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ACKNOWLEDGING DATA TRANSMISSIONS
IN THE PRESENCE OF MULITTPLE
SHARED-COMMUNICATIONS CHANNELS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.
10
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/469,263, entitled “Variable- 15

Width Modulation Schemes Featuring Backward-Compat-
ible Local Area Network Operation,” filed on May 9, 2003,

which 1s incorporated by reference.

FIELD OF THE INVENTION 20

The present invention relates to telecommunications in
general, and, more particularly, to local area networks.

BACKGROUND OF THE INVENTION 25

FIG. 1 depicts a schematic diagram of a portion of wireless
local area network 100 1n the prior art. Local areanetwork 100
comprises legacy stations 101-1 through 101-K, wherein K 1s
a positive mteger, and enhanced stations 102-1 through 102- 30
L., wherein L 1s a positive integer. Legacy stations 101-1
through 101-K and enhanced stations 102-1 through 102-L
use shared-communications medium 103 to communicate
among themselves. Shared-communications medium 103
comprises multiple shared-communications channels. Only 35
one of the stations can transmit 1nto a given channel at a time,
although one of the stations can transmit 1nto a first channel
while another station transmits into a second channel.

When two stations transmit 1nto a grven channel at the same
time, the result 1s a cacophony and both transmissions are 40
garbled. Prior art techniques, such as Carrier Sense Multiple
Access, are used by the stations to coordinate when each of
them transmits over a single shared-communications chan-
nel.

Legacy stations 101-1 through 101-K can transmit and 45
receive using:

1. amodulation scheme that uses one shared-communications
channel at a time (1.e., a single-channel modulation
scheme).

In contrast, enhanced stations 102-1 through 102-L can trans- 50

mit and receive using:

1. a modulation scheme that uses one shared-communications
channel at a time (1.e., a single-channel modulation
scheme), and

11. a modulation scheme that uses multiple shared-communi- 55
cations channels simultaneously (i1.e., a multi-channel
modulation scheme).

Any two stations that need to communicate must do so 1n
accordance with a modulation scheme that 1s available to both
of them. Theretfore, two enhanced stations can communicate 60
with each other by using a multi-channel modulation scheme,
but any communication involving a legacy station must use a
single-channel modulation scheme.

Enhanced stations 102-1 and 102-2, for example, commu-
nicate with each other by using the multi-channel modulation 65
scheme when possible because 1t enhances communication
throughput 1n comparison to the single-channel modulation

2

scheme. One effect of using the multi-channel modulation
scheme, however, 1s that legacy station 101-1, for example,
cannot detect when enhanced stations 102-1 and 102-2 are
communicating (1.e., enhanced stations 102-1 and 102-2 are
essentially undetectable by legacy station 101-1 when
enhanced stations 102-1 and 102-2 are communicating by
using the multi-channel modulation scheme). This can cause
legacy station 101-1 to transmit when enhanced stations
102-1 and 102-2 are communicating, which causes all of the
transmissions to be garbled.

Even 11 enhanced station 102-1 successtully transmits the
data block to enhanced station 102-2, enhanced station 102-2
might subsequently have difficulty transmitting an acknowl-
edgment of the data block back to enhanced station 102-1.
The difficulty 1n transmitting the acknowledgment 1s attrib-
uted to the same reason of enhanced nodes being undetectable
that was described earlier. In the event of an unsuccessiul
acknowledgment transmission, enhanced station 102-1 has to
re-transmit the data block 1n its entirety.

What 1s needed 1s a way to improve data transmission over
multiple shared-communications channels without some of
the performance disadvantages 1n the prior art.

SUMMARY OF THE INVENTION

The present invention provides a technique that improves
the efficiency of transmitting data over multiple shared-com-
munications channels without some of the costs and disad-
vantages associated with techniques 1n the prior art. In par-
ticular, and 1n accordance with the 1llustrative embodiment of
the present invention, a data frame 1s simultaneously trans-
mitted across a plurality of channels, but the acknowledgment
frame to the data frame 1s not. Instead, a plurality of redundant
acknowledgment frames are generated and each one 1s trans-
mitted independently and within each of the channels used to
transmit the data frame.

For example, a single data frame 1s transmitted across two
channels, and a redundant acknowledgment frame 1s trans-
mitted in each of the two channels 1n legacy mode. Although
a single acknowledgment frame could be transmitted across
the two channels, the transmission of redundant acknowledg-
ment frames in each channel 1s advantageous because 1t
increases the likelihood that the acknowledgment will be
received. The likelithood that the acknowledgment will be
received 1s increased 1 accordance with the present invention
because the acknowledgment will be recerved even when one
of the channels 1s unusable, whereas the disruption of either
channel would prevent the reception of an acknowledgment
frame that spans two channels.

When the likelihood that the acknowledgment will be
received 1s increased, the number of unnecessary data retrans-
missions 1s reduced, which saves channel bandwidth.

