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DECODING CATED DAT OLS
IN WIRELESS COMMUNICATIONS

BACKGROUND

[001] Unless otherwise indicated herein, the materials described in this section are not prior
art to the claims in this application and are not admitted to be prior art by inclusion in this
section,

[002] Multiple-input multiple-output (MIMO) communication systems employ multiple
transmit antennas and multiple receive antennas to communicate data symbols over a.
communications channel. MIMO communication systems may allow a plurality of mobile
stations to be serviced utilizing a same frequency band. In this manner, MIMO
communication systems may advantageously increase an amount of data the communication
systems is able to send to users.

[003] MIMO systems may find use in a variety of applications including, but not limited 10,
wireless networks, cellular systems including 3G and 4G systems, such as 3GPP LTE-
Advanced, local and wide area networks, and wireless broadband systems (such as WiMAX).

[004) Generally, a transmitter in a MIMO system may have a plurality of antennas.
Receiving devices may each have a single antenna for receipt of data over the
communications channel, or may have multiple antennas.

[005] The communications channel, however, may introduce a variety of non-idealities to a
transmitted signal, such as may be caused by multipath interference, reflections, motion of
one or more mobile stations, or other properties of a communications channel. The signals
received by a receiver over the communications channel may be related to the transmitted
signals by a channel matrix H. The channel matrix generally refers to a matrix of data which
may represent the operation of the communications channel on the transmitted data symbols,
including representations of such effects as reflections.

[006] Orthogonal frequency division multiplexing (OFDM) modulation techniques may be
used to modulate data for transmission over a communications channel. OFDM generally
involves modulating different portions of the data to be transmitted using different sub-carrier
frequencies.

[007] Block coding technigues may be used in communication systems to encode data and
transmit multiple data streams over a communications channel, which may improve the
reliability of data transfer. Block coding techniques include space-time block coding, which

1
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may transmit multiple data streams across multiple antennas. Alamouti space time block
coding is one particular type of space-time block coding known in the art. Space-time block
coding techniques may require that the communications channel be constant during
consecutive data transmission times, which may not always be advantageous. Another type
of block coding technique is space-frequency block coding. Alamouti space-frequency block
coding is one particular type of space-frequency block coding kmown in the art. Space-
frequency block coding techniques may require that different frequencies experience similar
communications channel properties, which may be more advantageous in some cases.

[008] Block coding techniques may commonly be used in conjunction with OFDM.
Decoding of block encoded OFDM transmissions may require knowledge of properties of the
communications channel over which the tramsmission is received. Accordingly, systems
utilizing block encoded OFDM transmissions generally measure one or more properties of
the communications channel, such as the channel matrix. One way to measure properties of
the communications channel is to insert pilot symbols into the transmitted data sireams. The
pilot symbols may be known to the receiver and the known pilot symbols may be compared
with the received signals to generate an estimate of one or more properties of the
communications channel. The need to insert pilot symbols into the transmitted data streams
may adversely effect a data rate aitainable in the communications system.

BRIEF DESCRIPTION OF THE DRAWINGS

[609] The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several examples in
accordance with the disclosure and are, therefore, not to be considered limiting of its scope,
the disclosure will be described with additional specificity and detail through use of the
accompanying drawings, in which:

[010] In the drawings:

Figure 1 is a schematic illustration of an example system that is configured for
communication over a communications channel in accordance with at least some examples of
the present disclosure;

Figure 2 is a schematic illustration of components of the communications device 110
arranged in accordance with examples of the present disclosure;
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Figure 3 is a schematic illustration of signals tramsmitted over a communications
channel in accordance with examples of the present disclosure;

Figure 4 is a schematic illustration of components of the communications device 115
arranged in accordance with examples of the present disclosure;

Figure 5 is a schematic illustration of signals transmitted over the communications
channel in accordance with some examples of the present disclosure;

Figure 6 is an example method for transmitting signals over a communications
channel arranged in accordance with an example of the present disclosure;

Figure 7 is an example method for receiving signals over a communications channel
arranged in accordance with an example of the present disclosure; and

Figure 8 is a block diagram illustrating an example computing device 800 that is
arranged for generating an updated channel estimate in accordance with examples of the
present disclosure.

SUMMARY

[011} The present disclosure describes a method of transmitting data over a communications
channel. Some example methods may include modulating data, inserting data from one
stream into another stream, and/or transmitling the data streams over a communications
channel. The modulation may be performed in accordance with an orthogonal frequency
division multiplexing technique, and may generate at least a first and second data stream for
transmission using respective transmit antennas. The inserting may insert at least a portion of
data from the first data stream into the second data stream,

[012] The present disclosure describes methods of decoding a signal transmitted over a
communications channel. Example methods may include, receiving a pilot symbol over the
communications channel, estimating a channel matrix of the communications channel bascd,
at least in part, on the pilot symbol, receiving replicated data from multiple data streams
transmitted over the commumnications channel, decoding the replicated data using the
estimated channel matrix, and/or generating an updated estimate of the channel matrix based,
at least in part, on the replicated data.

[013] The present disclosure describes communications devices. Example communications
devices may inchude a modulator, a replicator, an encoder, and/or a transmitter. The
modulator may be configured to modulate data in accordance with an orthogonal frequency
division multiplexing technique for transmission over a communications channel using at
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least a first and a second transmit antenna. The modulator may be further configured to
generate at least a first data stream for transmission with the first antenna and a second data
streamn for transmission with the second antenna. The replicator may be coupled to the
modulator and configured to receive the first and second data streams. The replicator may
also be configured to insert at least one data symbol from the first data stream into the second
data stream, The encoder may be coupled to the replicator and may be configured to receive
the first and second data streams including the inserted at least one symbol. The encoder may
be configured to encode the first and second data streams in accordance with a block coding
technique. The transmitter may be coupled o the encoder and may be configured Lo receive
the encoded first and second data streams. The transmitter may be configured to transmit the
fist data siream over the communications channel using the first antenna and further
configured to transmit the second data stream including the inserted at least one symbol over
the communications channel using the second antenna.

[014] Example communications devices may include a receiver, a decoder, and/or a channel
estimator. The receiver may be configured to receive signals over a communications
channel, wherein the signals are based at least in part on first and second data streams
transmitted over a communications channel, whercin the second data stream includes at Ieast
one data symbol replicated from the first data stream. The decoder may be coupled to the
receiver and the channel estimator. The decoder may be configured to receive the received
signals and decode the at least one data symbol replicated from the first data stream. The
channel estimator may be coupled to the decoder and the receiver, and may be configured to
receive the received signals and the decoded at least one data symbol. The channel estimator
may be configured to estimate a channel matrix of the communications channel based, at
least in part, on the decoded at least one data symbol. The decoder may also be configured to
decode subsequent received signals based, at least in part, on the estimate of the channel
matrix.

[015] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the drawings
and the following detailed description.
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DETAILED DESCRIPTION

[016] The following detailed description, reference is made to the accompanying drawings,
which form a part hereof In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illusirative examples described in the
detailed description, drawings, and claims are not meant to be limiting, Other examples may
be utilized, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations,
all of which are implicitly contemplated herein,

[017] This disclosure is drawn, inter alia, to methods, systems, devices, and/or apparatus
generally related to use of replicated data as a pilot symbol in a communications system.
Examples of transmission methods include inserting at least a portion of data from a first data
stream into a second data stream to be transmitted over a communications ¢hannel. On
receipt of the two data streams, examples of receiving methods include receiving the
replicated data, decoding the replicated data using an estimated channel matrix, and
generating an updated estimate of the channel matrix based, at least in part, on the replicated
data.

[018] Figure 1 is a schematic illustration of an example system that is configured for
communication over a communications channel in accordance with at least some examples of
the present disclosure. A system 100 may be a multiuser multiple-input multiple-output
system configured for communication over a communications channel 105, System 100 may
include a communications devices 110, 115, 116, and/or 117, The communications devices
may be operated by users (not shown). _

[019] The communications device 110 may be implemented as a base station and may be
configured to communicate with multiple mobile stations 115, 116, and 117. The
communications device 110 may include antennas 112 and 114, which may be utilized to
communicate over the communications channel 105 using multiple antennas for spatial
diversity to communicate with multiple users over each frequency.

[020] The communications device 110 may include antennas 112 and 114, an encoder 158,
a transmitter 160, a replicator 162, and/or a modulator 164. Antennas 112 and 114 may be
coupled to the transmitter 160. The encoder 158 may be coupled to transmitter 160. The
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modulator 164 may be coupled to encoder 158. The replicator 162 may be coupled to
modulator 164 and encoder 158.

[021] The modulator 164 may be configured to receive data for transmission over the
communications channel 105. The modulator 164 may be configured to modulate the data in
accordance with one or more modulation techniques, such as orthogonal frequency division
multiplexing (OCFDM). Any suitable modulator may be used, and modulator 164 may be
implemented in hardware, sofiware, or combinations thereof. The modulator 164 may
accordingly generate multiple data streams for communication over the communications
channel, one for transmission using each of the respective antennas 112 and 114 in some
cxamples. Pilot symbols may be inserted into the data streams by the modulator 164 or may
be inserted before or after the modulator 164 in some examples.

[022] The replicator 162 may be configured to receive one or more data streams generated
by the modulator. The replicator 162 may be configured to replicate at least a portion of data
from one data stream and insert the replicated data into another data stream, as will be
described further below. Any suitable hardware, software, or combinations thereof may be
used to implement the replicator 162, including a mixer,

[023] The encoder 158 may be configured to receive one or more data streams generated by
the modulator 164 and which may have been modified by the replicator 162. The encoder
158 may be configured to encode the data streams in accordance with a block encoding
technique, such as space-time or space-frequency block coding, including in some examples
Alamouti space-time or Alamouti space-frequency block coding.

[024) The transmitter 160 may be configured to transmit the encoded data over the
communications channel 105 via the cooperative operation of the transmitter 160 and one or
more of antennas 112 and/or 114.

[025] Although not shown in Figure 1, the communications device 110 may also inchide
components configured fo receive, decode, and demodulate signals received over the
communications channel. That is, the communications device 110 may both send and receive
signals over the communications channel in some examples.

[026] The commmications device 115 may include antenna 119, a receiver 172, a decoder
174, a channel estimator 178, and/or a demodulator 170. Antenna 119 may be coupled to the
receiver 172 and the channel estimator 178, The chanmel estimator 178 may also be coupled
to the decoder 174. The demodulator 170 may be coupled to the decoder 174,
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[027] The receiver 172 is configured to cooperate with antenna 119 to receive signals over
the communications channel 105 and provide the received signals to decoder 174. Although
not shown in Figure 1, in some examples, mulliple antennas may be provided at the
communications device 115. In examples using Alamouti encoding and decoding, however,
a single receive antenna may generally be used to receive signals over the communications
channel 105. Any suitable receiver may be used and the receiver 172 may be implemented in
hardware, software, or combinations thereof As will be described further below, the
received signals may include data

[028] The decoder 174 may be configured to decode signals received from the receiver 172
to provide data. Any of a variety of decoding techniques may be used in accordance with a
technique used to encode the signals received by the receiver 172. Examples of decoding
techniques include block decoding techniques including space-time and space-frequency
block decoding, and Alamouti space-time and space-frequency decoding in some examples.
Any suitable decoder may be uvsed and the decoder 174 may be implemented in hardware,
software, or combinations thereof.

[029) The demodulator 170 may be configured to demodulate decoded data from the
decoder 174. The demodulator 170 may generally implement any demodulation technique,
including demodulation in accordance with orthogonal frequency division multiplexing
(OFDM) techniques. Any suitable demodulator may be used, and the demodulator 170 may
be implemented in hardware, software, or combinations thereof.

[03%] The channel estimator 178 may be configured to estimate all or a portion of a channel
matrix H associated with the communications channel 105. As will be described further
below, the channel estimator 178 may utilize pilot symbols to estimate the channel matrix.
The channel estimator 178 may also be configured to use decoded replicated data as a pilot
symbol to estimate the channel matrix and/or update an estimate of the channel matrix. By
utilizing replicated data to generate or updaite an estimate of the charmmel matrix, the
communications device 115 may in some examples require fewer pilot symbols to be inserted
into signals communicated over the communications channel 105. Reducing a number of
pilot symbols inserted into the transmitted signals may advantageously improve the data rate
of the communications system 100 in some examples,

[031] Although not shown in Figure 1, the communications device 115 may also include
components such as a transmitter, encoder, and/or modulator, for transmitting signals over
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the communications channel 105. That is, in some examples, the communications device 115
may both transmit and receive signals over the communications channel.

[032] Communications devices 116 and 117 may be similarly configured to
communications device 115. The communications device 116 may include antenna 121. The
communications device 117 may include antenna 123,

[033] The communications channel 105 may generally include any suitable medium for
transmitting electromagnetic signals. The communications channel 105 may be characterized
by the channel matrix H describing the operation of the communications channel 105 on
transmitted symbols. The channel matrix H may provide a representation of effects such as
reflections in the communications channel. The channel matrix H may vary over time, and
may be calculated periodically in some examples. While a single communications channel
105 is illustrated in Figure 1, any number of communications channels may be used.

[034] Any number of communications devices may be included in the communications
system 100, including the communications devices 115, 116, and 117. Although not shown,
the communications devices 116 and 117 may include analogous components to those shown
in mobile station 115. The communications devices 115, 116, and 117 may be implemented
as mobile stations in some examples.

[035] Figure 2 is a schematic illustration of components of the communications device 110
arranged in accordance with examples of the present disclosure. The meodulator 164 may
include a mapping and pilot insertion block 202, which may be coupled to a serial to parallel
converter 204, which may be coupled to an inverse Fourier transform (IFFT) block 206,
which may be coupled to a parallel to serial converter 208. The replicator 162 may be
coupled to the parallel to serial converter 208. The encoder 158 may be coupled to the
replicator 162.

[036] During operation, data for transmission over a communications channel may be
provided to the mapping and pilot insertion block 202, which may be configured to map the
data to symbols and insert pilot symbols into the data stream, In some examples, the pilot
symbols may be inserted at a later point in the signal processing stream. The serial to parallel
converter 204, TFFT 206, and parallel to serial converter 208 may be configured to modulate
the data stream in accordance with an OFDM technique to generate multiple data streams for
transmission over the communications channel. The replicator 162 may replicate a portion of
the modulated data such that some data symbols from one stream are inserted into another
stream. The space-time encoder 158 may then encode the data streams, including inserted
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symbols, for transmission over the communications channel. The configuration of Figure 2
may provide for space-time encoding of the data streams.

