When the data which the present invention should transmit does not exist in the above-

mentioned transmitting side temporary storage part (when a good transmission line state
continues), Assign the modulation method of the modulation factor of a degree forcibly in the
middle to the signal with which the modulation method with a large modulation factor was

chosen in the transmission-line estimating part, and. the case (when a bad transmission line
state continues) where the data which should be transmitted fills the above-mentioned

transmitting side temporary storage part *- a transmission-line estimating part —— a
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modulation method with a small modulation factor -- or to the signal with which dummy data
was chosen, The digital mobile radio communication method which assigns the modulation
method of the modulation factor of a degree forcibly in the middle of the above is provided.
[0OO8]That is, according to the above-mentioned procedure, a data transmission rate becomes
equal to the case where the modulation method of the modulation factor of a degree is always

fhosejn in the middle of the above, although there is time delay by a temporary storage part.0009

[Mode for carrying out the invention]Beiow, the specific composition of the present invention
is described according to Drawings. First, it describes about a muiticarrier transmission
system. A multicarrier transmission system is one of the measure against frequency selective
fading, and the high-speed transmission technology, It is a multicarrier transmission system
which performs high-speed transmission as a whole by holding down the access speed of each
subchannel to the degree which is not affected by the influence of frequency selective fading,
and transmitting data in parallel using two or more subcarriers.
[O0lO}By introducing a multicarrier transmission system into a data transmission method, a
high-speed and quality transmission characteristic is acquired. Especially in a data
transmission method, by having considered it only as one temporary storage part, the bit error
rate of the signal which can perform more delicate adaptive control to each subcarrier from
which a transmission line state differs, and is transmitted as a result can be improved, and, for
this reason, a more nearly quality transmission characteristic than the former is acquired.
[O01 i]In a multicarrier transmission system, the bandwidth and the modulation method to each
subcarrier are intensively controlled by making it only into one temporary storage part (place
which wili prepare the temporary storage part for several subcarrier minutes if it thinks as a
technical mere combination) to mention later.

[00i2]Next, the principle of the present invention is described by
[0Oi3]ln the present invention, a multicarrier transmission system is adopted. the transmission
line state of each subcarrier is divided into the stage of plurality (this embodiment four), and it
is made to transmit the modulation method best in each situation. That is, in the case of three
or more threshold values, a signal is transmitted by 64QAM, in the case of two or more
threshold vaiues. a signal is transmitted by 16QAM, in the case of one or more threshold
values, a signal is transmitted by QPSK, and, in the case of less than one threshold value. it is
made not to transmit a signal as the dummy (DUMMY).
[O01 4:lAs a result, since it constituted from a good subcarrier of the transmission line state so
that many information might be transmitted and information might be transmitted few in the
bad subcarrier of a transmission line state, the quality signal has been transmitted at high

speed.

[0O15]Fig.2 is a block diagram showing one embodiment of the present invention, and
describes each composition below.
[O016]2 is a transmitting side temporary storage part, and a data transmission rate usualiy
changes by adaptive modulation depending on the modulation method which transmits. This is
inconvenient to the data-communications service which requires fixed access speed. The

transmitting side temporary storage part 2 is used with the receiving side temporary storage
part 10, and carries out the function of the buffer memory used in order to obtain fixed access
speed.
[O017]3 is a serial-parallel-conversion part and divides a settlement of one data into a
settlement of two or more data corresponding to two or more adaptive modulation blocks ia-
1C.

[001 8]The modulation part 16 modulates with the signal (DUMMY, QPSK, 16QAM, or 64QAM is
shown) from the transmit moduiation system deciding part 4 mentioned later.
[OD19]The synchronizer 5 synthesizes the signal for several subcarrier minutes corresponding
to two or more adaptive modulation blocks ia-1c. In order to avoid interference between
suboarriers, each subcarrier shall be modulated with a mutually different high frequency signal
in the modulation part 16.

[O020]The antenna shared device 6 functions so that transmission and reception can be
shared with the one antenna 7. the distribution part 8 corresponded the input signai to the

adaptive modulation blocks ia-ic —- it distributes. .
[OO2l]The quashsynchronous detection part 11 converts a high frequency signal to the easy
low frequency signal of treatment.
[O022]Phasing distorted presumption and the compensation part 12 compensate the signal
perverted with the known signal P inserted into the sending signal.
[O023]From the signal which shows the situation of an input signal and the input signal from
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phasing distorted presumption and the compensation part 12, the transmissionsline estimating

part 13, The optimal modulation method [ in / the situation (for example, an input signal versus
noise power ratio) of a transmission line is searched for. and / the following transmit timing]
(since there is a time lag by transmission from reception) The situation of an input signal
extrapolates and carries out the selected output of the parameter which shows a transmission

line state from the situation in the beginning of an input signal, and the last in consideration of
changing between them.

[0O24]From transmit modulation system information symbol (1) by which the modulation
method estimating part 14 was inserted into the sending signal, a transmit modulation system
presumes what it is.

[0O25]With the signal from the modulation method estimating part 14, it restores to the
demodulation section 15 by a corresponding modulation method, .
{0O26:lThe parallel-serial conversion part 9 summarizes a settlement of two or more data
corresponding to the adaptive modulation blocks la-1c to one data.

[0027}The receiving side temporary storage part 10 is used with the transmitting side
temporary storage part 2, and consists of a buffer memory for using in order to obtain fixed
access speed.

[O028]The transmit modulation system deciding part 4 determines the modulation method in
each subcarrier based on the information from each transmission-line estimating part 13
corresponding to the adaptive modulation blocks la-Tc.

[0O29]It describes about the transmission signal used for the present invention in In this
embodiment, each frame of transmission and reception is connected alternately, and

constitutes the transmission signal, RU is a lamp rise symbol (symbol for standups), RD is a

lamp down symbol (symbol for failings), P is a pilot symbol, I is a transmit modulation system
information symbol, and DATA is a data symbol.

[0O30]Next, the operation in one embodiment of the present invention is described. In the
transmit modulation system deciding part 4, a transmit modulation system (for example, the
multi valued number of a quadrature amplitude modulation: call this a modulation level below)

is determined based on the operating condition of the intensity information of an input signal,
phasing fluctuation information, and the transmitting side temporary storage part 2. When the

operating condition of a transmitting side temporary storage part has a margin, when a

receiving condition is good, a modulation level is enlarged like 64QAM, and when a receiving
condition is bad, determination of this modulation level makes a modulation level small, and is
controlled.

[OO3l]When the capacity of the transmitting side temporary storage part 2 is likely to fill, a
modulation level is forcibly enlarged by the transmit modulation system deciding part 4, and

access speed is maintained (for example. when transmission by a small modulation level

continues). Conversely, when it is likely to become empty. a modulation level is forcibly made
small and access speed is maintained (for example, when transmission by a large modulation
level continues). The specific example of a procedure is as follows.

[0032]('|) When the data which should be transmitted does not exist in the transmitting side
temporary storage part 2, assign 16QAM forcibly to the signal with which 64QAM was chosen

in the transmissiomiine estimating part 13 (when a good transmission line state continues).
[O033](2) When the data which should be transmitted fills the transmitting side temporary
storage part 2, assign 16QAM forcibly to the signal with which DUMMY or QPSK was chosen

in the transmission-line estimating part 13 (when a bad transmission line state continues).

[0O34]That is, according to the procedure of (1) and (2), a data transmission rate becomes
equal to the case where 16QAM is always chosen, although there is time delay by a temporary
storage part.

[O035]Fig.4 is a characteristic figure showing the simulation result of this embodiment, and
assumes the system which considered bandwidth as fixing from the ease of simulation
evaluation.

[0036]As mentioned above, although the present invention was described based on the
embodiment. the present invention is not limited to the above—mentioned embodiment, and

ifmlesfi the composition described in Claims is changed, it can be carried out even to how.0037

[Effect of the Inventionllf it is in the digital mobile radio communication method concerning
the present invention as shown above, in the data transmission method which can be

transmitted quality, high quality and high-speed transmission become possible in general

frequency~selective-fading environment by introducing a multi carrier transmission method by
‘mobile radio communication.
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{GG38}By using the transmit nwoduiatfion system deciding part corresponding in ‘Ewe D3‘ more
adaptive moduiation biocks and these adaptive meduiation bios?-gs, At the good subcarréer of a
transmission Eine state, many érzfarmation és sent, and by the bad subcarrier of a transmisséon
iine state, since ‘the deiicate ccnitmi about distributicn of Enfermatian of sending Enformatian
few was attained, gram efiects ‘M an improvement sf transmissian efféeiency can be aimed at
~~ are generated.

Urarasiation cirzm-3.}
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§ATE§‘°£T .&§ST§ASTS Q?‘ a§fi».?A§*<§

ii 3:>P;:bE§z:a'ti:m :z;m‘§:;e:“ : 2s‘I3§“§"-2332539

{!?=3}i”);a*:a~3 mi?-§§ca%%<2:*2 e;:;:;§%-.7.a%.%~3:v. : 3§.%"33.2{3{.‘=?

 
§%<§$

§§,r"{3{3

§*i{3»5i§ ‘$3./{}£¥

§“1{3»'3~i. "52,/2:

(3§}A;:e;;x€Ec2:*:§0:: nzsrnber : ?,§€}€3~§«§§3'=§4 (“ii };1.§.-fiiicarv; : QQR?

{2;“»:‘}i3a’:e <3?“ fiiirzg : 2$.€}2.2€}€}fi {?.‘Z_‘2Em'anta:“ : $é§2§.3§<§ "§'C§S§~2E?~§€”.3R§

'\

§3R€3B§..E?\«’§ TB BE S{}§_‘~;’E{}: T0 ;3r’<2\»‘§<§§: an s:.s§v;xar‘r§aesr

ass§grerz:e:z‘t rsxeeifixccé ‘?r.:~s' a 'w‘%r'e§ass <:ea:se‘::rmmEsa‘t.§0n
szystem w§'s§;:§3 3 $953-t:ar'r‘§+_'<r gsmviding 3 -:§e‘?:e:'§:3rate:§
re«3£s§3t§an 23:33 causing degradation in the
+.ransrr§ssion afiécéenay is as caraaarnad wireéess statéen
::an:3<::i ‘Q5 assigns-35 the:'a”'s:>,
:3€}£.U‘§‘§£}i\§: ‘Ehe mefi-';2>d of tm: i=zwer~.’e§-rm s;am;>rEses 3

‘E st stag: where 3 base s‘-tatixzm trarzsmiis m?e:*e:*s$e
signais csnséstérzg 9‘? szebsarrésrza w‘§*5;%: an segue? Eevei t
wt-“eiess smiierxs at same ?.§?3'§=‘Et, 3. 2nd step w?1.£s.na ‘

‘the wireiesss st.at.'E<>ns §¥2fi3rs'n {ha base statien aks-{mt the . .
rec»-:-:§:-flan State by ithea subsarrier cf each re:?e2"em:e
signaé. and a 321:2 stag: where the heme statés-n snakes
<3-ammunécstians wéth §és3=st§5'sa‘5;§<;~z“: wir-zeigss sztaicezms by

of gaskets £338: transm§s:s;§cn 51:3-:§=.2ence=;
:fi>.3g>e:*..d.§ng on ‘the 9'-3-‘.75-;::”1:§£3s”s stais cf sash subcarrier. in ‘ ’ VS ’ ~
the End stag}, 3 35‘: threséxaid fix with raspeci ta ifza A‘ '

2'ece_;3t§c-n strerzgth Es and as %3%:z:_=.ry Esfit is usesed ‘is;
exprésss ‘the re:<;s2=.g§t§0n state Ezavingg ‘5:§':e recegetion
sfrerzgtifz 2)? the ihresinaxizrf A :35’ over and having the
recegztésm strength smaiier than the tforesfimié A.
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§\§{'}‘5'i’€}i§S «*¥<

J93 2221:? §Eé:3‘§T we mart s'e2=,;3crzsi§3§e3 far .:».:;§g
cfiaasagas sguseefi by the 23:33 37° this ‘irsnssatzzzn.

 This £§=3£3=.3:”‘."=€3-.#“:‘3; has been *:rar:s§a+.a::f by computer. So ihez traeésiat-ism "may rse:-st .>’=;«.f§:r.~.2 .‘; .

Qrihlziai m*ec§sa§3i.
;k%:a>ws ward w§'e§<:§*s ~::-an me‘: tr‘an::§;a€ec§.

3.3:’: ‘$313 ééwswings, ."2£Z>'§’. ’€.ran$Eaiaci_

 

{{3§a§m{S,-:5

iiifiaim 3232: a sufacarréar aEEc<a:=a‘t%c>s: mathozi {sf 3 wireéess »::s>sre;'n;.=ni$ai:ion .53-‘s?t.e'=‘ which has 3
base gtaigw-re art? was :29‘ mczre radéa statizms w%2€c%~. muitigs-éex a racfia gasket u .g ‘ewe :2-2" rncsre.
3ui:oe3;*';*'§es's; v::0mz'mm§s;zs’:.e wiih ‘£3132 bass staiécn,

A sub<:::3rrE=e.§' aiiocatian me’::I*md :5? a wirssiezéss, cemrmm§::e3‘:5ar: s3x;<‘i2:m s§1:.=r.:;r:?:<sri2:.+‘::3 by

cc-mpréséng the ’5s€§-swing.

A *E§rr.:.§: s‘{asr,_»;<=~ w%:a:“3 tirse a§’a>rasv=. ;‘§o .+'<:)3 s%.£:*':.§0n %rans:m§*:.s a ;r‘efere.nz;~s: s§gna§ G?” -we er
i1’&=‘Z‘>3’1Et aim ' Efiiiirijs sa.z§:2<::zm'§£:r::~' of 3 isvei to the af<3rer;:ent§c;r:e«:i raziia statéosz.

a’~‘x a2+.‘<£:«a)r‘:€§ 5-gage wiaere éiiwas: afazementéoh-esi z/aciéa stzfcészsn nctéfées 3 :‘e::.::—,ive, state if-.:>r zaxzew
sifirscmrier sf afa3z“amentEon5s3I ra?"er¢nca signai tr: this a‘F<2:“err:erz’£§:>ne<:§ £:s;§$e station

The 3rd {image gamers ééaa afssrcsmeyztioned isaee stati-:22: <>3ete:‘mEm::s :~: subc:~.rr%er which
<.:£3mm=.zn§s;a»'1:as xasith ea transméasien <:5&s:s3t.§.=':.»";té-:z»n radia sézaiicm am“ 3 packs}; is transm%ss§crs erdars

agggsrzfiéng its as ramséva state far every €:3‘§0§”~£~3.":‘zF.>i”:‘E§£Z3€3¢3:¢$ sui:ca;“:*ée.;“.

 

  

  

§53§.=.2§m 2}}? metimd asmzcsrzééng ta »:.§aém 3, w%:e.%'e%2: the afarernemtianacfi sz3§a<;az'r§er is set as; a

transméssiam rate as“ as zéegrea it can oonsiiéereci that is fiat gaiwasimg.

U33 ithe firs *:%3:*esIh.c3%<i vaiase A of raaeéxzéng Entensiiy abs‘-mt $3502 stage

WW 3 receive state far e\ae3s"y a§:>2*er:"aem:Eana<§ subaa:'2“§ar ~* ?.?‘s=s M 2: thing -31‘ ;r'ece%‘x;§2*:g intensity

Ezeaycmi 33‘: thrashafid vaiue .- "W ti“)? ‘

 

 “~ 3 meiiwezfi a<:.-2:252?’-riéng: ts ciaém : av 52 »::§“:ara<:‘:ter§ze.:E

‘:33; w§':a"; Es by 3 izzit. <3?’ 3 iaimary wiih a of reczeivéng intensity smaiier than the is‘:

tfhreshzzégi vame A,
Eiliaim 6E~,§§>sb0ut said secand stage: sasand t§*zs*eci'=g§<§ va§=.2a 8 ate?‘ raceiviitg §r2‘te;':s_:§*:3,' s;ma§§+:<.=’
than said firsi thresiaeizi xaakse A is as trzmsms sine‘: destination ram‘:-::: s’{.s’z.iz>:*. of Pacguette
whnm ti’:-3. a5'?0r’ernesz’£§a2‘aeac§ bzssez staticrz zsiwouiti tr‘3nsz'n.§*i". fiat ~~ ‘B335: ~~ 3 nwethaé of natifiring

an Ea23si:s‘:'3:§‘§3t33’ -:31‘ 29 2§u%)car;r'i§-.2‘ 0‘? §’€‘:€3¢.3-§\,’5§":,_&_§ §€’$‘§".&?':S§)£y‘ smaiier than the 2:15‘ itii-:'ash::E:fi mine S ta

ibis base 3i‘.?:i§=:>z‘s according to :;:§aE2'r: 3.

Efiiaém 5}Abcui said secand stage, the Era‘ t%:rashoE<fi ‘v‘€§§3..31“3: G of iargger receiving émiensiiy than
$345 first *:§ves%:<;§s:i vaiue A is 352*; 8 iransmissism <§'es'?:.é:'2zs%.§<>n rgacéis staté-zm cf fiaquaiia
Wham the af’=?§=sner:t§0ne<i is-age s“I::atE<:~:": shouéd iranssnit to 292% henseforth ----~ this M" as m<;*;ho::§

of notifying an identifies“ a‘? a suéacarrésr <1‘? Eargz-sr rex;<3iv%ng infiaéiséty than "the 13m‘ tiirashoid
aiaizse Q is ztifis base statéors acaarééng is ciaim 3.

{C335-zém 2%?-‘x mefirzczszi 5%‘ <:‘er1e'€ir:g “the af<>§°arrxe:*.i:§-senaafi :r‘ess§‘v‘e state by {he ameuret of in“%rma‘t§m

:3‘? t‘»,»v’:» 0? ma?-3 stagas. and ax:-tifyéng srziy 3 Qhangecé part WM: 2: rests,-Eva state far aver; Farmer
a*fs;sr<£:z'nen*'t§cr*.e<§ s:u%>0arrier is the a"?m'ementienec§ base: statimn ahcu‘; saéé second aiagfi,

aaccwding t-:3 céaim 3 cs‘ 2.
{£33393 "SEA matimé acccrding is ztizaim 6 3t§’:a."”£ as <:':”:a2'zged gzart cf the ar"<>:r‘e,s'z'e».es'-.*I:E-smeé recei'x;&
at is igharacterized by ‘what ziaamtad by sever;a§ bits -31‘ 3 'r:-inzwg.

ifliaim SEA zusthcscfi C2‘? notifying <:—c-Eisciivefiy inforinatien Where is much c%:ar:gss" to the
aforememiianaci base statiezw. with:-at notifying a changed part as“ 3 racaiva stats: for e\.~'e32"y

af0r'r3mesTE‘.§anez1‘ subcarréer, win-an a rJnang’<';rJE par’: 0'? fies; a's°<;r‘e:nsa:z‘E§oa':a<:‘ receivrez s’=".3’t.e is amazes

é:han a z:.ans'ian‘5_: Eevseé aacarsiirsg ‘£0 oéaim 5} <3!’ ?.
E3§aEm §}A metmci <2“? 2; a>§es<:r%;>’:§€.;s'z in any 3 étem sf‘ 8&2-Eran 3, wherein the aforamentionezci
s2.:’:3<;arrEe;' is a szgbbasad csntairaing €350» or mmfis t§"=e:3a subaarréers to 8.
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-3°53 §?§?3§“§ are ram‘: resgsmaiizée fess’ my
eiaszaages czaussssfi E2; ‘s *2’

  
use sf th;

has tzransiakzai by osrrzgrzuicer. SS6 trar:s§a‘:.%e2"z may nc-'1: ra%'§ec.t tims
 
 dr.saum¢-- i

orégina‘: gzrsaéscag.
s§*:o’-ms %.E*2e w<:rc§ wE'zE<:.%3 can mt t?"C'35’3Ss3f.{3é.

Mr‘; ‘aha cirawiswgs, any wards are mi; irazzséateié.

  

 
iflrataiised Céer,-::r§p*:§0:7 cf ti-“:3 §r2va:*.‘?.‘E>3:z¢
§€}Cs€}€§

{F'§e§d G‘?
m&'th<;;;% 2:23” a x

§::‘:e:s<“.;/§;:*~:i<3r3 «:si"i;%:e Prim“ ,=’&rt5F§,gj;§s 3, ccnffiggazratizz-:1 diagram 3? the targefi: wi
ssmmasrzicatéan This sy .. am has 3 E3353 statics’: anti me at mare ra
rrzuitméex 3. radéa gasket uséng vtwa er rm,-ra su‘:3<;err%e:~‘s, ztrssri commLsreic:m‘.& xiii”: -.:zES: 5:2as;»:«
s’-icfiicn. As simwzz in ii: gets 3-awn fmm the zzoiicé =3» J’; an arrcmx am‘ the dashed Eérsss
wétéz an »::s':"o::s..> axgxsessaa the {s§gm*=§ ?"m:':: :3 vadic; siaiticm in 2. base siazézrrsfk far See
sfigrzeai irséggraaé ‘from 3 statficn to 3 raziéa sta*t§c«z“S.
{{%Q{§§33i.3s>:'zxient§<>:éaiiy, tzwe nxuitipie access scheme in 2; wizresissssss r;tez'zxmu$:iae’z.§»::>s'z
reaiézézti by 2’7rec§=.;ehc§; ilfivisésn ?‘»'ia;*""z3§ra><§.r2§; “Ems E3152 ,2: ?vEu§f§;>§e>:E:‘;g a’TG?2’§.4"«._‘:. coda
ciivisicn m=.:§?.i;3§e;<%:2,2j, {6}-'..}?::§.5¥,‘, or 1 c0:'3";E)§2'xat§s)s“e {hybrid}, Twe or mere -37‘.-8Sfi §§vEr;=Iec€
<“:=§er:2ssrei::'~; {;~{%;’.:-332?’z‘EteZ§ as 5'2 o§7am“.. , and it r.:onr=ects cg-:1--:.:.z aaziiy by asségnéreg each is} each

- 5 €iE'?‘f§:r:5s'et 3C5’E={>;L,§6i"sC§e‘, :3.

riéwcfkyent time or 3 c§E‘??as‘e:3i spraaa‘ cams are gsregsarw’ zmzz assigns esacxir: zraéic staiécn
§€3{}if3¢’§}§21 as base at %;§'2a 2°:'ez2wsr:<s;.a' bafsd azssignsecé >:-;» ,.'2a 5335 s’:.a‘i:%cm is iii iéed Lsrai‘-1’"<:~r I.
p2"E2'-cépéa, E3§‘=£‘§ 2: narrate’ {sumzarrier “ ;>;~e:3ar<:=z.:i, For exanxaia. abaui: Ffiislés x s‘I}?s«§;3». e:.ar‘r'%as*s

be ;>:"e;3:.-"=re<:5 at §:":te3$‘Va.§.’~: <2?‘ 25:3 #8: cu’: cf 6: “E~?v":%"Ez 1::-m=., GE’ few“ C3:f}§s»’§;'3: e:.a‘s's'§eae'$ can be
zsregmreseri at Erzitewais 53 §‘«;‘iZ-'Ez cut of a .~’i{}~:"v’§§*§,'c zone.
{=;'§--f}€}:3]T§*:r-3 cavréar fiazquertcy cc? ‘aha mcééo czééameé which the base S5LE:.§".§-22$”? assigmad ta Ema :*a:’£%<2
aitaiécm is :10": r;§'s2zn.a_;ad" during -trumsnrnasnécation wit’: the ;~:-ama base stazamn Er: §>§’§2‘2-;:§3:3§sE=,‘ That £5,
sgwasifia fi*e<3:2<sn<:-3: ifi c<>;'*..’:i:'zuez:' and useti regardégss :3‘? ’£?2c-; msrtzerstary fizgcéuzstéos: <2‘? tha
“fr-:3-tguency c§"=:a2'acte3z'Est§<:= :3? the §;m;:-agai;§:;«a~. g;e*.%: ;2r<3d2.s<;£:<;3 with nwvemssnit :3“? 2 s'a_d§:3 stafien.
{{3f3Gi:‘~3§*€e:re, it describes £3:'3£“;L3‘51 tha ;>2'icsr art of w%r=s:Es3:§s make: transrnissic-n usirzg muitém
<:a2‘*r2er vtrawsrrzéssion.