The station recerving the acknowledgment, 1n some
embodiments, can take action based on (1) the contents of the
received acknowledgment frame or frames and (11) the chan-
nel or channels over which the acknowledgment was
received. For example, depending on the indications provided
in a received acknowledgment and the channel over which the
acknowledgment was recerved, the station might decide to
re-transmit some of the data block or the entire data block
over one or more shared-communications channels, or the
station might decide that a re-transmission 1s unnecessary.

In some embodiments of the present invention, before
transmitting the data frame, a station transmits a control
frame (e.g., a clear_to_send frame, etc.) mto each communi-
cations channel to ensure that the communications channel 1s
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available. The multiple control frames specily a duration
value that protects the subsequent transmission over multiple
channels.

An 1llustrative embodiment of the present invention com-
prises: recewving a lirst portion of a data block on a first
shared-communications channel; recerving a second portion
ol the data block on a second shared-communications chan-
nel; transmitting a first acknowledgment frame into the sec-
ond shared-communications channel only, wherein the {first
acknowledgment frame indicates receipt of the first portion of
the data block; and transmitting a second acknowledgment
frame 1nto the first shared-communications channel only,
wherein the second acknowledgment frame indicates receipt
of the second portion of the data block.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic diagram of wireless local area
network 100 in the prior art.

FI1G. 2 depicts a schematic diagram of a portion of network
200 1n accordance with the illustrative embodiment of the
present invention.

FIG. 3 depicts a block diagram of the salient components of
station 203-7 1n accordance with the illustrative embodiment
ol the present 1nvention.

FI1G. 4 depicts a tlowchart of the salient tasks performed in
accordance with the first illustrative embodiment of the
present invention.

FIG. 5 depicts a message flow diagram 1n accordance with
the first illustrative embodiment of the present invention.

FI1G. 6 depicts a tlowchart of the salient tasks performed in
accordance with the second 1llustrative embodiment of the
present invention.

FI1G. 7 depicts a message tlow diagram 1n accordance with
the second 1llustrative embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 2 depicts a schematic diagram of network 200 in
accordance with the 1llustrative embodiment of the present
invention. Network 200 operates 1n accordance with the IEEE
802.11 set of protocols and comprises legacy stations 201-1
through 201-M, wherein M 1s a positive integer; legacy host
computers 202-1 through 202-M; enhanced stations 203-1
through 203-N, wherein N 1s a positive integer; host comput-
ers 204-1 through 204-N; and wireless communications
medium 205, interconnected as shown. Wireless communi-
cations medium 205 comprises shared-communications
channels 206-1 through 206-P.

It will be clear to those skilled 1n the art, after reading this
specification, how to make and use embodiments of the
present invention that operate 1n accordance with other pro-
tocols. Furthermore, 1t will be clear to those skilled 1n the art,
after reading this specification, how to make and use embodi-
ments of the present invention that use a wireline or tangible
communications medium.

Legacy station 201-1, for 1=1 through M, comprises the
radios that enable legacy host computer 202-1 to communi-
cate via commumnications medium 205 by using a single
shared-communications channel 206-k at a time, wherein k 1s
a value between 1 and P, inclusive. Legacy station 201-1 1s
capable of receiving data blocks from legacy host computer
202-1 and transmitting over communications medium 203
data frames comprising the data received from legacy host
computer 202-1. Legacy station 201-1 1s also capable of
receiving data frames from shared communications channel
205 and sending to legacy host computer 202-1 data blocks
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4

comprising data from the data frames. It will be clear to those
skilled 1n the art how to make and use legacy station 201-1.

Legacy host computer 202-1 1s capable of generating data
blocks and transmitting those data blocks to legacy station
201-1. Legacy host computer 202-1 1s also capable of receiv-
ing data blocks from legacy station 201-1 and of processing
and using the data contained within those data blocks. Legacy
host computer 202-1 can be, for example, a desktop or a laptop
computer that uses network 200 to communicate with other
hosts and devices. It will be clear to those skilled in the art
how to make and use legacy host computer 202-1.

Enhanced station 203-j (or, concisely, “station” 203-), for
1=1 through N, comprises the radios that enable host com-
puter 2047 to communicate via communications medium 203

by using one or more of shared-communications channels
206-1 through 206-P at a time. Station 203-7 1s capable of
receiving data blocks from host computer 204-1 and transmuit-
ting over communications medium 205 data frames compris-
ing the data received from host computer 204-7. Station 203 -
1s also capable of receiving data frames from shared commu-
nications channel 205 and sending to host computer 204-
data blocks comprising data from the data frames. It will be
clear to those skilled 1n the art, after reading this specification,
how to make and use station 203-1. The salient details for
station 203-7 are described below and with respect to FIG. 3.

Host computer 204-7 1s capable of generating data blocks
and transmitting those data blocks to station 203-1. Host com-
puter 204-1 1s also capable of recerving data blocks from
station 203-7 and of processing and using the data contained
within those data blocks. Host computer 204-1 can be, for
example, a desktop or a laptop computer that uses network
200 to communicate with other hosts and devices. It will be
clear to those skilled in the art how to make and use host
computer 204-.