[037] Figure 3 is a schematic illustration of signals transmitted over a communications
channel in accordance with examples of the present disclosure. The signals 302, 303, 304,
and 305 of Figure 3 may be transmitted by the transmitter 160 of Figure 1 in some examples,
and received by the receiver 172. The example of Figurc 3 illustrates signals encoded using a
space-time block coding technique. In particular, signals 302 and 303 may be transmitted
during a first time period while signals 304 and 305 are transmitted during a second time
period. Signals 302 and 304 may be transmitted from one Iocation, such as by the anterma
112 of Figure 1. Signals 303 and 305 may be transmitted from another location, such as by
the antenna 114 of Figure 1. The relationships between the signals 302, 303, 304, and 305
may generally be specified by the space-time coding technique used. Each of the illustrated
signals may encode multiple data symbols, shown as boxes in Figure 3. For example, the
signal 302 may encode the symbols 310-317. Pilot symbols may also be encoded by the
signals. In the example of Figure 3, the symbols 310 and 314 may represent pilot symbols.
The pilot symbols 310 and 314 may accordingly also be present at similar frequencies in the
signal 303. Further, replicated data symbols from the signal 302 may be included in the
signal 303. In this example of Figure 3, the data symbols 312 and 316 may have been
replicated to symbol locations at corresponding frequencies at the second spatial location, as
shown. Additional data symbols 318-321 may be included in the signals 303.

[038] The example of Figure 3 illustrates replicated data symbols inserted at a midpoint
between two pilot symbols in a data stream. In other examples, replicated data symbols may
be inserted at a [ocation other than a midpoint between two pilot symbols, and the replicated
data symbol may be inserted at a location closer to one pilot symbol than another. In some
examples, some pilot symbols may have no replicated data symbols inserted between them.
In general, any number or arrangement of replicated data symbols may be inserted into a data
stream. As will be described further below, the replicated data symbols may be utilized in a
manner similar to pilot symbols to estimate the communications channel. Since the
replicated data symbols also encode data, the use of replicated data symbols as pilot symbols
may increase the data rate of the over communications system in some examples,

[039] Figure 4 is a schematic illustration of components of the communications device 115
arranged in accordance with examples of the present disclosure. The demodulator 170 may
include a serial to parallel converter 402, a fast Fourier transform unit (FFT) 404, a parallel to
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serial converter 406, and a mapping block 408. The serial to parallel converter 402 may be
coupled to the FFT 404. The FFT 404 may be coupled to the channel estimator and a space-
time decoder 174. The space-time decoder 174 may be coupled to the paraliel to serial
converter 406. The parallel to serial converter 406 may be coupled to the mapping block 408.

[040] In operation, signals received by the receiver 172, such as the signals 302-305 of
Figure 3, may be provided to the serial to parallel converter 402 and converted into parallel
streams. The FFT 404 may perform a Fourier transform of the streams, and provide the
Fourier transformed signals to the channel estimator 178 and the space-time decoder 174. In
accordance with the methods described below, the channel estimator 178 may estimate all or
a portion of the channel matrix based on received pilot symbols and/or replicated data
symbols. The space-time decoder 174 may decode the data streams in accordance with the
estimated channel matrix. Moreover, the space-time decoder 174 may provide signals
indicative of the replicated data symbols to the channel estimator 178. The replicated data
symbols may be used by the channel estimator 178 to estimate all or a part of the channel
matrix, or to update an estimate of the channel matrix. Decoded signals may be provided
from the space-time decoder 174 to the parallel-to-serial converter 406 and converted into a
serial data stream of decoded symbols. The symbols may be provided to the mapping block
408 and may be converted into a stream of output data. In this manncr, data may be encoded,
transmitted, received, and decoded in the communications system in some examples.

[041] In some examples, the positioning of the encoder and decoder relative to the FFT and
IFFT blocks of the modulator may vary. In particular, the configuration shown in Figure 4
may correspond to examples using space-time coding and decoding techniques. In soms
examples, space-frequency coding and decoding may be used. In examples where space-
frequency coding is used, the encoder 158 may be coupled -bctwceu the serial to parallel
converter 204 and the IFFT 206.

[042] Figure 5 is a schematic illustration of signals transmitted over the communications
channel in accordance with some examples of the present disclosure. The example shown in
Figure 5 may pertain to examples employing space-frequency coding techniques. Input data
symbols 505 including symbols labeled S1-811 may be provided to the modulator 164 of
Figure 1. Following modulation, pilot insertion, data replication, and coding in accordance
with a space-frequency coding techmique, one signal stream 510 may be generated for
transmission from a first location, such as the antenna 112 of Figure 1, and a second signal
stream 515 may be generated for transmission from a second location, such as the antenna
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114 of Figure 1. The relationship between the symbols in the streams 510 and 515 is
generally specified by the space-frequency coding technique.

[043] Pilot symbols 520-525 are shown in the data stream 510, with corresponding data
symbols in the data stream 515. Data symbols 530-539 are included in the data stream 510,
with corresponding data symbols in the data stream 515. The pilot symbols 520-525 have
been inserted amongst the data symbols 530-539, Data symbols 530 and 531 have been
replicated from one frequency to another frequency in the data streams 510 and 515. The
replicated data symbols have been inserted at a location between the pilot symbols 523 and
524. As generally described above, any number or positioning of replicated data symbols
may generally be used. In the example shown in Figure 5, data symbols have been replicated
in pairs. Replicating a pair of data symbols may be advantageous in some examples for
consistency with the coding technique employed to code the data stream.

[044] Figure 6 is an example method for transmitting signals over a communications
channel arranged in accordance with an example of the present disclosure. The method may
include one or more of blocks 605, 610, 615, 620, and/or 625. The various blocks described
herein may be performed sequentially, in parallel, or in a different order than those described
herein, It should also be appreciated that in some implementations one or more of the
illustrated blocks may be eliminated, combined or separated into additional blocks. The
method 600 may include block 605, “Modulate data in accordance with an orthogonal
frequency division multiplexing technique to generate multiple data streams.” Block 605
may be followed by block 610 “Insert pilot symbols into the data streams.” Block 610 may
be followed by block 615 “Replicate data from one data strearn and insert the replicated data
into another data stream.” Block 615 may be followed by block 620 “Encode the data
streams in accordance with a block encoding technique.” Block 620 may be followed by
block 625 “Transmit the data streams over a communications channel.”

[045] Data may be modulated in accordance with an OFDM technique in block 605. The
modulation may be performed, for example, by any suitable structure in a communications
device, such as a DSP or other processing unit. In some examples, one data stream may be
generated for each antenna to be used in transmitting the data over the communications
channel.

[046] In block 610, pilot symbols may be inserted into the data streams. The insertion may
be performed, for, example, by any suitable structure in a communications device, including
a mixer or multiplexor. Generally, the pilot symbols correspond to symbols known by the
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transmitting and receiving devices of a communications system. By decoding signals
encoding a known pilot symbol, a receiving device may generate an estimate of the channel
matrix of the communications channel. Pilot symbols may be stored in any memory structure
in communication with the communications device, or may be communicated to the
communications device. Any number of pilot symbols may generally be inserted into the
data streams with substantially any spacing. The more pilot symbols are inserted into the
data streams, the more the overall data transmission rate of the communications system may
decrease. However, in examples having more pilot symbols inserted into the data streams,
the estimates of the channel matrix by a receiving communications device may be more
accurate. Accordingly, there may be a tradeoff between data rate and accuracy of the channel
estimation. As will be described further below, use of replicated data symbols as pilot
symbols may advantageously increase the channel estimation accuracy while not impacting
the overall data rate as severely as using more pilot symbols.

[047] In block 615, data may be replicated from one data stream and inserted into another
data stream. The replication may be performed by any suitable structure in a
communications device, including a mixer or multiplexor for example. In some examples, a
same structure may be used to insert the replicated data as was used to insert the pilot
symbols. The replicated data may include one or more symbols from a data stream. In some
examples, pairs of symbols may be replicated. The data may be inserted such that it is
transmitted at a same frequency band in each of the data streams. Any number of replicated
data instances may be included in a transmission. As will be described further below, the
replicated data may be utilized to improve estimates of a channel matrix associated with a
communications channel. Accordingly, as more replicated data is inserted, the accuracy of
the channel matrix estimate may increase. However, as more replicated data is inserted, the
overall data rate of the communications system may be reduced, although the reduction may
not be as severe as if more known pilot symbols were inserted. The replicated data may be
inserted between two pilot symbols, and may be inserted at a midpoint between the two pilot
symbols. However, the replicated data may be inserted at substantially any location in some
examples.

[0438] In block 620, the data streams may be encoded in accordance with a block encoding
technique. The e¢ncoding may be performed by any suitable structure in a communications
device, for example by a DSP or other processing unit, As described above, any block
encoding technique may be used, including space-time coding or space-frequency coding.
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[049] In block 625, the data streams may be transmitfted over a communications channel.
The transmission may be performed by a transmitier acting in cooperation with one or more
antennas in some examples. In some examples, each antenna may be used to transmit one of
the data streams.

[050]) Figure 7 is an example method for receiving signals over a communications channel
arranged in accordance with an example of the present disclosure. The method 700 may
include one or more of blocks 705, 710, 715, 720, 725, and/or 730. The various blocks
described herein may be performed sequentially, in parallel, or in a different order than those
described herein. It should also be appreciated that in some implementations one or more of
the illustrated blocks may be eliminated, combined or separated into additional blocks. The
method 700 may include block 705 “Receiving a known pilot symbol over a communications
channel.” Block 705 may be followed by block 710 “Estimating the communications channel
based, at least in part, on the known pilot symbol.” Block 710 may be followed by block 715
“Receiving replicated data from multiple data streams over the cornmunications channel.”
Block 715 may be followed by block 720 “Decoding the replicated data using the estimate of
the communications channel.” Block 720 may be followed by block 725 “Updating the
estimate of the communications channel based, at least in part, on the replicated data.” Block
725 may be followed by block 730 “Decoding subsequently received data using the updated
channel estimate.”

[0S1] In block 705, a known pilot symbol may be received over a communications channel.
The symbol may be received by any suitable receiver of a communications device. Signals
may generally be received that encode the known pilot symbol. The received signals may
also provide an indication that the encoded symbol is a pilot symbol.

[652] In block 710, the communications channel may be estimated based, at least in part, on
the received pilot symbol. The estimation may be performed by any suitable structure of a
communications device, such as a DSP or other processing unit, Generally, all or a portion of
a channel matrix may be estimated by comparing a decoded received pilot symbol with the
known pilot symbol. Known pilot symbols may be stored at the communications device or
otherwise communicated to the communications device for comparison with decoded pilot
symbols received over the communications channel. The estimated channel, including data
estimating all or a portion of a channel matrix, may be stored in some examples.

[053] In block 715, replicated data from multiple data streams may be received over the
communications channel. Any suitable receiver may be used to receive the replicated data.
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Examples of replicated data have been described above. Generally, signals are received that
may encode the replicated data and the signals may also encode an indication that the data
includes one or more replicated data symbols. Signals encoding the replicated data may be
received by a single antenna in some examples.

[054] In block 720, the replicated data may be decoded using the estimate of the
communications channel. Any suitable structure of a communications device may be used to
petrform the decoding, such as a DSP or other processing unit. In some examples, a joint
detection technique is used to decode the replicated data, such as max-ratio combining. By
decoding multiple copies of the replicated data, the decoding may be considered to be more
accurate than the decoding of single data symbols, Accordingly, the decoded replicated data
may be used to generate or update an estimate of the communications channel.

[055] In block 725, the estimate of the communications channel may be updated based, at
least in part, on the replicated data. The updating may be performed by any suitable structure
in a communications device, such as a DSP or other processing unit. The estimate may be
updated by comparing the decoded symbol with the two instances of received signals
encoding the symbol. In this manner, the channel estimate may be generated or updated,
which may include &ll or a portion of the channel matrix, The updated channel estimate may
be stored in some examples.

[056] In block 730, subsequently received data may be decoded using the updated channel
estimate. That is, sipnals received following the updating of the channel estimate may be
decoded using the updated chanmnel estimate. The updated channel estimate may improve
decoding performance in some examples.

[057] Accordingly, examples have been described above of estimating a communications
channel based on pilot symbols and replicated data symbols. In this manner, the number of
pilot symbols may be effectively increased through the use of replicated data symbols. The
accuracy of the resultant channel estimates may in some examples approach the accuracy of
an example where the effective number of inserted pilot symbols is equal to a sum of the
number of pilot symbols plus the number of inserted replicated data symbols. Because the
replicated data symbols also transmit data over the communications channel, however, the
use of replicated data symbols may not impair the overall data rate of the system as severely
as the use of more pilot symbols.

[058] Figure 8 is a block diagram illustrating an example computing device 800 that is
arranged for generating an updated channel estimate in accordance with examples of the
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present disclosure. In a very basic configuration 801, computing device 800 typically
includes one or more processors 310 and system memory 820. A memory bus 830 may be
used for communicating between the processor 810 and the system moemory 820,

[059] Depending on the desired configuration, processor 810 may be of any type including
but not limited to a microprocessor (uP), a microcontroller (LC), a digital signal proccssor
(DSP), or any combination thereof. Processor 810 may include one more levels of caching,
such as a level one cache 811 and a level two cache 812, a processor core 813, and registers
814. An example processor core 813 may include an arithmetic logic unit (ALU), a floating
point unit (FPU), a digital signal processing core (DSP Core), or any combination thereof.
An example memory controller 815 may also be used with the processor 810, or in some
implementations the memory controller 815 may be an internal part of the processor 810.

[060] Depending on the desired configuration, the system memory 820 may be of any type
including but not limited to volatile memory (such as RAM), non-volatile memory (such as
ROM, flash memory, eic.) or any combination thereof. System memory 820 may include an
operating system 821, one or more applications 822, and program data 824. Application 822
may include a channel estimate routine 823 that is arranged to generate an estimate of a
communications channel based on received pilot symbols, replicated data symbols, or
combinations thereof. Program Data 824 may include known pilot symbols 823, replicated
data symbols 826, channel estimate 827, or combinations thereof, that may be useful for
generating channel estimates as generally described above. In some embodiments,
application 822 may be arranged to operate with program data 824 on an operating system
821 such that channel estimates are generated and/or updated on the basis of received pilot
symbols and replicated data symbols. This described basic configuration is illustrated in
Figure 8 by those components within dashed line 801.