§33€)8?}£}F?,=E»*= 23 system whizfi": iransrrzéts 2:: signs? by twa er mare subaarréers.
{.5556 £33! gmunezi -zfigitai Ezraacécasiéng or %2ig§*a~*s§:-238:3 wirssiess LAN is §}%as'2s:ez§'.
i"2r:«s”:>2z‘a§§y. a subcarrier is 55: as flea irasrsrszéssioit rate; =32‘. 3i3‘><.~“..;'2s iiagree at {.>§.E’i‘.C§C-G2‘
5-r2v§:~:3:ament} :31? {ha degree st;-an be c<:srss§r§e:'e:§ that is fiat gaézasing, <:»m‘&:" ‘E-3:» &£:§€.‘§;”€‘:$=.3§%”:§;‘ is
‘'3 mar ‘Eu a:§e:2‘u‘\.'E§ and tar: z‘.ras“zsm§2‘. 3 signai using 35% subcarrésrs, {hara is 22 fauii in whiciw
tr'a:zs2‘n§s3§<:n +:«.?°fir_-.E£<2‘ac:3,r detariorates by the bad 3Lz‘s:>ce2;*:*Ear a ta-:¢eE’s:e state: is“; 335?: rarfiia

thg sgxeecé aackei *.‘.r:«.rs3m§5:3is:>2'z using §e’i{2«~{3{.‘3s“«'3A‘ he csan be mmaeeéirsg
aharactaz‘§zatEa$: eta news; i3:~.<€a3iz;§<i es’: {fear exampia, 3 M "W _s_:e:{'?:§rz,=g; ::i<swrz ~- 5
iénk ~"- breadigarni ~~ the Chara-ztaristic -::z>m_;3ar*§s<3r°: " <3? SC,-’'BS*C2{)E*=i§.52 { in wéreéesrz packet
traarssmissi-3:3 %‘«‘%{'3,/’§3-‘:‘s~C€3*?2!§:’5s., an-2% i’xé{3~€Z:£3?»=?A sysisam W} Enstéizsie -:23‘ EE<2:v:2>trx:m§<:$, Enfcsrmaiien
32233 €3cmrr3:,2¥s%cai§on Engérzeera Shéragafma Czééfizs, RQSQQ-Oct<3b&a2 ¥§9§ { ‘:33 ca" ate. Since. the
s::;:"e2ar§ spectrum of eaairz suiacarrier is aa2‘:'%z3»a3 cut, t§”:£-3 accugt-army zone is. wida, emf Sirifiéi
=*";“e2<2;:ene:;:¢ seieacfiva ’r‘.3<'3ing generaiéy raaaiwa‘, disperséan in the :“e-semi state of a 32.2%:-«gamer
z>fe<::‘aas;esa.

{{}fii3$§}‘i3Eg,?; ia the :’,=C2§"s‘J£3f‘:‘€;§<‘:>2":E3§ maéhad sf trarzsmitténg seqzgentéaéiy fram a packet wiih a
Request in Semi Tm E“'1i/£E's“:§iEt?' zfiescribed at each packet $5 2 vvireiess statéon merrfzzeer gf ‘the
gsasrinésr w%'z<> izrazfzsmits 23 gzsaokei. The packat to the raciie siaiiorz 3 és En as §’3<°:;§d, and éhe §>8C§<¢?§‘.
addressed is 2'3-£3342» staticsn 13» has became 5;Im: §a,s‘i_ This srzgthazxefi hars $.%'ze=: c’:zar;3e:;i:§¢;'is+.ics1 is‘: the
paint W§1§c§§ '€z*ar:sm§9;s w§t%:oL,:"a :z';z,:%t§;:Ee:2<§rsg: a r;§c§§<z gtsacket. in 3 raciiea sta’:§<.3s"s, fizz: haaaies" {:5 ‘£13

~ -_ a§%s>aaf:iar; Z-"=‘«a::t%»:>2’z]"§'he gr»
.r«:2.%ss:=; <;cmrnLm2ca'tac>n system.
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raciio cwrenitéy 3:2’-emsméitited is and it §e,§u«§;~;'ed w?*2:—::>:fi-er $1: is; 22 eeaket eavliressea‘ is

a ieeai statien. "ecziio sitetéen sf 3 :~'e<§Eo racket ’arensm§ss§on afe irzgstien, a eeeézet

resseév-ad eorreeiiy‘, RCK wE%% be returned. Resendéng eczrshtcs? may be east aisarsut ' e 3‘é3:'§§0
packet is wéaieis AQK rsik net rein,-:z’n, Ye " raafie s2‘.;'::E§<mj:.
‘iransmissérzm of a wéreiess eireuit Ea; aim 3'4.‘

mode?‘ hm by nexi: 3:2’es’:e;"=':%se§en iaaienfive tfiedzziatien i;ec?maEe'~r ‘

*3 £5 fize €;:f;s':‘=«‘en’z. 32* me: 05' :'n‘»_,:'§t§;:§e'x'*>g are‘ ‘:'r‘:«; tééxg Ii ézwe er

m-are azidressérzg "ta ,3 znobéie ss'ta~:%:>n, whera ‘:rae‘zsméi*:i;e:{ 225%:-zg 3 spread spectrum: eégnei. Since

each radie g:::»aC,§<e"‘ is ynuitépiexed wiflt -i§ff‘er'e.“.%. sprees‘ cede, ét firms fie‘: y
assE;»;'nment eager fig ta a receive steie. En i%;‘§aTS'*-C?-ELM.-">‘, fir: erder Ea e.<;::u:::.z: e‘E?‘e<;2t

disxersity and is am ‘(he a.:-":—r.:=.:;:>an<:§; zcme e GL;3;3G:.Eiz”§"§ 3* wéaieha ,§gee3e:~'e%‘§y izise zéiffereeaze :3?‘

"35/we receive steie :12“ e subcarrier 'z::~:-memes
5583? ‘i. V
E ‘:0 %3e smwe-::£ by the Emxewi €>2’i_§§“§33.*i£%\f\~”3»?’, each aer:x.*es:€§ene§ r":et§*ze=.€ has the prebéem

t§'2a5C as base ességne even it is a bee suE:>eer;"§e.r <3? 3 reeeéve state for radio statéor:

s::er:z;e:'r:ezi. in the me‘-:¥“:od sf since ‘me geeé se.s£;::as“r%e22r £23‘ e receive stefie and 3 ‘sad

subcerréer are §r:*é:ez*ming§e<§‘ and are eeeiggne-:3 wieen eseigeing have er more eu‘:3<:as~r§e:"s, the
trensmésrsierz efficieney the wéx“.-Se wiié cieiteréerate. in the methed m” E’ iéye <3<;<;:_3;s;;42‘z~;‘.’;.='

 2‘:2 I 
 

  

 

  
 

 

 

 

  

 
 

_. $3

of a subcerrier‘ ée wide, ease sexes the gecxci para-gm a receive s’:.2sie and the ‘eaezi eerféoré

are §n‘ierrz*.§ng$ea‘, the ii“3."s$m§5$§G2": effécéerscy es 2‘.?ee Mzeie W; :§e3t.es'§e:sr;a‘r_e iike Fig.2.

E-’§3{}‘:2}Then, in a wimfiess r;emrr:ur:ic.a'i§en system, an <2’? flee present Emrentécm Es to
prevécie e sLei:«r.arrEer e§§<:r;a‘:Eé<m znethcsaz‘ Eeading ‘(.0 c§egradat§or= sf t;v3nsmEss§<:»m efficiesmy nnshich

sgéxzes get the su%>eer’r§e:' wétih. 3 bad receive state for the rasiée atatierg eeneemeiz‘.
{i?>:’.3‘§'3j

{Means for sewing ;3rsE:§em}"?he:refa2*e, the suizs-ea" Een meme :31‘ the wireé-see
c.c.mn'sur=§<:atien sysiem er" the snreseget %m‘e§2t%e;*L age w§3e:*e 5; ease e"?;e‘c§a>n

‘itransméis the refereme sigfzei ez‘ twe er mere séznuitaeeaue <3"? 52 ** éeveé ‘-fie a :«'e<§%e
steiiosz, 3*: 5123.5 23 seeemi stage zraxixme a radéa statien rmtéfies the receive wteie for eves“;

sdeeerréer ea‘ 2:‘: referenee ségrz.-'5! as base statien‘ emf the 3r<:§ gexese where 3 base swteiian
*':.1.'..5.‘:".«T"YYE-iE"it':"-S the ez.:i3cer:“i::*.&’ w§'3§e§"z <;<::-z'nmun§aetes am. 5 §"3‘aqL.:e“E:?te’s t:'es":smEe5;é:3r1 destfinatiesx retiée

statécsra to: tresweméasézm e;v‘e‘e:*e aecersfiérzg is the 2‘eee§%..=:s; aiete fer every sué:>eerr'%£:2'. As 3“-:35‘ e

ez.s‘:u:=es’rée2: it Es ;:>e'e1“er‘e'z3%e ts: be set is the t:*an.<3.m§ss§en rate of the afiegree 5’: am". he

eeneiéered ‘:§“2a‘; is ?"§e‘3: efixaeérsg.

{iéfiééfisettié-kg up first ‘:fr:resh:s§<§ vekze A reeefivisag éntensiigz about a sewrezri s'ta;g,e:
acaoreiéng ‘:0 'i§’3EE f§?£;‘t emimeiéxneni C-1° the preseni E.=wer:’r.§en W" receive for evew
eubcerries‘ “M this “W the thizég G“? the receivéng §rzi;ens§'i;y hey-zzreei ‘E513 €31‘. t3'ere5§~.e§:)‘ veizse A «~

W" '2: $3 preferabie its express witfa of ‘:)Ea':a2“«' with the tifing of receiving §:*9i:e;23ii:‘y‘
smaiéee" 313:": “the 323%; 3;%‘2ree§*:<:~§u‘ xsekee

§:€}3‘§i§}t§*ze ‘-:s*‘2:3’sSi‘;’:§.&;3§<:33": das’£§e‘:et§ora raciie of Paeueite wlva-;>m ec.ee:“cz‘in§>,‘ to the eeeemé
esrsémdimeni (sf :§“ze gxreeené. inventic-n siheuid sat up the second t§":.>‘e$%‘:<>Esfi vafue E5 9? receiving

intensity smaééer war: the first ifiireshaid vaiue A, and a i;-aee statiera eaheefizrf transmit férsfi
abeut a sewed stage -- this *“ A és eise :3.-referaizie is eetify ‘-the iciemtfiier of the suiscarrier L-3“

receixging intensity emaiier thee? the Zmi t3:3e'es.i°.e§d vaiue 8 ta t‘?z§s ‘ease station.
{E383 E-§A:»:.es’~::§ine‘ to 3: embeéiiaeent ca? the preeeni Enxreniien. the threshoié veizxe G <2’?

Serge? re-2-eévirsg inteneitiy than the first %:h:reshe§=:§ vazzize A 33 set up abeasi as: seeend stage, the
treneinéseien giestinatéen radio statien of the packet wkicsifs a base stetéee eiwuéts‘ ‘i’2’€-:.:":$F:“:§’$. is

imi §1er1.eefer*-:§*z ~"' Ehés "W E‘: prefereireie tee 21-2:‘-:E"Fy the izienfiféer :3‘? the szzipcerréer ef iergger

érzterzeity men {he -32«:% twesheid vaiue G in base sta<;§e::.
ii?s:’.}'E?:§:5«.ee<3:"é§r;g to a 4:5‘: embczéimem‘. :3‘? the presem: imierztécsn, it is aise preferebie ta senate
a receive eiate by the ameamit ef Enfi;-rmeiéesz of twa er m:>re stages, and tea netify anigr a

changed pert with the receive state fa)? every ‘ferswzer a‘5er‘ement§enecz‘ subc.a2‘:‘§er ‘Ea the

aferementizmeai baee eteiian at-<:~:.zi a ee.:::s:*-rem" stage. 3’: Es eafise prefarebie fer a cézangad peri :33‘ 3.

receive state 3‘.-3 he denoted by severai bits 3’? 3 binary, and to n<s*:E‘Fy »:.a§§e::‘:i\Je§;;

§rsfos'me'*?.§:3r2 "there is rm:-2:51 change” ta 3 stetiesz, wE'ihe:3‘c notfixging a changes‘ part of the
re::e§ve eiete fer every subsarfier, when 8 {;§"::‘3'zB'§§§,‘8(“,: "s;a.V1‘_ $2? 3 rxmeive staite is mam than a

ecsnstent ieveé. Tézereby. ‘the amcxumi of Enfern~.af.§on whéch smuicé $2:-3 ratified can fee reduced.
EGG? Qjfixe ‘fer a easbcerfier, acceding ta ether embedéniems -:2‘? the zzresent irzventieza, it 35

prefezcaiaie $2‘. is a§s<2 a subbemé aentaéfiing Ewe or mere these subcerriere. Therehy. the
ameunt cf En°?os'ma+.£en whisk eheasid be ::et%z‘“:ea$ can be reduceri.

{ems}

B1/iode fer carrying the S:wer:i:§o:{§Be§cLrv, the amimxfiément <33? the eresemt Ezwerzticm is
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ciescrébezi $2’: aietesii using Dra~w§r:g«;‘s:.

?_€3i32s’§§T3r‘..e ;:s?e.:~::em'i: Es’z‘u'en‘:,E:>s'2 a sisi“.-c~ar‘r'§er in a base stafiéen £23235 as nsr:.~»::~rit -éfi” {irks
receive siate §’m:':s a rasiie s’r.a1*§cn, and the transmé Em ‘iraffiz; is r:~.c:?is Esaeraz
subaar:-Se: can 335:; assign ores s:£<3<;.:»;rrie:" §:3§<2w is} we or mczre raciia siatiosas, if the s5:::*r:as:§
3;3e<;'t;“-mm cf the -:\u%>sar'.r‘=’es“ {:2-a: : éesezi exit. a§t%*:s>2;g%> dasosfied 3:: what £3 assigned in one
a*sm’%-::> s’t.a?t.§<>:~.,

§{}z’}i",‘§_,=E*é<3'» ’<”;‘~\.>’€i:‘“. when the :;c.cu;sar=r;:x; gene -33“ asubcarrieir‘ ‘.fr<-3<3e.se=m7—¥ seéecitiar: nature:-.
is _:s:“s.=‘?”<:s*a§;>§a ta s:a‘;“:*<>w‘ acougzazfirsy zone a sui'»::a:~;r§e:' to the aazhésh ’?:*e:;uerea;3:

srséecticrt r3.?.i:.a;n~3 szzarz. <§§s:*e§;ard. That the accaspatian band w%di;%'z cf 3 subczsrrier set he§<m.-*
is as ezz-::sI$3ar~?.=.vzcs=; bana’w§c§‘th -iiegree,

[{'E=322}Fi»g.t§~ is an 4.a.\'_:3Eana?tary v§ev.,-* Ere w;*:%»:.%: 3: F§a:*g.,5est.~i<3"Sand ;:;3a:‘§<et shaws the arcier w§“:§r:§":
arrévezi base station‘ At "i:hi-2» téma. a 23333 statics‘; chemses ;33:'tE:; the t:"aresm§ssé.aa~;

v§r:ai§m's radia statécn of thse packvzt iryhich shauiii t;~‘a:“:sm§t fmm 2 tag: -, a.=*2u’ ;"e(,3L3§;"6$ 22

¥e,r=a:~r*: -:5 a rerezzives state ‘fmm {base radée staiians. ting 5;ransr::§=.:s£0:2 2-adéa
wta*:§c«;“= cf the ;:-ackei 'w§wic,§*2 shmaicé transmfirt has; oazzsmrasssgi §2‘e a>.nt§e.*' of 3, '3. am‘ 2,
§8S233'§§g;.§ £3 3: gragfiz of ‘fraquarez;:y~':2‘an$miasicyrz sn“_r+:mg.>f§.§*: of the re:"e:ranas s§gna§
transmétiga-;$ frcrn 1:E‘za s?t2=“1:§on ‘my $338 preaaszi Ezwan am. tine sL.=§<:.a:: gar tsp which a
s'ta't§z>s: ’:”z:u' a report 0:” a recewe. state ----" an inter:-. £55305: ~- -3:» a :“ef§r§:re::<§:
i.>'as“:s?‘;:§?.1‘.e—d r;or~:%.§maus§y. This rs?-:-;:res'2c>3. signaé may be £546 ségnaé wi’c§*.. xv»,-‘héséz szemf data was
mazriuéataci, er a péist sigreai wéfiah ccamgzrésed 2: ,k.n<>wr‘= §}&ii8$‘€‘;. sefemncs signaé sf
eight su%:;ozs:°a°$ers is traresmétteé am the ievei szizxzisitansaus.
{i}%2¢{%33v g&é‘.€.§ng s;%a:»w=“:_. 3 sigma? is zéévideci irate» as sfiareragéy recaévabfe frequaevcy Ezare-;i and
frecgzsamy band whim}? is fiat 3:3 by ?'s*e:2&.2r3r:cy se=.Ee3<;'tE<:>n naizsre, that becomes sayreaci
sgacirum transmisssétm. Tnés ":“:"e<3:.z«s:rec3; seiaciicm. natazrs <::§':ar'=ge:3 wéiiw iransméssicn siatszs
't_2».=;?_w«:~._a2.s: a and 2: radia statécrt,

a ggmsgréa 0"? the ?"r'az:::enc;:~z’ece§v§ng isrteswséiy‘ ca?” 2; mfararzcea ségraai in three :v:~<§i<3
53:a=':§§2a'ss whE<;‘r2 raceivecz‘ the reference ségnaé a‘? Fig,:':1.Ti% L?3‘,§*z subcarrier is .>':—:«.s:e§\;e2z;3 the radius
sriaizilmw 3, and §,‘3€iE‘§§)§‘:€%§",' ia strongigz‘ réaaévaaé fer ihs 1%’-::§ sazbcarrier §.'}B!‘3§2-§’E8?’\_;’ in the radio
statian 2. The fig‘: and the ?‘:%"= subcaflier are raaxzive-2% is”: the radic siatisn 3 by ‘the §:s:v:=..=§ wh§»;~.%:

is the degree.
{G8-.?.§]%7§g.? is expianatssai view 0%‘ ‘he:-:. re-seéve state. :“e;30.r‘t seémal in we ‘f§.r‘s-i %s‘nbc«t§3me:'2*'r. 9*?
the presem‘. izwesniian, and assignment sis‘? a .<;Lsb-::arr§s<:r. ii is h~:s;:s-:::»,>'tr::a:i 3 Z“.-33.8 static-n whether
the. receéving Entaréaéty cf £53531 s:.ei‘;~s:3zr‘s'§<=;r has fits: r.:a»:1E~t> station 3:0 {ha ‘:§1:"e.s=.h0§:.‘5
vaiue A of ea receive st;;«a‘.c:<. 1?\!ir‘e§ess +“ar:s‘Ear 5;e‘3.'.$ “tiize t§“..'es§“::::§r§ Veda;-.2 A as $28 raaaéving

Eittestsity w‘s':§<:§1 mar: he ;:u3..~"?c>s's~.1&ti wéith -zzuaiéty.
{G{}2'?}A-:;::es'd§s3g to E"-__ig_._?_, assignment :3‘? a s=.Ls%:~::a'rr§sr is g>erf0rmeei s+::a:gu»3:‘zt§a§§y 2“:'e>m the
‘:rans;“n§ss5§on {iestinaiéon rzsrsiicz of the: :::>a=z:;%<e?t the avhicéfi shauéd tragzsnnéi, As ‘for

the packgt -3? the head whé-:3: tramzenéts its the: raclirzs sfaétéon 3, 3:2 subaarréazrs ‘P33 wéth s’c:*<>ng
irvtasaséty are asségnezrzf the radéa stati«:>n 3 eancermd. §‘£e:;<':., the 3ub<;a;':'Eers $3 and E’

with 5’£:‘€>r:g re::.<=.eEving §~ians§t~,z‘ are assfignaai 5:: "the raz=I§<: zstaicém 2. c<3:'ac<&m'ss~3.:§ ermrzg the
subaarréers "ta w§*1§c%': End‘ packat transrrzits to time. rariiss station 2 has mi: been

assigned yet. Finaiéy, Sims the f3r<:i packet. that €tras*:sn":%*::=: to. radia atatézzn ‘E has iziwa stmng
:‘eceiv%s':§>; intensity ck’? ‘E532 ransaining s;.z§3~::an‘Ee.rs. 8 En the mafia staticn 3 z:.<>nce:°ne<§; it E:‘5:S§g.5"=$
tiwés. three ra-:§§«:> packets muitigsiex seczuaniiafiéy‘ frem 3 top gasket in <:.<:ms§t§=3e'a+.§:m 9?‘ a

res:e§a:;e state.
{@283 Fig.8 is an e:<pEer3a7t<;-ry véaw‘ cf the receive state repeat sigma?
cf tha present invéntion, assigsxsnezit sf 3 subcarrier. To the raciis
105; e‘; transmission destination, {he *-:¥‘:res§*=e§rj vain-ta 8 smafier ifean A is set 13;: 1“u:“§".§':€:t‘, am?
the subcarréet‘ w§'2§ch és E388 than 'E;%:e ’:§'2resf?:e;s§<:3 vaiua E. is m>3:§fi»;—:::§ ‘:0 -23 base siaticen, The
i;I*::res%sa3d xaaiue 3 here me‘ as i:?ea3: receévésxg i:'z’£ensEi.y Es weak

{€?€323}Ac<:ordEng tats F3218. at-z:2=.fi: the radii) staticns 2 and 1', whim same “1;h:'es%“: 5:3 vafiue A as §"~"§§=,‘.?
used, fine ’:?~.:«-esfrmki vaiue 8 abut}: the transméssian destinaticn radio station 3 :32“ a tags

;::aa§<e%...£3J;ms;t the ra-ciio staticm 3, it turns oat that timz sufisrzarriers and 8 are Sees man the
tf:“:a‘es§~:o§::§ vaéue 8, Yémrefara, as far ‘ihe gasket of the head xmich iwansméis. to the radio
station 3, the $ubca:°§*§ars ‘E6 w%:0s<'-; reizaéving E5'T:;%3:"i8§‘§’.‘;? is mt weeéi are: assignssré in ifie
statics: 3 mnaerrzaafi.