In some embodiments, station 203, wherein j 1s equal to a
value between 1 and N, inclusive, 1s an access point as 1s
known 1n the art. Station 2037, when functioning as an access
point, enables other stations 203-1 through 203-N within
network 200 to communicate with devices in other commu-
nications networks. Furthermore, stations 203-1 through
203-N communicate with each other through the access point,
because the access point can be used to coordinate commu-
nications on network 200.

Communications medium 205 comprises one or more
shared-communications channels 206-k, for k=1 through P.
Shared-communications channel 206-k exists 1n a variety of
forms. For example, each shared-communications channel
206-k can correspond to a given block of frequency spectrum
out of multiple blocks, contiguous or otherwise. It will be
clear to those skilled in the art how to allocate one or more
shared-communications channels 206-k, for k=1 through P.

FIG. 3 depicts a block diagram of the salient components of
station 203-7 1n accordance with the illustrative embodiment
of the present invention. Station 203-] comprises receiver
301-1, processor 302-1, memory 303-1, and transmitter 304,
interconnected as shown.

Recetver 301-7 1s a circuit that 1s capable of receiving
frames from one or more of shared-communications channels
206-1 through 206-P, 1n well-known fashion, and of forward-
ing them to processor 302-1. It will be clear to those skilled 1n
the art how to make and use receiver 301-;.

Processor 302-1 1s a general-purpose processor that 1s
capable of performing the tasks described below and with
respectto FIGS. 4 through 7. It will be clear to those skilled in
the art, after reading this specification, how to make and use
processor 302-.
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Memory 303-71s capable of storing programs and data used
by processor 302-1. It will be clear to those skilled in the art
how to make and use memory 303-.

Transmitter 304-7 1s a circuit that 1s capable of receiving

frames from processor 302-1, in well-known fashion, and of >

transmitting them on one or more of shared-communications

channels 206-1 through 206-P. It will be clear to those skilled
in the art how to make and use transmitter 304-1.

FIG. 4 depicts a flowchart 1n accordance with the first
illustrative embodiment of the present invention. In the
example depicted, station 203-1 exchanges frames with sta-
tion 203-2. It will be clear to those skilled 1n the art, after
reading this specification, how to make and use stations that
exchange frames in the manner depicted.

For pedagogical purposes, two shared-communications
channels are used throughout the examples 1n this specifica-
tion. It will be clear, however, to those skilled 1n the art, after
reading this specification, how to apply the illustrative
embodiment of the present invention to two or more shared-
communications channels.

At task 401, 1n some embodiments, station 203-1 transmits
a first control frame on shared-communications channel
206-1 1n well-known fashion. In some embodiments, the first
control frame 1s a request_to_send frame or a clear_to_send
frame, as 1s known 1n the art. It will be clear to those skilled in
the art how to make and use a control {frame.

Station 203-1, in some embodiments, also transmits a sec-
ond control frame on shared-communications channel 206-2.
In some embodiments, the second control frame 1s a request_
to_send frame or a clear to_send frame, as 1s known 1n the
art.

Station 203-1, 1n some embodiments, transmits the first
and second control frame at substantially the same time.
Transmitting the first and second control frame at substan-
tially the same time and with the duration fields set to an
clfective value has the eflect of protecting a pending data
block transmission that utilizes both shared-communications
channel 206-1 and 206-2. It will be clear to those skilled 1n the
art how to set the duration field to a value that 1s effective 1n
covering the time interval of a subsequent data transmission.
In this specification, control frames transmitted in this fashion
are referred to as providing “stacked protection.”

At task 402, station 203-1 transmats to station 203-2 a first
portion of a data block on shared-communications channel
206-1, 1n well-known fashion.

At task 403, station 203-1 transmits to station 203-2 a
second portion of the data block on shared-communications
channel 206-2, in well-known fashion. In some embodi-
ments, the first portion corresponds to the part of a multi-
channel-modulated signal that utilizes shared-communica-
tions channel 206-1, while the second portion corresponds to
the part of the same multi-channel-modulated signal that
utilizes shared-communications channel 206-2. Stated differ-
ently, the first portion and the second portion constitute the
same modulated signal. In other embodiments, the first por-
tion corresponds to a first collection of bits constituting a data
block, while the second portion corresponds to a second
collection of bits constituting the same data block. It will be
clear to those skilled in the art how to allot portions of a data
block across multiple shared-communications channels in
other ways.

Station 203-1, 1n some embodiments, transmits the first
portion and the second portion of the data block at substan-
tially the same time.

At task 404, station 203-2 recerves the first portion of the
data block.
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At task 4035, station 203-2 receives the second portion of
the data block.

At task 406, station 203-2 transmits to station 203-1 a first
acknowledgment frame on shared-communications channel
206-2. The first acknowledgment frame comprises an indica-
tion of having received (1) the first portion of the data block,

(11) the second portion of the data block, or (111) both. In other
embodiments, the first acknowledgment frame comprises an
indication of having recerved either (1) all of the transmatted
portions of the data block or (11) not all of the transmitted
portions of the data block. It will be clear to those skilled in
the art how to provide the indication 1n the first acknowledg-
ment frame.