[061] Computing device 800 may have additional features or fumctionality, and additional
interfaces to facilitate communications between the basic configuration 801 and any required
devices and interfaces. For example, a bus/interface controller 840 may be used to facilitate
communications between the basic configuration 801 and one or more data storage devices
850 via a storage interface bus 841. The data storage devices 850 may be removable storage
devices 851, non-removable storage devices 852, or a combination thereof. Examples of
removable storage and non-removable storage devices include magnetic disk devices such as
flexible disk drives and hard-disk drives (HDD), optical disk drives such as compact disk
{CD) drives or digital versatile disk (DVD) drives, solid state drives (SSD), and tape drives to
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name a few. Example computer storage media may include volatile and nonvolatile,
removable and non-removable media implemented in any method or technology for storage
of information, such as computer readable instructions, data structures, program modules, or
other data.

[062] System memory 820, removable storage 851 and non-removable storage 852 arc all
examples of computer storage media. Computer storage media includes, but is not limited to,
RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other medium which may be used to
store the desired information and which may be accessed by computing device 800. Any
such computer storage media may be part of device 800.

[063] Computing device 800 may also include an interface bus 842 for facilitating
communication from various interface devices (e.g., output interfaces, peripheral interfaces,
and communication interfaces) to the basic configuration 801 via the bus/interface controller
840. [Example output devices 860 include a graphics processing unit 861 and an audio
processing unit 862, which may be configured to communicate to various external devices
such as a display or speakers via one or more A/V ports 863. Example peripheral interfaces
870 include a serial interface controller 870 or a parallel interface controller 872, which may
be configured to communicate with external devices such as input devices (e.g., keyboard,
mouse, pen, voice input device, touch input device, etc.) or other peripheral devices (e.g.,
printer, scanner, etc.) via one or more I/0 ports 873. An example communication device 8§80
includes a network controller 881, which may be arranged to facilitate communications with
one or more other computing devices 890 over a network communication link via one or
more communication ports 882.

[064] The network communication link may be one example of a communication media.
Communication media may typically be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier wave
or other transport mechanism, and may include any information delivery media. A
“modulated data signal” may be a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the signal. By way of example, and
not limitation, communication media may include wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, radio frequency (RF),
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microwave, infrared (IR) and other wireless media. The term computer readable media as
used herein may include both storage media and communication media.

[065] Computing device 800 may be implemented as a portion of a small-form factor
portable (or mobile) electronic device such as a cell phone, a personal data assistant (PDA), a
personal media player device, a wireless web-watch device, a personal headset device, an
application specific device, or a hybrid device that include any of the above functions.
Computing device 800 may also be implemented as a personal computer including both
laptop computer and non-laptop computer configurations.

[066] The present disclosure is not to be limited in terms of the particular examples
described in this application, which arc intended as illustrations of various aspects. Many
modifications and examples can may be made without departing from its spirit and scope, as
will be apparent to those skilled in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enumerated herein, will be apparent to
those skilled in the art from the forcgoing descriptions. Such modifications and examples are
intended to fall within the scope of the appended claims. The present disclosure is to be
limited only by the terms of the appended claims, along with the tull scope of equivalents to
which such claims are entitled. It is to be understood that this disclosure is not limited to
particular methods, reagents, compounds compositions or biological systems, which can, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular examples only, and is not intended to be limiting.

[067] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate fiom the plural 1o the singular and/or from the singular to
the plural as is appropriate to the context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of clarity. '

[068] It will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims (e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be interpreted as “ineluding but not limited
t0,” the term “having” should be interprefed as “having at least,” the term “includes” should
be interpreted as “includes but is not limited to,” etc.).

[069] It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the claim,
and in the absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory phrases
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“at least one” and “one or more” to introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduction of a claim recitation by the
indefinite articles “a” or “an” limits any particular claim containing such introduced claim
recitation to examples containing only one such recitation, even when the same claim
includes the introductory phrases “one or more” or “at least one™ and indefinite articles such
as “a” or “an” (e.g., “a” and/or “an” should be interpreted to mean “at least one” or “one or
more™); the same holds true for the use of definite articles used to introduce claim recitations.
In addition, even if a specific number of an introduced claim recitation is explicitly recited,
those skilled in the art will recognize that such recitation should be interpreted to mean at
lcast the recited number (e.g., the bare recitation of “two recitations,” without other
modifiers, means at least two recitations, or two or more recitations).

[070} Furthermore, in those instances where a convention analogous to “at least one of A,
B, and C, etc.” is used, in general such a construction is intended in the sense one having skill
in the art would understand the convention (¢.g., “a system having at least one of A, B, and
C” would include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense one having skill in the art would understand the
convention (c.g., “a system having at least one of A, B, or C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc.). It will be further undersiood by those
within the art that virtually any disjunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including onc of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to include the possibilities of “A” or
“B”or “A and B.”

[871] In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of members of the Markush group.

[072] As will be understood by one skilled in the art, for any and all purposes, such as in
terms of providing a written description, all ranges disclosed herein also encompass any and
all possible subranges and combinations of subranges thereof. Any listed range can be easily
recognized as sufficiently describing and enabling the same range being broken down into at
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least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each range
discussed herein can be readily broken down into a lower third, middle third and upper third,
ete. As will also be understood by one skilled in the art all language such as “up to,” “at
least,” “greater than,” “less than,” and the like include the number recited and refer to ranges
which can be subsequently broken down into subranges as discussed above. Finally, as will
be understood by one skilled in the art, a range includes cach individual member. Thus, for
example, a group having 1-3 items refers to groups having 1, 2, or 3 items. Similarly, a
group having 1-5 items refers to groups having 1, 2, 3, 4, or 5 items, and so forth.

[073] While the foregoing detailed description has set forth various examples of the devices
and/or processes via the use of block diagrams, flowcharts, and/or examples, such block
diagrams, flowcharts, and/or examples contain one or more functions and/or operations, it
will be understood by those within the art that each function and/or operation within such
block diagrams, flowcharts, or examples can be implemented, individually and/or
collectively, by a wide range of hardware, software, firmware, or virtually any combination
thereof, In one example, several portions of the subject matter described herein may be
implemented via Application Specific Infegrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAs), digital signal processors (DSPs), or other integrated formats. However,
those skilled in the art will recognize that some aspects of the examples disclosed herein, in
whole or in part, can be cquivalently implemented in integrated circuits, as one or more
computer programs running on one or more computers (e.g., a8 one or more programs
running on one Or more computer systems), as ong or More programs running on one or more
processors (2.g., @ one or more programs running on one Of more microprocessors), as
firmware, or as virtually any combination thereof, and that designing the circuitry and/or
writing the code for the software and or firmware would be well within the skill of one of
skill in the art in light of this disclosure. For example, if a user determines that speed and
accuracy are paramount, the user may opt for a mainly hardware and/or firmware vehicle; if
flexibility is paramount, the user may opt for a mainly software implementation; or, yet again
alternatively, the user may opt for some combination of hardware, software, and/or firmware.

[074] In addition, those skilled in the art will appreciate that the mechanisms of the subject
matter described herein are capable of being distributed as a program product in a variety of
forms, and that an illustrative example of the subject matter described herein applies
regardless of the particular type of signal bearing medium used to sctually carry out the
distribution. Examples of a signal bearing medium include, but are not limited to, the
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following: a recordable type medium such as a floppy disk, a hard disk drive, a Compact Disc
(CD), a Digital Versatile Disk (DVD), a digital tape, a computer memory, etc.; and a
transmission type medium such as a digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link, a wireless communication link,
etc.).

[075) Those skilled in the art will recognize that it is common within the art to describe
devices and/or processes in the fashion set forth herein, and thereafier use engineering
practices to integrate such described devices and/or processes into data processing systems.
That is, at least a portion of the devices and/or processes described herein can be integrated
mto a data processing system via a rcasonable amount of experimentation. Those having
skill in the art will recognize that a typical data processing system generally includes one or
more of a system unit housing, a video display device, a memory such as volatile and non-
volatile memory, processors such as microprocessors and digital signal processors,
somputational entities such as operating systems, drivers, graphical user interfaces, and
applications programs, one or more interaction devices, such as a touch pad or screen, and/or
control systems including feedback loops and control motors (e.g., feedback for sensing
position and/or velocity; control motors for moving and/or adjusting components and/or
quantities). A typical data processing system may be implemented utilizing any suitable
commercially available components, such as those typically found in data
computing/communication and/or network computing/communication systems.

[076]) The herein described subject matter sornetimes illustrates different components
contained within, or connected with, different other components. It is to be understood that
such depicted architectures are merely examples, and that in fact many other architectures can
be implemented which achicve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated” such
that the desired functionality is achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as "associated with" each other such that the
desired functionality is achieved, irrespective of architectures or intermedial components.
Likewise, any twe components so associated can also be viewed as being “operably
connected”, or "operably coupled”, to each other to achieve the desired functionality, and any
two components capable of being so associated can also be viewed as being "operably
couplable”, to each other to achieve the desired functionality. Specific examples of operably
couplable include but are not limited to physically mateable and/or physically interacting
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components and/or wirelessly interactable and/or wirelessly interacting components and/or
logically interacting and/or logically interactable components.

[o77} While various aspects and examples have been disclosed herein, other aspects and
examples will be apparent to those skilled in the art. The various aspects and examples
disclosed herein are for purposes of illustration and are not intended to be limiting, with the
true scope and spirit being indicated by the following claims.
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CLAIMS

What is claimed is:
1. A mcthod of transmitting data over a communications channel, the method
comprising:

modulating data for transmission over the communications channel in accordance
with an orthogonal frequency division multiplexing technique to generate at least a first and
second data stream for transmission using respective transmit antennas;

inserting at lcast a portion of data from the first data stream into the sccond data

stream; and
transmitting the first and second data streams over the communications channel.

2. The method of claim 1, further comprising:
inserting pilot symbols into the first and second data streams,

3. The method of claim 2 wherein said inserting at least a portion of data from
the first data stream into the second data stream comprises inserting the portion of data from
the first data stream inio the second data stream at a location between two pilot symbols in
the second data stream.

4. The method of claim 3 wherein said inserting at least a portion of data from
the first data stream into the second data stream comprises inserting a respective portion of
data from the first data stream info the second data stream between each two pilot symbols in

the second data stream.

5. The method of claim 1 further comprising encoding the first and the second
data streams in accordance with a block coding technique.

6. The method of claim 5 wherein the block coding technique comprises a space-
time block coding technique.

73 The method of claim 5 wherein the block coding technique comprises a space-
frequency block coding technique.,
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8. A method of decoding a signal transmitted over a communications channel,

the method comprising:
receiving a pilot symbol over the communications channel;
estimating a channel matrix of the communications channel based, at least in part, on

the pilot symbol;

receiving replicated data from multiple data streams transmitted over the
communications channel;

decoding the replicated data using the estimated channel matrix; and

generating an updated estimate of the channel matrix based, at least in part, on the
replicated data.

9. The method of claim 8, further comprising decoding subsequently received
signals over the communications channel using the updated estimate of the channel matrix.

10.  The method of claim 8 wherein said decoding the replicated data comprises
using a joint detection technique.

11.  The method of claim 8, wherein said decoding the replicated data comprises
using a space-time block decoding technique.

12.  The method of claim 8, wherein said decoding the replicated data comprises
using a space-frequency block decoding technique.

13. The method of claim 8, wherein the replicated data includes same data
symbols in multiple data streams.

14. A communication device comprising:

a modulator configured to modulate data in accordance with an orthogonal frequency
division multiplexing technique for transmission over a communications channel using at
least a first and a second transmit antenna, wherein the modulator is further configured to
generate at least a first data stream for transmission with the first antenna and a second data

streamn for transmission with the second antenna;
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a replicator coupled to the modulator and configured to receive the first and second
data streams, wherein the replicator is configured to insert at least one data symbol from the
first data stream into the second data stream;

an encoder coupled to the replicator and configured to receive the first and second
data streams including the inserted at least one symbol, wherein the encoder is configured to
encode the first and second data streams in accordance with a block coding technique; and

a transmitter coupled to the encoder and configured to receive the encoded first and
second data streams, wherein the transmitter is configured to transmit the fist data stream
over the communications channel using the first antenna and further configured to transmit
the second data stream including the inserted at lcast onc symbol over the communications
channel using the second antenna.

15.  The communication device of claim 14 wherein the block coding technique
comprises a space-time encoding technique.

16. The communication device of claim 14 wherein the block coding technique
compriscs a space-frequency encoding technique.

17.  The communication device of claim 14 wherein the first and second data
streams further include at least two pilot symbols, and wherein the replicator is configured to
insert the at least one data symbol between the at least two pilot symbols.

18. A communication device comprising:

a receiver configured to receive signals over a communications channel, wherein the
signals are based at least in part on first and second data streamns transmitted over a
communications channel, wherein the sccond data stream includes at least one data symbol
replicated from the first data stream;

a decoder coupled to the receiver and the channel estimator, wherein the decoder is
configured to receive the received signals and decode the at least one data symbol replicated
from the first data stream;

a channel estimator coupled to the decoder and the receiver, wherein the channel
estimator is configured to receive the received signals and the decoded at least one data
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symbol, wherein the channel estimator is configured to estimate a channel mairix of the
communications channel based, at least in part, on the decoded at least one data symbol; and

wherein the decoder is further configured to decode subscquent received signals
based, at least in part, on the estimate of the channel matrix.

19. The communication device of claim 18 wherein the decoder is configured to
decode the at least one data symbol using a joint detection technique.

20. The communication device of claim 18 wherein the first and second data
sircams each further include at least one pilot symbol, and wherein the channel estimator is

configured to receive the at least one pilot symbol and generate an initial estimate of the
channel matrix based, at least in part on the at least one pilot symbol.
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ABSTRACT
Examples are generally described that include transmission methods including
inserting at least a portion of data from a first data stream into a second data stream to be
transmitted over a communications channel. On receipt of the two data streams, examples
of receiving methods include receiving the replicated data, decoding the replicated data
using an estimated channel matrix, and generating an updated estimate of the channel
matrix based, at least in part, on the replicated data.
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UNITED STATES PATENT Attorney Docket No. P215801.US.01

DECLARATION

I hereby declare that:
My residence, mailing address, and citizenship are as stated below next to my name.

| believe the inventor(s) named below to be the original and first inventor(s) of the
subject matter which is claimed and for which a patent is sought on the invention entitled:

INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS COMMUNICATIONS

the specification and application of which:
B is attached hereto;
Bl was filed on August 20, 2010 as United States Application No.

or PCT International Application No. PCT/US2010/046106
and was amended on (if applicable);

or

s will be filed as a PCT International Application after the execution date of this
Declaration; the PCT International Application No. and filing date will be
provided by an appointed Attorney or Agent in an Application Data Sheet when
the U.S. national stage is commenced under Title 35 U.S.C. §371 or a related U.S,
application is filed under Title 35 U.5.C. §§120 and 365(c).