GG3S}8Ence it emtfis at 8 bits {Z subcarréer number trigséet X2 *=?<)~ at a sramtma enabaoiisneszt 1:9
having been racguérsszd fear the notice {sf :2 receive flats 0? this razfiia statéon 3 8 hits the ~.?Es“rs‘c
enzizodémeswt, ?‘.?‘—;2af';:‘;f’I’%§2§;S§~.‘;>a‘: azsamity rsacguérezri far 3 regs:-V5: :3? the ;’ec.ai'»'e state fmm ea radéa
static??? axan be recizgcesi. Thus. accerding in 2; secand embadimemt, 3:23; giving §.32’§c-rity its and
mu§tEp§exEz1g 3: tag: radio packet wéih the ivm ':§’=.re3%\.o%-:§ vafues A :-333$ B, a ieaciizzgmpacéaats
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311:1)zzi/www4,i‘;><ii.i:1:¢i2:.;:a«.E13/c;:;i~E>§:3;’t2'2~,:: xxreb cgi ejie‘?:a§:w___2;$?tip%3A%2F‘

trarsait dam!‘ (tan he she-riem3.:i and the is'*ar‘2csm§ss,Er3rs to the :sL;%2::arr§er mrhich is 38.23
‘ihsan the thresiicid 2:32-me B which r;zz.rm-::>t 8i€§3€3(3:. ssifficéerzt ‘::a=msz"r2issSan ha re<;‘as<;«sc3‘.

' ' ‘men? 6}“

ihe ;':3§’€SsEt?“:f Ezwea'n‘..xc~n, and assign?-m:::“:?. 0?‘ a s=.21;wc.a:*:.*ie3:r. “$0 *£§”:£t :'as:‘%s) si7.;§*.“.§<>;v§:“~. emf 2 whici“: are
iéae transmission :§8si§:‘323“‘;§(3n:e the gasket 0"? the End hesmafstiii. tine iargaw ‘threshcid

’ 5’; set :..=;::-. .:-ma)‘ %.%*.:=, s=.s‘::carr§<::s* fiumbsr whi-:32": $i<(36i3(§E; %.%*:3
.2 . . the. rafiéca siathzms E I2. Est smzi 3 2°:-:3

enabosiémeami. aiihmzgiw ear:-E: su'z>::arrEea* is asaégnesfi based an 55: r‘aceix«‘e staie ‘aaésés, it a;s$§§.=,'r$
the radio statéon 3 ‘x.-‘J§‘2§~:3§’1 is Eeadéng gtaskets abaut 3 >5‘~‘I=i<‘~°¥fi-<A'<*<‘=*%<=‘5<‘*$= ~{*:§":+3

sxampia §:3<9‘._§_‘$§..‘§Z,‘-:’.;&&%’?’§sEt?’ 8},
{=33§12}¥‘€§3:i3 szwasrierzing 22 ieaciing--packets ‘irzmsé’-'. eii-aéay by gj§v%2'29; :3r%o:r'§?T.y to and muitipiexing a

K253 rash) ;>ac%=;ei wiwtéz ‘tifie ‘awe: *'t:’m*s3s>.§"a<:»§:i S-Jaime A 5:193 £3 ::z::»::.s>2'd§ng to The ‘\i.=35=s‘.
7” téxe. nunfiber of suizcarréerss in vahéch ihe t§72~as%1o%-:3 xiafize £3 exceeds thés si:-ice Es Earga: E3

ism, and i;he: affect of seducing iraawsmississx quantity requimd for “aha s':o"¢é<:;x=: am“ a re: stake
.3 raiéic ca‘-‘zaiizzm can be expectezfi, F3? exam“-_;;§e, ‘£318 aamourst r ;z‘efz>‘r'ma:‘.E¢m ‘s-‘»:§“:§s.2s': the neilce

0?” ‘ihe stati-3:33 2 anvil 3 tech is his in 22 férsi; e:3‘;é:a>:3'i§sma.y=i: 3‘.-is Ezeéswg ‘:2 in 2 3-rci
embadément.
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P“;"<C3>~€"8\, ,3x.=2éome§/ L”)oc§<:e:t 1?’£~3.-’3=;)Lu:'~{L*r.>‘.,=z:-‘L3
<I)usi;omer N0. 22842

EN THE UNETEG S"i“,«’3xTE3 P.f\TE?\ET a’-‘\NE) T;’\‘.i\DE§‘y’i.l\§3~2E‘\" O;-'*':':§CLE

re appiécaiion

Xéaarécaxg {J at 3%.
N0: 14/28-4,?

Féiecii dune .2,
Fer: OFDz’\/SA ’::"»:’éTE~*Z .~’\§+’\PTi‘v’E SL3BC;3~.RR§ER~

CLUSTER CO€\éF§C:U='=‘<ATiOE\£ AME

..................

Csnférmaiion No.1 $02 .

T6
Ari: iinéi: 2843

Examiner: Me?-ass Nmn Zeaw<:3a.=

  

g...............,..........................
 
Sear Sir:

Famher 5:0 ihe sazhrnissian Juéy 19, 2014; transmitted §*1ez“ewii'§: is an Anaendnaent in the ab-:>’»-'e»édent§f§ed
app,-§icat§nn.

{:3 No addééionai is rec:;Ls§rarj.

E] A;?- tam ?aer'esby reqz..=es‘zs: 3. _~_~m0n?.h extesision of time 20 respond to me above .

[:1 A Dis»? ner is enciaased.

EX} A1“: Esxfmznation E3-Escé-;-sures Siaiemrsrsi: {EDS} un-

EX§ with s‘ef-3-yencess 3.

 . £38
 

  

 ’. § .§.7:j=‘":‘; §5c>r;":3 PTO/‘SB/‘O8 is er:;:iose<:i
/

The fee has been caicuéaied as sh-L-wn. beiow:

 

 
 

 

u . '7,‘
5 (Cot 5) (Sci. 2) {£303. 3; 2
g g CLAENES RE!‘!:A5N§f‘~£G g HE-SHEET NUis’JBEF-2 g mssewr E =_cs.:se¢
g g AFTER ,r3xMENE1:‘.éE§~ET g g msvsoussw ms) FOR ; EXTRA‘ st. zzmevv FEE FEE DUE

Tom. -2Z:L/’-'s..fMS FEE 32 - 3-3 § 21 : I t

I.“-EDEPENDENT E 2 ‘ 3 
 --. S F:

 rm 0 *n -J inA C’) 75+‘ C’ 2‘: 2?. an

-F1‘)

 
: es‘. :\Jumber

E) is the hi9

{E Thza tcrtai am»;:¢mt of $1343 to -sexier‘ the above EDS {$183) and
to Deposii Account 5='3~’E(}68. V

33 The Commissioner is heereby azsthcsrized 1:0 charge any >:iefEcir3ncies of faes asscroiated wéth this
cmnmunicatéon 02' -;::”ew::?%t ary -';:-ve;';3;—’zym»eent EH3-3:-czsit Accesunt No, 5534058.

XE imyféééng fees is 1;!" 3?’ C-FR. § 1.18 far the ;:>re3-asitation =3-V" extra ciaims
£2‘: ,='%n3,r' paféiifi appiication g:~a‘Qce5:s%n«;= fee-s under 37 CPR. § 3.3?

   

 
 

 

Respectfufiéy submitt-3d,

M:5\.:7<T§N 8: FERRARO, LL?

Daie: August 8, 2? By: ,1/fsffred ‘x’, C::'au.I‘
.=‘\§fre-:2 Y. Cm:

RegEstra‘{§«3n No. 52,131?

Teéepharaz ( ,

Facsimiée: {3::» 8 «2{}3CI page 401
Ts'ar2s;snitt2a§ of Amendsne:-nt 8-8--‘:4



PATE?x%T

At’1rc>rr:e‘y Socket No. “z78,GG03~=.?s”>‘G{}O
Cusfsmer 22882

EN THE U§\§§"§'EC3 STATES P.»’3}"2'"EE\3T Affii} TRADEMARK OFFKIE

in re Appficatian off: Conférmatéan §\§::2,: S«}€;?2€3

Xiaadazig at
N0; ":4;’2S%4,"§€}5

Fiéed: June 2, 2634

Far: 0F§3i‘v‘aA 'w§§'H ADAPTWE

-f3UB=::ARR§ER—C§.§_3STER

<{3GNF§GE_;‘RAT§Q§\é AND

SELECTEVE LGADWG

Grcup Ari:
Examiner: Me-E933 Nmn Zexardzs‘NA;-V‘~..../‘~.....-'‘-....r'\.../M...»-’‘wt'v~...r

Mai: Stop AEv‘%E?\§ EJWENT
Cc:«mmEss%c>z*ze:* fer Pateswts

Pf}. Rex 145$

ixiexafidréa, ‘VA :223’§3~’:4:':S{)

Sir:

A§¥%E§\§§MENT

in repiy it: the Gfféca Action datesd Jurze 2?’, 2614 {“<)2‘fi<:e Action”), gfieasa amend the

appiicatéen as faiéows:

Amendmgnis ég the Céaéma rafiecied in Eisting cf ciaéms, which beegins an 2

«:2? paper.

Remarks begin on page 8 this paper.

;'\maa1dn1ea1tO?~“_5i3«’s4 — ‘s?6.$3DC33~O5C=%30 Page 402



Amendmeni dated jeiy ‘:0, 2?‘: .

F-?.e;:>§y in Office Aciéen :3‘? June 27, 2:}

Ap;>Eic;atior: No. ‘§4:’£Z94,"s 065
 

Amemzimeme tea the Cfieéree: 

This Hating of cieéme wéié repéace prior versions, and iéstézags, of cieims ihe

ap;:»§%=:;a>:§{:>n:

   

3.

Léeién cf Cfieieze:

{currenfiy ameneee} A meihed for a wéreiess system emeéeyéng erthegenai

frecgueney céivieéen m:.:§%:%_:;%e access {QF{IWA); metered ccrmerieieg:

meesurérzg, a first time by 3 $iJbSCf'§?3S?” _gjj§;s_£.__eh:an;2eE ‘hr

first piureiity eff ez,:bc:e_r:'§e;"e en 3. péiet eymeoée reeeévee frem e

ease eiatien;

prevédmg, by ihe subscréber uni’; a first feedback informatéen ta 8

:::§L:ra%éiy offeedback cmeiers based an at ieest the es‘ the first shame!

infermatien for the firs: piureiéty of sub-c22r’riere beeeci en {he first pieremy of piéet

symbeés, each feedback. ciueter ef fine §'.)§£i§"8i§’{jj‘ sf feedback ciueters

3 piureiéty ef eubearréers, the feeeeack infermatéen reiaiing ‘ac: p§ura%i=:y ea‘

'fee~:fbe::§«: eiusiere based en firei es” péém eymbote ineiudes index

<:=::z*ree§:><.a:*;::*;§z'z_c; ‘£0 a férei mezziuiatien erd ceding rate eeeecéaieej \rv‘ith each %'eed;3aa:;§<

duster cs?” eiuraiiiy ex‘ feedback eéusiersg

receiving, by the subscriber unit, a first aiiocatéon of GFEWSA subcarréers

seiected by ihe base eitatéen fer use subscribes‘ unit, first aéieeaiécm of

DFDMA subeafriers indication «:3? a mOC§L3§8i’§{3!": and ceding raie

aseeciatee with the firs? aéiecatien of OFDMA eubcarréers;

measuring, at 3 eeeone‘ time by the subscréber unét, a seeend chenneé

éefermaiien fer seceed piuraiiiy :32? suiycerriers based en a seemed pmreiéty

cf eiiei eymi:-eie reeseéved frem the base staiien;

prevéezing, by *-the subscriber unit, 3 eeeenci feedback Enfermaiéen is

the piuratééty of feedback ciustere based an at ieasi ‘me measuring of the eeeend

charmei Enfermeiien fer the #%se{:en«::‘ ;:-I;::'a§3i*/ of subcarréers based en seeend

e':"';>§I<3t3yz715;20Ee, the eeeerzd "feedback reieténg in the _§:3ELzraiity :33‘

“Zr Page 403
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{.33

Q.)

.-gl‘\/\
Appiicaiiors No. ‘i4,:’2€- ,:uU

Amendmeni dated Juiy 2014

Repiy in Office Aciien of Jame 27, 20%?

ei’

eerreepeeeing a eeeemzi meeliieiien end rate wiiii eeeii

ieecibacis; eiusier ef the of feedback ciiisiere;

reeeivirg, by the eiseecriber e secend eiieeaiien ef Q§5E3i?xz'iA SLi,i“.»‘C3i’i'i8i”S

seieeiee is-"y iiie ease sieiien fer use by SL£bSC§“ii’}ef the seeend eiieeeiioii ex’

GF§i’:IiA si,ii:>eai“riere i£’”iCiLi(‘§ii”%g an indication of e meciuieiien and ceefiizg rate

with the eeeenci eiieeetien ef Q§3fii\/EA s5ui>cerz*iere,

{eriginei} meihed ef ‘i, wherein ihe piureiiiy ef 'iee<:3i;iei::i< eiissiers at the

eeeeed iime is iziieii piureiiiy ef feecibaeii eiusiers Stine firei time;

{erigieei} The method of eiaim ‘i, wiiereiri crane Si.,ibC3TE‘iE_;‘F ef the firei;

eiieceiien of Q§:{3?\/3/5‘x eubcerrieis is eewcemigeeus with eiiier eubcerriers of first

aiieceiien ei‘ Q?-”-i3i\e’iA subcarriers,

{eiigineijs meiiied ei 3, wherein the first z~:Eiece'iia:>n ei GFiZiivi;’ii eubeerriers

i§“:Cii§{‘§E3S e <:iusiei' ieeniifier iciezitiiiee a first ei’ 3LiE3C8i'i'ie§'S 3 iii‘3*£: time

eiei and 23 sesame péureiiiy ef \ eeeerrieis 23 second eiet, at ieeet ‘ii.-we»

ezzecerriers ef Eiie fire‘: ei eiitieerriers and 0? the seeend gziurs-:ii‘iy of

subcarriers being ciieieini.

ieriginai} The meiiie-d ei’ 4, ‘::‘:r'i76i’E:ii‘£ at ieasst cane suecerriei ei first piereiiiy

ex‘ eubcerriere in the iirei SE0’: different than ef the eubeerrieie 0? the

eeeend eiureiity oi’ subeariiers iv the secend iime eiet,

{eriginei} The me’-ihoéi eieim 1, wherein the receiving :32” the first eiiecetiee ef

<Z3FDi\,riA eisb<:ari'ie:‘e is receiving e first aiieeeiien 0'? at ieasi (me zriiversiiy duster.

{eriginai} meihee es‘ 8, wherein Sees: (me diversity ciueter imtziudes

Ewe er more subeerriers spread farther eperi: iiieri eeiierenee bandwidth ef e

ieepeeiive cherriei.

{erigieeii The meiiied er? eiaim 1, wiiereirz iiie receiving :3?" the ‘fire: eiieeetien ef

QFEZEEVEA SLii3C8i‘i'§8i'S is receiving 3 first aiieceiien 0:” at feast one coherence eiueter.

‘G’ Page 404



3123,

H.

18.

Appiicatéon N0. ‘!4,«’2$‘-*
Amendmeni Ju3_y fa,

Repéy ta Action 0‘? June 27, 2-QM:

{erigmeé} The meihed eff *3, wherein the reeeivirg :31‘ me fire: eééecefien eff

{>F‘{3f\/EA sueeera*5ere éncéucéee receiving 23 fire’: eéiecefiee of at fees‘: me gr=:>L.=;:> ef

ciuetere eeieefed 33;; the base Steffen use by the subscriber unit.

ierégineé} The mefthed ef eéeém Si wherein af one duster ea‘ .fiE"¢;‘{ efiectatéen of

the at eee greup ef eiueiers disjeini free: et ieesat ene ether rsiusier ef the firs:

aiiecefien of the at ieeef ene group :;%z.:sée:'e fe eeteén frequency diversity,

ierégieefi} meihee’ <3? ff), wherein eiéejeiei eiuefere ef fire‘: etieitefierz of

the fees‘: group :3‘? eiustere are spread feriher apart thee ceheremse

;t:»andw%c;¢:%: ef respective ehaneeé.

(er§gine%} The memed ef eieim §, vxihereinnfhe receiving ef the first eiéecetiera ef the at

Eeaet ewe group of masters includes ceneecuiive ciue-‘zere.

{erigieeE) “fee meihed ef an wherein the receévirg of ‘the férsf. eéiecaféen 93‘ fee

fee f§:'e=*. eikecefiera the at %-eaei ewe greup ef =;:ius:ere.

{erégirsei} The me‘-thee ef eieim 9, wherein the receéwrgg of the fire‘: eéieeeticm the at

§e:eet ene group cs"? ciusfers mcéuees receiving 3 group %:f:en’:é*f%er the: éiiemifées

greup of me first aiéecatéen ea‘ Eeesét one grave of céuetere.

(currerztiy enwended} The mefhed ef eieim wherein the measuring ef the figeg

charmeé mfermatéee fer the first gaimaééfy 0?‘ subcarriers based en the first ;::§u§'eEéfy of

jeiief symi3e§s:~ ineiudee measuring ehemei %m'es'mefien fer eéi evaéiebie cfuefers

eééecebie the beee efeiien.

icurrenféy emeeded} A subscgfiser uni’: in e wireiese system empéeyéng erfthegenei

free_uer22:§,/ aziivieéen muitieée access {0FB¥vE;-X}, the subscriber eemerieing:

e preeeeeer configured to:

measure, e first ‘time, gfigggchanzwei informatics: fer a firs? pfurefify of

eubeerriere ‘eased on 2»: first piuraéify ea“ pézet eymbeie reeeived frem 32 base

ssieféen;

previde feedback informative reiaiing to a eéureiéty of feedback

céusiere bases‘ on 3: ieae: eizhe meeeuremeni of the ‘first shame? énfermetéee
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.=‘kpe£ic-mien No. "é4,I’294,‘§ -J

Amendmeni dated Juéy ‘:3, 3363‘:

F»?ep§y to Office Adina of \§Lme 27, "1

féseé eéureiéty ef eubcemfere heeee‘ fire: Sfw,"§'§“:§’.‘3i.'}*§S;

feedback céueier ex‘ the of fee-db-aczk eéueiers

eiureiity Q23‘ subcerriere, the feedback infezrhatien reieténg to piurafiiiy 0*?

feedback eiuetere based can ihe first piweiéty ef ;;3é_%<::’: eymbeis émzéudes an

cerreepehczfihg £0 23 fire? ceding reiie esseciaiee with

each feedback ehgetez‘ 02‘ ihe feedback eiusiere;

§”€C§3§\/8 a first aiéeeatien OFSEK/fie eubcerriers seieeiezi by

e*:ei§r:;n ‘fer use ihe e=.s'::>e~::ri;3e:* the fire‘: eiéeeeétéen ef QFQMA

éswcéudéng ih<i§<::-éétézsh 0? e moduietéeh aha ceding rate

eeeecieied with first aiéecetierz cf OF{3M,£x euheerriers;

meeeure, e seeerd time, a eecehd ehahheé éhfermeiieh fer -the--ha-"Sig

sewed piuraiiiy of euheerréers based en es seeerd of pike: eymhois

received "from the base station;

prevécie a second feedback ihfehhatéon reéetihg ie :3?’

feedback eiueters based eh ai ieaet meeeuremehi em‘ eecehe‘

r:.her:he§ ihfermetieh fer “the fieeesecend ;.:>§ure§i~:y es’ euheerriere heeed en the

eeeehzzi p%uz*a%§é:y of piiei: eyrhbeie, eeeehd feedback ihfermatéon reéatihg ie

the §}§U§”E%§§‘52‘3,' ef feedback <:h.:ss?:e:“e based on the second ;>3urai§%y' ea‘ piiei

eymbeie éhcéedes an ineéex cerreepehcééhg 10 e sseeerci meeiwetieh afid ceding

reée eeeeeieted with each feedback, céueter ef ihe ;:4u:'aiii:y of feezzibeazk

eéassiereg and

receive 3. secerei eiéeeaizieh ef OFDMA eubee.h'ie:'s eeieetee’ by the

beee steiien for use by the subscriber Lshh, éthe seemed eéiecetéen ef OFDNEA

eubcerréers éncéudéng éhxiieatieh cf 23 f‘f‘:§l3(:§§J§3§§OE'§ and coding rate

associated with the second eiiecetéen cf CDFEI-MA suhcarrierse

1?’. ferigiheé} The subscriber unit in‘ céaém wherein ithe ;>§ureE§>:y 0:” feedheek eiuetere

at the eecehd time is déffereri ihar: piuraiity of feedback céueters ihe first time“

*3’ Page 406
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22.

24.

M ft}:

v:,n,r~
Appéficaiian No, ‘I4./.2E€r4, :uO

Amendmené dated JL=‘;§_; ‘:1’

Repiy to Office Ariéczn af éame 27,

gariginai} The subs<::'§ber unit sf ciaém i=5, nxmereézt at {rm-9 gubcarrier ihe r’%;‘s?.

aééacaiian (}Fi13%Wix s3:.2i><::~:rr%es*s non«£:omiig-umss with 63378!” sub-carriers the

L’}F£}§W~‘x subcar:‘%e;¢<s.

{mégingifi subscrifmsr unit 03‘ ciaim wzwereén the first aéiescaiéor: 0?‘ (DFEEMA

su‘;>carrée:'s énazziudes iziusier idenifiier §z3'e.=':‘:i'fée-:~:< first piuraééiy of subcarréera in

a first time SE0: am a semnd pi-ura3%‘=’:;y‘ cf subcarriers in 23 sect,‘-ma‘; iime slot, at £935:

iwfi sui:>{t:a2*r%ers :22? first ;;Ea..2r— my cf swcarréers and of the second gpéuraiiégr an‘

sub-carriers; being ciisjeérué.