At task 407, station 203-2 transmits to station 203-1 a
second acknowledgment frame on shared-communications
channel 206-1. The second acknowledgment frame com-
prises an indication of having received (1) the first portion of
the data block, (11) the second portion of the data block, or (111)
both. It will be clear to those skilled 1n the art how to provide
the indication in the second acknowledgment frame.

Station 203-2, 1n some embodiments, transmits the first
acknowledgment frame and second acknowledgment frame
at substantially the same time.

At task 408, station 203-1 recerves the first acknowledg-
ment frame.

At task 409, station 203-1 receives the second acknowl-
edgment frame.

In some embodiments, station 203-1 transmits an addi-
tional portion of the data block after recerving one or both of
the first and second acknowledgment frames. Station 203-1,
in some embodiments, transmits the additional portion of the
data block on one shared-communications channel 206-k
(e.g., shared-communications channel 206-1, etc.). In other
embodiments, station 203-1 transmuits the additional portion
of the data block on more than one shared-communications
channel 206-k.

FIG. 5 depicts a message tflow diagram 1n accordance with
the first illustrative embodiment of the present mnvention. In
the two examples depicted, station 203-1 exchanges frames
with station 203-2. It will be clear to those skilled in the art,
alter reading this specification, how to make and use stations
that exchange frames in the manner depicted.

In the first example, station 203-1 transmits clear_to_send
control frames 501 and 502 1n well-known fashion. Each of
control frames 501 and 502 specily a duration value as 1s
known 1n the art that protects the pending transmission of a
data block on shared-communications channel 206-1 and
concurrently on shared-communications channel 206-2.

Station 203-1 then transmits to station 203-2 data block
503 using both shared-communications channels 206-1 and
206-2.

Upon receiving data block 503, station 203-2 transmits to
station 203-1 acknowledgment frames 504 and 5035 in well-
known fashion. Acknowledgment frames 504 and 505 each
comprise an 1ndication of the channel or channels on which
data block 503 was received.

In the second example, station 203-1, an access point in this
example, transmits poll frames 506 and 507 1n well-known
fashion. Each of poll frames 506 and 507 specily a duration
value as 1s known 1n the art that protects the pending trans-
mission of a data block on shared-communications channel
206-1 and concurrently on shared-communications channel
206-2.

Station 203-1 then transmits to station 203-2 data block

508 using both shared-communications channels 206-1 and
206-2.
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Upon receiving data block 508, station 203-2 transmits to
station 203-1 acknowledgment frames 509 and 510 1n well-
known fashion. Acknowledgment frames 309 and 510 each
comprise an 1ndication of the channel or channels on which
data block 508 was received. d

FIG. 6 depicts a tlowchart 1n accordance with the second
illustrative embodiment of the present invention. In the
example depicted, station 203-3 processes frames 1n accor-
dance with the illustrative embodiment.

At task 601, station 203-3 recerves an acknowledgment
alter having transmitted a data block via both shared-com-
munications channels 206-1 and 206-2. The acknowledgment
indicates receipt of at least one portion of the data block on (1)
shared-communications channel 206-1, (11) shared-commu-
nications channel 206-2, or (111) both.

At task 602, station 203-3 evaluates the received acknowl-
edgment. Station 203-3 checks 11 the acknowledgment was
received on both channels or one channel. Station 203-3
checks each acknowledgment frame received for an indica- »g
tion of the channel or channels over which the data block was
successiully recerved.

Attask 603, station 203-3 re-transmits a portion of the data
block. Station 203-3 re-transmits on one of or both shared-
communications channels 206-1 and 206-2. In accordance 25
with the illustrative embodiment of the present invention,
station 203-3 chooses the channel or channels over which to
re-transmit based on the evaluation performed at task 602.

FIG. 7 depicts a message flow diagram in accordance with
the second 1illustrative embodiment of the present invention. 30
In the two examples depicted, station 203-3 exchanges
frames with station 203-4 in accordance with the illustrative
embodiment.

In the first example depicted, station 203-3 transmits data
block 701 to station 203-4 in well-known fashion. Data block 35
701 comprises a {irst portion that 1s transmitted on shared-
communications channel 206-1 and a second portion that 1s
transmitted on shared-communications channel 206-2.

Station 203-4 receives the first portion of data block 701 on
shared-communications channel 206-1. As part of the 40
example, station 203-4 does not receive the second portion of
data block 701. Station 203-4 transmits to station 203-3 first
acknowledgment frame 702 indicating that has received the
first portion of data block 701.

Acknowledgment frame 702 comprises fields that are used 45
to 1ndicate receipt of the corresponding portions of data. For
instance, the fields can indicate the particular portion of data
recerved, the shared-communications channel over which the
portion was recerved, etc.

Station 203-3 then receives first acknowledgment frame 50
702 on shared-communications channel 206-1 from station
203-4. Station 203-3 determines that 1t only received an
acknowledgment frame (1.e., acknowledgment frame 702) on
shared-communications channel 206-1 and that received
acknowledgment frame 702 indicated that only the first por- 55
tion of data block 701 was received by station 203-4 and on
shared-communications channel 206-1.