I hereby state that | have reviewed and understand the contents of the above-identified
application, including the claim(s), as amended by any amendment specifically referred to

above.

1 acknowledge the duty to disclose information which is material to patentability as
defined in Title 37 C.F.R. § 1.56, including for continuation-in-part applications, material
information which became available between the filing date of the prior application and the
national or PCT international filing date of the continuation-in-part application.
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UNITED STATES PATENT Attorney Docket No, P215801.U5.01

PRIORITY CLAIMS

| hereby claim foreign priority benefits under Title 35 US.C. § 119(a)-(d) or (f} or
§ 365(b) of any foreign application(s} for patent or inventor's certificate, or § 365(a) of any PCT
international application(s} which designated at least one country other than the United States
of America listed below and have also identified, by checking the box, any foreign application(s)
for patent or inventor's certificate or any PCT international application(s) having a filing date
before that of the application(s) on which priority is claimed.

no such applications have been filed.
such applications have been filed as follows:

COUNTRY APPLICATION NUMBER DATE OF FILING PRIORITY CLAIMED UNDER &
(day, month, year) 119 or §365
O B |
Eives NO B |
ES No B |
Bives NOH’J

| hereby claim the benefit under Title 35 U.S.C. § 120/365 of any United States and PCT
international application(s} listed below and, inscfar as the subject matter of each of the claims
of this application is not disclosed in the prior United States application in the manner provided
by the first paragraph of Title 35 U.S.C. § 112, | acknowledge the duty to disclose material
information as defined in Title 37 C.F.R. § 1.56(a) which occurred between the filing date of the
prior application and the national or PCT international filing date of this application.

no such applications have been filed.
such applications have been filed as follows:

U.5. APPLICATION NUMBER DATE OF FILING STATUS
{day, month, year) {patented, pending, abandoned)
Page2/3
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"UNITED STATES PATENT . Attnrﬁay Docket No, P215801.US.01

_ ) hereby claim the benefit under Title 35 U.5.C, § 119(e) of any United States provisional
application(s) listed below:

no such applications have been filed.
such applications have been flled as follows:

U.S, PROVISIONAL APPLICATION NUMBER DATE OF FALING
{day, month, year)

DECLARATION
| hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further that
thase statements were made with tha knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Title 18.U.5.C. § 1001 and that
such willful false statements may Jeopardize the validity of the application or any patent issued
thereon,

SIGNATURE(S)

Glven Name: Ali Yazdan Panah
——) T e 09/12/14
Residence: Austin, Texas, U.S.A, Ciﬁ.tanihip: Iran
Mgiling Addrass: 28 E. 40" Street, #1065

Austin, Texas 78753
Given Name: Robert W, Heath, Jr.
Inventor’s Signature; Date
Residance: Austin, Texas Cluzenship: US.A.
Malling Address: 2143 Barton Hills Drive

Austin, Texas 78704
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UNITED STATES PATENT Attorney Docket No. P215801.U5.01

I hereby claim the benefit under Title 35 U.5.C. § 119(e} of any United States provisional
application{s) listed below: :

ne such applications have been filed.
such applications have been filed as foliows:

U.S. PROVISIONAL APPLICATION NUMBER DATE OF FILING
: {day, month, year)

DECLARATION
| hereby declare that all statements made herein of my own knowledge are true and
that all statements made on Information and belief are believed to be true; and further that
these statements were made with the knowledge that willful faise statements and the like so
made are punishable by fine or imprisonment, or both, under Title 18 U.5.C. § 1001 and that
such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

SIGNATURE(S)

Given Name: Ali Yazdan Panah
Inventor’s Signature: Date
Residence: Austin, Texas, U.5.A. Citizenship; Iran
Mailing Address: 928 €, 40" Strest, #106

Austin, Texas 78751
Given Name:
Inventor's Signature: Date 2 ﬁ' g z J'ﬂ / O
Residence: Austin, Texas B Citizenship: USA.
Mailing Address: 2143 Barton Hills Drive

Austin, Texas 78704
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants : Ali Yazdan Panah and Robert W. Heath, Jr.

Filed : Concurrently Herewith Attorney Docket No.: P215801. WO-US.01
Title : INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS
COMMUNICATIONS

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450
Sir:

In accordance with 37 C.F.R. §§ 1.56 and 1.97 through 1.98, applicants wish
to make known to the Patent and Trademark Office the references set forth on the attached
form PTO-1449. A copy of the cited non-patent literature reference, as required under 37
C.F.R. § 1.98(a)(2), is enclosed. Copies of the cited U.S. patents and U.S. patent application
publication will not be submitted herewith in accordance with the waiver by the Office of the
requirement under 37 C.F.R. § 1.98(a)(2)(i) for U.S. national patent applications filed after
June 30, 2003.

Please acknowledge receipt of this Information Disclosure Statement and kindly
make the cited references of record in the above-identified application.

Respectfully submitted,

DORSEY & WHITNEY LLP

enprifer M. Lane
Registration No. 51,916
701 Fifth Avenue, Suite 6100
Seattle, WA 98104-7043
Telephone: (206) 903-8800
Facsimile: (206) 299-9288
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PATENT COOPERATION TREATY

From the: i

INTERNATIONAL SEARCHING AUTHORITY
To:

DORSEY AND WHITNEY LLY

IP Dockst - SE, 701 Fifth Ave
Suito 6100, Seatile,Washingion 93104-7043, USA

PCT

WRITTEN OPINION OF THE Lo
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 435is.1)
Date of mailing

- (day/month/year) 09 oy 200
Appiicant’s or sgents Gle refevence FOR FURTHER ACTION
P215801WQ01 See paragraph 2 below
Ttemarioual spoiieaion Ne, Triarnational fling date (devmonthyear) Priority date (daimonihveer)
PCT/US2010/846106 20 August 2010 20 August 2010
Tniernationn] Patert Clagsification (IPC) o both national ¢lassification &nd IFC

Int, €1, -

AL 27/28(2006.01)  EHO4T 11708 (2006.01)

HOE 7704 2006.01)  HO4K 110 2006.01)

Apphicant &, :
THE BOARD OF REGENTS OF THE UNIVERSITY OF TEXAS SYSTEM et al

1. Thisopinion contains indications relating tu the following items:

@ BoxNo. 1 Basis of the opinion

El Hox No. I Priority )

[[] BoxNe.HT  Non-cstablishment of opinion with regerd to novelsy, inventive sisp and industrial applioabillty

|:] BoxNo. IV Lack ofunity of invention

BoxNo.V Reasoned statement under Rule 43his,1(a)(f) with regard to novelty, inventive step id industris] applicabifity;
F citstions and explanations supportiog such siatement

[:] BoxNo.VI  Cemain documents gited - =

D BoxNo, VI Ceriain defoots in the internations) application

D BoxNo, VI Certain observations on the interationel epplication

2, FURTRER ACTION : .

1f 2 dsmand for intemstionsd preliminary examination is made, this opirion will be considered 1o be & writien opinion of the Intemational
. Prolimhary Examining Authority ("TPEA™) except that this does not apply whers the spplicent chousss an Autherity other then this tne to
be the IPEA and the chosan IPEA has netified the Intevnational Bureau under Rule 66.1bis(h) that wriiten opinions of this International
Searching Authority will not be $o considered. '

[F1his opinion is, as provided above, considered 1o be a written opinion of the IPEA, the spplicant is tnvited #p submit to the IPEA a
writtess reply togesher, where appropriete, with emendments, before the expiration of 3 months fiom the date of mailing of Farm
PCTABA/220 or before the ewpiration of 22 momhy from the priority date, whichever exphres later.

For further options, sec Form PCT/ISA/220.

1 3. For turther details, se0 notss 1o Form PCT/ISA/220.

|

‘Name aod mailing address of tha 1SA Diate of complerion of this opinion Authorized Officer
Aus'mmn;( PATENT OFFICE ’ = 3 JUZER KHANBHAIL
POBOX 200, WODEN ACT .2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
E-mail sddress: ipaugtralia gov.au ;
g i 03 November 2010 (150 5001 Quality Certified Service)
Telephone No, +61 2 6283 2176

Form FOT/ISA237 (Cover shaet) (July 2000)
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WRITTEN OPINION OF THE . Internptional application Ne.
INTERNATIONAL SEARCHING AUTHORITY '

PCI/US2010/046106
Box No. ¥ Basiz of this opinion
1. Withropand to the language, this opinion has been establishied on the basis of:
[X] Theinternational application in the language in which it was fled ‘ o
[} Amwanslation of the internasional application tmo, , which is the langusge of & e

fransiation mmmmmmofmwmh(mm 12.3(a) and 23. l(b))
2. D Mopmhubmmbﬁmmgmmmtwemﬂﬂmﬁmofm m::mnmwmbywnmﬁad
to this Authority under Rule 91 {Rule 43%ix.1(2))

3. Wﬁwdmmnmhﬂemﬂrmmmmmdhcwinibeinm'nuﬂmalapplicnﬁm.&iuphmhubm
cstablished on the basis of a sequencs listing filed or firnished:
. (means) ‘
] onpuper
[] tnelectronts form
b. (ume)
(] in the intevnationsl wpplication as filed
[[] weether with the international applicasion in electronio form
O subsequently to thiz Auhority for the purpases of search
4, D In addition, in the cass that more than one version or copy of & sequence Hsting has been filed or furnizhed, the required

mmMWMmmwimwaMﬁmBMwmmmamm“ﬁledor
does not go beyond the applivation as filed, as appropriate, were firnished,

]

3. Additional conments:

Forta PCT/ASA23T (Box No. T) (July 2009)
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WRITTEN OFINION OF THE Internstional apphication No.
INTERNATIONAL SEARCHING AUTHORITY -

PCT/US2010/046106

| BoxNe.V - Ressoned statempnt ander Rule 436ds.1(a)0) with regard to novalty, inventive stop or industrial
applicability; cHations and explanations'supporting such statcment

1. Statcment
. Novplty (N) .Claims  1-20 YES

' " Cisims NONE ' NO

Inventive otep (IS) . Clims 1-20 ) YES

‘ Claims - NONE NO

Industrial spplicability (1A} _ Claims 1-20 : YES

Claims NONE ' NO

3. Citations and explanations: ‘
The following documents identified in the International Search Report have been considered for the purposes of this
opinion! .

DI- US 7778337 B2
D2- US 7397862 B2
D3- US 2002/0122381 A1

NOVELTY () :
Independent claims 1, 8, 14 and 18 meet the criterla set forth in PCT Article 33(2) for novelty, The prior art published

before the priority date does not disclose inserting and/or replicating at least a portion of data from the first data stream
into the second data stream and trensmitting the first and accond data skeams over the cotmmunicstion channel.

Appended claims 2-7, 9-13, 15-17 and 19-20 add forther features to those defined in claims 1, 8, 14 and 18 end are
therefore also novel. ‘

Therefore the subject matter of claims [ to 20 is new and meets the requirements of Article 33(2) of the PCT with
regard to novelty. . .

. | INVENTIVE STEP (IS) :

Claims 1 to 20 meet the criteria set out in PCT Article 33(3) with regard to the requirement of Inventive Step because
the prior art does not obviously suggest to & person skilled in the art the feature of inserting and/or replicating et least 2
portion of data from the first dats stream into the second data siream and transmitting the first and second data streams
over the communloatioh channel. The elaimed invention is not obvious in the light of any of the cited documents nor is
it disclosed in any obvious combination of them, It s also considercd that it would not be obvious to & person skilled in
the art in the light of common general knowledge either by itself or in combination with any of these documents.

“Therefore the subject matier of clsims 1 to 20 is not obvious and mects the requiréments of Article 33(1) of the PCT
with regard to inventive step. : :

INDUSTRIAL. APPLICARIIITY {14 . '
The invention defined in the claims 1 to 20 ie considered to meet the requirements of Industrial Applicability under
Article 33(4) of thia PCT because it can be made by, or used in, industry.

Form PCTASA/Z37 (Box No. V) (Tuly 2009)
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PATENT COOPERATION TREATY

PCT
INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)
Applicant's or agen's file reference FOR FURTHER sex Porm POTSA/Z20
P215801WOOL ' ACTION ° as well as, where applicabiz, fiem 5 below.
Inteenational application No. Tnternatiens] filing duic (day/monthéear) (Bailest) Priovity Dare (day/month/pear}
PCT/US2010/046106 20 August 2010 20 Aogust 2010
Applicant

THEBDARDOFREGBNTSOFTHEUNNBRSTTYOFTBXAS SYSTEM eotal

This intemational scarch report has been preparcd by thiz International Searching Autherity and 1s transmitted 1o the applicant sccording o
Arficle 18. A copy-is being trinsmaitted t the imemational Buremz.

This intsrnetional saaoh report consists of a totel of 3 sheets.
[] 1t iso accompanisd by s copy of asal prior at document clted i this report.

I Dasia of the report y
a mwmmhmmmemummmﬂwmu.mmuoﬁ
[,'ﬂ The intematlons! application in the langusge in which it was filsd,
D A translation of the intemational application into , which Is the language of n
transletion fumished for the putposcs of intamstional seacch (Rules 12.3(s) and 23.1(5)),

b L':] This internationil Searoh report has been sytablished taking into ascount the rectification of an obvicss wistake awhorized by or
nottified to this Authority under Rule 91-(Rule 43,6b1s(a)).

. D With rogard to sty nucleotite and/or eniino seld sequente disclosed in the intemntional application, see Box Ne. L

. [] Certain claims wore fownd ussearchable (See Box No. IT).
3 r_‘l Uity of lnvention i lacking (See Box No, 0.
4, With rogard to the itle,

ﬁ{__] the text s approved es submitted by the applicant. .
D tiae texct hos been established by this Authority to read as follows:

5. With regard to the sbstract,

[X7] e textis approved as mubmitiod by the spplicart.

E] the Xt hag been established, m;wm:!!lwmism&mnilmemmw The spplicent may, within one
m&ﬂmlﬁedﬂedmﬁkﬂ;o{ﬁﬁsmﬂm search report, submit comments to this Authority.

6 Wit fegand to the drawings,
‘8 the figurk of the drawings to bo published with the abstract s Figure No. 1

[X] a5 suggested by the appicant.

(] 49 setoted by this Aushorty, becauss the appticant fied 1 suggest o e,

[] s sclosted by this Authority, beoauss this figure bower eharacuerizes the Invention.