{0:*%z3’ 3z,:b$=::r%ber unit :3? tiara xn;%2e:'ei:z at Essa: one first

_:>§s.;ra§§iy 0?" s::bcarrEers first aim: is ihan csf ihe sajbcarriers {sf

the secorscé péazraiéty ca?“ suiscamers is"; me seccmci iéme stat.

{originai} The subscsiber unit cf ciaim wherein receipt cf first afioctaiéam

OFGMA subcarriers is receipt of a first 0? at fees? cme ttjiverssiiy ciusier.

The aubscribei‘ unit of claim , w§*:e:'e%:3 the at Eeast sane diversity ciugier

incizsdes %.w'a am" mare Sui:-carriers farthar a c<3herem<:.:e bandvvidth

<3? re pectéve shame}.

{arigiszaéfi The .<5L.zbsc:*é;*;»er unit of céaém ‘E6, wherein receém :2‘? the first aiiocaiéen of

{BFEEMA subcarriers is naceipi of a first gséiacaéiimn -3? at ieast ma cmherensa =1‘-§US‘£rS-sf.

{eriginai} The sz,éb3crii3e;‘ unit sf daim ‘E5, wfs“;ereén receipt of the firs’: aéiocaiiosi 93'

-CEFEBEVEA subcarréers irciucéies receipi of 3. first aiéeceiiosw of at £933: arse group 0?‘

<::§uste:rs seiecsied by base siaiiaim use by the subscréber Lmii.

garéginaé} The szgbsrsréiser unit 3:’ ciaim 24, wherein at ieasi one céusisr of the fEr$i:

aéiacaiiazw 0‘-1‘ 33:33‘: (me gr<:=u;> ciusters disgeéni frazrm at me ether

ciuster ca‘? first aiéocatian es‘ the 23*": E333? cane groujb av? CEL3S?;&i‘S ta Gbtaén frequeracy

diversiiy.

{«:2rig§r:aE) The subscriber Lmét $1‘ z::§a%m 25, w‘m-sreén d§$_§::>%n’s cézjsiers :32‘ the first

aiiacaiiosa 9?’ {he 3%‘: ieasi ane group masters are spread farther aparé: than 3

caherence i}€251d’»’v'§C?i§“3 9? a respeciéve chasmeé,
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'23; {-3
""3 02. WE he sL:bs3cz"é‘::.ver <2?" daém 24, wherein r:~:».cz=3:_%;;>i 3? the

at §E¢£%S’£ group 0%‘ ciuszterss %m:§usjes censacuétéve ciusiers,

{0::'ig§r:aE} "Elbe 3ubaz:ré§:»e::' unit 0*? ciaim 24, m,I.%“;e:'ein receipt 0‘? the firs? aiéecaiésn ihe

ai Eeast one ggxmgga <33‘ ciusters incfudes an érmcation of space ‘:3eiween ciusizez‘

of the first aiioceésan 0*? at ieast {me gr‘<::»u;;> <12‘? ciusters.

{origmaé} The subscriber unit ef ciaém 24, wherein receégst the first aiécacaizian

at Eaeast me grcrsup of ciusiers incimjes receég:-i <3? :92 gm:.=;:> ids;n%.if%ez* that identifies one

greasup the aéizacaiécn :3? {he Eeasé; one gr:3a2§:» ciagsters,

{esurremiy amended} The subscriber :31‘ ciaim 25:‘.-, wherein measwement sf

the shame? §:":?.°O!”E’T’§E3i§(}$‘t for the f§$”S3t péuraééty af xubcarriers basaezi can first

mist syrn§::oE3 éncmdes measurem mi of shame? im’o:'ma?.i«:3n far 3%?

avaiiabie céusiers aiiosabie by the sétaiéon.

Page 408



App? écaiien No, ‘E 4/294, 1 G6
Amendmeni: ciaied ..3L3§_\_/ 2014

in Office Acrien of June 27,

eereeeee

Apr;-Beam erzereeci rsiaime and {inemeieg mderseteeierfi ciaime ‘E

18} ie feréther define .e,z>;:-§ieervt‘e eiairne-::i érweeiiee.

L fiegeefiene fie iee Sfieime.

En ‘the Gffiee Adrien, tee Examiner‘ {at eage 2, fine 1:0 page me 15} ebjeciee

inrieg:-ersdezwt C§é3§§"="zS and beeeaee ef Enfermeiiiées ieczféeeéted traei

ciaéms 1 and 18 weeid be aiEr:mreb£e if rewrééierr er errsencied ta evercorrse the regeciierée

weer 35 $33.6‘ 3"; ‘H2 {;:>re~A§A}, see-er;-:3

imjepeeeent céaém “E hes been amended '50 recite “a first im‘<:-rme‘-:éera,” “e

first feedback ém'erma3:i::>r2,” “a secend eéaareeé irfermai:%en_,” and “a seeencé

%m’e:“metier:.” in reeveeee ‘re the E:<e:*r§r2er’e erzeetrezw page 3, 1-3 am‘ the Offéee

Aeéierz about feedback céuerere, Eréeependeet e¥airr:e have been amended *:e recite

“each feedback duster the piurei§€§,r ef feedback ciueiers a piureiéiy ef eLzbeers‘iers.”

%ne'e;:»enc§ent eéaim 1.6 has been amended to reciéte “the eubeeréber me,” first

éefr.2:°mat§on_." “me meeeuremerzi: cf? the firei shame? first .

mfe:"me:iee,” “e seeeed chermeé ieferrneiiesfi‘ "me meeeuremerzi er" eecerre’ eheeeei

Er2fermat§en,” and eeermd feedback érafez*rm»3iien.” Therefore, Apptieaet reepecifeiéy

reeueeie that the §m'es‘meE§’:éee ebgeetéen ie independent cieérns has been

0‘!8§'CC}§"E1€%,

§§, Regeetéen beeee ee 3%"; £}.$.$, § ‘FEE {ere-=A§A}., Hz’-ea: Paragraph.

The Examiner page 4, 93-fie‘: :31‘ the Gfriee Aetéen) rejected in<:3e_eenderzt

eéaime 1 and 18 eeder 35 U.S.{3. § M2 {pre~A§A',‘», first paragraph, as not -cerrrpiyéng with the

erebiemeni requirement, The Examines“ eeeerieci that the reeitafier: “measuring, at e

eeeend time by the eat:-eczriber unit} im‘ermai%er2 fer the fire: gmzraééty of euecerriers

beset: on a secemj er’ péiet eyrneeée received from the base staféerfi’ in

Endepeederat eiaim 1, and eimiiariy in indeeerweeni eiaim 15., eeniaéne eubgeet whécin

was met described me egseeéféeatéen in such a way es ":0 erzebée eee ekiéieci in the ari to

-5-
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which pertains, er with which neeny eenne fired, to use ?.he

énvennen.

éndeeeheeni céeéms 1 and “if: have been amended fie reeiie “a second eiureiiiy es‘

snéjearréerej’ piece ef the first ef e;s§::eerr§e:'e abeve—eeeted reeéiahen,

reepectfuiéy directs the E><eméne%"e e‘:ien'téen is paragraph :3"? he

which efzates ihei “preceeséng éegic §3i:'§%'TQi'§”fl$ by repeeiing

preeeee deecrét:-ee eheve” end that “retraining; may be eenermed eenee‘éc:eE2y.“ The eheve»

quoted recitation :3"? éneepehcfeni eieém and siméieriy in énde;:>em'3en': 35, repeats

meeeunng ef chennei for e eifiaiiiy ef eubcamere eecene ténwe. As seen,

Appiéceht reeeeetfuiéy eashmite t the ebexremgeied reeiieiéen is eeenréeed in

specification in such a way as :0 enehie ene ekified the art is which E’: pertains.

Therefere, Appiieant euisrnééte *-that the rejeehen under 35» $18.8. 5.‘; ‘H2 {ere-Am}! first

paragraph, has been everceme.

hi, Regeciéeee eased en 3§ £3.33. § H2 {pre«AEA}, Seeend heregraph.

The Examiner page iine :22 to page 5, Eéne 23 ef the Qffice Ashen} rejected

independent eieirne i and ‘E5 Lmcfier 35 U.S.C. § *3 12 {;>re—A§A}, eecenci es heéng

indefinite fa? =*.e per‘=':%eu§e:'3f;.i paint 01;‘: am?’ Cééeiinciiy eieinn the euZ'3§ect Q‘? the

imzenétien. The Examiner e eerted that the reéetienshée between reeiteiiene firet

rneduéehen and ceding rate" {at fine 12 of independerzt and rhoeuietieh

coding rate” {at iine ‘:6 of Eneeeendent cieim 1} was net dear, As recéied in amended

éntieg:-en-:fient eiairh 3, “a first meduéeiien and ceding rate” (at Eéne 12} is “essee<:%e?:ed wiih

each feedback ciuster the e§e:‘a%§iy :3? feedback ciue?;ers_.” whéie “e meduieiéeh and seeing

rate" {at Eéne “:5; is “eeeee§eied wen ‘ihe first e§Ee<::etion of OFDMA eubcan*.§ere.” Therefore,

Aepiéeent submits that the rejeciien under 35 LE.S.{3, £32» ‘£12 {_ere—AEA}, seeend

has been evereeme.

The Examiner {at page 5, Sines 3-8 :22‘ the Gffice Action} eeserted that the

reéeéienshie between “a "first eiiecetéeh ef GFD§V, " {ei Eine 14 of independent 1} and

SSCQEECE eitocaiien of £')F{}§VEA" {at fine 28 0? éndejeendenét eieém '3} wee he: dear‘
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Ap;>E§c;ai%o:2 N0. 06
Achendmeni dated JL.=§y 1-3, 22334

Fiepéy ta Offéce Acfaon <2?’ éune 2?, 2014

Appiécani mat, recéied in iswdepemerét céaéms 1 am‘ 1% emsti d+3sc:’%':*:e:§; in

:31‘ the Am:-ii<:aii<m, the secsswd aiioaatéan <3?‘ £):’3{‘}2‘x/EA s.uE>s::as*:*ie:~:rs is frcam the

first a§%z::cat§=;m cf i’}2”~"D%W1\ ;=.uba:a:'s*%e;'s éthe me subacriber unit receives; £3?"

first and seams} .2»:-_%§Q<:ati::=r;s QF{T3?v‘§A gubcarriers iwc: Therefcrsz

Appiécam; %..z5:}mi‘t$ tha rejeciian Lrnda-r 3:3 U30. § H2 {;;>re~A§A}, seccmd

has been eves‘-mme.

W. Cancéusécen.

A;3;>Ei<:za:“2‘z subméés ihat amendeacxf §r2<je:3em:ien‘€ ciaims pa‘£emab%e and

ma’: degsendent ciaims 245 ’:?‘—3G degenéegit fram amended imzéependem ciaémg 0:‘

15, cw ciaims dE:;>£=::*=d3:’§*i ihez‘:3°fr0m, are paterziabie due is dagemdency {mm

at‘: aiéewabie inde;;enden': ciaim.

in View 3:’ the feregoing it is resgectfutéy submified me daéms, as

are gaatentait-3e. The:"ef=:>re, that Ems: Exenwmczsr remnsider me

Guistandéng 5'eje<:t§0ns View 3? the preceding camments. issuance of a timeiy Sxioiice :23‘

Aim '5-mes cf the is earnesiéy seéiciied.

Ta the extent eXi€3;‘"2S§¥f}=’§ sf iime grader 3? C.F.F’<. § $5135 is requéred its ebtain

entry of ihis such exiensém is hereby respecéfzsiiy re-wasted. E‘? are any T888

azézsa under 3? {3.F.R. §§ “E .15 :3: 1.1? which are not en<:§:::se::i herewith, inciuciéng any fees

required fer an exiensien cs? iime undsssr‘ 3?’ GER. <3 *2 .135, piease charge such fees is r::>=.2;“

Elfiepzzvsét Accozsnt No. 5:1‘»~’i£362‘?.-,

Respectfuity submitted,

MARTN 8: FERRARO, LLP

533193 «M3! "=0: 3034 8&7 ........ ............................. ..
Aifrsad Y. cm

Regésiraiécm N0. 623??

  

155? Lake C}’Pmes -Street, NE

Hamriéie, Cméo 44632

Teiephone: {33C=,‘: 8??’~—{:=?’0{}

Facsémiée: (33%) 8?’?-:2{33{3
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5'3‘/-‘WENT

Aiitorney iI}a<:i:ei N0‘ 1?=3.GG{i3«C-6QG'='3
Cijsionaei No. .228-82

THE i.ii\i§“i”E{} SELKTES i3‘;’—xTE§\3”i” ANS TRAEiEiv’§:~\.RK £>FFiC-E

in re xixppiicaiiers of: Czmiirmatian M3,: 9329

Xiaadozig ei ai.

Seriai Ne; 4;’2§éi,’i

i’57i§s:=.><:?: ~..§i,iPE-E 2, 2i;?i4

For: €:)i'~‘E3=?~.iii>i ‘MTH A{§APTi‘~./"E

SUBCARREERCLUSTER

CGi\iFiGUR+’xTi{Z=ix§ Ai\iE}

:SELE=:3Ti\lE LOADENG

V-...t‘-../
Greup i_im%::
Examiner: ivieiess Nmsw Zewdu

\..,,,,ax.._,.«'-.....«-'-...,.,-'\.,,a~..,,,.,
iviaii Step ;’=»,iviEi\3 Q:\fENT
Commissioner for Patents

Box 1453

VA 3445i)

Sir:

E§°~§§*"Cii‘%MAT§GN §ESC§..G$URE i‘5'§”A'§"EfiéEE?\§'§“ i.§§‘€§ER 3? iiffi. 1; §.§?£.':  

Pwsursni 3? {3.§"~‘.R. <§§ ’:’.5i:”.i and ’i.§?{c}, wings ‘:0 me attention :32‘

E:<aminer fine czfacumemts iisied am Farm PT<:}iS8.«’€3é3-. 3§’3’§(}i'i"i’i?§'§§€)i’i

f:is<:Ec2sL:i‘e Siatemeni is being iiieizi after the evenig recited in Sectioii ‘E ,9?{b} bizi, is the

underségneafs imstzwiecége, beierss ‘me maiiing date of eiither as Fiiiai Acme‘; or 3. Notice 01?

Aiicrwance. Under the §.'.3¥"{}‘«‘iS§€)§’iS 01’ 3? ERR. § ’§.€£s?(c:}, this iiifarsnaiien BESCEOSLSFS

Staiemen’: is accernpeiiieti a fee of SC:-.€3€2 as specified by Seciieii Tip).

The presari 8§)§)3§C3’£§Oi’i is a camtimsatien {if €.§.§3. Appiicaiisn M22. 3./23€3,{325_.

Sepiemi:-er $2, 261? {§3L5biiC8§§{f§r‘: Ne. 2G€2fi3G6§?§5}, which is peiiéing; xrirhicii is 3

Ccwitinuatian cf {£8 A5:>_:‘;i§<:s3:%:is3:1 No. ’i2f?48,?'8’a, flied iviarcii 23?, 2{)i{3, new US: Paiem

N23. 8,03ir3,’3§9; which is 23 mntinuati-an cf 1,5,3. Appiicatien N0, i"i;‘E§i’1,‘.~}2§, flied Geisha?

31‘, 280?, new U.E:1. Paierit N0. ?_,7‘:5.358; which a continuatisn :3? 1.3.3.

N0. ’§’i./i9$3,586_, Augxist 8, ZGG5, new US, Patent No. ?,«£5»‘:-,2":2; which is a

ceniiiwatiori of US. Agripiicagion N0. i}SBf738,G86, ‘iiied Qecember i5, 268%, iiow

Patent Ne. =3,S34?',?‘—”i8; upen which Appiicant reiies for the bene‘a‘it3 ;3r0vided in 35 $33.8.

§ 26.

Appiieam ‘firings is the E>:a:"riiner’s aiteniicsn Appiication N33. GS§;"8§8,’i€s3, fiieili

Juiy 2, 2081, smw 3,3; Patent ixirs. 5,751,444; {)3/6§a2,6s‘3.i, flied Oeieber “:8, 26%, new
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L3.-E3. Peter}? N0. 6,8".?2i3,8s38; 09:’83?,33?', fiieei. Ape? 3?‘, ncm-' USS. Patent Ne

{}§,e’€;’S8-’:"= §'.="’?’, fiied Gciebez” 23:33, new US Paieni Ne. ?',{}?2,375;.3;

i”‘-C=’83?,7G€, fiiee‘ A;:z*%§ ‘:2 .n-3w».J\.v! , 5;. ‘F2; flied

§\J‘§areh 21 2{3{}5, 5“; w U375. Paierfi Ne. ?,355;$=€.-2; 3‘?/592,08-4, fiée-=13‘ Noxrember 2, 2306,

new US. Pateni Ne, ?,3?§,.7"<<r~2; ‘H./‘§3'% ,75<3=, flied Qcieber 203?, new L13. Pateni:

Ne. .7’,48‘2%,§35;; 1 ’:f§25,22*3, flied Qcteber 25, 2€}:‘.‘2?’, new 33.8. Peteni Ne. 7,5?3,85G;

’i’i_f-‘£37,064, Qecember Ti‘, new Paieni Ne. ?“,5?'3,85”:; 11/93’: 385, flied

Qciober 31, 2iZ3C=?, new Patent No. T’_.€3;‘3€),?i*:2; ‘;2.:"<‘:»":’€),§22, féiee May EEXESB, new

US. P3‘-‘tent Ne. ?',§33,.244; H};"C234,2{}€), "filed 18, 2if}{}§, new US. Pa‘te:‘.:*: Ne.

8,{)Q5,4?S%; ‘s2_:’3§£~3,§2zig fled E\/§em;*: 5, 2809, new US, ?>aten: Ne. 8,?’38,{}2C-;

"§Z3a.»"(.?E‘,%.’?2,{3=§“‘é, Marci“: 2?, 2%": NEW US. Patent Ne. 8,?43,?“‘é?’; 13/'.7’i3‘s fiéed

Deceméser 31 2322, new Fates?-': No, 8,?’43,'?‘2£%; ‘s3:’8{.‘z?,84»6, flied §’\,z’§e:'<:h 13, 20331

new US, Peter: N0. 8,?’5{3,§-I~f3£3; ‘E3_:’?’.‘5=€s,S35?', flied February '3, 2813, new US, Pater?

Ne. 8,?6{),§92; 1’3,f8€%‘§ 3'88, flied E‘x:§.:~3rr:;=': 2&3, new LES. Peien‘: N0. 8j"€?',?s.’}2;

~..,./ , whircm is peneéngg12;‘ £38,024, flied Juiy F’, 2G-GS? {Peb§§ca‘:§»:3r; Ne. 20s3§,«"G2?afn:)59

‘?:?2.:’{}53,?‘;"é, s“v'%arc:h 21, 2{}*‘é‘; {Pueiéaatien 28? ‘§‘}’S44=E3), is ;:>en::<;En§;

3,‘? "3, flies‘ March (fiubiéeatéen Ne. 2C:1'ifQ2224E%S}, wi";é::’:': is

’33.:"a8é3,22‘s, flied Juéy :9, 261‘: {Pubiicetéen Ne. 12m 1iG3‘s23€»?}, whim pendim"-;

33./YES‘; 332, flied §e<:erri:»ez* 31 2912 (F‘u£:2EE{:.:3i§<:>r‘: Ne. :2€3’E3;‘{)’§2"‘é2-3&3}, which is

pencééng; '1 44/285380, fiéed E‘v‘ia;." :23, 2314, w%“:§eh is pending; ‘;4z’286,884, fled May 23,

2914, which is gaeneing; M,/2$34,1€.36, flied June 2, .’I‘».=I3”:~'1, is ;:.>er::'&ng; and

‘Ifiéeci June 2, 2814, which pending.

App-iicant 3539 brings :0 the attenizéen of the Examiner the we history {the fféce

Actéene and reseeeees} <21‘ each <3? the abeveweferenizeii eetents em‘ agggéieatéene.

Whéie the émziévidueé C}ffé=::e Aciiens and ream-enses are not eieteched hereie, they are

evaétebée in each 0*? the fiie wrappers in the Peters: Qffice, ihrough PAER, er wiéi be

prevécieci by at the E>:ar:‘:énez“':~.‘. request.

Appiicarzt netes copies ihe mm-LLS. patent decuments net

previeusfiy eubmfitecé in a prior ap-piieatém are attached, Cepies :33‘ me oihes“ rer;—L!.S,

patent doeumenie were previeueéy submitted in (me 03"‘ *:he prier appiéceiéene Eésiezj

ebeve, uper: the present appéicatien reéiee ‘ihe benefits previded 35 U.S.C.
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§ é‘ap;:;>i.ica:3§ r’espe:=c'tfa,:E§y requzests éhai Examiner ccsnséder ihe doizzumems 22:20:‘;

which Am:-iicant reiées fer benefits mavided 35 £3.81). § 128 and ‘that

may were ccmsédered making agzgr-ragzriate z'2<;>iz—:i:%<::>n;~3 farm.

Appiicant briswgs :0 Examénefs aiientian ‘aha’: A;3piica;'v:"s Japanese Paiem

JP 3‘é3E3€34?8 {whw gtzswegpcnds ’:0 _. :te:'nai:Es:=r2a§ N0.

§'3CTfUSG?.l3“z?66, flied -Csctrabesr ‘Efi, which préeréty‘ £0 Paiem N0.

?,=3?2,’-3‘? 5} and JP 4”‘? 3466- éwézim co:':'e3;3:;:=nds to §ntemai:%c»r:a% Appéécation

PCT,/'U$G“§_/* 8T»’€31, flied Seaember ;~‘E€}iI3”%, \.»~'«.=%*.§-::%": zriaéms ;:>ré:>r%=:y :9 £5.63. Patent N0.

?',’§4é3_,“: Z312} are CLsE’§’=;’%:*‘s?;E§," the 3u;Gje:2c'i :::s‘f aeveraé in CM; Net}.

23-‘:»’%8 emitted inc, V. Huaweé Civii Actien Na: 3”:44{} antiiied

inc. VJ ZTE Ja;;2an,” am‘ CM? Aciiczn NC}. 1349 eniétéed “£xdapi:%x, Era, v. Ericssrzm

hereinafter z‘efe:‘:*ed is as “JP fits. “E, 2, resper.:téve§y.

Aggy:-iicarr: aésa brings :9 the Exammefs aiientéon that App§%c;am’s

Patent N0. JP‘ 42G’:§$=5 {wE*:§a:s‘”s cerresporwds ‘ta §n'£e:“:'za‘-gésnai Aggpéécatiesé No.

PC"£":'U‘SG’§f4842‘E, flied Decemiser '33, 2GQ’§_, which Ci:-aims ;3:'§or§~*.y in US. Patent N0.