Consequently, station 203-3 re-transmits the second por-
tion of data block 701, in the form of data block 703, on
shared-communications channel 206-1. Station 203-3 bases 60
this decision on the contents of received acknowledgment
702 and on the shared-communications channel on which
acknowledgment 702 was recerved (1.e., shared-communica-
tions channel 206-1).

In the second example depicted, station 203-3 transmits 65
data block 704 to station 203-4 in well-known fashion. Data
block 704 comprises a first portion that 1s transmitted on
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shared-communications channel 206-1 and a second portion
that 1s transmitted on shared-communications channel 206-2.

The difference of the second example from the first
example 1s that station 203-4 receives the second portion of
data block 704 on shared-communications channel 206-2.
Also, station 203-4 does not receive the first portion of data
block 704. Station 203-4 transmits to station 203-3 first
acknowledgment frame 705 indicating that 1t has received the
second portion of data block 704.

Station 203-3 then receives first acknowledgment frame
705 on shared-communications channel 206-1 from station
203-4. Station 203-3 determines that 1t only received an
acknowledgment frame (1.e., acknowledgment frame 705) on
shared-communications channel 206-1 and that received
acknowledgment frame 705 indicated that only the second
portion of data block 704 was received by station 203-4 and
on shared-communications channel 206-2.

Consequently, station 203-3 re-transmits the first portion
of data block 704, in the form of data block 706, using both
shared-communications channels 206-1 and 206-2. Station
203-3 bases this decision on the contents of recerved
acknowledgment 705 and on the shared-communications
channel on which the acknowledgment was received (i.e.,
shared-communications channel 206-1).

It will be clear to those skilled 1n the art that other outcomes
are possible, with respect to re-transmitting portions of data
blocks based on the contents of an acknowledgment, the
shared-communications channel on which the acknowledg-
ment was recetved, and other conditions.

It 1s to be understood that the above-described embodi-
ments are merely illustrative of the present invention and that
many variations of the above-described embodiments can be
devised by those skilled 1n the art without departing from the
scope of the mvention. For example, 1n this Specification,
numerous specific details are provided in order provide a
thorough description and understanding of the illustrative
embodiments of the present invention. Those skilled in the art
will recognize, however, that the invention can be practiced
without one or more of those details, or with other methods,
materials, components, etc.

Furthermore, 1n some 1nstances, well-known structures,
materials, or operations are not shown or described in detail to
avold obscuring aspects of the illustrative embodiments. It 1s
understood that the various embodiments shown 1n the Fig-
ures are illustrative, and are not necessarily drawn to scale.
Reference throughout the specification to “one embodiment™
or “an embodiment” or “some embodiments” means that a
particular feature, structure, maternial, or characteristic
described in connection with the embodiment(s) 1s included
in at least one embodiment of the present invention, but not
necessarily all embodiments. Consequently, the appearances
of the phrase “in one embodiment,” “in an embodiment,” or
“mn some embodiments” 1n various places throughout the
Specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures,
maternals, or characteristics can be combined 1n any suitable
manner 1n one or more embodiments. It 1s therefore intended
that such variations be included within the scope of the fol-
lowing claims and their equivalents.

What 1s claimed 1s:
1. A multiple channel modulation method 1n a wireless
local area network, the method comprising:
recerving a first portion of a data block on a first shared-
communications channel;
receving a second portion of said data block on a second
shared-communications channel:
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transmitting a first acknowledgment frame into said second
shared-communications channel, wherein said first
acknowledgment frame indicates receipt of said {first
portion and said second portion of said data block; and
transmitting a duplicate first acknowledgment frame into
said first shared-communications channel, wherein said
duplicate first acknowledgment frame 1ndicates receipt
of said first portion and said second portion of said data

block,

wherein a first station transmits using said first shared-
communications channel and said second shared-com-
munications channel simultaneously and wherein a sec-
ond station transmits using said {first shared-
communications channel only.

2. The method of claim 1 wherein said first acknowledg-
ment frame and said duplicate first acknowledgment frame
are transmitted at substantially the same time.

3. A multiple channel modulation method in a wireless
local area network, the method comprising:

transmitting a first portion of a data block into a first

shared-communications channel:

transmitting a second portion of said data block into a

second shared-communications channel;
receiving a first acknowledgment frame on said second
shared-communications channel, wherein said (first
acknowledgment frame indicates receipt of said first
portion and said second portion of said data block; and

receiving a second acknowledgment frame duplicative of
the first acknowledgement frame on said {first shared-
communications channel, wherein said second
acknowledgment frame indicates receipt of said first
portion and said second portion of said data block,

wherein a first station transmits using said first shared-
communications channel and said second shared-com-
munications channel simultaneously and wherein a sec-
ond station transmits using said {irst shared-
communications channel only.