5[] nome of the Figures [ 0 be published with the abstract
Form PCT/ISA/210 (fest sheet) (Tuly 2009)
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INTERNATIONAL SEARCH REFORT _ Internetional epplication No.
« | PCTAUS2010/046106

A. . CLASSIFICATION OF SUBJECT MATTER
" Int, CI,

4L 27735 (2006.01) " HO4J 11700 (2006.01)
HO4B 7/04 (2006.01) HO4K 110 (2006.01)

According to International Patent Classification or 10 both national classification and TPC
B. FIELDS SEARCHED .
Minlimum GocurieniEnon Searched (SlassEcanon syscen fallkawed by classHication Symbois)

Docximentation searched other than minimum documentation to the extent thar such documents are included in the fields searched

Flectonic date bese consulted during the intemationa] search (n&me of dat bass and, Where prastiablo, search torms used)
EPODOC, WP mimo, miso, ofdm, maltiple anenna, first, second stream, insert, smbed, overiap, replicas, pllot and similar terms,
INSPEC: mimo, miso, ofdm, multiples antenna, first stream, sscond stream, tasert, embed, overlap, replicst, pilot and similar tarms,

GOQGLE, GOOGLE SCHOLAR: timo, ofihm, first, second, (insart or embed or overlsp), straam, pilot

C. POCUMENTS CONSIDERED TO BE RELEVANT

Category* | Gitation of document, with indinstiun.uhm appropriate, of the relevant passages . Relovant 1o
claim No.

US 7778337 B2 (TONG et al.) 17 August 2010
A Abstract; Col. 4 line 12-Col, 6 line 21 120

US 7397862 B2 (OUYANG et al.) § July 2008 .
A Abstract; Col. 1 line 64-Col. 2 line 19 120

U5 2002/0122381 Al (WU et al.) § September 2002 :
A Abstract; Paras [0011]-{0015] 1-20

(] Firther documents are listed in the continuation of BoxC ~ [X | Sco patent fimily annex

*  Special eategories of cited docurvenmts: .
A dotument defining tho general sats of the e whish is T lster docamen published after the Intermattona! filing date ot priority date snd not in

ot oonsidered 1o bt of perticular relgvance sumffict with the application bu cited to understand the principls or theory
. ’ mdmyll;mmuntim
*BY  earfier opplication or petemt but publiched onorafier the "X document of partouler sclevanse; mwmmumm
internations) Siling date or snnot be considursd to Involve an fnverwive step when the dosument is taken

: pone
nr dwumMmﬁmmmpﬁodwdmw W'  dosument of pardicular velovance; the claimed invention canwot be considered 1o
or whiok i cited 1o establish the publivetion dutz of invalve an inventive siep whem the dooument is combined with one or more sther

5 m&m&mmmumm such Jocmiments, such combination boing obviows w & persan skillod in The &
m.‘ mi '“mt "&"  dgcuntent meimber of the aume patent family
T docement published prior o the intemational filing due
* pu latew dats ;
Dare of the avtwal completion of the international search Dete of mailing of the international search report
03 Novemiber 2010 03 Nov 0%
" N&me and mailing 630vess of tho ISAJAU Authorized offiosr
AUSTRALIAN PATENT OFFICE JUZER KHANBHAI
PO BOX 200, WODEN ACT 2608, AUSTRALIA ‘ AUSTRALIAN PATENT OFFICE
E-muil addresy: pet@ipansralis.gov.au (IS0 9001 Quality Cestifled Service)
FacimiieNo, 11 20283 7998 Telophone No : 6 2 6283 2176

Fomh PCT/ISAR210 (socond sheet) (Tuly 2009)

,
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INTERNATIONAL SEARCH REPORT Jnternational appHcstion No.
Information on patent family members PCT/UB2010/046106
This Annex lifts the known "A" publication level patent family members relating to the patent documents oited in the
! above-mentioned international search report, The Australisn Patent Office is in no way Hiable for these particulars
which are mersly given for the of information. :
Patent Document Cited in Poseat Family Member
Searel Report
Us 7778337 CN 1605172 - CN 101188597 EF 1442549
US 2003072254 US 7248559 US 2007253324
US 7545734 US 2007053282 US 2009725891
US 2010271930 WO 03034644 '
US 7397852 US 2007086538
US 20020122381 .  CA 2351140 CA 2355433 EP 1185001
o EP 1135048 EP 1686703 US 6850481 :
US 2002122383 US 6985434 US 2002122382 i
Us 7009931 US 2002041635 Us 7233625
US 2006104196 Us 7336601 US 2007274408 | .
US 7403570 US 2008002568 Us 7688710 !
US 2007036069 Us 7801019
Dus to data integration issues this family fisting may not inelude 10 digit Australian applications filed since May 2001.
END OF ANNEX

Form PCT/ISA210 (patant family ennex) (July 2009)
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS

COMMUNICATIONS

First Named Inventor/Applicant Name:

Ali Yazdan Panah

Filer:

Jennifer Marie Lane/Alexandra Beggs

Attorney Docket Number:

P215801.W0-Us.01

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Su::-;;:;; in
Basic Filing:
National Stage Fee 1631 1 330 330
National Stage Search - all other cases 1632 1 540 540
National Stage Exam - all other cases 1633 1 220 220
Pages:
Claims:
Independent claims in excess of 3 1614 1 220 220

Miscellaneous-Filing:

Petition:
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Description Fee Code Quantity Amount Su;—;';(tsa: i
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1310
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Electronic Acknowledgement Receipt

EFSID: 9033326
Application Number: 12999029
International Application Number: PCT/US10/46106
Confirmation Number: 1213

Title of Invention:

INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS
COMMUMICATIONS

First Named Inventor/Applicant Name:

Ali Yazdan Panah

Customer Number:

27076

Filer:

Jennifer Marie Lane/Alexandra Beggs

Filer Authorized By:

Jennifer Marie Lane

Attorney Docket Number: P215801.W0-US.01
Receipt Date: 14-DEC-2010
Filing Date:
Time Stamp: 16:40:42

Application Type:

U.S, National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM 51310

RAM confirmation Number 3731

Deposit Account 501266
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)
Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)
Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
File Listing:
Document T < File Size(Bytes)/ Multi Pages
Document Description File Name . .
Number P Message Digest | Part /.zip| (ifappl.)
1994414
1 215801TWOUSO1_AppAsFiled_1 - 48
2142010.PDF y
S%eddh5obhschbinrad (6082 0iB00I 37 I
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal of New Application 1 3
Application Data Sheet 4 4
Authorization for Extension of Time all replies 5 5
Specification 6 30
Claims 31 34
Abstract 35 35
Drawings-only black and white line drawings 36 42
Oath or Declaration filed 43 46
Transmittal Letter 47 47
Information Disclosure Statement (IDS) Filed (SB/08) 48 43
Warnings:
Information:
215801WOQO01_ISRWO_1109201 s
2 NPL Documents = = no 8
0.PDF
S100%d 1 cheeifa bich 2 ebe F4E56a 7 01250
aldy
Warnings:
information:
36658
3 Fee Worksheet (PTQ-875) fee-info.pdf no 2
BradfP6507 acb 36al 104740 202 05202
5d57
Warnings:
Information:

Petitioner Samsung Ex-1004, 0061



Total Files Size (in bytes}:| 2380696

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.5.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-{d) and MPEP 506}, a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.5.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course,

New International Application Filed with the USPTO as a Receiving Office

if a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SE/81 (01-00)

Approved for use through 11/30/2011. OMB 0851-0035

U.S. Patent and Trademark Ofiice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respand 1o a collection of information untess it displays a valid OMB control number.

( POWER OF ATTORNEY Application Number 12/998,029
OR ' Filing Date August 20, 2010
First Named inventor All Yazdan Panah

REVOCATION OF POWER OF ATTORNEY

WITH A NEW POWER OF ATTORNEY | 1% Compusicaiora oo e e
AND grt Urltit . Not known
Xaminer Name Not known
\CHANGE OF CORRESPONDENCE ADDRESS | o et

| hereby revoke all previous powers of attorney given in the above-identified application.

[:l A Power of Attorney is submitted herewith.

4 it Pracii - 27,076
1 hereby appoint Practitioner(s) associated with the foliowing Customer s
Number as my/our attorney(s) or agent(s) to prosecute the application
identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:

OR
| hereby appoint Practiioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and
to transact all business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified application to:
The address associated with the above-mentioned Customer Number.
OR
[L The address associated with Customer Number:
R

Firm or
Individual Name
Address

City l State ! IZiIJ]
Country
Telephono | Email |
| am the:

Applicantiinventor.

OR
Assignee of record of the entire interest, See 37 CFR 3.71.
Statement under 37 CFR 3.73(b} (Form PTO/SB/96) submitied herewith or filed on

SIGNATURE of Applic:ﬂt_or Assignee of Record

Signature "h{‘\)'\ o AN Date Felorary 24,2011
Name Barry D. Burgdorf \ A | \ Telephone (tf‘\'l:\ L\Q‘gl ‘-I'-UO?..-
Title and Company | Viige Chancellor &General Counsal Board™ i

NOTE: Signatures of all the inventors or assignees of reoonci of the entlre interest or msenlallve(s) are required, Submit multiple forms if more than one

signature Is requirad, see below®.

I:I *Total of forms are submitted.
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retamabenaft by the public which is to file {and by lhe
USPTO to process) an application, Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coll is osti d to take 3 minutes to comp

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complets this form andlor suggestions for reducing this burden, should be sent to the Chisf [nformation Officer, U.S. Patent and
Trademark Office, U.S. Depariment of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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EFSID: 9523496
Application Number: 12999029
International Application Number:
Confirmation Number: 1213

Title of Invention:

INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS
COMMUMICATIONS

First Named Inventor/Applicant Name:

Ali Yazdan Panah

Customer Number:

27076

Filer:

Jennifer Marie Lane/Eric Eaten

Filer Authorized By:

Jennifer Marie Lane

Attorney Docket Number: P215801.W0-US.01
Receipt Date: 24-FEB-2011
Filing Date:
Time Stamp: 13:50:12

Application Type:

U.S, National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document i s ; File Size{Bytes)/ Multi Pages
Number Hogument Bescription Fa iamn Message Digest | Part /.zip| (ifappl.)
126074
1 P215801WOUS01_POA.pdf yes 2
Thba3a6d 1 2bb31 7T 1 dfbleb tcehadadd e

Oecha
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Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73(b). 1 1
Power of Attorney 2 2
Warnings:
Information:
Total Files Size (in bytes}:l 126074

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.5.C. 111

if a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
if a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the applicationasa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

if a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SE/S6 (12-05)
Approved for use through 07/31/2006. OMB 0651-0031
U5, Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Lnder the Paperviork Reduction Act of 1995, no persons are repuired 1o respond to a collection of Informitien wnless ik displavs a valid OMB gontrol number,

STATEMENT U R 37 CFR

Applicant/Patent Owner:_Robert W. Heath, Jr., Ali Yazdan Panah

Application No.:_12/899,029 Filed Date: August 20. 2010
Entitled; INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS COMMUNICATIONS

The Board of Regents of the University of Texas System, a _University

{Name of Assignes) {Typa of Assignes, e.g., corporation, partnership, university, govemmant agency, ete.)

states that it is:
1. & the assignee of the entire right, title, and interest; or

2.[C] an assignee of less than the entire right, title and interest.
(The extent (by percentage) of its ownership interest is %)

in the patent application/patent identified above by virtue of either:

A. E An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 025499 Frame 0517 , or a true copy of the assignment is atiached.

OR
B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel Frame , or for which a copy thereof is attached.
2. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reei Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet.

As required by 37 CFR 3.73(b}(1){i), the documentary evidence of the chain of title from the original owner to the assignee
was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.
[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division
in accordance with 37 CFR Part 3, if the assignment is fo be recorded in the records of the USPTQ. See MPEP 302.08]

The undersigned (whose title is gupplied b ) is authorized to act on behalf of the assignee.

Felruony 23, 204
Y Date

U/ ' Signature

Jennifer M. Lane 206-903-8800

Printed or Typed Name Telephone Number
Attorney of Record

Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain @ benefit by the public which is to file {and by the USPTO to
process} an application. Confidantiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form te the USPTO. Time will V&Y depending upon the individual case. Any comments on the amount of time
you require 1o complete this form andfor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO:

Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in compieting the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMVERCE
United States Patent and Trademark Office
Address: COMMISSICNER FOR PATENTS
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W ALSPI

| 1S, APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
12/999 (029 Al Yazdan Panah P215801.W(Q-US.01

27076 | INTERNATIONAL APPLICATION NO, |
DORSEY & WHITNEY LLP PCT/US10/46106

INTELLECTUAL PROPERTY DEPARTMENT [ LA. FILING DATE [ PriorrTy DATE |
Columbia Center ; ) 2
701 Fifth Avenue, Suite 6100 CONFIRMATION NO. 1213
SEATTLE, WA 98104-7043 371 ACCEPTANCE LETTER

T

Date Mailed: 04/01/2011

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Offica in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

12/14/2010 12/14/2010
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(c)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTC-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.5.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

» Copy of the International Application filed on 12/14/2010

+ Copy of the International Search Report filed on 12/14/2010
+ Copy of IPE Report filed on 12/14/2010

+ Information Disclosure Statements filed on 12/14/2010

+ Oath or Declaration filad on 12/14/2010

+ Request for Immediate Examination filed on 12/14/2010

+ |U.S. Basic National Fees filed on 12/14/2010

+ Priority Documents filed on 12/14/2010
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

VALERIE D KINARD

Telephone: (703) 756- 1432
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CONFIRMATION NO. 1213
27076 FILING RECEIPT
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701 Fifth Avenue, Suite 6100
SEATTLE, WA 98104-7043

Date Mailed: 04/01/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Ali Yazdan Panah, Austin, TX;
Robert W. Heath JR., Austin, TX;
Power of Attorney: The patent practitioners associated with Customer Number 27076

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US10/46106 08/20/2010

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see hitp./www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 03/30/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/999,029

Projected Publication Date: 02/23/2012
Non-Publication Request: No

Early Publication Request: No
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Title
INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS COMMUNICATIONS

Preliminary Class
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license befare applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp//www.uspto.gov/web/offices/pac/doc/general/index.htmi.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
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license has been issued under 37 CFR 5.15(b}. The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof uniess
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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To: IPDocket SE@dorsey.foundationip.com,pogson.phoebe@dorsey.com,ipdocket-se@dorsey.com
From: PAIR_eOfficeAction@uspto.gov

Ce: PAIR_eOfficeAction@uspto.gov

Subject: Private PAIR Correspondence Notification for Customer Number 270786

Apr 01, 2011 05:45:30 AM
Dear PAIR Customer:

DORSEY & WHITNEY LLP

INTELLECTUAL PROPERTY DEPARTMENT
Columbia Center

701 Fifth Avenue, Suite 6100

SEATTLE, WA 98104-7043

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 27076 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
12999029 M903 04/01/2011 P215801.WO-US.01
APP.FILE.REC  04/01/2011 P215801.WO-US.01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Title:INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS COMMUNICATIONS

Publication No.US-2012-0045007-A1
Publication Date:02/23/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
internet at www.uspto.gov. The direct link to access the publication is currently hitp://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTQ's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

OfTice of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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(54) Title: INSERTING AND DECODING REPLICATED DATA SYMBOLS IN WIRELESS COMMUNICATIONS
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Figure 1
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(57) Abstract: Examples are generally described that include transmission methods including inserting at least a portion of data
from a first data stream into a second data stream to be transmitted over a communications channel. On receipt of the two data
streams, examples of receiving methods include receiving the replicated data, decoding the replicated data using an estimated
channel matrix, and generating an updated estimate of the channel matrix based, at least in part, on the replicated data.
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INSERTING AND DECODING REPLICATED DATA SYMBOLS
IN WIRELESS COMMUNICATIONS

BACKGROUND

[001] Unless otherwise indicated herein, the materials described in this section are not prior
art to the claims in this application and are not admitted to be prior art by inclusion in this
section.