6,53-4?’,?’48T= is casrrentéy 5'38 subject :31‘ Cwié A-“€:§::sn Na. ?’£%’:£“:»

emiiieazi an Huawei Civéi I-‘xctéen N0. ‘s§9?9 eniéiied me. xx.

;Z”§"E japan,” and C§\»’§§ Action No. 232% entéiiacé “’A::*;3ptix, Em, v, LG Eiez:i:"::m§=;:s Jagsanfi‘
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Céx/%§ Action ?\E::::. 1218? zantéified “;’l‘scia;>?:i:<, 327:). V. ZTE .}a;:-an,” Civii Aciéan N0. 12”§£?.8

eniiiied inc. v. Huawei Ja;3er‘:,"’ Cévii A-stiztm §‘x3=3. $2398 emitéed ‘fidapiix,

Agapie Japan,” and Cévii Action §\§::2. 12199 eniifled ‘fiejaptix, inc. v. Kyoc:e2*a,” heraérafter

referred is as “J? Lita. 5 8-12,” r:-953;:-=e(:t§ve£y.

Appiicam brings to the E.><amEne:"s aiiegziiosi that Ag;-p1icant’s Japanese Patent
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2G€3—8GQG82 eméifed “ZTE Jaguar: v. Azjaptéx, inc,” Trigaf Ne. 2G?3»Q£){M41 eniitéed

“%-Emaweé v. Adaptéx, ism,” Triaé No. 2€3’33»8=3{}2.’:35 erztéiied “Z‘:”E Japan V. Adapizix,
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am‘ Triai Na. 2€3?~<t~~8-£}G{)?'4 “i~§Lsawai v. iwarainafiar ‘ta aa

"23?’ Triaia i, 5, resaeeiiveéyi

Apzzg:-iécani brings ia E><aminer’s3 aitaniiszsn .»"-‘i_::;a3ii:as“2t’e< Japanese Pataiv:

Va. JP 42% 3466 is €3L§:’“§”€3i“2f§'y me subject 0:‘ severai iavaiidaiiaa Triais Japan, Tiiai Na.

2513‘: 3~8{3{2=iZ3€33 aiiiitiea Japan V. fixcéapiix, inc." Na. :Z{}i3~8€iG’%£§7 eiwiiiiea

xi. Adapiix, inej’ iiereinafiar referred ta as Triaéa 2 reapeciiveiy.

A;3;;§§=::aai ia ‘iiia E.><améae:":: aitaiiiioii tiwai .£>».;;-p§Eeai“ri’s Japanese Pataiii

Ne. JP 4291595 is aiirrantiy the subject 0‘? savarai imiaiiaatiaa Triaia in Ne.

2{}14~8{}iZ%{3Q€~3 enmiaci “ZT-E v. Aaaptix, éacz.” arid Triai Na. 2‘3’i4~8{}C3C=§2 €%i”3‘§§‘i§€{§

xi. Aaaptix, iaei," iiai“aiiwa*f’zei" referred an as "JP “iiiaie #3
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far ihe Examinefa Emiiaia ihe refereae::ee from 3&3 Life ‘:42, and JP Triaie M3.
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batter av: exiata and does mat aenstitirta admiaaiari each ar ex‘ the

aaciiments are matariai or canstiiute “prior ii" the Examiner 8f,3Di§€3 an}! :3? ihe

aocaments as prior against any daims in the am:-iicaiiazw Appiicani -deiermiaea

ihai the cited daaameiiia da mi eaiisiimie “g:sria::r art" L'E”a(Z3§3I” United Sta‘-ies
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Reapectfuéty

?\;?ART§§\§ 8: FERRARG, LL?‘

Date: uiuéy ‘E0, 20% By: ,"Aifr=5;-d Y, Chw’
Aifred Y. Gm:

Ragistratécm %\§:::;. €32,3“‘é‘,?'

153"? Lake O’§3Enes Street, NE

Hariviéfie, Ohio 44632

Teie_:)§1s::>ne: (33%) 8?’7—{3?G£}

Facsémiée: {BBQ} 8?’?’~2{}3{3

“G” Page 416



 

Substitute fer FGRW3 PT%‘I§~“§<4‘§é§ * élstéoraaay Eadie‘: Eséumber

E

_ §§’*§?’€9RE¥'§A"§"§{.3?‘% §§$CLC?$i.§RE CEHQTEGN r"’¥§3§35§5i‘-M r“’=§3!355‘33‘-€391’? ?‘§*5m59?
§§\§ AN A§§L§€§A“§'§e':}N Xliaodong aim ’.rri,i294,‘:'‘*£‘~.

: x......... .........................  nuuww_-wmmmmmw@@u_fl.u~mg_m._mmmum_“..nu _.mwm~wu@

Fiiing Sate , Gmsgp Ar”: Unfit Examiner,. » E \ . S --
June 2-: 2-:.n.4 2b—’:~3 5 :'v‘I.I ) ‘

U.$. PATENT E3{3‘+Z3§.§i¥§E?§"¥"$

  

EXARPSNE.“ .. ,, ._ . ..§ .‘ §:L:§~;ess::e;:‘E::»=§, ‘ “ 1 i}€?CUE‘é§§3NT§\§u?s’:E3tF§. E};-WE NAME €3LAS:> E$L5§3€2§.A:>$ A?PRG?§§A.§.E;

I

?___________4_______________‘___________ ________u_____________________________’_~___“______________
T

§3

 
 

 
 

 
 
 

 

f:001CoCr) «3N3‘-4“xi*~£ (353C3)f.4%«Fla 3‘?53.f~«’00‘W N3(0£\‘)-.2M '2?)CD0.‘)K)5 MF‘-JU3(:3‘mi
:4 M (D ..... J?» in '0 1''! 533

WWW. mmmmmm-u_.....i.m..m_m..mLW_._...m
FGREEGN '§3A"§EN'§' QQCHMENTS

EBQCUMENT NQMBER EIEATE 1 CGLSNTRY CLASS SUSSLASS

T???jT__WM E E E

g ‘* J-P Liis.
E and Z’; ‘£58 04} C3"
JP Tri-2:! 8

.4: FT? 1'‘

 
JP Tréais § 3:3 W504-1 59 A

i and ?

E 3:: 2.3:. 5

E JP 2.2:. 4,;-JP Triai ?

s -* 2.5:. 1;
» 3;: ma: 3

* JP Liis. 1:3;

JP Triais 1,
and 7

  
 

nt-
""00JP EGG-O~» 82

A38 s RACT

O N LY

AESTRACT

O§\§L°¥’

  JP 2C3{}3~§-30€3“2{)

 
 

 

  
ASSTRACST

CJNLY

 
ABSTRACT

ON LY

€3‘2”HE:‘-2 £§€'.1{3UEv‘iENT$ {inciuding ,5.a:2?sa::r, fitie, Gate, Perfinenf Pages, Etc.)

1; Arjapiix inc. xx. Huawei Japan, Jagangse Léiigatiusz Case No. regarfjifig gorresgsendéskg VJa;>ane5e M
JP Trig’? ‘ F‘aten'i_E\§os. 398043??? éifiij "£3455, F‘repar:-fiery Bacumeni 7 flied Piasnisif gAda_:3te>;) dated Decembe:

2i3‘:3, ./4 pfs.

it 3;, L“. 1: lidgptix kc. HLs9,we§ Jagzran), i.§*;§-gation Case; s‘egar§i§z}g s:IlE3F§'i:";§§r)O§'iiI" -‘Ja;;=as‘zese “ ‘
[ JP ma; T ' waggzzt Nos. 3988478 and 42 8406, Preg3arat=;=s‘§,i {T-ocumem 5 fake-ci by Piasnigff -in-..:a;3z;x) -._.-a-M1: Dersembas‘ 2:»,
g 2033, .7’ pcss.

Adaptix V. Huawei Japzaza, Japaziese Létigatiar; Case No. regarding CDF:'eS§3-f‘..-€';éiE1(_;‘ Japanese 5
Patent No. 4201595, Dsssfer:»:§ar:t‘s (fiuaweéé invaiéditv Centeméon Brief, 39, 264,4, 4’: pt 5. 5     

.“~‘TO/SB/'-’.'»8 {10~92',> Pa?-ant and Tz'adem2.rE< Office; US. fiEPARTE‘u¢EN°Pg§é_Tg‘fiEF7IEF.CE



 
E§\3FOr'"{f»'i./-‘xTEC??\§ C%§SCLC%SL?F<E STi3.TEs"J§EE\ET Apeiézteiéen M3,: 94,

I 3 inc, v. Hueweé Jagzazn, Léiégatiee {Ease regarding correspencfing Japanese
JP Lit. 4 Paient Re. AEEGTSQS, List of Ps‘ior.n’-\rt;'§\§0r1~F’rior Ari Documems cited in énvaiécriiiy ieniion Brief sazbgnéizied

.5:-y" ‘idem 5}-iuexweii, 33, 2 pee.

‘ Adapfix inc‘ V. ZTE Japan, Japanese Léiégaiiesi Case ‘iQ?3?9 ::'egam'%ng co§‘resp~?-sidésig Japanese Patesit

Nee 42Cs"i5§5, P-iaEatiff‘s (,£\depiix_':- Response Defenciaafe {STE} invaééciiiy Conien’-ears‘: Brief, 3:3,
21' pee.

  
 

 
  
  

 
 

 

 
 

5""U E: fv-4~ ‘:.~|

 

 
 

 
 

i;1‘iieEig_i§x__§ee€en*‘“n Brief, :’v1a;v;_§_" ‘_,_§_§_ gs-73.
Adepiix §f":C‘.. v. ZTE Japan, -is enese  _ -E15!-...}{3 Case ‘J3-§?9 regax7§:.=a.. :;orres;3en<i§ng Ja_:2a$se Peieiit   

JP Lit. 5 Ma, =iZ£C='i5i’—35, List ei’ Pyior Ari/ixierzmflricar Art D-cygumeets céied in knva .U.*:y Coraientéen Erie‘? Sui:-miiied by
De"? ncient :‘Z"E"E}; f\z‘=a3,/313, 2{}‘;~’i«. 2 ,

Adaptix Ens. v. .‘ ‘ Japan, @2198 regarding -;:os‘respo;*2ding Jz?:;:«;'mese Patent
N-sis. ' , 5’fé“;§{'}‘.?O, {I3efendan§‘s {Appie} Resgr-cznse t-3 F‘§;'ai2";i§ff‘s {Adaptéx} =Com;:-§a§n1:, June 1?,
20%, 2 pass.

Huawei xi. Adapfix me, Japanese §mx;?.i%d;ai%on Triei Ne. 2{:i3—8{)0“é4%i regarding corresgeen-7..§ng Japanese
P-aiem Nee 398GA:?8, i\da;<>2:ix_‘e Summary of Orai Proeeedie 5, June 2034, 14 pee. f

Huawei V. Adegyféx inc-., Jepaneee imiaiédatien Triai Ne. 2{}'§3~8Sfi‘z41 regarding corresponding Japanese

L__ ‘ “ =3 Patem‘. 3E38G4?8, Hnieweis Sun"imar‘i sf C-rei Preceedirgs, June 2; 234$, 3 eggs. __ W5
' Huawei V. Adagz-{ix frag, Japanese §.rava.i§de£ior': Triai Na. 2{H3~8{}=;.‘=4 regarding cerrespendérxg Japanese 2

Feieret 3.<}z’3(}4?‘8, Huewefe Additienai Sumrnarv Qrai Proceedirp 3, J‘ :39 1%. 263314, E? p-‘ =5.

Huawei v. Aofapiix me, ..§a;:>anes==.: im/aiidaticrn Triad No. 2313-890 'i4’E re-ggasxiing correspxar-jéi‘2g Japanese
Patent No. 3‘38C-4’/‘8, Sunzsnargv 0'?" Hearing issued bv ‘Mai E>:aminer€m--Chief, June ’e8, 2014, 2 :3-5:3.

ZTE J:E3§3€:i"i v. :’-Kréeptix §i'$C., éapeeese invaéi-:Ea ‘ Triai 20"s3~8C=C=235 regarciing cerreegmrzding Japanese

Patent s\3c>. 398i}z$?8, ZTES Response in £\da;ot§><‘s Wr§tI:e:?. Qepév, May 30, 2314,. 19 ps.

ZTE Japan v. Ada-ptix fine, .§apar:eee Enveéicfeitéen Triei 2U3—8OG235 regarding coriespenzziing Japanese

Peierit No. 3980478, Enquirv Eeeued bv Japanese Patent Office, J:,ene__“i8, 2:314, .‘2m;3e. . _
Huawei V". Adeptix inc.‘ Japanese ievaiédetion Triai No. 2{}’i4~ 333671: :egarding csrrespondéng Jepariese,gr} I\(

‘Patent i%'§8G-£78. Demand bv E-maweé, i\/iav :c,, ,5 gws.

 

 
 

 

 
 

   

 
   

   

 

 

 

  
  

 

 
* $5?’ Lite. 1-2

(am 542, Hattozi et "fixii about 36 EvcsE=v:i:.é<3.r‘:: i.'z"E ix/Eebiée §:“~,ystem Technc>io»;;v.” Eviaaszen Co=';oez‘ai:ien,
.. A :

3 Pages 3?xE‘>~32§%; {December 25, 8 pgs.
  

JP 73' i 3 5

; 95’ Lit. 1, . Heciad et “éreitieé Of~”E}E‘v'if£}Fi‘3i‘x/1A prepesai {or . 8{}2.‘§5.3 ':“5‘.."v‘,’-\,” E5353 Broacu .
' -JP Trial 8 Weriairxg Group. SEEE :’5{;=2.‘i£S.3c—{3{3/33, Oct-eber 30, 2&3 pee.

W Lit E}. Hat?-;:-ri, "OFDiv’§.:’C’::“~'£§EvE.e’3. Te><tboof»<,“ impress Pages ’a(}~3~‘§ “:13 Ei’{EL‘§ 2-3?—238, S-3:;:»’:emi>er 21, 2£%=38, u
i “' ‘ ‘ es.

* 6? Lite. 1

and 5432; Hattori, ”OFDi\:’E/DFDEVA Te><’zi:>-.t:cs§<," impress gr-ages 7"-8~?35, September 2008, 1:3 p-;,=5.
JP Triei 5 E

:-~S E

g EX.AMi3~§ER ewe CGNSEGEREB

E'><Ai\/IENER: initial if citation considered: whether or not citation is conformance with RIEPEP -§ 5U:’1 Draw through céieitéozn if not in
f conformance and not cor: ‘GI-ered. Enciude copy 0 " ' ‘ 5  

Page 418Patent and T:‘ademar§r; Office; us. £7-EPARTMENT c-§= CC‘:Iv’sz‘~,/EERCTE""zQU.‘ 5'};r3 0': 7.3. 0 .1-,‘m 3&3



Z%31%§E

(19)Fl2*4iEI!1%=?ffi‘ (JP) <12; {ik Efi 21% E? 9}, ifi (A) <:1)w§«a=wm::%»%
4%%Efi2000~78082

(P2000 — 780829;)

(43) 1% B _5FER12¢ 3 5145 (2000. 3. 14)

(51)Int.C1.' flfiéljfid-1% F I ?~v:»~I~‘(3%>

H048 354 H0 413 3x54

H04] H00 ’ I-I041 1/an

moo 11/90 2

Efifiifi 563313‘! fififiwfilz OL 5'1»E%£BE (5? 37 H)

{21),tHfi§~?; :;€=fiIF11—195785 (';«'1>tflEA 391030332
7}I.«iJ:‘v‘-Rx

£22-msma 5F&1l41“37fi 9 Ei<1999.7.9) 75-;«:<§. 75003 N‘). 0.1- ~:-'2 - IR
;n:'r»r 54

(31)as%$i$€§§+% M I 9 8 A 0 0 1 6 9 9 (72)%§E5% :>=a;~z:/: - 9'4’ F1374’

(32)§5*aEI 3FB3’:‘.105;’*37 E23EI(1998. 123) 4’57'J7i:?I, 65122-«<7L:'*‘3~—:?« 1:‘? -

(83)fi§:‘:fi:—I:§EI 4'5")? (1 T) 1/$3?‘ - 3:1/3‘. 68

(72)%EAH% ?:x-;>m1:: - I//\'.

4 5* U YE. 21040-5‘/vb F ox‘ V-

't&‘) \ E7 - uwv. 27

(74)fEfl)~. 100062007

51%: mt: %$ (512%)

 

(54) {%%3aa>45fi.n) {&:¥aJ:?fit¥*aJ££73&_t*:*a>>9t7*a‘r?-=1-:~‘—5'§E&o)75&<&%fi

(5?) [§§%§] ___ 3
tag: fi%®fi$$6m§E§fi§fl%%fiUfiE “""‘*“”vz%ALfifi~Bx7mH4§afi§@%?fi~€ E:] 1

X.%fi%;U?—@%flfifit@oEEv%fi§?fi » I
?§3‘§‘%>i::37b0D7‘5i1E:1=‘5.J:f}'”a§‘f§?é:4“E{§1E“§‘%’: C 2:0

[flR$&] $%%@\%%Emm;aT\fiE§? E

fifi%+%wLT§fimmA%EfiLF®fi%®kbm

@$fi%éhT%kE%§%/Efififi(coFDM&

fil‘$;§fiLw7¢&xHmu;%:a&fi%af

50    
fii.

Page 419



ifififffiaéfirafifll

Efififill %fi%%fiALf¢%®?4V&w§k

m?4yawm3mm?—¢m%fim5E£m%4ya

wE%%%%?%fiE?%af\%%?4§§w§h@

-3-“«( ~25? J1/1'b‘£<£'L7”:{,iEié’:iiI§\7b>I5 ®fa‘fi§E*‘”r“-~ 5’ >5: 0 F DM

itmeFDMA§%?éX?v7E%i§:z%%@

-tf%E&o

Ifiiazl$fifi&fi%Lt¢%®?4§$w§t@

?4§&wkEhk?*3&%fi#6@§E%Eéht

?#§§w%%%%E?%fiEFEaT\fifiifltfi

T%fi%$%U7%E%bT$¥iw%mfi%fiéh%

UFDM§%%K&oT.§E§ht%%%fi$?%X

?v7Efiié:t%%%&?%fimo

{%fifi3] %flfi&E%LT§§b6¢%%fit?

4V§w%%€EE?%fi&?E2T\%%?N%?—

§%0FDMA7&txfifi&fimLT§%?%x%v

7°7E%1'¥E“<.:‘»Z» Z: é:&4%i’fié:‘§“»T57~3$5‘§o

{%fifi4) %fifi%E%LTE$mB$%%Et%

%éfifi?4V¢wE%%§%?%fiE?%oT.W?

B%E§T6h%$+U7&fi%LT%+%w%mfi%

fiéhéoFDMfi%%m;cT\E%émkE%%fi

£?5Kfv7%fi%%CE\$$U7btXfiOFD

MAT%U\§%%K$oT»%E§%Ehk%%fi%

%k%%&?fl%fia%m\wafibtfifibafltfi

%E$ v 9 ,7’0)fix’»DFa*IIDE5‘c"I’$>’3*‘7P§%:< v?’LZ> «Z 3:E:?#.‘=%fi t

?éfi%o

ifififisj §%EnkE%§km%%?&%%%&

74w5mfi?Em®X?v7%%8:t%%fit?%

%fiE1#64®wfh@—mmEfi®fimQ

ifififiel %%%hfiE4yK~§yx§%tfi%

%E&5$5Kfi€sTfi%%fifi&%%?E£m®X

?v7Efii%:t&fi%t?é%fifi1baswwf

h#—EEEfiwfi&¢

iééikfi 7 1 '§‘«‘1‘§E§7’3§§%E%1%%'s* %: §fi%'E/’< 5* ‘y 7‘;b'¥%%’c’:

'§?E?—.’3-?§EP£§7‘.vEé:‘E$”€% %: J: 5 La?/E; Z ‘tfzfifiifit

=;“»:sa‘§2“<1E 6 a:§’Bfio3:E$$.=

Efififisl fiflfifi/E%fi\Vw%$%U7OF

DMB€fi*'I-x 13321333->”r%' ‘J 7’€f2i¥Z x Q AM%§f:La‘. X

P S K;?:03EP'6‘i§\'«£«‘f1?’cEkE0)fiEEb: J éfififiiféfififi L

T‘fi§tfi¢§fi$E%bfii?fibh\fi&t$+

U7fiEhEE§?%%fi%?§%:tE%@t?%%

$E1#67®Mfh#—EE%fi®fi%o

[%fiE9} %hfi%fiLf?—9mfi%fiE¥4§

9J1/1§’%F’.aE'i?_§4§?‘§"%’.:§E{§TZ?>:>’C\ {J/\7::< 2: its 100%

%%%§$\%%%%%fi.Efi®&®$%UT&fi

L\#O%#?U7ftKE§®E%&fiL\OFDM

A7&t1&fi?%b§EufiL&mvp%$vU?0
FDMfim%wm?%:a&%fia?é%§o

Cfififilol §flfi&flLT?4V5m%%%%E

?%%%?%oT\9fi<t%1D®fi%%%§$\fi

HI

($ ‘?3fF§52OO0—78062

%¢&<a%1o®@%%fi\&%@fi®$+u7&E

L@O§$rU7f&KE%®E%%fib\OFDMA

7’/5*4z7«>‘£-%‘LM::L~‘f3*Ef:%i?§‘é‘%’>?JI/%3%°r U 70 F

DMfim%WfiLx%®%%Kfi%%Efififi&fi@§

@a§%Lt%%%W%mLE%?%:afi?%%:t

%%fia?é%§o

Efififilii 74wa$&%é5Kfi%:z&fi%

a?%%fifi9§t@%fifi1oafi§®%%o

(%fiE12] %%&?—a§m@B%%?%:afi

2r~a?«5%¥$E£%-a< Eézfifit &:%f:!?%“:?§&:“9“%>%%>“RE9

25“; 1 1 a3u~*«,¥‘n7b\—-lfikzéafiazsfifio

Efifimfimtfiml

(00011

[%%®E?%fififi§]¢%%@\%fia?—9®fl

E@fi%®fi§E§?5o;D%%E@«$%%@w%

%@fi(ituW)%E§fi%fl%%fiUfi%&X?A

:fi@fi~EX7unxfiaE%®%®fi—e2.fifi

:¥5¢1:L“fi"~5€0J§I)'<’"/§F’fiJ03?%;‘E3S-7 F L»—- I~§i§®f":3bc’):/5

%a%%m@?%o

£0002]

{fi%®fifi1—%E,%fifi&@fi%(fiE\I%&

L’) E-Z'é’§T‘L%fid%‘§‘Z>?§z’“Ei%‘§‘E>}’3\ zcfifiaia E71’:

7:,‘x§§§0D%fif’?“..=‘~‘%%§fi§'Z>¥E$Eé: %%7u5:r1’C1n%>o

r‘?%‘?s7J£»;h %:’3%i>"‘1::2\‘/1’ 5?“l-ah i§£5Eitt1ifli3*13?E;’j>‘-’§<’

cD:J€~— U :/5«"€'fi-3vf:2vbh::‘:*»-2 }~‘7——é??z$iJfi§ Lfcffi.