4. The method of claim 3 wherein transmitting said first
portion of said data block and transmitting said second por-
tion of said data block occur (1) at substantially the same time
and (11) with the same modulation.

5. The method of claim 3 further comprising;:

transmitting a first control frame into said first shared-

communications channel before transmitting said {first
portion of said data block; and

transmitting a second control frame into said second

shared-communications channel before transmitting
said second portion of said data block.
6. The method of claim S wherein said first control frame 1s
one ol a Request_to_Send frame and a Clear_to_Send frame.
7. A multiple channel modulation method 1n a wireless
local area network, the method comprising:
receiving first and second duplicative acknowledgements
that indicate receipt of a first and second portion of a data
block on a first shared-communications channel and a
second shared-communications channel; and

transmitting a portion of said data block into at least one of
(1) said first shared-communications channel and (11)
sald second shared-communications channel, wherein
the choice of shared-communications channel used for
transmitting said portion 1s based on (a) the contents of
said acknowledgments and (b) the shared-communica-
tions channel over which said acknowledgements were
recerved,

wherein said first acknowledgment frame also indicates

receipt of said second portion of said data block, and
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wherein said second acknowledgment frame also 1ndi-
cates receipt of said first portion of said data block; and

wherein a {irst station transmits using said first shared-
communications channel and said second shared-com-
munications channel simultaneously and wherein a sec-
ond station transmits using said {irst shared-
communications channel only.

8. The method of claim 7 wherein said acknowledgments
comprise at least one of (1) a first acknowledgment frame
received on said second shared-communications channel and
(11) a second acknowledgment frame receitved on said first
shared-communications channel.

9. The method of claim 8 wherein said first acknowledg-
ment frame imndicates receipt of at least one o1 (1) a first portion
of said data block sent on said first shared-communications
channel and (1) a second portion of said data block sent on said
second shared-commumnications channel.

10. The method of claim 7 wherein transmitting said por-
tion of said data block occurs over the combination of said
first shared-communications channel and said second shared-
communications channel.

11. An apparatus in a multiple channel modulation system
in a wireless local area network, the apparatus comprising:

a recerver for:

(1) recerving a first portion of a data block on a first
shared-communications channel; and
(1) receiving a second portion of said data block on a

second shared-communications channel; and

a transmitter for:

(1) transmitting a first acknowledgment frame into said
second shared-communications channel, wherein
said first acknowledgment frame 1ndicates receipt of
said first portion and said second portion of said data
block; and

(1) transmitting a duplicative second acknowledgment
frame 1nto said first shared-communications channel,
wherein said second acknowledgment frame 1ndi-
cates receipt of said first portion and said second
portion of said data block,

wherein said receiver and said transmitter constitute a first

station, which transmits using said {irst shared-commu-
nications channel and said second shared-communica-
tions channel simultaneously and wherein a second sta-
tion transmits using said first shared-communications
channel only.

12. The apparatus of claim 11 wherein said transmitter
transmits said first acknowledgment frame and said duplica-
tive second acknowledgment frame at substantially the same
time.

13. An apparatus in a multiple channel modulation system
in a wireless local area network, the apparatus comprising:

a transmitter for:

(1) transmitting a first portion of a data block into a first
shared-communications channel; and

(11) transmitting a second portion of said data block into
a second shared-communications channel; and

a recerver for recerving a first acknowledgment frame on

sald second shared-communications channel, wherein

said first acknowledgment frame indicates receipt of
said first portion and said second portion of said data
block; and

recerving a duplicative second acknowledgment frame on

said first shared-communications channel, wherein said

duplicative second acknowledgment frame indicates
receipt of said first portion and said second portion of

said data block,
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wherein said recerver and said transmitter constitute a first
station, which transmits using said first shared-commu-
nications channel and said second shared-communica-
tions channel simultaneously and wherein a second sta-
tion transmits using said first shared-communications
channel only.

14. The apparatus of claim 13 wherein said transmitter
transmits said first portion of said data block and said second
portion of said data block (1) at substantially the same time
and (1) with the same modulation.

15. The apparatus of claim 13 wherein said transmuitter 1s
also for (1) transmitting a first control frame 1nto said first
shared-communications channel before transmitting said first
portion of said data block and (11) transmitting a second con-
trol frame 1nto said second shared-communications channel
before transmitting said second portion of said data block.

16. The apparatus of claim 15 wherein said first control
frame 1s one of a Request_to_Send 1frame and a
Clear to Send frame.

17. An apparatus 1n a multiple channel modulation system
in a wireless local area network, the apparatus comprising:

a receiver for receving duplicative acknowledgments that

indicates receipt of a first portion and a second portion of
a data block on a first shared-communications channel
and a second shared-communications channel; and

a transmitter for transmitting a portion of said data block

into at least one of (1) said first shared-communications
channel and (1) said second shared-communications
channel, wherein the choice of shared-communications
channel used for transmitting said portion 1s based on (a)
the contents of said acknowledgments and (b) the
shared-communications channel over which said
acknowledgements were recerved,

wherein said acknowledgments comprise a first acknowl-

edgment frame received on said second shared-commu-
nications channel and a duplicative second acknowledg-
ment Irame received on said first shared-
communications channel, said first acknowledgment
frame indicates receipt of a first portion of said data
block sent on said first shared-communications channel
and a second portion of said data block sent on said
second shared-communications channel; and transmait-
ting said portion of said data block occurs over the
combination of said first shared-communications chan-
nel and said second shared-communications channel
simultaneously.