[002] Multiple-input multiple-output (MIMO) communication systems employ multiple
transmit antennas and multiple receive antennas to communicate data symbols over a .
communications channel. MIMO communication systems may allow a plurality of mobile
stations to be serviced utilizing a same frequency band. In this manner, MIMO
communication systems may advantageously increase an amount of data the communication
systems is able to send to users.

[003] MIMO systems may find use in a variety of applications including, but not limited to,
wireless networks, cellular systems including 3G and 4G systems, such as 3GPP LTE-
Advanced, local and wide area networks, and wireless broadband systems (such as WiMAX).

[004] Generally, a transmitter in a MIMO system may have a plurality of antennas.
Receiving devices may each have a single antenna for receipt of data over the
communications channel, or may have multiple antennas.

[005] The communications channel, however, may introduce a variety of non-idealities to a
transmitted signal, such as may be caused by multipath interference, reflections, motion of
one or more mobile stations, or other properties of a communications channel. The signals
received by a receiver over the communications channel may be related to the transmitted
signals by a channel matrix H. The channel matrix generally refers to a matrix of data which
may represent the operation of the communications channel on the transmitted data symbols,
including representations of such effects as reflections.

[006] Orthogonal frequency division multiplexing (OFDM) modulation techniques may be
used to modulate data for transmission over a communications channel. OFDM generally
involves modulating different portions of the data to be transmitted using different sub-carrier
frequencies.

[007] Block coding techniques may be used in communication systems to encode data and
transmit multiple data streams over a communications channel, which may improve the

reliability of data transfer. Block coding techniques include space-time block coding, which
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may transmit multiple data streams across multiple antennas. Alamouti space time block
coding is one particular type of space-time block coding known in the art. Space-time block
coding techniques may require that the commumnications channel be constant during
consecutive data transmission times, which may not always be advantageous. Another type
of block coding technique is space-frequency block coding. Alamouti space-frequency block
coding is one particular type of space-frequency block coding known in the art. Space-
frequency block coding techniques may require that different frequencies experience similar
communications channel properties, which may be more advantageous in some cases.

[008] Block coding techniques may commonly be used in conjunction with OFDM.
Decoding of block encoded OFDM transmissions may require knowledge of properties of the
communications channel over which the transmission is received. Accordingly, systems
utilizing block encoded OFDM transmissions generally measure one or more properties of
the communications channel, such as the channel matrix. One way to measure properties of
the communications channel is to insert pilot symbols into the transmitted data streams. The
pilot symbols may be known to the receiver and the known pilot symbols may be compared
with the received signals to generate an estimate of one or more properties of the
communications channel. The need to insert pilot symbols into the transmitted data streams

may adversely effect a data rate attainable in the communications system.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several examples in
accordance with the disclosure and are, therefore, not to be considered limiting of its scope,
the disclosure will be described with additional specificity and detail through use of the
accompanying drawings, in which:

[010] In the drawings:

Figure 1 is a schematic illustration of an example system that is configured for
communication over a communications channel in accordance with at least some examples of
the present disclosure;

Figure 2 is a schematic illustration of components of the communications device 110

arranged in accordance with examples of the present disclosure;
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Figure 3 is a schematic illustration of signals transmitted over a communications
channel in accordance with examples of the present disclosure;

Figure 4 is a schematic illustration of components of the communications device 113
arranged in accordance with examples of the present disclosure;

Figure 5 is a schematic illustration of signals transmitted over the communications
channel in accordance with some examples of the present disclosure;

Figure 6 is an example method for transmitting signals over a communications
channel arranged in accordance with an example of the present disclosure;

Figure 7 is an example method for receiving signals over a communications channel
arranged in accordance with an example of the present disclosure; and

Figure 8 is a block diagram illustrating an example computing device 800 that is
arranged for generating an updated channel estimate in accordance with examples of the

present disclosure.

SUMMARY

[011] The present disclosure describes a method of transmitting data over a communications
channel. Some example methods may include modulating data, inserting data from one
stream into another stream, and/or transmitting the data strcams over a communications
channel. The modulation may be performed in accordance with an orthogonal frequency
division multiplexing technique, and may generate at least a first and second data stream for
transmission using respective transmit antennas. The inserting may insert at least a portion of
data from the first data stream into the second data stream.

[012] The present disclosure describes methods of decoding a signal transmitted over a
communications channel. Example methods may include, receiving a pilot symbol over the
communications channel, estimating a channel matrix of the communications channel based,
at least in part, on the pilot symbol, receiving replicated data from multiple data streams
transmitted over the communications channel, decoding the replicated data using the
estimated channel matrix, and/or generating an updated estimate of the channel matrix based,
at least in part, on the replicated data.

[013] The present disclosure describes communications devices. Examplc communications
devices may include a modulator, a replicator, an encoder, and/or a transmitter. The
modulator may be configured to modulate data in accordance with an orthogonal frequency

division multiplexing technique for transmission over a communications channel using at
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least a first and a second transmit antenna. The modulator may be further configured to
generate at least a first data stream for transmission with the first anlenna and a second data
stream for transmission with the second antenna. The replicator may be coupled to the
modulator and configured to receive the first and second data streams. The replicator may
also be configured to insert at least one data symbol from the first data stream into the second
data stream. The encoder may be coupled to the replicator and may be configured to receive
the first and second data streams including the inserted at least one symbol. The encoder may
be configured to encode the first and second data streams in accordance with a block coding
technique. The transmitter may be coupled to the encoder and may be configured to receive
the encoded first and second data streams. The transmitter may be configured to transmit the
fist data stream over the communications channel using the first antenna and further
configured to transmit the second data stream including the inserted at least one symbol over
the communications channel using the second antenna.

[014] Example communications devices may include a receiver, a decoder, and/or a channel
estimator. The receiver may be configured to receive signals over a communications
channel, wherein the signals are based at least in part on first and second data streams
transmitted over a communications channel, wherein the second data stream includes at least
one data symbol replicated from the first data siream. The decoder may be coupled to the
receiver and the channel estimator. The decoder may be configured to receive the received
signals and decode the at least one data symbol replicated from the first data stream. The
channel estimator may be coupled to the decoder and the receiver, and may be configured to
receive the received signals and the decoded at least one data symbol. The channel estimator
may be configured to estimate a channel matrix of the communications channel based, at
least in part, on the decoded at least one data symbol. The decoder may also be configured to
decode subsequent received signals based, at least in part, on the estimate of the channel
matrix.

[015] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by refercnce to the drawings

and the following detailed description.
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DETAILED DESCRIPTION

[016] The following detailed description, reference is made to the accompanying drawings,
which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative examples described in the
detailed description, drawings, and claims are not meant to be limiting. Other examples may
be utilized, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations,
all of which are implicitly contemplated herein.

[017] This disclosure is drawn, inter alia, to methods, systems, devices, and/or apparatus
generally related to use of replicated data as a pilot symbol in a communications system.
Examples of transmission methods include inserting at least a portion of data from a first data
stream into a sccond data strcam to be transmitted over a comumunications channcl. On
receipt of the two data streams, cxamples of receiving methods include recciving the
replicated data, decoding the replicated data using an estimated channel matrix, and
generating an updated estimate of the channel matrix based, at least in part, on the replicated
data,

[018] Figure 1 is a schematic illustration of an example system that is configured for
commurication over a communications channel in accordance with at least some examples of
the present disclosure. A system 100 may be a multiuser multiple-input multiple-output
system configured for communication over a communications channel 105. System 100 may
include a communications devices 110, 115, 116, and/or 117. The communications devices
may be operated by users (not shown).

[019] The communications device 110 may be implemented as a base station and may be
configured to communicate with multiple mobile stations 115, 116, and 117. ‘The
communications device 110 may include antennas 112 and 114, which may be utilized to
communicate over the communications channel 105 using multiple antennas for spatial
diversity to communicate with multiple users over each frequency.

[020] The communications device 110 may include antennas 112 and 114, an encoder 158,
a transmitter 160, a replicator 162, and/or a modulator 164. Antennas 112 and 114 may be
coupled to the transmitter 160. The encoder 158 may be coupled to transmitter 160. The
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modulator 164 may be coupled to encoder 158. The replicator 162 may be coupled to
modulator 164 and encoder 158.

[021] The modulator 164 may be configured to receive data for transmission over the
communications channel 105. The modulator 164 may be configured to modulate the data in
accordance with one or more modulation techniques, such as orthogonal frequency division
multiplexing (OFDM). Any suitable modulator may be used, and modulator 164 may be
implemented in hardware, software, or combinations thereof. The modulator 164 may
accordingly generate multiple data streams for communication over the communications
channel, one for transmission using each of the respective antennas 112 and 114 in some
examples. Pilot symbols may be inserted into the data streams by the modulator 164 or may
be inserted before or after the modulator 164 in some examples.

[022] The replicator 162 may be configured to receive one or more data streams generated
by the modulator. The replicator 162 may be configured to replicate at least a portion of data
from one data stream and insert the replicated data into another data stream, as will be
described further below. Any suitable hardware, software, or combinations thereof may be
used to implement the replicator 162, including a mixer.

[023] The encoder 158 may be configured to receive one or more data streams generated by
the modulator 164 and which may have been modified by the replicator 162. The encoder
158 may be configured to encode the data streams in accordance with a block encoding
technique, such as space-time or space-frequency block coding, including in some examples
Alamouti space-time or Alamouti space-frequency block coding.

[024] The transmitter 160 may be configured to transmit the encoded data over the
communications channel 1035 via the cooperative operation of the transmitter 160 and one or
more of antennas 112 and/or 114,

[025] Although not shown in Figure 1, the communications device 110 may also include
components configured to receive, decode, and demodulate signals received over the
communications channel. That is, the communications device 110 may both send and receive
signals over the communications channel in some examples.

[026] The communications device 115 may include antcnna 119, a recciver 172, a decoder
174, a channel estimator 178, and/or a demodulator 170. Antenna 119 may be coupled to the
receiver 172 and the channel estimator 178. The channel estimator 178 may also be coupled
to the decoder 174. The demodulator 170 may be coupled to the decoder 174.
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[027] The receiver 172 is configured to cooperate with antenna 119 to receive signals over
the communications channel 105 and provide the received signals to decoder 174. Although
not shown in Figure 1, in some examples, multiple antennas may be provided at the
communications device 115. In examples using Alamouti encoding and decoding, however,
a single receive antenna may generally be used to receive signals over the communications
channel 105. Any suitable receiver may be used and the receiver 172 may be implemented in
hardware, software, or combinations thereof. As will be described further below, the
received signals may include data

[028] The decoder 174 may be configured to decode signals received from the receiver 172
to provide data. Any of a variety of decoding techniques may be used in accordance with a
technique used to encode the signals received by the receiver 172. Examples of decoding
techniques include block decoding techniques including space-time and space-frequency
block decoding, and Alamouti space-time and space-frequency decoding in some examples.
Any suitable decoder may be used and the decoder 174 may be implemented in hardware,
software, or combinations thereof.

[029] The demodulator 170 may be configured to demodulate decoded data from the
decoder 174. The demodulator 170 may generally implement any demodulation technique,
including demodulation in accordance with orthogonal frequency division multiplexing
(OFDM) techniques. Any suitable demodulator may be used, and the demodulator 170 may
be implemented in hardware, software, or combinations thereof.

[030] The channel estimator 178 may be configured to estimate all or a portion of a channel
matrix H associated with the communications channel 105. As will be described further
below, the channel estimator 178 may utilize pilot symbols to estimate the channel matrix.
The channel estimator 178 may also be configured to use decoded replicated data as a pilot
symbol to estimate the channel matrix and/or update an estimate of the channel matrix. By
utilizing replicated data to generate or update an estimate of the channel matrix, the
communications device 115 may in some examples require fewer pilot symbols to be inserted
into signals communicated over the communications channel 105. Reducing a number of
pilot symbols inserted into the transmitted signals may advantageously improve the data rate
of the communications system 100 in some examples.

[031] Although not shown in Figure 1, the communications device 115 may also include

components such as a transmitter, encoder, and/or modulator, for transmitting signals over
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the communications channel 105. That is, in some examples, the communications device 115
may both transmit and receive signals over the communications channel,

{032} Communications devices 116 and 117 may be similarly configured to
communications device 115. The communications device 116 may include antenna 121. The
communications device 117 may include antenna 123.

[033] The communications channel 105 may generally include any suitable medium for
transmitting e¢lectromagnetic signals. The communications channel 105 may be characterized
by the channel matrix H describing the operation of the communications channel 105 on
transmitted symbols. The channel matrix H may provide a representation of effects such as
reflections in the communications channel. The channel matrix H may vary over time, and
may be calculated periodically in some examples. While a single communications channel
105 is illustrated in Figure 1, any number of communications channels may be used.

[034] Any number of communications devices may be included in the communications
system 100, including the communications devices 115, 116, and 117. Although not shown,
the communications devices 116 and 117 may include analogous components to those shown
in mobile station 115. The communications devices 115, 116, and 117 may be implemented
as mobile stations in some examples.