%®%\%$Efi%fl®fi~EX%fifi?%EbEiv

rU—7&Em?a:a%%kko:mw%§Lf,k

fi10®%%fiE$%%%®%%%%fiWE;oT\E

2"&‘L\ 7?~~y }“7—’,'7<?J§E’:§7§_’fi~3’(K é 62:. fifisbfl

&€<fiiLf.E§iam%1Mb/s®%~5§v

ym—FfiE&%fi?5NoRwEBoifififlahr

u~%o

[ODU3]E%%fifi@\~%E9—wF€hTD&

w%@$tm3$fi1fl®fifi?%fi3fl~Zhfi\E

fififimaaafifié‘%§$hk%fi%Mfi?%¥fi

%~§&fiLffim$m%;5m$fi3hfm&oN0

RWEBvX?A%%fi?%fi®®i%®%vP7—b

affifijau.wb©%%§§%‘¢&bEfi—€x

7°1:12\‘/a’ /;‘?“&: <73iE{§0Di'c&.’)k‘f&?r) if-fli’LT:”:%J32E’i€E$3’303

E%fi6%hfi%@k&E$UEhfi50Hz®Efifi
®%%%fi$?%C&fif%%fifi74w&&Efi74

wax&5fim(%5b&:afifi)fi%&%%%/Q

Efié.¢%EmEfi%E«®%E%E%m%%éhf

w§$T®fi§®%E%%?%ZtTE%o

(00041Lhfi3T,$E®m.E§®fi%??—

5? 3‘5J:CF'I§§E>E3£1E5;‘§"r.:> 2*:2sb%:%7‘3%;§?E‘1’fiFfi'si «E» E’. 3:53:

W%?%§fi~vw%x?47#~E2tE&§fi?5

mu§fiyu—F%EfiE@§éoE6t‘%fi§Ea

5;G%@$m€a®£%eyb®&fi,mufififiw

?§§’i~t3iE:”<3‘1“?fb‘5§>E§®¥5l?rCJ:*3’L'§7€3:‘9. :?~~y b'7—¢

Page42O



fifi®%%&§w%o

[0005]

(%E'§.7b“%€i‘9&i_/3:5 E@”7:’>%$%} L/f’:2b“v:“C\ 7-t\‘§v§BHc7D

$@B%@‘fifi£fi~EX7BH4§®%§fifiw<

O@®fi%®%T.%Ev%b—}?fi§®%%®flfi

W§fi%W%K?%kbEu%fi®%fi§LTE%?N

%?49§w%%%mE?éfi%%fi&?a:a?&

"439

{O O O 61 $%B)§<73fiiJ.03 :méi>. L7”:75‘3T\ Eafit

fi*BX7DfiX§®fi§KfiW<3fi®@3®%T\

Eevbb—bTi§®%fi®flfimE&%fl%K?é

fi®E‘fi%&%fifiiT?—§®flfifi§&&H5fi

2v_’>L7)§E”&3E{2‘§'-§’%cT. &:'€*3z3%’>o

{ooofl

[%%%fi&?%&w®$E]i%x;G%m@®EW

H»%fi§1m%fi®§fifi%E%Lr\¢%®$«§

3w$kd?495wmémk?~5fi%fibEfi§E

?+V§w%%&%%?%fiE\%fifi2m%fi®§fi

fi%@fiLT,¢%®?4V@wEku?4y&wké

hh?~@&%fib5fl%E%%Ehk%4§&wE%

%%%?%EE\%fiE3Efifi®%fi$%fi%bT,

fi§b5$%%%m?4vaw%%&%E?%fi§\%

$E4KEfi®%fifiEE%LT\§§b5W%§%E

fiEéhn?49&w%%%§%?%fi%\Egfififi

fi9%;@%fifi1owfifimfiflfiififié/§E%

fi5kb®EEu;aTE$mE&3n%=$%%®%

ommfiwkfifiu.%n%h®%E%fiEm%fiEn

1w~éo

[0 0 0 8} m:7:<%B,%c3.*#§iH7t:i,*éi3}3?a$L:1?§a“:B’~3'@3E

mim&maLfmTm%z%o:m%%u%fi®EE

7$i'>i‘3%%§L?::7E2VI7).?La’r’.Ea”L7“:1z*,;

[0 0 0 9]

[%%®%mw%%]m9m%EhTm%%§¥%cu

7a‘:7'f<‘§‘o Chtah ZISEEWZN **fi*~1:°‘7<7"I:u\‘A’ fitfifi

®@®E%@t@®%fififi$fi®E%%%m5\fit

fififikbfifiOHz®E%§®$flE%Efi§?%Z

afiT€%Efi7xw5(HPF)Eh@fifl74w§

(LPF)&fiUo

[0010]E1@\~&W&fi%Efi%vX?A®—

fimEhfi®?§%fi.fiD%%#¢¥EE§%£§%

mfimfiiao%@®mu%®%®#fiéhTm%ofi

—Ex7nn4fi®¢fiE%maafimwefifimim

£02D®E%$%fi%?%$%E@Efi%E«®%E

§E%(Mv/LvTfién%7nw§).%¢tfifi

fififlfifiéhrwamfiuv994ya%@finé$

R%fiML‘E$UfiW%fi3hfi§fi®fi%\?fib

E‘w#&%EfiH%fi<fi%UvV§4ym%fifih

%§§T53T\§E§fiUST%3h57Dv9?§

7:”-?1°(In2’;>o

{O011]%$timfiA¥T%%w<Ob®E%t

(® %%2o00~78062

iv?» E31501’? ¥“L7'-*J_l:t7)i§.1‘§»'*’f‘7>4*-:5f7§>°W

7E—§yx$§%m£a&mk%<fi#Lfm5mfi

ifiéhfwéc:@%vE—¥yX$¥ém.5y§

Li-C‘ E)”:‘%::&f.fi?$0)f,7v53}2-t.——*§5lL“(@?:’.*%a ”sT%Fa‘3

E\fi§fifi%¢5%fi%%®fi\§fi8$3%fifi§

1:32-9“(b‘«?: (Wit-3.*“\ Ma s a 0 R i T a n a k a

Tfiigh frequency noise pow

er spectrum.impedanceand

loss of powe
intrabu

transmission

I linein Japan on

ilding power

atiosJ.IEEE Transactions

onConsumer E1eCtr0nics,vo

1.34.No,2,May,1988§%)o:h6

@%mT%%w§§L<tw%%%fim?é%%m74

?7m\Efieiwmfiwflflflamfifikgfiééfi

17 }~‘7—¢7é:~f@0)>?xv I~‘7*—i7&: (7"i:rz\‘/a”}?‘2‘<“/* E‘?

- 7é:%$»“?’~*>' }~‘7v&E:) 03/f‘/I:i‘—/;”?“>*7\§1%7E?§

étbw‘%E®%fi®x~&—&.%$fififi?fi~

E2@fiE%fim?%:afi?%a%E(vw%%~F

fiE%)T%%fiZ%CtT%9fioZfl%E2Efl%

€I§‘L:7T<3“o L212 WB S D7’l:i~y¢6iE%ii2?*3‘-tfx

fiE%%fiL~LVDCMfi%EE%%%fi%fiL\H

PFfiEfi74w@\LPFmfifi7%w@\PLm%

fifi?$9\UAm%§@§§(Wz@%%%$k@N

—v%w:yE1—?)\TR&Au%%E%E£;@

h7§7uvé\EifiPPu:ytVb%fi?QEE

E.§§%¥fi,OFDMEfiEfivT‘$t&TEfi

N501’DMA7’7-{ZINE-}3’(*7‘?‘--5’?cifi>E'Fr5f:<¥*5

®%E%E;fi/$tu§%fiTX/Rxvfifléh

%o%1®a%7®@fi@Us1?fiEh\?~5E:

3/E&@fifi&§E/%E%?%%§fi&w%zwfi

47®%%uUs2?fi$h%o

Eoo12]%uBz1'C1n»ZaJ:5I:. fi‘~5.%03fr~v l~‘7-¢r

Kfi.%®%v%7-?fiHfi§\fi—EZfifi§CW

i@EE7fi—k®AD)F®Afl4>E—§yX,E

tmEK%%EmDk%§%fl®§?\fifiéhfwé

#85bm;oT\w<O#®%%%%®%%fi&%o

§5%E®fi$iv%7—7®RD(fifififlfiifim

fixLkfiOTVW?%*FfiE%@§E$)TV~E

:«<%éE‘§¥*§‘% }:{EEL,'C. Li::7b’~‘o’(’}‘7::< .’:i&35Z9)fi

fififi@W?%yE—¥VX$%é@%E%%mLfit

fiiLT%,$$%&fi%®tb‘§h@&¥W%%fi

®;5E%KEit#%fi®fifi?.E%E%&5Vfi

A#%fi%&£®;5muf%£?%bkowzw%%

fi$fifiE¢éa?6w%fi3hTw%UV—XbB

(W&&:%®%m%i%fi)‘fi%®fi%%$%%?

m%fi@%:amwfhKLTEm%?§a:amfifi

fi<5?fibEs%%§h$;fi%®%%fiE%§%fi

fi®fi@EfiLT\ifi&T@%fiw€%Cafif%

Page421

linecommunic



M) %%2000-78052

/39 ”§‘% i 5 i;:}<”<’7 $190353. E"J?Ei§‘3EiE3E‘t‘ii s 1 n

{0013]—&mfi%“%fifi?E%%%%m\fl fix}/(x)®a47®m?§b.%fi%fifimfim

a\?&b5fiwmfi®£©(fi§Lkfifi%E)8‘ ?§fi%Nw2®%&$fi?5:au5%ofiééma

Em%%m%®(5oHz$km1o0Hzm%%&$ E%@,%%\§Em£;UAwx%%&$~®%fiu

;@1oKnzu?®fifiLfififi®fiwx%%)be W%?%7—Ul§&E$oTEfi$h%&w5Cab

fi%$%fi®%®.3;fifi%fi(%%?%%fi&&% 8fi%t%§&§H%®m\vw%%~yy2%L?&

9%§%%fifi$;fi§%%%fi)mammfififififi %a%&@$¥U7fi»xPSK%Ek@xQAM%

3hTN%o C%i@,?%$w%EEJoT‘QPSK‘16QA

[0 0 1 4] 2ii%|i!?5I<7)E2kE’~3v§:§’:§B}€tI§EIr;t, m%i§x,*’ff=:% M 6 4 Q Alxmréf) 25*5Ec£a‘1Z,: E1’zE‘E’S 7i’Lf’:?iE§E0DEE

&Eu$wé$%%\§a.4>mwz%%$&mm@ §EfioT§%éh§oOFDM£%%(?&b%\Z

Gfifia§y§A%%$;fi%Emfi%%\$;GEfl ®vz%A®E%%)kxof%5ev¥v~&yx

J:.:1”’0)fi-fiFfi%Ef§E‘g-;aZ}f)Ce:b£:\ ’{§:%J:T;§f:i;tEP%E% Li‘ é§rfla*«fF-'5FsfiE%T s Nfarbme‘-y l~7‘1:r-:2 ’7$:E<:§3*

flfi$?~%%E%®H%k.§%E&fi@%Kfl?% mfih.%®7uy7®§&@.E%$hh%§®%%

H%mE§fi&&fi%%EkKW(C0FDM§m)% %§¢&%&x1,ku§fiLtwauoatfiavb

fi%?%C&T§%gE®E%?fi\E7bX}U—A XbU~Lfl\%%®yv7VXE?vE77%h%

flW<Dh®$%U7EbEoTfifléh\C®;5E a,2k+1@y—#yyvma%w®1o®&¢bw

L1%«1w:mfiE?%fifltflLf%%h&92% Eifi.2k+1®fifié$%U7W®10®VX%A

1-A®::z.a\‘:4}~*f$?&i6EE‘§‘E>a 31%;, %§%B’~J?,:?%5a‘1%.’>{§ é:~§z§‘%>J:5i:‘ %%Ev‘%‘*§:L *3‘7‘$«=v U ?’031'33:§§

%?a’:%< 1&7 HL»fl33§»i7 tt";*:l3§3‘*?J*§(«é:“5?1€§:«Z€an V 5$~3“&_’rE»é't»i$o $42? 1) 7d3%’é$U:b“. mmbz, O F DMEE

(D015)COFDMEW@xME§k@fififi@W %&%%?§%%%mmL\Rfi®;5mi%%K%b

i§f§“.®3Z§}iL:j:feE§2«:%E$,E‘5h'{L~Z> {*f§3Jf?.L2t‘, E T S 331%;

3D0744FDigital Video Broa [0017]

d<:asting(D‘v’B):Framiug str [fill

ucture channel Coding and

X1'(t)" 2 k-«K..+K Xi,uejhm1’9c"r, (3 ' “Q.-1}modulation for digitalte

r r e s t r i a} 1‘ e I e V1S1'OT‘l‘~/.DVP>_ f§%%”I2§§I«;L iEf§§3h?:OFDM§E*”§"®‘r?e§?fl'€€»iB

T}J,ETSI,March 1997%?fi}oZ h,WfiT§Eh%U

mgrfiiflemfbwé-i;§%¢:§iL.*(4%%.*7:c¥,fiLz»:E,EE7.% £0 0 1 83

%fi\C®COFDM$fi$%%Tfi%Eh%e [£2]

[00 1 6] E0)§j€¥Fi£2L EKQWLCEEL‘ §w.:E§é

X“) ‘ 2 i—-—nu..+uo 2 k-—K..+KX1,n9flmdre°t'r, (t " Yrs)
xii? ¥~11«0D£€%:J>?2<<@“%7’.:acb&:. $Jr1)7’75*‘E1n [Q4]

EgfibxLEN9T\Kfi®%fi%W%%fi?Ztfi [;-Q+JdT;k-—K”+K
2,E~%T‘%Z:o

£0019} fo@$b$+U7mH&&F&%o

[£3] [0021]:®;5mpT@5nk%%u‘fiyfu

h at k 0-:d%,é_[:f¢J‘8,j2nfkte-jzzrmtdt _ 0 ‘J§'FsflF%T = T s /NT‘. 4.3”/7”‘) 3/9”’ E‘.ih75o C F.?.N=2K+1?.Nu$vU7®fifi&éoLkfi

amsh iv 0 }"6’)}%]?)§§(:b‘\ 0 F DM§a$%0)$%%%éD%Fa*] UT‘ :03; 5 ¢: txC€%Ea‘12£>§§% x (n t) Lat,

Ts@mfi®%fi%t%L<§fim%:g%fiLTw [0022]

%o E&5}

[0 O 2 O] fi“7§tbB,

xfnt) =2 1--00..-no 2 k--K..+K Xi,xe""“”’"rectT, <n'I;/N - i'1;)
atéo DFT)E%fifE%o

[0023]:h5@fiy7m@fibbm%4§§w7 {U024}Z®Zkfi%%EOFDM§%E%fi?é

TU5§&E&9T\fifi%Efi$%U7%%%?%E Efifififibrwacfifiba,%%tamT\E%x

%Lk%%fi$&éh%o%%§Ltfi@.§%1/N 1,k®1DFT%%m?éfiE?%9.%%m3w

%%®T\E§%fiXLk®E$fi7~UI§fi(I 1,EfiW$tbEEfi%fi7~u1§fiDDFT&%

Page 422



m¢&fi%T£%Q

Ioozslmm.£%éh5N=2K+1®§i%%

W®1O®N7Fw§i%§h?\OFDMfi%®N@

{xn'}'IDFr{X—K"X+K}

%%2000~78062

GT3"/7°}L« X nib?

{@026}

{$6}

xn == (1/N)2 ,(__K_‘+K Xke52""“’",n = 0,1,...,N - 1,N 2 2K + 1
?%%En6o—fi%%?m.

[0027]

[$71

IWr{x,.} - {X—!{..+1(}
?%%o

[0028]%%tu\E%%+%w@fiE®kb\&

%®%\E®%%%fi®¢El9T<%13~Xfi%%

®E%fi\$EE%%E$?%E@®fiEfi$?fl%é

m%&5m\oFDM%%&E%¢é®Mfi%?%%fi

F'a'i”:f‘3?>%:H%‘=fia‘3T s Phat. :}:T— FB§=Fz'a'3T g?£€%?:»o

[OO29}Lk@3T\

{fie}

Lwn+g

£&%aZCT\Tufi%%E%®E%%$fiT%O\

Tgfifi~F%%T%D»Ts@K%OFDME%®é

‘%®E$T$%o
(0030)P&7v~A&%fi?éfi%3hk0FD

M%%®fl&Bfi?t\&&éhfiOFDM%%@~K

fi®;5m&&0

E0(>31)

[fig]

SC‘) "' ‘Re%j2z'a 2 m-0,.+oo 2 l-0..-I-P—1 2 k-Kmin..K1mu cm,LlS1yn1.l,k
'C?.’C\

moszl

{$101

(1+P-tm)#Tssts(1+P*m+1)*T,0)i2%c%*l:£i

‘II J k _ ej2n(k‘{T"){t—A-—I-r'I‘,+Pom¢’I;)“'1 5

Tfib.%®%®%%Kfi~Ym_Lk(t)=0T%
50

[0o33}k@\fiE$vu7®fifi&D.1u,7

b~A¢®fiEOFDMfi%®fi?$5\md\fifi7

D~A®fiFE9\Kd,%Eéhh$%U7®fiTE

0\Tsfl\OFDM%%®Eé?&U\Tufi~Z9

®fiE?%$vU7®%®fi%®fifi?ED\Afixfi

~F4V9—Nw®E3T§D\fcfl\RF%%®W

:E~}%]?fi%”€‘&‘ZL R’ ti‘ J§§E§FPaE\iZE$l§“9"»E»3a’~‘r’ ‘J

7®§E.$%?§) *3. m3;*2‘t~‘i’§2’:’-'3’LZ>.,

[o034}

@m1]

k'= 1; —(k_,,,, + km)/2

cH_mku.7b—AN°mE$U%OFDMfi%N

°1®$%U7kE%?éE$%%\cm_Lkfi\7
v—AN‘mn3waoFDMa%N“2®$+u7k

Kfi?%fi§§%\cmJ_fl‘kfl\7D—AN"m
EfiH%OFDM%%P—1®$%U7kEfi?%E§

§a%-‘$25 %.,

(0035):®;6Mfi§§m%oFDM%%u,m=

fifiééivU7®~$fi%%%®%W?-fléfié?

%k®KEfiL\$vU7®~$fi%?viw&%m?

>§»;“:az’>L:@F%=JL, (fiE|’\3>E3FJvU 7‘ ”9‘t:2b‘?5EE{fiE

?,b9fi%&b&w®$vU7\E;UflWfi$vU

7.?&bEfiif%%9Tm6fiET(fi%@fiEh

TP%fi3\#Ofi%%UNW®$#U7)~$vU7

®~%fi%fi%?§fi—ex%W\mz&%E%§®%

}fi%3%1'§‘§‘Za7*:62bL:4‘EFf3“s:“% E: .1;7’a*"C-‘E5:

[0 0 3 6} Lrzrbiof, z:o>&’fi¥&e:g:m.~Ji; E124?-%

bib‘ < t)7J‘03:};‘\” U 75Z3b?‘I:9“Cfv3’%U$&"L L7“:7‘.>“:v

T‘%?%wE#E?%%flt%LTZ®:5tLT%

Ew’}'L?’::‘/3<:7—.AC7)DJ<:< }~fi?,~‘_«?3:fi'§‘Z,.o

{o037]flénk¢+U7L%%hht%%u,H

%mfi&#E\x;fi@®$+u7:?§%Ehk%%

bBfiR?%:tfi?%%o§k~fifi.fl5hTw%

fiET#D~fi®%@%%%wLK.flflfifiE?%%

élcéi, *Z'Z".ivZ}\9‘?.'<7a>=‘F’r")7?"<£’ F71“7b:?%>J <‘:

2:‘ i7‘“c¢iC?hE0)$>v ‘J71-C3’§‘L'Z“E»o&I3J‘\‘X IVE

®fimEfl%%£:afifl%?%éo

[O038}E3£E4fi‘%h?hOFDM%%Efi

®m%Ema%%%%%&?%$&fi%7mv¢E?&

%oChS®@E$wf.BSfl%%éhéfiMEv%

~;/-‘I:/7.>2W‘\L, C &M¢j:7‘>’ 1:fV7“&«’i’-‘fv'%ft037‘1:3

vfi&%L,D/AufiE?%fi%m%%fi%fi$mk

%&&¢+U7@%m#B%Bht%%&§fi?é%4

Page 423



99w7%u5§&%%§ic%%mm\Eswfiux

OFDME%fim#MfiE%cEfi?h%b%EfiLT

w6Ct%%%LTfi<aLbL\%%Efi‘OFDM

E%fi.fi%?fi%wx$fi%.¥%mm$tfifiT@

U&$%$O%fimOW%mfi5ctfiF%%%v7

{®4®7uv&IFFT§%)?$fi$h%cE4m

$wT\FAd?~§fl@®kb®7u~AfiE7Uv

ééfib,IFFTmE%fi%§7~v:£fi&fi5%

%$W7Uv7%%b\S/P@EfiW§&&fi57U

v7%§L\P/Sfifi%W%fi57Uv?%fib\G

Im£~FfiR%§?9

{0o39}%%m$Hé$vU7%®E§fim\am

I%E$9f%%EhTW%o?EbE\1D$?U7

(‘ix %fiE3JIELb‘}§ie§?l2s"?5{§a7FuE:A »f 'C‘-EDEZEE: s i n

(X)/x®5$7@§%?§éhé®?~106$?