18. A non-transitory computer readable memory having a
program stored therein that, in response to execution by a
computing device, causes the computing device to perform
operations comprising:

responsive to receiving a first portion of a data block on a

fivst shaved communications channel and a second por-
tion of said data block on a second shaved communica-
tions channel different than the first, causing duplicate
acknowledgment frames to be transmitted into said first
and second shared-communications channels, wherein
each said duplicate acknowledgment frames indicate

receipt of said first portion and said second portion of

said data block.
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claim 18, wherein said first acknowledgment frame and said
duplicate first acknowledgment frame are transmitted at sub-
stantially the same time.
20. An apparatus comprising:
a processor; and
a memory comprising a program that, when executed by
the processor, causes the processor to:
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responsive to receiving a first portion of a data block on
a first shaved communications channel and a second
portion of said data block on a second shared com-
munications channel different than the first, cause
duplicate acknowledgment frames to be transmitted
into said first and second shaved-communications
channels, wherein each of said duplicate acknowl-
edgment frames indicate veceipt of said first portion
and said second portion of said data block.

21. The apparatus of claim 20, wherein the program causes
the first acknowledgment frame and the duplicate first
acknowledgment frame to be transmitted at substantially the
same time.

22. A multiple channel modulation method in a wireless
local area network, the method comprising:

a first station receiving a first portion of a data block on a

first shared-communications channel;

the first station receiving a second portion of said data

block on a second shared communications channel, the
second channel diffevent from the first, and the reception
of the first portion at least partially overlapping in time
with the reception of the second portion;

the first station transmitting a first acknowledgment frame

into said second shared communications channel,
wherein said first acknowledgment frame indicates
receipt of said first portion and said second portion of
said data block; and

the first station transmitting a duplicate first acknowledg-

ment frame into said first sharved-communications chan-
nel, wherein said duplicate first acknowledgment frame
indicates veceipt of said first portion and said second
portion of said data block, the transmission of the first
acknowledgement frame and the duplicate fivst acknowl-
edgement frame at least partially overlapping in time.

23. The method of claim 22, wherein the transmissions of
the first acknowledgement frame and the duplicate first
acknowledgement frame substantially entively overlap in
time.

24. A method comprising:

a first station transmitting a first portion of a data block

into a first shaved communications channel;
the first station transmitting a second portion of the data
block into a second shared communications channel:

the first station receiving an acknowledgment frame on the
first shaved communications channel acknowledging
receipt of the first portion of the data block and failing to
receive an acknowledgement frame on the second
shaved-communications channel acknowledging veceipt
of the second portion of the data block;

responsive to the failuve to receive the acknowledgment

frame on the second shaved communications channel the
first station ve-transmitting the second portion of the
data block into the first sharved-communications chan-
nel.

25. The method of claim 24, wherein transmitting said fivst

portion of said data block and transmitting said second por-

tion of said data block occur (i) at substantially the same time
and (ii) with the same modulation.

26. The method of claim 24, vesponsive to the failure to
receive the acknowledgment frame on the second shared-
communications channel the first station retransmitting the
second portion of the data block into the first and second
shaved communications channels.

27. The method of claim 26, whevein rve-transmitting said
second portion of said data block into the first and second
communications channels occur (i) at substantially the same
time and (ii) with the same modulation.
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28. A non-transitory computer readable memory having a
program stored therein that, in response to execution by a
computing device, causes the computing device to perform
operations comprising:

transmitting a first portion of a data block into a first

shared-communications channel;

transmitting a second portion of the data block into a

second sharved communications channel;

receiving an acknowledgment frame on the first shared-

communications channel acknowledging veceipt of the
first portion of the data block and failing to receive an
acknowledgement frame on the second shared-commu-
nications channel acknowledging receipt of the second
portion of the data block;

responsive to the failure to receive the acknowledgment

frame on the second shared-communications channel,
re-transmitting the second portion of the data block into
the first shaved-communications channel.

10

15

29. The non-transitory computer rveadable memory of 20

claim 28, wherein transmitting said first portion of said data
block and transmitting said second portion of said data block

occur (1) at substantially the same time and (ii) with the same
modulation.