[035] Figure 2 is a schematic illustration of components of the communications device 110
arranged in accordance with examples of the present disclosure. The modulator 164 may
include a mapping and pilot insertion block 202, which may be coupled to a serial to parallel
converter 204, which may be coupled to an inverse Fourier transform (IFFT) block 206,
which may be coupled to a parallel to serial converter 208, The replicator 162 may be
coupled to the parallel to serial converter 208. The encoder 158 may be coupled to the
replicator 162,

[036] During operation, data for transmission over a communications channel may be
provided to the mapping and pilot insertion block 202, which may be configured to map the
data to symbols and insert pilot symbols into the data stream. In some examples, the pilot
symbols may be inserted at a later point in the signal processing stream. The serial to parallel
converter 204, IFFT 206, and parallel to serial converter 208 may be configured to modulate
the data stream in accordance with an OFDM technique to gencrate multiple data streams for
transmission over the communications channel. The replicator 162 may replicate a portion of
the modulated data such that some data symbols from one stream are inserted into another

stream. The space-time encoder 158 may then encode the data streams, including inserted
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symbols, for transmission over the communications channel. The configuration of Figure 2
may provide for space-time encoding of the data streams.

[037] Figure 3 is a schematic illustration of signals transmitted over a communications
channel in accordance with examples of the present disclosure. The signals 302, 303, 304,
and 305 of Figure 3 may be transmitted by the transmitter 160 of Figure 1 in some examples,
and received by the receiver 172. The example of Figure 3 illustrates signals encoded using a
space-time block coding technique. In particular, signals 302 and 303 may be transmitted
during a first time period while signals 304 and 305 are transmitted during a second time
period. Signals 302 and 304 may be transmitted from one location, such as by the antenna
112 of Figure 1. Signals 303 and 305 may be transmitted from another location, such as by
the antenna 114 of Figure 1. The relationships between the signals 302, 303, 304, and 305
may generally be specified by the space-time coding technique used. Each of the illustrated
signals may encode multiple data symbols, shown as boxes in Figure 3. For example, the
signal 302 may encode the symbols 310-317. Pilot symbols may also be encoded by the
signals. In the example of Figure 3, the symbols 310 and 314 may represent pilot symbols.
The pilot symbols 310 and 314 may accordingly also be present at similar frequencies in the
signal 303. Further, replicated data symbols from the signal 302 may be included in the
signal 303. In this example of Figure 3, the data symbols 312 and 316 may have been
replicated to symbol locations at corresponding frequencies at the second spatial location, as
shown. Additional data symbols 318-321 may be included in the signals 303.

[038] The example of Figure 3 illustrates replicated data symbols inserted at a midpoint
between two pilot symbols in a data stream. In other examples, replicated data symbols may
be inserted at a location other than a midpoint between two pilot symbols, and the replicated
data symbol may be inserted at a location closer to one pilot symbol than another. In some
examples, some pilot symbols may have no replicated data symbols inserted between them.
In general, any number or arrangement of replicated data symbols may be inserted into a data
stream. As will be described further below, the replicated data symbols may be utilized in a
manner similar to pilot symbols to estimate the communications channel. Since the
replicated data symbols also encode data, the use of replicated data symbols as pilot symbols
may increase the data rate of the over communications system in some examples.

[039] Figure 4 is a schematic illustration of components of the communications device 115
arranged in accordance with examples of the present disclosure. The demodulator 170 may
include a serial to parallel converter 402, a fast Fourier transform unit (FFT) 404, a parallel to
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serial converter 406, and a mapping block 408. The serial to parallel converter 402 may be
coupled to the FFT 404. The FFT 404 may be coupled to the channel estimator and a space-
time decoder 174. The space-time decoder 174 may be coupled to the parallel to serial
converter 406. The parallel to serial converter 406 may be coupled to the mapping block 408.

[040] In operation, signals received by the receiver 172, such as the signals 302-305 of
Figure 3, may be provided to the serial to parallel converter 402 and converted into parallel
strearmas. The FFT 404 may perform a Fourier transform of the streams, and provide the
Fourier transformed signals to the channel estimator 178 and the space-time decoder 174. In
accordance with the methods described below, the channel estimator 178 may estimate all or
a portion of the channel matrix based on received pilot symbols and/or replicated data
symbols. The space-time decoder 174 may decode the data streams in accordance with the
estimated channel matrix. Moreover, the space-time decoder 174 may provide signals
indicative of the replicated data symbols to the channel estimator 178. The replicated data
symbols may be used by the channel estimator 178 to estimate all or a part of the channel
matrix, or to update an estimate of the channel matrix. Decoded signals may be provided
from the space-time decoder 174 to the parallel-to-serial converter 406 and converted into a
serial data stream of decoded symbols. The symbols may be provided to the mapping block
408 and may be converted into a stream of output data. In this manner, data may be encoded,
transmitted, received, and decoded in the communications system in some examples.

[041] In some examples, the positioning of the encoder and decoder relative to the FFT and
IFFT blocks of the modulator may vary. In particular, the configuration shown in Figure 4
may correspond to examples using space-time coding and decoding technigues. In some
examples, space-frequency coding and decoding may be used. In exampies where space-
frequency coding is used, the encoder 158 may be coupled between the serial to parallel
converter 204 and the IFET 206.

[042] Figure 5 is a schematic illustration of signals transmitted over the communications
channel in accordance with some examples of the present disclosure. The example shown in
Figure 5 may pertain to examples employing space-frequency coding techniques. Input data
symbols 505 including symbols labeled §1-811 may be provided to the modulator 164 of
Figure 1. Following modulation, pilot insertion, data replication, and coding in accordance
with a space-frequency coding technique, one signal stream 510 may be generated for
transmission from a first location, such as the antenna 112 of Figure 1, and a second signal
stream 515 may be generated for transmission from a second location, such as the antenna

10
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114 of Figure 1. The relationship between the symbols in the streams 510 and 515 is
generally specified by the space-frequency coding technique.

[643] Pilot symbols 520-525 are shown in the data stream 510, with corresponding data
symbols in the data stream 515. Data symbols 530-539 are included in the data stream 510,
with corresponding data symbols in the data stream 515. The pilot symbols 520-525 have
been inserted amongst the data symbols 530-539. Data symbols 530 and 531 have been
replicated from one frequency to another frequency in the data streams 510 and 515. The
replicated data symbols have been inserted at a location between the pilot symbols 523 and
524. As generally described above, any number or positioning of replicated data symbols
may generally be used. In the example shown in Figure 5, data symbols have been replicated
in pairs. Replicating a pair of data symbols may be advantageous in some examples for
consistency with the coding technique employed to code the data stream.

[044]) Figure 6 is an example method for transmiiting signals over a communications
channel arranged in accordance with an example of the present disclosure, The method may
include one or more of blocks 605, 610, 615, 620, and/or 625. The various blocks described
herein may be performed sequentially, in parallel, or in a different order than those described
herein. It should also be appreciated that in some implementations one or more of the
illustrated blocks may be eliminated, combined or separated into additional blocks. The
method 600 may include block 605, “Modulate data in accordance with an orthogonal
frequency division multiplexing technique to generate multiple data streams.” Block 605
may be followed by block 610 “Insert pilot symbols into the data streams.” Block 610 may
be followed by block 615 “Replicate data from one data stream and insert the replicated data
into another data stream.” Block 615 may be followed by block 620 “Encode the data
streams in accordance with a block encoding technique.” Block 620 may be followed by
block 625 “Transmit the data streams over a communications channel.”

[045] Data may be modulated in accordance with an OFDM technique in block 605. The
modulation may be performed, for example, by any suitable structure in a communications
device, such as a DSP or other processing unit. In some examples, one data stream may be
generated for each antenna to be used in fransmitting the data over the communications
channel.

[046] In block 610, pilot symbols may be inserted into the data streams. The insertion may
be performed, for, example, by any suitable structure in a communications device, including

a mixer or multiplexor. Generzlly, the pilot symbols correspond to symbols known by the
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transmitting and receiving devices of a communications system. By decoding signals
encoding a known pilot symbol, a receiving device may generate an estimate of the channel
matrix of the communications channel. Pilot symbols may be stored in any memory structure
in communication with the communications device, or may be communicated to the
communications device. Any number of pilot symbols may generally be inserted into the
data streams with substantially any spacing. The more pilot symbols are inserted into the
data streams, the more the overall data transmission rate of the communications system may
decrease. However, in examples having more pilot symbols inserted into the data streams,
the estimates of the chanmel matrix by a receiving communications device may be more
accurate, Accordingly, there may be a tradeoff between data rate and accuracy of the channel
estimation. As will be described further below, use of replicated data symbols as pilot
symbols may advantageously increase the channel estimation accuracy while not impacting
the overall data rate as severely as using more pilot symbols.

[047] In block 615, data may be replicated from one data stream and inserted into another
data stream. The replication may be performed by any suitable structure in a
communications device, including a mixer or multiplexor for example. In some examples, a
same structure may be used to insert the replicated data as was used to insert the pilot
symbols. The replicated data may include one or more symbols from a data stream. In some
examples, pairs of symbols may be replicated. The data may be inserted such that it is
transmitted at a same frequency band in each of the data strecams. Any number of replicated
data instances may be included in a transmission. As will be described further below, the
replicated data may be utilized to improve estimates of a channel matrix associated with a
communications channel. Accordingly. as more replicated data is inserted, the accuracy of
the channel matrix estimate may increase. However, as more replicated data is inserted, the
overall data rate of the communications system may be reduced, although the reduction may
not be as severe as if more known pilot symbols were inserted. The replicated data may be
inserted between two pilot symbols, and may be inserted at a midpoint between the two pilot
symbols. However, the replicated data may be inserted at substantially any location in some
examples.

[048] In block 620, the data streams may be encoded in accordance with a block encoding
technique. The encoding may be performed by any suitable structure in a communications
device, for example by a DSP or other processing unit. As described above, any block

encoding technique may be used, including space-time coding or space-frequency coding.
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[049] In block 625, the data streams may be transmitted over a communications channel.
The transmission may be performed by a transmitter acting in cooperation with one or more
antennas in some examples. In some examples, each antenna may be used to transmit one of
the data streams.

[050] Figure 7 is an example method for receiving signals over a communications channel
arranged in accordance with an example of the present disclosure. The method 700 may
include one or more of blocks 705, 710, 715, 720, 725, and/or 730. The various blocks
described herein may be performed sequentially, in parallel, or in a different order than those
described herein. It should also be appreciated that in some implementations one or more of
the illustrated blocks may be eliminated, combined or separated into additional blocks. The
method 700 may include block 705 “Receiving a known pilot symbol over a communications
channel.,” Block 705 may be followed by block 710 “Estimating the communications channel
based, at least in part, on the known pilot symbol.” Block 710 may be followed by block 715
“Receiving replicated data from multiple data streams over the communications channel.”
Block 715 may be followed by block 720 “Decoding the replicated data using the estimate of
the communications channel.” Block 720 may be followed by block 725 “Updating the
estimate of the communications channel based, at least in part, on the replicated data.” Block
725 may be followed by block 730 “Decoding subsequently received data using the updated
channel estimate.”

[051] In block 705, a known pilot symbol may be received over a communications channel.
The symbol may be received by any suitable receiver of a communications device. Signals
may generally be received that encode the known pilot symbol. The received signals may
also provide an indication that the encoded symbol is a pilot symbol.

[052] In block 710, the communications channel may be estimated based, at least in part, on
the received pilot symbol. The estimation may be performed by any suitable structure of a
communications device, such as a DSP or other processing unit. Generally, all or a portion of
a channel matrix may be estimated by comparing a decoded received pilot symbol with the
known pilot symbol. Known pilot symbols may be stored at the communications device or
otherwise communicated to the communications device for comparison with decoded pilot
symbols received over the communications channel. The estimated channel, including data
estimating all or a portion of a channel matrix, may be stored in some examples.

[053] In block 715, replicated data from multiple data streams may be received over the

communications channel. Any suitable receiver may be used o receive the replicated data.
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Examples of replicated data have been described above. Generally, signals are received that
may encode the replicated data and the signals may also encode an indication that the data
includes one or more replicated data symbols. Signals enceding the replicated data may be
received by a single antenna in some examples.

[054] In block 720, the replicated data may be decoded using the estimate of the
communications channel. Any suitable structure of a communications device may be used to
perform the decoding, such as a DSP or other processing unit. In some examples, a joint
detection technique is used to decode the replicated data, such as max-ratio combining. By
decoding multiple copies of the replicated data, the decoding may be considered to be more
accurate than the decoding of single data symbols. Accordingly, the decoded replicated data
may be used to generate or update an estimate of the communications channel.

[055] In block 725, the estimate of the communications channel may be updated based, at
least in part, on the replicated data. The updating may be performed by any suitable structure
in a communications device, such as a DSP or other processing unit. The estimate may be
updated by comparing the decoded symbol with the two instances of received signals
encoding the symbol. In this manner, the channel estimate may be generated or updated,
which may include all or a portion of the channel matrix. The updated channel estimate may
be stored in some examples.

{056] In block 730, subsequently received data may be decoded using the updated channel
estimate. That is, signals received following the updating of the channel estimate may be
decoded using the updated channel estimate. The updated channel estimate may improve
decoding performance in some examples.

[057] Accordingly, examples have been described above of estimating a communications
channel based on pilot symbols and replicated data symbols. In this manner, the number of
pilot symbols may be effectively increased through the use of replicated data symbols. The
accuracy of the resultant channel estimates may in some examples approach the accuracy of
an example where the effective number of inserted pilot symbols is equal to a sum of the
number of pilot symbols plus the number of inserted replicated data symbols. Because the
replicated data symbols also transmit data over the cominunications channel, however, the
use of replicated data symbols may not impair the overall data rate of the system as severely
as the use of more pilot symbols,

[058] Figurc 8 is a block diagram illustrating an example computing device 800 that is
arranged for generating an updated channel estimate in accordance with examples of the
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present disclosure. In a very basic configuration 801, computing device 800 typically
includes one or more processors 8§10 and system memory 820. A memory bus 830 may be
used for communicating between the processor 810 and the sysiem memory 820.

[059] Depending on the desired configuration, processor 810 may be of any type including
but not limited to a microprocessor (uP), a microcontroller (uC), a digital signal processor
(DSP), or any combination thereof. Processor 810 may include one more levels of caching,
such as a level one cache 811 and a level two cache 812, a processor core 813, and registers
814. An example processor core 813 may include an arithmetic logic unit (ALU), a floating
point unit (FPU), a digital signal processing core (DSP Core), or any combination thereof.
An example memory controller 815 may also be used with the processor 810, or in some
implementations the memory controller 815 may be an internal part of the processor 810.