U7fifi%ut%t:am~%®$wU7@%kfifim

Efi@6hTw%c%fi%fiT\fl®$vU7®10&

Utfi1o®%x@fi$5aw6:am&5a2)Nfi

®fi?‘%%fiIFFT%fi5h®Kfl%?%é%fi

@\E$ETu?Eéo?&bE\§$%ET:Tu/

N (N& T u€i“§7.T#:,v’?"r.§3«'hf’:} CDNf‘:%'ff‘3E>Z>a 39%’ 1)

7E®E&fi%fim,Af=1/Tumgpmtwéz

&Efi%o3)Tfi~FJufi9Lkfi®N.?&bE

IFFTfi9<ehkN®%&©rfi~FJ%aE§L

$50Vfl—FJ®fiAfipIFFT®Nfi®%®#§

ii‘i%®fi0§Enkfi~FE®@@%fiA?%C

tfiééu:®;5mLT@EmfiN+fi—F®E®fi

fiEflEfi&Eh.E4mfiEh§$5K%EEh5s

bi’i:7‘J"o'C\ I734 1~“93fF5T gbi, T g=7’3‘~ PX '1‘=:’§
—FXTu/NfififixOFDME%®$W®EE@‘

Ts=Tu+Tg=Tx(N+fi—F)=(Tu/N)

x(N+fi~P)T@%g

[0040}E4?%%fifi$nk7u~A?#7@

fixIFFTEfi%3fl%Nfi®§§flEEfi%?%o

Nuzwfifivao.%fi?~a&$%va¢+u7m

fi@N$9$$wo7b~A7§7§fi~%EAtfii

5nkW%(7v—A)®N@®fiEfi%L\mEhT

wfifimfi‘fi—az$+U7%%mikmEM&fi%

@%~&$%U7®fitfiA?%D:h5®$vu7m

w<O#fi\?—5$%U7tfiEfi%§flb4wE$

9‘§k%®%@\%%%%&w%?&%fi&Ez5a

$T®$%U7®fiE$&fi%®fi%E\7D—L@

fl‘%fiwfi%\%%H%»%E%~P®fi%%;6%

%%E®%W&fi5kbE.%h6&fifiLf%v%»

mfiifigG%wfEfifl%m%%fi?%§Efim%m

§H531TE‘5o

[0041]flfl®9&3®Efiw$;@x4&bwm

Gfififiivfx%$¥U7E§fi%fifi®EE%fiW

?%Za%fiE?%ZtfiT%%o%Z§,%0fiéh

Tw&w%fi?fi1024QAM%fifi?%C&fiF

fi%20o0—?8062

%\%%Efléfifi%fiTflQPSK%E%Ln%%E

fléhfififififi,1FFT®fi@fi$?ém%m€u

& LT%®$%U7%fiflE?E

[0042]Ltfi9T\fiE®7W%#%U7®fiW

%fi%?%:aflfiu‘%fi?m&<flfifl?\itfi

%EfiE#E®1:—®EfimfiLT%,%viw%fi

&fi5CtE%%fl@®flfi@a§®&%flTEflm&

fiflTE.%%Efi®&fiflTE5V§A&%flT%\

w®fié%fl®%%%§U%?%$wLT\fifiéfifi

?%:afiT%\fihTw&m$%U7@E~ikm&

%%$®3®WT\E%Eht%W%fi$?%i£fiT

%éZtK§%c§fi\OFDMfiW%fi%?%fl®fl

fi@\OFDMA7?tX&%%fiWT%%CtT%

5“

[0043]fi—ax7nm4§fififlfl®§mm9w

1‘—&mE%%@29m%Eu&w&fiaza&fifi

m§<&%?%5°?&bB,¢%m(Mv)b&w

(10~20kv)&fi§E(LV)bNw(220/

380V)?&bx%h?hwb@%$EE%£fi%E

%fi%hmfim?éD¢%EE%fiu,~&E~mfi%

fiE%§EhTmézomflv/Mv£E%fi%%éh

éo%®fl%&E%5Efi?o~fi§%Wtu.ESE

twfi?§ém%§fi%%fi%$hT$U\Efi%%

H‘R%§E&flfi%%%fiZTm%X%v%SW%fi

bf‘%§®¢%E§MVLE%%?%$5K§%€h

fw%°fi&&%fifi§®mWfiEt;9f.zvrv

—&@%fifi%a\%Eaa£mm%k%<%%o3%

K‘—m%%fi#6m%%flfi®fi%fiu.@®—x%

%%®§fimfiL\%hu;oT.MVE%%fimEfi

k$%o§fi\E5fiE‘§fiEfi\%fi§Efifi\~

WfiéfiflfifinfifiéhfwéfifilO®Z%v?S

w&%LT%%éhrm%:a#%%@?EéD%@%

§'ii;.‘—;v;£:, ——}?§;‘zi:£;tI?»%“]Ln’€\nZéfi%!J¥fEB§%7b‘§Qb3‘ raarcw

éo

[0o44}fiEm\fi%EE%mu.:fiE§mm%

%EhTM%MVbELV®§E%?%%€h%gZfi

§Em@.&fifi?%fi&fiitw%X4v%sw'é

fiLT,§fi®&%E%LvLfi%fiEhTw%%m%

n®fi%E§fi%mm%%?%omfifimafiufim,

%%EBfit;oT%¥én%%£mfiu\fl®:m£

$W®LV§$%fiKfiUTP%e§%E\C®%WF

7*&fi€\fififi%u%%at%K§m?Eo

£0045}fi—Ez7mnX§®&b®%é%%%%

§?%iaE$9T.fi§E$3fi%®éb6\fifi-

7—x%—F&b%fifi—mfi%wFfi%%%?$§:

&fifi%3h\LkNoT\%$%fi&Efi?%&$U

Ewtfifififigmfifitbfé.Efifiémafifix

9%%mw$a,gau,mm~mm%§%»F&%fi

?éfi§fifi75@‘7—X®fi@®%%K$%%§%

§i&uu

  

 

 
 
 

 
 
 

  

Page424

 
 

 



G) %%2000—?3o52

  kbtfiméflx%¥®OFDMEfifi€EEOFDM

AfiWfi7v7UV?®kbKfi%$h§:&%W%K

?%o0FDMAfi%m.Opnmfiwefiahafifi

a~¢wéhkFDMA(Bfififi%£E77hX)&

W®%ELk%®F$%oOFDM7w%$+U7%%

®%&&flfi\?&bE#7$vU7,fi%fi%mwfl

®Em£%fi&%WT%htfi&&&%fiT$fiEhé

:«’3‘R 7r2x5c:rP§*eo3§f%iH§a5fiJ§%w2:.nz'zn.»z>D agzgéfi

ifik O F DM“v;ba‘*=32>v ')7’K’1’=ifiT‘\ §lJ*_91%’:'CI5?hf:*3‘

?$kU7®mfiw&%%L.%%flu.%r®@€#

EAoT<%fifiEEWLfi%%t%:z£fi&E9\

fi7$vU7%®E§fit:®E%%%%?%k®m%

(0046):hB®%vhU—7:®E%7—$?&

%v%%E?%hb®Eta%$ufi®;5?$%o

a) M\/:?~~>+ }~‘7—~&'_:?flL‘)~3fii§€§F9"r§:a‘~§fié11«'§

:fiE%%®mm;of\£Em%LTmfiLTmaa

iiéhfiF7¥5VFJfi%fiEh%o?fib§\%

%%%%@%EfiEfi%&<fi5E&fiT%%cb)L

v%vbV—&:?.fib:m§%fitfifiéhéLV

%E®&w;of.%%z%LrmfiLzw%a$%é

rnz.» F*f7“7’/fr?‘/FJ (’;‘*a03.7’»f5"/l~“032J\%) 75$

,s3Zr‘52n%>¢ 3231:. C) >‘{~“/ }~‘7-7l:1"§§§§§§fi‘c’S»’i’L>E>

n~Fb17%fi®§%%¢w¢a%E#§%c

{0047]L%®%§@\fi~EX7unX§tfi?

%23@mfi&77tza%%E?%camtégit

7b“E\ 1} MV.?~‘y}~‘7~—:5_l:0)i£1"§03i%%t:£ah E T \ ~. " Ba

ExMV:fi%%W®MVfifi§kfiMV/LV£E$ Em;oT%ahk%%&E%?5kbm@N@®fi%

afiU<.—K%%W®Mvn»7N—?2)Lv%v %E%fi%fiEt?%fixOFDMAfi%Td\Nfi®

%7—?i®%%?fl\Efi»:%§%W®LVflfii §mbkof$fi7~u:§m%¢%%fi?%:aw?

F0E7K\fl%&fim—mfi?£@%E§@W&%$ %%kfi1o®§E&Efi%?%:aT+fiT&%oL

%§fifiEhTw%nZ®ETfi\%§E%fiE$Wfi fifiof,OFDMAVX?A?@\%E®@§Kflb

H?@0\mmuE$m?$b\cm:y?yfi®§§ §T5ht$Efi®fi7$+u7®%%Tmm%LT7

%fiL\L@fi%4V§7§VX&fib\T1@%fi@ u$yeu?4fi%Eh%c$&flmu\fififit%@

§&fi%fiL\Scfifl%%%$L\X1&X2fifi@ §fl%fi%%fit?é%%iw%fiLT\fiéfifihh

U77§VX%§L\T2fi4VE—§VX%&%%fi ébe‘fifi%hk%fi%aE<w<9m®fi7$vU

L.%LT3m%%zbu—y&%¢;fififi@E@k 7®%®E§fi%%%#%%§fi@6M$?%“Egm

   
  
  
  
  
  
  
  
  
  
 
   

m®%fi@.E%®5é%fi%fifi3&%;5m%%$ fiéh%7§fiXEt\$%®&%%EE<$¥U7%

m%%%?%%fii§:tfi?%éc ®E§fi%\~%E&of§kfl%fiE,%bfi%Et

{oo48}%@;a&%E@§¢Ed,Mv2v%7 ?—fiLTma—§®flEhtwafiEfi$%gfie;

—§tLV%v%7—7®mELTfi%EfiEfi$fl% E&®fi,fi7$%U7®@®%®fi%%tEK§®f

"$359.. %§1‘E*{E*J<’r‘)%i1E:a”1“Ctfl%>»1’3/E’~—£3°VX$«:::i— :31. 3£1‘§*L:3sH%:7%‘E%lP$FafiEE?.iu®fiL31, fiffitzisbirééfi

Féh%&‘fiéfi?MVik@LVfi(%§fi\#- %fi%®fhB&fiE%$kfi%%¥E®#E$fiT§

7’2L«%§~ ?E’E‘?§:fi. $_%§%Ffi2\-—:7;i—:’;:2:“) ®¢3—‘:“I&«r‘/ Ea:

Ew§yX®%5#B1o%?&%fiw%yE—§yX [0052]@8®7v7UV&HEHwT\Ah?~

a(%&%T2m;oT)%é?a:am?%5;5m a(1)fiEvb%fi%muEfl®fi%a—fié€a7

%%3héoE%%t%%%§®fi®%fl%&@%u‘ uv¢c&M.EW?AoT%é?—a&flWa%&?

§§3§€EIJb:i3E1n>:cf3‘*E»—. 2'30)*f%l§E;‘q0){f:E¢:'3tn'C0>§ §‘7‘t:v/D‘ S/PX %0)3$3E5§7--‘JIEIQ (I F F

XfiE&%:tK$%o T)&%%?%7mv§mA%oE®7mv7®&h#

COO49}$%&%§®fi%%~FE£2T\7V7 fi~FLmi6h.%flm8EWkE&Em(c&P/

UV7E%?&b%fi§#Em%EA®@EtEfiEh s)»?¢Vaw#a7%u5u%&én,74w&&

é%%®fim&%fiBwfi%i%n§a(fivyuyb fiEh(D/A&F).%fi&%mén(FUC\Fr

bilii‘ E?'<'§5§>%%‘E{75‘‘?%°ZE-3’L7§:) \ %'C0J7F'J,%‘F€’%i% e q. Up C 0 :1 V. 3 1 %L/“C?£§§?.3::F§‘§ (N8:

fi%%%fi(%Efi%§§77%X\?fibBTDM I)%§H%#E?%iw(CHN)EE6fl\%fifi

A) ?é.’%§§£:‘§‘:"J‘3i’:’€§<':<E:’E.‘\ $?’:&i\ %4$’a"5"i§B 7‘&’§§4¥§7.‘§3”L (FDC\ F r eq. Down C on

W'7a‘:é;:‘§UL‘?.’$L:Z5%a‘1E£*}®¢%%®¥%i§,E>?:lEJB%E&::q4Er@ v. 3 \ 7’:H:I£>'“*7*”4’ ~;>‘;’><J1/&§E€%e.‘%%t-:}\5r11311. 74;!»

§P<’.%'U9 §—’1T%>C‘c”(‘%0)c1:575;iE{%'7b‘*%£%EI’§E&ZZ£ 5‘f>E3£i3é«'h {A/D82?) \ 135']-ifi§U-1”5c1:U°i:?'-F7"

5‘ av?(S/P&G>z%5n_%fi7~u:%&(F

  F T) 75‘??r=b7h\ :}fi§FJ-E§'JZ’z.‘§=§’é§§ (P/’ S) HEB

h\&h?~§&(O)%%%$T~%%%EvFXb

')-la.&:F%§§f?J‘b5‘?%E>2’1;Vc:7’-§??2Ev'%'*§"-5&!fi55?3fi

4’1a»*z»15'¢~3~7-“*«-~;1:.°~/&~‘a?‘::-fir;/*/°‘ (D E C &D E

M) FE5§€E'>5}’1Z>;, $~‘“‘7.‘/U‘/’703i%§‘§EZ'i\ QTIDEE

Page 425

[DO50}$%%E£é?X?AE&aYxfl%T%

ééW®%fiBWm\2?®W®®%fi\¢&hETv

7uy9®tb@Bw1a#®yvyb®k@®Bw

2‘@%%&%REh%&%T%D\%®fiQFDMA

(E§%fififi%£E7&fi1)&%fi7v7Uy¢®

  
 



@fiUOFDME%&§HW%fi\§fi3h%%§%$

E?%%%tfi7$%U7®flfi§¢E%D%T6hT

wagfigofixgfl/Etmaxfsgfi/§k@§

Eéh%%$§t;oT\~fi®$%U7fi§%§E%

b%T5nao

£0053](EE®3;fifi%®mmt;%t7kv

ffifié)E%%1t2®i7tvF$vU7fiE8®

‘F?-’.§S;:§£%:-:”f?3\§fi”6*=‘é fig

[0054]::?y¢%%?%5h%$&fl§m%%

@Té%o?fibB\§fitfiméhafi~BXmfis

k$vU7mfl%t%%T@EE§,7&tX%v+v

~7tLt%fifi%&m?%a:a\%w?~@§&p

~%O§Dfi%&#—7w&%%?%%§ELE‘Vw

%fl?47fi—E1\KV?U§1yb$~A\fififi

E‘%fi¥V§—ivF%;GE?fiXV?7yF&E

%§m€%:afi?%a:a\3;fiv~Ez&%fi?

%k@m%3%K%§?%:afiT%§:&?§%o

{0O55]%%E\iRfl%€fik%fi%?oT\w

<3#®£E\§%.$;@&%%k%m%%®f%fi

®Xh&ZfiflfiT&%:afl%EfiT%D\ifiww

fi%@m®fifi%fi®%%T®$ib5h%o

[mm@%$&%m}

{E11—M%&fi§ku¢%EE%vx?A&¥%m

fl%%K%?ETE%o

{E2}%hfiEfifiLT%%%flfiWEE%?%iv

bv~&%é5mfl%mufi?E?@%o

[E3}OFDM%%¥$®E$@T%%c

f@4}§%%®ifi%7Uv9@F%%=

[E5]~m§%fi®fi§m&E%m%mmfi?Efi&

5°

[E6]:fi£%fi®fi§WfiE%fl%mm%?EF§

$9 \

[E?}%%%E%fl%%E$?EF&%o

[E8}$%%mfimk;%7§h2ET£%o

[E9Jm%hrw%%§%%&%?@?5&g

[H%®%w}

{E11

 

@) %%2o00—78052

A/D&F ?%u7¥«V§w£&%$:a7¢w5

BS %%$héEvbv—#yz

C :y?yv§§

C&M vvayfi/H%m?uv¢

CU %%%E

D/A ?4Va»7%u5§fi%

D/A&F ?4Véw7%mfl%@%$;G74m@

FA 7v—Afim7mw&

FDC Efimfibyfifl

EFT %fi7—u:%@

FUC %$&7v7§&

G&P/S fi—F$;UfiéWE&

GI fl~FfiA

HPF %fi74w5

I Afl?—§

IFFT fiEfi%&7~u:£%

L E%4y§&ayX

LCDC m%Em%§§m

LPF f£%ifi7»rxLv/5?

ML $m%m

Mv/Lv m—fi%E%E§E%

0 mh?—3

P/S flfiflfifi

PP ‘/7-yb

S fi%x7U~y

S/P ammam

SW X%v%

SC )§i§%§

T1 %%fl§E%

T2 4vE—§yz£m%

TR&A %%%%§

TX/RX fiéfi/fififi

UA fi§®%%(%%%&E)

US\US1\US2 WE

WBSD E¥Hfi—Exfim%

x1.x2 m%U7&@y2

Page426



C93 _ '*1%E%%2o0o—73o62

WES!)

LVDC 
[123]

 --P ---->
m x(t)

BIA

CEM IN-I

Fig. 3

[E1 9 J

Page 427



UW %%2o0o~?8062

 

{E 4}

?&M FA SJ?‘

——> ——>
——-——>

—-—>[’:L.Ef]‘I:fl;
Q N

F!“ F1!}.

Fig. 4

[E5]

Fi . 5

 

mm  1:3/W

Page 428



%fi2000~78os2(11)

[E6]

 

[%7]

 
Page429

%fi2000~78os2(11)

[E6]

 

[%7]

 
Page429



{I23 ¢%*fia§2000—78062

\ \ 2 / / M»;
M E“. saws pxm:

NM —“""'

DEC&;DEM 1'13 m szmo 5‘? we Cm,

0

A .l

argnz T i£'£H&1T I i T E
Fi . 8 ‘

Page 430



on %%2ooo—73o62

maraaaaaa

l.Title of Invention

METHOD AND DEVICE FOR Bl-DIRECTIONAL DATA EXCHANGE. OVER LOW

AND MEDIUM VOLTAGE ELECTRIC POWER‘ LINES

2.C1aims

1‘ Method of transmitting digital signals from a central digital or digitized data

source to a customer through the use of electrical power lines. characterized in that it

provides the step of OFDM or OFDMA modulating the data from said digital or

digitized source‘

2. Method of receiving digital signais transmitted to a customer from a central

digital or digitized dala source through the use of electrical power lines,

characterized in that ii provides the step of dernodulating the received signal by

means of an OFDM dernoduiator in which the channel equalization is carried out

through the use of carriers devoted to the purpose.

3. Method of transrniiting digital signals from a customer to a central unit

through the use of electric power lines, characterized in that it provides the step of

modulating the data to be transmitted through the use of OFDMA access technique.

4. Meihod of receiving digital signals lransrnitted from a customer to a central

unit through the use of electric power lines, characterized in that it provides the step

of demodulating the received signal through an OFDM demodulator in which a

channel equalization is carried out through the use of carriers devoted to the

purpose, and in that the access is OF-DMA whereby the received signal is timeand

frequency-synchronized, and the orthogonality between the carrier sets coming from

different cusiomers is constructed. by the receiver.

5. Method according to any of claims 14, characterized in that it comprises

the additional step of filtering the modulated signal or the signal to be modulated.

6. Method according to any of claims 1-5. characterized in that it provides the

‘additional step of conditioning in advance the eiectrical power iinesisoas to make

them independent from impedance variations.

7. Method according to ciaim 6, characterized in that the step of ‘conditioning

the electric power lines provides for separating the feed from the data exchange.

8_. Method according to any of claims 1-7, characterized in that the

transmissionireception occurs over low or medium AC voltage electric power lines

using a multicarrier OFDM technique and modulation according to a fixed

constellation chosen in the XQAM or xPSK family for each carrier, different carriers

being able to be modulated with different oonstellations.
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9. Device for transmitting digital signals fmrn a data source through electric

power iine. said device comprising at least one mmziuiator, characterized in that said

moduiator utiiizes a muiticarrier OFDM techniquewiih car without OFDMA access with

any number of carriers and with any censieiiaizion for each carrier.

10. Device for receiving digital signals through electric power iines, said device

comprising at ieast one demoduiator, characterized in that said at least one

demodulator utilizes a multicarrier "Oi-‘DM technique with any number of carriers and

with any constellation for each carrier and without or with OFDMA access, in which

event the receiver is able to synchronize and demoduiate signais received from

different cu siomers.

11. Device . according to claim 9 or 10; characterized in that it further

comprises fiiter means.

‘i2. Device amending to any of ciairns 9-11, characterized in ihat it further

comprises conditioning means able to separate the feed from the data ‘exchange.

%%20n0~78o82
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3.Detei1ed Description of Invention

The present invention reiates to the field of information and data bi-directional

transmission. More particuiarly it concerns a method and device for the bidirectional

high bit-rate exchange of services, information and data between a service provider

and a customer."over a communicatiorrsystem comprising a "conventional low (or

medium) voltage AC electric power network.

The power lines generally serve for distributing electricity to buildings (dwelling

houses, factories, etc.) but since some years‘ they have been deemed also as means

for exchanging different kind or’ electric signais_ At first. the power line providers

utilized the network to make the polling of the electricity meters from remote zones

but afterwards they thought to use it for providing the ‘customer with interactive

services. in this connection, the results of NORWEB are known which, by means of

conventional signal modulation techniques on a sole carrier, but conditionlrftgthe

network, and on a very limited number of customers, ensures a data downloading

rate of about 1 Mbfs per customer.

The powerline is usually constituted by a generally unshielded pair or a set of -

three cop'per‘wires directly reaching the oustornerand which are connected for use

through -an electricity meter measuring the electric power consumed. The mentioned

network “conditioning” for the realization of the NORWEB system contemplates the

installation, at the house of all customers connected to the meditsm-to-low voltage

step-down transformer, of the so-called conditioning units, is. low-pass filters and

high-pass filters capable of separating the signal at the frequency of 50 Hz, provided

for the power feeding, from the higher frequencies and lower power signal which is

provided for the communication with the service provider, as well as, obviously. of

suitabie transmlttersireceivers.

in essence, therefore, aithough the existing techniques allow the use of power

lines for transmitting data and information. the downloading rate is too low for

exchanging multimedia! services‘ and the like. Moreover. the number of transmitted

bits per each customer and per time unit is a function of the numl:-erof customers
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connected to the same source and thereiore feeis the effects of the network,

structure.

Ther..efore,.th.e..main‘ obiectof. the present invention is providing a method of

processing a digitai signai iot.be_.transmitied over‘caommc>n..p.0.w.er iinos to aiiow a bi-

directional exchange of big amounts of information at high bit-rats between a

cu stomorand the ‘service provider 'or.between ‘several cusiomers.

A further object of the present invention is therefore providing a device for the

bioirc-ctionai exchange of data over iow—voiiage eieciricai power iines to afiow a bi-

directionai exchange of big amounts of information at high bit-rate between customer I

and service provider or between several customers.

The above and further objects are briiiiantiy achieved by 2 method of

transmitting digital signais from a central digital or digitized data source to a

customer through the use of electric .power |ines.a$t.s.e.t. forth in ciaim 1, a method of

receiving digital signals iran smitted to customer from a central digital or ci.igitiz.ed data

source through the use of electric power tines... as settorih in ciaim 2, a method of

transmitting digital signais from a customer to a central unit..throu‘gh the use of

eiectricai power lines according to ciaim 3, a method of"rece'ivin‘g' digital signals

transmitted from a customer to a central unit through the use of eiectric power iines

according to claim 4 and a device for ‘transmitting/receiving over electric power iines

as set forth in claims 9 and ‘i0. Further advantageous features of the invention are

set forth. in the respeozive dependent ciaims.