30. The non-transitory computer readable memory of 25

claim 28, wherein the operations further comprise:
responsive to the failure to receive the acknowledgment
frame on the second shared communications channel,
re-transmitting the second portion of the data block into
the first and second shaved-communications channels.
31. The computer readable memory of claim 30, wherein
re-transmitting said second portion of said data blockinto the
first and second communications channels occur (i) at sub-
stantially the same time and (ii) with the same modulation.
32. An apparatus comprising:
a processor; and
a memory comprising a program that, when executed by
the processor, causes the processor to perform opera-
tions comprising.
transmitting a first portion of a data block into a first
shared-communications channel;
transmitting a second portion of the data block into a
second shared communications channel:
receiving an acknowledgment frame on the first shared-
communications channel acknowledging veceipt of
the first portion of the data block and failing to receive
an acknowledgement frame on the second shared-
communications channel acknowledging receipt of
the second portion of the data block;
responsive to the failure to receive the acknowledgment
frame on the second shared-communications chan-
nel, re-transmitting the second portion of the data
block into the first shaved-communications channel.
33. The apparatus of claim 32, wherein the first portion of
said data block and the second portion of said data block are
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transmitted (i) at substantially the same time and (ii) with the
same modulation.
34. The apparatus of claim 32, wherein the operations
further comprise:
responsive to the failuve to receive the acknowledgment
frame on the second shared communications channel,
re-transmitting the second portion of the data block into
the first and second shared-communications channels.
35. The apparatus of claim 34, wherein re-transmitting
said second portion of said data block into the first and

second communications channels occur (i) at substantially
the same time and (ii) with the same modulation.

36. A method comprising:
a first station veceiving a first portion of a data block on a
first shared-communications channel but failing to
receive a second portion of the data block on a second
shaved communications channel diffevent from the first,
the first station transmitting an acknowledgment frame into
said first shaved communications channel, wherein said
first acknowledgment frame indicates receipt of said first
portion of said data block; and
the first station rveceiving the second portion of the data
block on both the first and second shared-communica-
tions channels at substantially a same time.
37. A non-transitory computer readable memory having a
program stored therein that, in response to execution by a
computing device, causes the computing device to perform
operations comprising.
receiving a first portion of a data block on a first shared-
communications channel but failing to receive a second
portion of the data block on a second shared communi-
cations channel different from the first;
transmitting an acknowledgment frame into said first
shaved-communications channel, wherein said first
acknowledgment frame indicates veceipt of said first
portion of said data block; and
receiving the second portion of the data block on both the
first and second shaved-communications channels at
substantially a same time.
38. An apparatus comprising.
a processor; and
a memory comprising a program that, when executed by
the processor, causes the processor to perform opera-
lions comprising.
receiving a first portion of a data block on a first sharved-
communications channel but failing to receive a sec-
ond portion of the data block on a second shared
communications channel different from the first;

transmitting an acknowledgment frame into said first
shaved-communications channel, wherein said first
acknowledgment frame indicates rveceipt of said first
portion of said data block; and

receiving the second portion of the data block on both
the first and second shaved-communications channels
at substantially a same time.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Column 10, line 17, in Claim 9, delete “and (1)”” and insert -- and (i1) --.

Column 11, line 52, in Claim 18, delete “shared communications and 1nsert
-- shared-communications --.

Column 11, lines 53-54, in Claim 18, delete “shared communications™ and insert
-- shared-communications --.

Column 12, lime 2, in Claim 20, delete “shared communications” and insert
-- shared-communications --.

Column 12, lines 3-4, in Claim 20, delete “shared communications” and insert
-- shared-communications --.

Column 12, line 19, in Claim 22, delete “shared communications” and insert
-- shared-communications --.

Column 12, line 24, in Claim 22, delete “shared communications™ and insert
-- shared-communications --.

Column 12, line 41, in Claim 24, delete “shared communications and insert
-- shared-communications --.

Column 12, line 43, in Claim 24, delete “shared communications” and insert
-- shared-communications --.

Column 12, line 45, in Claim 24, delete “shared communications™ and insert
-- shared-communications --.

Signed and Sealed this
Fourteenth Day of August, 2012

David J. Kappos
Director of the United States Patent and Trademark Office
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Column 12, line 51, m Claim 24, delete “shared communications channel” and 1nsert
-- shared-communications channel, --.

Column 12, lines 60-61, 1 Claim 26, delete “shared-communications channel the first station
retransmitting”’ and 1nsert -- shared-communications channel, the first station re-transmitting --.

Column 12, line 63, 1n Claim 26, delete “shared communications” and 1nsert
-- shared-communications --.

Column 13, line 8, 1n Claim 28, delete “shared communications” and 1msert
-- shared-communications --.

Column 13, line 28, 1in Claim 30, delete “shared communications™ and insert
-- shared-communications --.

Column 13, line 31, m Claim 31, delete “computer readable” and insert
-- non-transitory computer readable --.

Column 13, line 43, in Claim 32, delete “shared communications” and insert
-- shared-communications --.

Column 14, lime 6, in Claim 34, delete “shared communications” and insert
-- shared-communications --.

Column 14, line 16, in Claim 36, delete “shared communications” and insert
-- shared-communications --.

Column 14, line 18, 1n Claim 36, delete “shared communications’” and insert
-- shared-communications --.

Column 14, lines 30-31, in Claim 37, delete “shared communications” and insert
-- shared-communications --.

Column 14, lines 46-47, in Claim 38, delete “shared communications” and insert
-- shared-communications --.
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