[060] Depending on the desired configuration, the system memory 820 may be of any type
including but not limited to volatile memory (such as RAM), non-volatile memory (such as
ROM, flash memory, etc.) or any combination thereof. System memory 820 may include an
operating system 821, one or more applications 822, and program data 8§24. Application 822
may include a channel estimate routine 823 that is arranged to generate an estimate of a
communications channel based on received pilot symbols, replicated data symbols, or
combinations thereof. Program Data 824 may include known pilot symbols 825, replicated
data symbols 826, channel estimate 827, or combinations thereof, that may be useful for
generating channel estimates as generally described above. In some embodiments,
application 822 may be arranged to operate with program data 824 on an operating system
821 such that channel estimates are generated and/or updated on the basis of received pilot
symbols and replicated data symbols. This described basic configuration is illustrated in
Figure 8 by those components within dashed line 801,

[061} Computing device 800 may have additional features or functionality, and additional
interfaces to facilitate communications between the basic configuration 801 and any required
devices and interfaces, For example, a bus/interface controller 840 may be used to facilitate
communications between the basic configuration 801 and one or more data storage devices
850 via a storage interface bus 841. The data storage devices 850 may be removable storage
devices 851, non-removable storage devices 852, or a combination thereof. FExamples of
removable storage and non-removable storage devices include magnetic disk devices such as
flexible disk drives and hard-disk drives (HDD), optical disk drives such as compact disk
(CD) drives or digital versatile disk (DVD) drives, solid state drives (SSD), and tape drives to
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name a few. Example computer storage media may include volatile and nonvolatile,
removable and non-removable media implemented in any method or technology for storage
of information, such as computer readable instructions, data structures, program modules, or
other data.

[062] System memory 820, removable storage 851 and non-removable storage 852 are all
examples of computer storage media. Computer storage media includes, but is not limited to,
RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other medium which may be used to
store the desired information and which may be accessed by computing device 800. Any
such computer storage media may be part of device §00.

[063] Computing device 800 may also include an interface bus 842 for facilitating
communication from various interface devices (e.g., output interfaces, peripheral interfaces,
and communication interfaces) to the basic configuration 801 via the bus/interface controller
840. Example output devices 860 include a graphics processing unit 861 and an audio
processing unit 862, which may be configured to communicate 1o various external devices
such as a display or speakers via one or more A/V ports 863. Example peripheral interfaces
870 include a serial interface controller 870 or a parallel interface controller 872, which may
be configured to communicate with external devices such as input devices (e.g., keyboard,
mouse, pen, voice input device, touch input device, etc.) or other peripheral devices (e.g.,
printer, scanner, etc.) via one or more [/O ports 873. An example communication device 880
includes a network controller 881, which may be arranged to facilitate communications with
one or more other computing devices 890 over a network communication link via one or
more communication ports 882.

[064] The network communication link may be one example of a communication media.
Communication media may typically be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier wave
or other transport mechanism. and may include any information delivery media. A
“modulated data signal” may be a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the signal. By way of example, and
not limitation, communication media may include wired media such as a wired network or

direct-wired connection, and wireless media such as acoustic, radio frequency (RF),
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microwave, infrared (IR) and other wireless media. The term computer readable media as
used herein may include both storage media and communication media.

[065] Computing device 800 may be implemented as a portion of a small-form factor
portable (or mobile) electronic device such as a cell phone, a personal data assistant (PDA), a
personal media player device, a wireless web-watch device, a personal headset device, an
application specific device, or a hybrid device that include any of the above functions.
Computing device 800 may also be implemented as a personal computer including both
laptop computer and non-laptop computer configurations.

[066] The present disclosure is not to be limited in terms of the particular examples
described in this application, which are intended as illustrations of varicus aspects. Many
maodifications and examples can may be made without departing from its spirit and scope, as
will be apparent to those skilled in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enumerated herein, will be apparent to
those skilled in the art from the foregoing descriptions. Such modifications and examples are
intended to fall within the scope of the appended claims. The present disclosure is to be
limited only by the terms of the appended claims, along with the tull scope of equivalents to
which such claims are entitled. It is to be understood that this disclosure is not limited to
particular methods, reagents, compounds compositions or biological systems, which can, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular examples only, and is not intended to be limiting.

[067] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of clarity.

[068] It will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims (e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including™ should be interpreted as “including but not limited
10,” the term “having” should be interpreted as “having at least,” the term “includes” should
be interpreted as “includes but is not limited to,” etc.).

[069] It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the claim,
and in the absence of such recitation no such intent is present. For example, as an aid to

understanding, the following appended claims may contain usage of the introductory phrases
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“at least one” and “one or more” to introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduction of a claim recitation by the
indefinite articles “a” or “an” limits any particular claim containing such introduced claim
recitation to examples containing only one such recitation, even when the same claim
includes the introductory phrases “one or more™ or “at least one™ and indefinite articles such
as “a” or “an” (e.g., “a” and/or “an” should be interpreted to mean “at least one” or “one or
more”); the same holds true for the use of definite articles used to introduce claim recitations.
In addition, even if a specific number of an introduced claim recitation is explicitly recited,
those skilled in the art will recognize that such recitation should be interpreted to mean at
least the recited number (e.g., the bare recitation of “two recitations,” without other
modifiers, means at least two recitations, or two or more recitations).

[070} Furthermore, in those instances where a convention analogous to “at least one of A,
B, and C, etc.” is used, in general such a construction is intended in the sense one having skill
in the art would understand the convention (e.g., “a system having at least one of A, B, and
C” would include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense one having skill in the art would understand the
convention (e.g., “a systemn having at least one of A, B, or C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc.). It will be further understood by those
within the art that virtually any disjunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to include the possibilities of “A™ or
“B” or “A and B.”

[071] In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of members of the Markush group.

[072] As will be understood by one skilled in the art, for any and all purposes. such as in
terms of providing a written description, all ranges disclosed herein also encompass any and
all possible subranges and combinations of subranges thereof. Any listed range can be easily

recognized as sufficiently describing and enabling the same range being broken down into at
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least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each range
discussed herein can be readily broken down into a lower third, middle third and upper third,
etc. As will also be understood by one skilled in the art all language such as “wp to,” “at
least,” “greater than,” “less than,” and the like include the number recited and refer to ranges
which can be subsequently broken down into subranges as discussed above. Finally, as will
be understood by one skilled in the art, a range includes each individual member. Thus, for
example, a group having 1-3 items refers to groups having 1, 2, or 3 items. Similarly, a
group having 1-5 items refers to groups having 1, 2, 3, 4, or 5 items, and so forth.

[073] While the foregoing detailed description has set forth various examples of the devices
and/or processes via the use of block diagrams, flowcharts, and/or examples, such block
diagrams, flowcharts, and/or examples contain one or more functions and/or operations, it
will be understood by those within the art that each function and/or operation within such
block diagrams, flowcharts, or examples can be implemented, individually and/or
collectively, by a wide range of hardware, software, firmware, or virtually any combination
thereof. In one example, several portions of the subject matter described herein may be
implemented via Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAs), digital signal processors (DSPs), or ofher integrated formats. However,
those skilled in the art will recognize that some aspects of the examples disclosed herein, in
whole or in part, can be equivalently implemented in integrated circuits, as one or more
computer programs running on one or more computers (e.g., a5 one or mMOre programs
running on one Or more computer systems), as one or more programs running on one or more
processors (e.g., s one OT MOle Programs running on one Or mMOIe MIiCroprocessors), as
firmware, or as virtually any combination thereof, and that designing the circuitry and/or
writing the code for the software and or firmware would be well within the skill of one of
skill in the art in light of this disclosure. For example, if a user determines that speed and
accuracy are paramount, the user may opt for a mainly hardware and/or firmware vehicle; if
flexibility is paramount, the user may opt for a mainly software implementation; or, yet again
alternatively, the user may opt for some combination of hardware, software, and/or firmware.

[074] In addition, those skilled in the art will appreciate that the mechanisms of the subject
matter described herein are capable of being distributed as a program product in a variety of
forms, and that an illustrative example of thc subject matter described herein applies
regardless of the particular type of signal bearing medium used to actually carry out the
distribution. Examples of a signal bearing medium include, but are not limited to, the
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following: a recordable type medium such as a floppy disk, a hard disk drive, a Compact Disc
(CD), a Digital Versatile Disk (DVD), a digital tape, a computer memory, eic.; and a
transmission type medium such as a digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link, a wireless communication link,
ete.).

[075] Those skilled in the art will recognize that it is common within the art to describe
devices and/or processes in the fashion set forth herein, and thereafter use engineering
practices to integrate such described devices and/or processes into data processing systems.
That is, at least a portion of the devices and/or processes described herein can be integrated
into a data processing system via a reasonable amount of experimentation. Those having
skill in the art will recognize that a typical data processing system generally includes one or
more of a system unit housing, a video display device, a memory such as volatile and non-
volatile memory, processors such as microprocessors and digital signal processors,
computational entities such as operating systems, drivers, graphical user interfaces, and
applications programs, one or more interaction devices, such as a touch pad or screen, and/or
control systems including feedback loops and control motors (e.g., feedback for sensing
position and/or velocity; control motors for moving and/or adjusting components and/or
quantities). A typical data processing system may be implemented utilizing any suitable
commercially available components, such as those (ypically found in data
computing/communication and/or network computing/communication systems.

[076] The herein described subject matter sometimes illustrates different components
contained within, or connected with, different other components. It is to be understood that
such depicted architectures are merely examples, and that in fact many other architectures can
be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated" such
that the desired functionality is achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as "associated with" each other such that the
desired functionality is achieved, irrespective of architectures or intermedial components.
Likewise, any two components so associated can also be viewed as being "operably
connected", or "operably coupled”, to each other to achieve the desired functionality, and any
two components capable of being so associated can also be viewed as being "operably
couplable”, to each other to achicve the desired functionality, Specific examples of operably

couplable include but are not limited to physically mateable and/or physically interacting
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components and/or wirelessly interactable and/or wirelessly interacting components and/or
logically interacting and/or logically interactable components.

1077] ‘While various aspects and examples have been disclosed herein, other aspects and
examples will be apparent to those skilled in the art. The various aspects and examples
disclosed herein are for purposes of illustration and are not intended to be limiting, with the

true scope and spirit being indicated by the following claims.
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CLAIMS

What is claimed is:

1. A method of transmitting data over a communications channel, the method
comprising:

modulating data for transmission over the communications channel in accordance
with an orthogonal frequency division multiplexing technique to generate at least a first and
second data stream for transmission using respective transmit antennas;

inserting at least a portion of data from the first data siream into the second data
stream; and

transmitting the first and second data streams over the communications channel.

2 The method of claim 1, further comprising:

inserting pilot symbols into the first and second data streams.

3. The method of claim 2 wherein said inserting at least a portion of data from
the first data stream into the second data stream comprises inserting the portion of data from
the first data stream into the second data stream at a location between two pilot symbols in

the second data stream.

4, The method of claim 3 wherein said inserting at least a portion of data from
the first data stream into the second data stream comprises inserting a respective portion of
data from the first data stream into the second data stream between each two pilot symbols in
the second data stream.

5. The method of claim 1 further comprising encoding the first and the second

data streams in accordance with a block coding technique.

6. The method of claim 5 wherein the block coding technique comprises a space-

time block coding technique.

7. The method of claim 5 wherein the block coding technique comprises a space-

frequency block coding technique.

Petitioner Samsung Ex-1004, 0098



WO 2012/023944 PCT/US2010/046106

8. A method of decoding a signal transmitted over a communications channel,
the method comprising:

receiving a pilot symbol over the communications channel;

estimating a channel matrix of the communications channel based, at least in part, on
the pilot symbol;

receiving replicated data from multiple data streams transmitted over the
communications channel;

decoding the replicated data using the estimated channel matrix; and

generating an updated estimate of the channel matrix based, at least in part, on the

replicated data.

0. The method of claim 8, further comprising decoding subsequently received

signals over the communications channel using the updated estimate of the channel matrix.

10. The method of claim 8 wherein said decoding the replicated data comprises

using a joint detection technique.

11. The method of claim 8, wherein said decoding the replicated data comprises

using a space-time block decoding technique.

12, The method of claim 8, wherein said decoding the replicated data comprises

using a space-frequency block decoding technique.

13. The method of claim 8, wherein the replicated data includes same data

symbols in multiple data streams.

14, A communication device comprising:

a modulator configured to modulate data in accordance with an orthogonal frequency
division multiplexing technique for transmission over a communications channel using at
least a first and a second transmit antenna, wherein the modulator is further configured to
generate at least a first data stream for transmission with the first antenna and a second data

stream for transmission with the second antenna,
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a replicator coupled to the modulator and configured to receive the first and second
data streams, wherein the replicator is configured to insert at least one data symbol from the
first data stream into the second data stream;

an encoder coupled to the replicator and configured to receive the first and second
data streams including the inserted at least one symbol, wherein the encoder is configured to
encode the first and second data streams in accordance with a block coding technique; and

a transmitter coupled to the encoder and configured to receive the encoded first and
second data streams, wherein the transmitter is configured to transmit the fist data stream
over the communications channel using the first antenna and further configured to transmit
the second data stream including the inserted at least one symbol over the communications

channel using the second antenna.

15. The communication device of claim 14 wherein the block coding technique

comprises a space-time encoding technique.

16. The communication device of claim 14 wherein the block coding technique

comprises a space-frequency encoding technique.

17.  The communication device of claim 14 wherein the first and second data
streams further include at least two pilot symbols, and wherein the replicator is configured to
insert the at least one data symbeol between the at least two pilot symbols.

18. A communication device comprising:

a receiver configured to receive signals over a communications channel, wherein the
signals are based at least in part on first and second data streams transmitted over a
communications channel, wherein the second data stream includes at least one data symbol
replicated from the first data stream;

a decoder coupled to the receiver and the channel estimator, wherein the decoder is
configured to receive the received signals and decode the at least one data symbol replicated
from the first data stream;

a channel estimator coupled to the decoder and the receiver, wherein the channel

estimator is configured to receive the received signals and the decoded at least one data
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symbol, wherein the channel estimator is configured to estimate a channel matrix of the
communications channel based, at least in part, on the decoded ar least one data symbol; and
wherein the decoder is further configured to decode subsequent received signals

based, at least in part, on the estimate of the channel matrix.

19.  The communication device of claim 18 wherein the decoder is configured to

decode the at least one data symbol using a joint detection technique,
20. The communication device of claim 18 wherein the first and second data
streams each further include at least one pilot symbol, and wherein the channel estimator is

configured to receive the at least one pilot symbol and generate an initial estimate of the

channel matrix based, at least in part on the at least one pilot symbol.
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