A detailed description of the present invention is now given below merely by

way of an'exempiifying’anci non iimiting example, which description should be read

with reference to the attached figures.

4-'i%%2OOO-—7S062
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Fig. 9 shows a known t:on.d.i.lion‘ing_ Unit, CU. in essence, it comprises high-

pass filters (HPF) or low-pass filters {LPF)‘capable of sieparating the power. signai at

the frequency of 50 Hz, intended for the power feeding. from the communication

signai at higher frequencies and lower power, intended for the communication

between the service provider and the customer.

Fig. 1 illustrates the generalized diagram of a generic low—voltage electric

power distribution system, but the same considerations are easily applicable to the

medium—voltage distribution network. In such a figure there are: a step-down medium

voltage to low voltage transformer (block labelled MWLV) that separ.a.t.e.s the two

distribution networks, the intenneciiate one of the set‘.-.r.l.ce. provider and thefirtai one

towards the customers; a power ,distn‘bution main line ML which the various

customers are connected to“ in parallel. also referred toes "distribution ridgellne"; and

a plurality of parallel-connected customers. i.e. connected without any sectioning. to

the distribution ridgeiine and each iaeing'represenied by a block labelled US.

Several research works, easily available in the literature, demonstrate how the

transmission parameters over these‘ ‘networksare greatly dependonton" impedance

mlsmatchings that occur randomly and in coincidence with electric toad variations,

is. on the number, type and connection location of the electrical appliances used by

the customers (see. e.g., Masaoki Tanaka, “High frequency noise power spectrum.

impedance and transmission loss of power line in Japan on intrabullding power line

communications", IEEE Transactions on Consumer Electronics,’ vol. 34, No. 2, May

1988). The first idea to iimit these unpredictable and undesired effects was to replace

the oommon metres of the customers by devices (rnulti-mode distributors) able to

separate the distribution of services at the final use point as to obtain an isolation

from disturbances in the customers house and an impedance matching of a network

with the other (provider network and customer network). This is diagrammatically

shown in Fig. 2 where block WBSD designates a broadband service distributor,

LVDC designates a low-voltage distribution substation, HPF-is a high-pass filter, LPF

is a low-pass filter. PL is a power line. UA is a customer apparatus_(for instance a

telephone instrument ore perso'nai'compu‘ier). TR&A is a transmitter-receiver 8.
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coupler block and PP designates a socket. The customer terminal is further

cornprised of a transmitter andior receiver TXIRX for data exchange according to the

OFDM technique and in the OFDMA access mode described hereinafter. A iirst

“type” of customeris indicated at U31. a second “type" of customerthat does not

needle .receive!transmit.data andfor information being indicated at U32-

As it is known, the network ,at stake has several ‘problems of signal

transmission depending on whether it is analyzed in terms’ of noise power as a

function of frequency, of input impedance at the service provision point {e.g. at the

iniet of a residential apartment) or of transmission losses. Assuming to provide the

service at the inlet of 'a1glv'en ‘customer network {point of supply contract definition

and therefore of installation of multi—mode distributor) and therefore to have solved

the impedance mismatching problem. at least within a certain frequency range, the

problem still exists as to how to eliminate the random noise phenomena which

normally occur because of seasonal phenomena or in proximity of parliculariy critical

sources like the industrial ones. From resources already carried out, see e.g. the

above cited article, it is noticed that it is anyway possible to determinea stalzistical

behaviour model of the phe.nomena:,upper and lower limits can be .detected for_the

noise power and the frequency range ln.wh.lch.il occurs.

The noise typically occurring on tholow-voltage power lines is composed of

disturbances. both broadband of short .length..(dumped transients) and ..of.long length

(harmonics of 50 Hz or ‘HIGH: and pulse signals with a repetition frequency "lover

than 10 kHz), and narrow-band {unmodulated and "modulated carriers with related

harmo_nics).

The basic inventive principle or the present invention, in orderto overcome the

problems of mismatching. distortion. impulse or spread noise, random and

deterministic noise and delayed echoes in a broadband signal transmission, provides

for the use of the coded orthogonal frequency division multiplexing ,te.chnique

(COFDM teonique)..for the coding, modulationand transport of. the. information signal

over Iow—voltage or rnediurn—vplrage power lines. With this technique, the. bit stream

is partitioned over several carriers thus determining a robustness of the thus

obtained system to disturbances present on the channel. in particular, different

portions of the spectrumwhere the resultlng“si‘gnal could be placed can be chosen;

fi%20oo—78o62
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The COFDM technique. extensively described in the broadcasting or radio-

mobile communication literature (see eg. ETS 300 744 “Digital Video Broadcasting

(DVB); Framing structure channel coding and modulation for digital terrestrial

television (DVB-T)‘, ETSI, March 1997] isused in the present invention. although in

a special and new application thereof with respect to hitherto lcnownuses,

This technique consists in generating a set of partially overlapping and

mutually orthogonal spectra. of the type sin{x}l{x) in the frequency domain, and

correspondingly of rectangular pulses in the tlme domain. it ls a muititone system

that greatly benefits from the fact that the signal to be transmitted is generated by a

Fourier transform which oomblnes modulation, multiplexing and pulse shaping into a

single operation. Each carrier is modulated according to a fixed conventional

constellation selected from the XPSK or ‘XQAM family (for instance QPSK, 16QAM,
64QAM, etc., according to the channel characteristics). The bit sequence coming into

the OFDM modulator (is. the transmitter in this systemlls segmented at each time

interval T3 into N m-bit blocks. with each of which being assoclated with a complex

number X‘. k representing a symbol of the fixed constellation. Once a bit stream has

been mapped into a sequence of symbols. each symbol is associated with one of the

subcarriers so that a vector of .2}: +1 sequential symbols ls made to correspond with

a system‘ of 2k+1 different carrlers. The sumof the carriers oonstitutes the signal

associated with the so-called OFDM symboiand qualitatively it can be written as:

*‘7i(‘)= Z k=—x..+x Xr.A3j2W’3Cfr; (5 '57:)

The overall signal is given by the sum of the transmitted OFDM symbols,

according to the following relation:

1(1) =2, .:'-—cn:..4-:52 F:--K..+K Xat eflflmr301:: (3 ' 53:)
in order to reduce the spectral occupation, it is necessary for the carriers to be

orthogonal each other and therefore satisfy the fiollowing analytical condition:

_fe"2""“e“”2""”'cZ:.= 0 for 31¢ k

‘This implies that the carrier frequencies are chosen equal to. integer multiples

of the reciprocal of the OFDM symbol duration 2",: ‘

ft zfo +1‘/T: - k:"“K"+K

fa being the center-carrier frequency.
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The signal thus obtained is sampled with sampling intervalT== 1; /N where

N =2K+A1, N being the number of carriers. The signal ..:(m) thus obtained is

therefore:

_ x(;¢g) =Z=_w‘_+m Z;_=_K_§K XM e’”'*"’ ‘V recs?‘ (HT, I N — 51;)

The digital-to-analogue conversion instead of these samples generates a

continues signal that will modulate a radio frequency carrier. The expression just

examined is equivalent to an inverse Discrete Fourier Transform (iDFT) of the

complex coefficients. X,1 except a factor i,/N.

This suggests a way of implementing the OFDM modulation in practice: in

transmission, one implements an iDFT of symbols X1,‘; and in reception one

implements the inverse operation. .i.e, a Direct Discrete Fourier Transform or DDFT.

Choosing then. a vector of N = 22K +1 complex symbols to be transmitted. N

samples X“ of the OFDM symbol will be transmitted with:

{x,, } = ZDF.'l‘{X_K ..X,,{}

Jr" =(1/Nizwmx X,‘e”"*""” , :2 =o,1,...,rr—1 , Nzzrr-+1
while in‘ reception:

DFTix. }= {X—K..+x}

indeedt, because of the behaviour of the transmission channel, a guard time

T‘ is obtained within the time 1’; which. is the time avaiiabie for transmitting the

OFDM symbol so that the echoes or the signal reflections that in reoepiionfail. within

this interval are utilized in a constructive manner to restore the main signal.

Therefore. we obtain

T; "3 Tu + T:

where 2; is the useful portion of thetransmitted signal, 3; is the guard time and Z; is

the overall length of the transmitted OFDM symbol.

Calling P the number of transmitted OFDM symbols constituting a frame. one

finds that the emitted OFDM signal has the following expression:

5(5)‘ Re{e'mfi( Z173:-O..+t=o Elatin.-l»P—1 §—:IraKn1in..iK'nu>t Cf-*3-*V"mJ~k (t } .
where‘

;;;m”‘ (1): e»“’-'(*'’ T» ii!"-¢~i*3:-P‘»v*?;-) for (1 + P * m) ~i= T, 5 2 s (1+ P * m + 1) * T,

%i§i32ODO—78062
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;u,,,.,‘,, (I) = 0 etsewhere

k is the number of the currentcerrler

I is the number of the current OFDM symbol in the frame

is the number of the cement frame

is the number of the transmitted carriers

is the length of the OFDM symboi

is the length of the guard interval

In

K

Y;

I; is the reciprocal of the distance between two adjacent carriers

A

1; is the centre frequency of the RF signal

k. is the carrier index related to the frequency centre and defined as:

re: is-i(Ic.... ~+ km.)/2

compiexsymboi for the center it: of OFDM "symbol N“ 1 in the frame N’

complex symboi for the carrier It of the OFDM syrnboi N° 2 in the frame

c,,,_p_,,g complex symbol for the carrier is of the OFDM symbol P—1 in the

frame N‘ ‘m.

i The thus defined OFDM signai can use apart of the available carriers for

transmitting the actual information data, a part for equalizing the channel (static

carriers, Le. carriers in a fixed position and at a proper ievei, and dynamic carriers.

L6. in a continuously varying position but known and with suitable level), a part for

transmitting service information concerning e.g. the configuration of the transmitting

apparatuses.

According to this technique, the primitive signal is therefore partitioned over

several carriers‘ hence determining the robustness of the system thus obtained

against disturbances present in the channel.

information lost on the disturbed carriers can _be reconstructed from the

encoding techniques and frornthe signal received over the other carriers. while

should disturbances exist on the channel in a position known and constant with time,
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it is possible to “turn off” the carriers falling thereon or to choose more robust

constellations for these carriers. ‘

Figs. 3 and 4 respectively area schematic representation of the OFDM signal

generation and the main functional block diagrams constituting the modulator. In

these figures, 88 indicates a stored bit sequence to be transmitted, C&lvl stands for

a mapping and encoding block, DIA stands for a digital-to—analogue converter that

converts a signal obtained from the sum of the various carriers multiplied by the

corresponding encoded information. in practice, it is stressedthat the diagram‘ of Fig.

3 depicts how the OFDM .signal‘is"hypothetloally generated; in" practice, however, it is

generated by means of a chip (see block it:FT in Fig- 4}, easily available on the

market and able to do the same work in extremely reduced dimensions, at higher

speed and reliability. in Fig. 4, FA indioatesa frame adaptation btook for data

processing, IFFT stands for a signal generation block which perfomxs an inverse fast

discrete Fourier transform. SIP stands for a block performing a serial-to-parallel

conversion, PIS stands for a block performing an inverse operation and GI stands for

the guard insertion.

The orthogonality between the carriers is assured in transmission by the

following contfivancesz 1) the carriers are represented by signals of the type sin (x)/x

becoming null at regular intervals of, whereby positioned on the nullificetlon of a

carrieris the "maximum of another one. It follows that at each nulliflcation point there

is one and only one maximunrrof another carrier; 2'} the available time to perform a

complete IFFT on N points is exactly 1;. i.e. N times the elementary period

T; T” /1V(N and T” were defined previously’). it fotlows that the spacing between

the carriers is equal .to,gf—_— 1/17;; 3) let “gum-d" define a reduced set of N , t.e. the

last “guard " values of the N produced by the IFFT, the guard insertion consists in

inserting at the top of. the N—value set of the IFFT a replica of the guard values

obtained as saldabove. The thus obtained set of the N+gmzra' values is then

serialized and transmitted as indicated in Fig. 4. The guard time T8 is therefore:

Tg= guard »r=T = guard *1; /N and the overali length of the OFDM symbol is

T, = I’; + T8 = T*(N+g1«:ard)= (T;/N)*(N+guard).

%%2onn—78062
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The frame adapter highlighted in Fig. 4 prepares N complex values to be

provided to the lFi-T. N is a power of two and the number of carriers transporting
the information data is less than N . The frame adapter constructs a set of N values

by W ordeny numbered times (frame), ‘where it inserts service carriers between data

carriers in static or dynamic position with a known law. Some of these carriers are at

a different power love! from the data ones. others carry information concerning the

transmitter configuration. The position of alt the carriers and their meaning are

always known to the receiver that uses them to carry out an estimation of the

channel and a subsequent fr.equen‘Cy equalization to perform a frame

synchronization, a frequency ‘synchronization, a time synchronization, an

identification of the transmission mode and of the. transmitting apparatus.

Depending on the stillness of the disturbance and on its position in the

spectrum, it is of oourse possible to assumethe use of constellations of different

dimension for each carrier: for instance at not ioomuch disturbed areas a 1024 QAM

can be used. at very disturbed,aree's a QPSK is used and at completely disturbed

areas the carrier is nullified by inserting the zero value in its corresponding position

before the li-‘FT.’

The main advantage in using a multicarrler technique asdescrlbed above,

therefore, resides in performing a‘ channel equalization in the frequencies and not in

the time, also for delays of very distant echoes. Another advantage resides in that it

is possible to transmit information over a channel affected by any disturb, both

statically and dynamically, both in a deterministic and in a random way, being able to

restore the transmitted information from the unoorrupted carriers. or thanks to the

protection mechanisms. Yet another advantage from using the OFDM technique is

the possibility of utilizing the Oi“-“DMA access technique.

As to the choice of the service provider connection area. it is to be kept in

mind that distribution networks in general comprise ‘two voltage levels: a medium-

voltage (MV) one (10-2056!) and the |ow—voltage (LV) one (220l38.0V) corresponding

to which are the so-called medium-voltage and low-voltage networks, respectively.

The medium-«roltage_distribution.network is generally fed by two HWMV transfonners

installed at primary substations, whose schematic diagram is illustrated in Fig. 5. i

which include bus barsystems. represented by thick lines in Fig. 5. which are

designed to feed a number of medium-voltage lines MVL through switches SW
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equipped with protection and control devices. Depending on the operating transitions

of the various members, the network connection status is considerably varlablewith

time. Moreover, most of the lines coming out of a primary substation reach the bus

harsof other primary substations; whereby the MV distribution network is meshed.

From Fig. 5 it is also clear that each line is fed through only one switch SW

connected to the bus bars‘ of a‘ primary substation up to the boundary points, at

which points a control member, generally kept open, is provided.

Likewise, the low-voiiage distribution network is fed by M\!—to-LV transformers,

installed at secondary substations, which feed respective l.ow—voltage bus-bar

systems connected to which are a number of low—voltege lines LVL through switches

SW’ provided with magneto—terrnai protection. ‘Similarly to the medium-voltage

network, most of the lines fed by a tow-voltage bus-bar lead to LV .blJS—Dal' systems

of other secondary substations. Lastly. also in this network, the connection status is

veriablewith time.

The survey of the coupling modes for the service provider confirms the phase-

to-phase mode as being more advantageous than the phase—toground one from the

attenuation and crosstaik viewpoint and therefore the reiating capacitive coupling is

more effecfive even if it requires?) more complex installation as compared with the

induction one. Moreover,’ the capacitive coupler’ which impiements the phase—to-

phase coupting mode does not affect at all the ground directional protections.

Further considerations in order to identify a transmission architecture over

these networks are the followings: a) over the MV networks the set of secondary

substations connected to the same‘ primary substation constitute “isiand_s" whioh can

be defined as transmissiveiy autonomous, i.e. where the transmission‘ activity may

occur in a ‘simultaneous and uncorrelated manner, b) over the LV networks, the set

of 1.‘! customers connected to the same secondary substation constitute “sub-

islands” (isles of the preceding ones) which can. be defined transrnissiveiy

autonomous, and c) there is the need to minimize. the amount of hardware

components directly connected to the network.

The above considerations lead to the identification of two possible access

points for the service provider: 1) in case the transmission is over MV network.

direotiy at the MV hatf—bars of the primary substation, as well asatthe MV bus~bars

of the MV secondary substations or at the MWLV transformer; 2) for transmission
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over LV network, directly on the LV bus-bars of the secondary substations. A

oossiblephase-to-phase and totatlypassive coupting device is shown in Fig. 7. in

this figure, wherein the transmit-recelveside is the left-hand one, the line side is the

right-hand one, C denotes the capacitance of the capacitor. L represents the tuning

inductance, T1 denotes the isolation transformer, SC denotes a discherger, X1 and

X2 represent compensating reactances, T2 denotes an impedance translator and 3

represents a protection screen. Parts devoted to the pas's~band definition are

replaceable by devices designed to pass the band of interest.

The basic diagram of such device is adaptable forparailel connection both

over MV networks and LV networks and It is received in such a way that. once

loaded on a known impedance at the transmit-receiver side, it is abte to match (by

means of translator T2) with a line-side impedance which is about 5 to 10 tithes the

characteristic impedance of the MV or LV tine (overhead lines, cable lines,"mlxed

tines, primary substation half-bars, etc.) at the counting point. The physicai

separation between transceiver and coupling device is due to the different needs of

location of the two components while observing the safety miss.

The communication mode of the customers with the centre prouldesthat,

given any frequency band BW to be used foran up-linkcommunication, i.e. from the

customer to the centrei station {a different band wili be considered for the clown-link},

such communication is reaiized byassigning all the available time division band (time

division multiplex access or TDMA) to each customer or by assigning an its own

specific band resulting from a partition of the overall band BW to each customer at

the sametlme.

The system in accordance with the present Invention provides that the

available overali band BW should be" considered as the union of two distinct bands.

BW1 for the up~link and BW2 for the down-iink, then the OFDMA (orthogonal

frequency division‘ multipiex access) technique is used for the up-link and

conventional OFDM or still OFDMA technique is used for the up~iink. The OFDMA

technique is an evotutlon of the FDMA (frequency division multiple access) technique

integrated. with the properties deriving from the ..OFDM technique. The different

components of the OFDM multicarrier signal, i.e. the subcarrters, are generated by

different sources, physically distinct and spaced apart tromone another, but they are

synchronized with the centre! receiver. Each customer transmits, with OFDM
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muiticarrier technique, oniy an assigned set of subcarriers and the receivertakes

care of aiigning and synchronizing the incoming components from all the customers

so as to maintain the orthogonality between the subcarriers and all what is necessary

so that this signal can be demodulated.

in fact. whiist oonxrentionai FDMA technique requires N different receivers for

demoduiating the ‘signais sent by N customers‘, with the OFDMA technique it is

sufiioient to use only one receiver "capable of carrying out a discrete Fourier

transform operation over N points, Therefore, in an OFDMA system a fiexibiiity is

obtained deriving from the aiiocation of a variabie number of subcarriers assigned to

specific customers. The main iimitations derive from the necessity to maintain the

orthogonality between the several subcarriers arriving at the receiver grouped from

different and spaced out points through a channel featuring dispersiveness and time

variance characteristics. in the access diagram shown in Fig. 8 thereare a‘ series of

known causes that may concur, together or separateiy. in having the orthogonality

between the carriers to the central receiver lost. The most important are the reiative

frequency deviation between theeubcanier set, the loss of symbol time alignment in

transmission, the ioss of symbol synchronism in reception and the non-linearity of the

transmitting or transport means.

in the up—link diagram of Fig. 8, the input data (i) enter a block C&M' that

encodes and matches the bits with the symbol of a consteiiation. a block S3’F’.ihai

converts in paraiiel data seriaiiy arriving thereat. a bio-zzir, calculating the inverse fast

Fourier transform (IFFT) thereof; the output of this block is added to the guard, is

converted from seriai. to paraiiel (G&P/S). converted from digital to analogue and

fiitered (D/A&F), frequency-converted (FUC. Freq. Up Conv.) and sent to a common

ohannei (CHN) subjected to noise and interference (N&i), frequency reoonverted

(FDC, Freq. Down Conv.), passed inioan analogue—to~digitai converter and filtered

(A.’D&F), passed into a serial-to-parallel and guard biock (S/P843), a fast Fourier

transform (FFT} is performed. passed into a paraiiei-to-serial converter PIS. into a

demapping and decoding (DECSDEM) which performs the inverse operation of

associating the symboi with the bit stream and decoding the obtained data, up to the

achievement of the output data (0). in the event of down-link. aii customers receive

the same OFDM ‘signai but assigned to each is a precise subcarrier set which

transports the required information- Depending on the number of customers andfor

%%2ooo~78o62
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type andlor amount of information to be transmitted, a nurnber of carriers will be

assigned to each customer.

Easily recognizable at the bottom of Fig. 8 are the offset carriers of the

transmitters 1 and 2 (which are offset according to any and convenient law).

At this point. the main advantagesobtained with the present invention are

evident, Le. the freedom of dynamic allocation of the carriers according to the

demands and offered services, the possibility to use 3 power line as an access

network. the high data exchange rate; the possibility to exchange multimedia

services, intelligent home, teleworking, fast iniernei and video on demand, etc.

without the installation of suitable cables; and ihe possibility to rent the network to
third parties for providing services.

Lastly. it will be apparent that several modifications, variations and

substltuiions of components by functionally equivalent ones are possible still

observing the characteristics outlined above, the scope of the invention baing

defined only by the following claims.

4.Brief Description of Drawings

- Fig. 1 illustrates, through a vent schematic view, a generic low or medium voltage

electric power distribution system;

- Fig. 2 still schematically illustrates a network for bi—dir’ectionaily transmitting

signals using electric power lines;

— Fig. 3 is a basic diagram of the OFDM signal generation:

— Fig. 4 is a functional main block diagram of the modulator.

» Fig. 5 schematically illustratas a typical diagram of a primary substation;

~ Fig. 6 schematically illustrates a typical cfragram of a secondary substation:

- Fig. 7 schematically illustrates a coupling device;

- Fig. 8 illustrates the access diagram in accordance with the techniques according

to the present invention; and

- Flg._9 shows a known conditioning unit.
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1. Abstract

The present invention relates to a method and device for exchanging. bidirectionally

and at high bit rate, services, information and data between a service provider and a

customer, over a communication system comprising a conventional low and medium

voltage AC electric power network. The presenfirn/entlon is characterized by a signal

modulation and transmission technique (COFDM technique) that, according to the

state of the art, has been up to now utilized only for communication over radio

channel orover subscriber ioop and by 3 new access technique.

2.Representetive Drawing

Fig. 8
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