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INSERTING AND DECODING REPLICATED DATA S)'MDOLS 
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. MlMO 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 40 systems, such as 3GPP L TE­

Advanced, local and wide area networks, and wireless broadband systems (such as WiMAX). 

(0041 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. 

[OOSJ The communications channel, however, may introduce a variety ofnon-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. 

[0061 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. AJamouti 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 known in the art. Space­

frequency block coding techniques may require that different frequencies ex:perience similar 

communications channel properties, which may be more advantageous in some cases. 

(008) Block coding techniques may commonly be used in coajunction with OFDM. 

Decoding of block encoded OFDM transmissions may require knowledge of properties of the 

conununications 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 cornmunicatiol'.lS channel is to i~crt 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 

conummicatioru. 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 DRAWlliQS 

(0091 The foregoing and other features of the present disclosure will become more fully 

appareot 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 wilJ 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; 

2 
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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 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 ex:amples 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 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 based, 

at least in part, on the pilot symbol, receiving replicated data from multiple data streams 

transmitted over the commmications 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 include a modulator, a replicator, an encoder, and/or a uansmitter. 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 

3 
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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 

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 s1ream 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 niay be configured to receive 

the encoded first and seoond 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 commwiications 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 al least 

one data symbol replicated from the fust 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. 

(01S] The foregoing summary is ilJustrative 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. 

4 
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DETAILED DESCRIPTION 

[01') 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 second data stream to be transmitted over a communications channel. On 

receipt of the two data streams, examples of receiving methods include receiving th.e 

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 I 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 I 00 may be a multiuser multiple-input multiple-<>utput 

system configured for communication over a communications channel I 05. 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 commwtlcations 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 

commwlications channel I 05. 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 l>'trealll, as will be 

descnoed further 1,elow. 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 I 64 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-fiequency block coding. 

[0241 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 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 antenna I 19, a receiver 172, a decoder 

174, a channel estimator 178, and/or a demodulator 170. Antenna119 may be coupled to the 

receiver 172 and 1he 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 wed 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 symbol~ to estimate tlie 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 I 00 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 I l 5. The communications device 116 may include antenna 121. The 

commwiications device 117 may include antenna 123. 

(033) The communications channel 105 may generally include any suitable mediwn for 

transmitting electromagnetic signals. The communications channel 105 may be characte.rired 

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 mnnbe.r of comrntmications channels may be used. 

[034) Any number of communications devices may be included in the communications 

system I 00, including 1he communications devices 115, 116, and 117. Although not shown. 

the communications devices 116 and 117 may include analogous components to those sho"ffl 

in mobile station 115. The commwiications devices 115, 116, and 117 may be implemented 

as mobile stations in some examples. 

[03S) Figure 2 is a schematic illustration of components of the commWlications 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 transfonn (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 oonverter 208. The encoder 158 may be coupled to the 

replicator 162. 

(036J 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 fu accordance with an OFDM technique to generate multiple data streams for 

tTansmission over the commm.ications 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 iJlustrated 

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 maybe included in the signals 303. 

(C,38) The example of Figure 3 illustrates replicated data symbols inserted at a midpoint 

between two pi1ot 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 nwnber 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 (FF1) 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. 

[048) 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 

:stxeams. 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 u5ed by the channel e5tiJnator 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 techniques. In some 

examples, space-frequency coding and decoding may be used. In examples where space­

frequency coding is used, the encoder 158 may be coupled between the serial to parallel 

converter 204 and the IFFT 206. 

(0421 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. Inpu1 data 

symbols 505 including symbols labeled S 1-S 11 may be provided to the modulator 164 of 

Figme 1. Following modulation, pilot insertion, data replica1ion, 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 I, 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. 

(043J 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 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 tmit. 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. A13 will be described further below, use of replicated data symbols as pilot 

symbols may advantageously increase the channel e.'ltimation 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 mllltiplexor 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. Th.e 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. 

{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 comrmmications 

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 oommunications 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. 

[0521 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. 

f0S3) 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 commWlications 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 perfonned by any suitable structw'e 

in a communications device, such a:s 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 nwnber 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. 

(0581 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 810 and system memory 820. A memory bus 830 may be 

used for communicating between the processor 810 and the system memory 820. 

[059] Depending on the desired configuration, processor 810 may be of any type including 

but not limited to a microprocessor (µP), a microcontroller (µC), 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 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 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 ananged 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 ftmctionality, and additional 

interfaces to facilitate communications between the basic configuration 80 I and any required 

devices and interfaces. For e,cample, a bus/interface controller 840 may be used to facilitate 

comnnmications 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 (HOD), 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 aJI 

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 infonnation 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 busftnterface 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 extemal 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 1/0 ports 873. An example communication device 880 

includes a network controller 881, which may be arranged to facilitate communications with 

one or more other comp11ting 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 infonnation 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. 

(06SJ 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 con.figurations. 

[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 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 foregoing descriptions. Such modincations and examples are 

intended to fall within the scope of the appended claims. The present disclosure is to be 

limited onJy by the tenns of the appended claims, along with the full 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 tenninology 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 ooderstood by those within the art that, in general, tenns 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 

to," 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 nwnber 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 

tmderstanding. the following appended claims may contain US<lie 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 in1roduction of a claim recitation by the 

indefmite 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 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 aJone, A and B together, A and C together, B 

and C 1ogether, 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." 

[0711 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. 

[0721 As will be understood by one skilled in the art., for any and all pmposes, such as in 

term.s 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 ln the art all language such as "up to," "at 

least," "greater than," "less than," and the like include the number recited and refer to range.~ 

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 I, 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 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 equivalently implemented in integrated circuits, as one or more 

computer programs running on one or more computers ( e.g., as one or more programs 

running on one or more computer systems), as one or more programs running on one or more 

processors (e.g., as one or more programs running on one or 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 skiJI 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 wiU 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 a:pplies 

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, 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 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 he.rein 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 sy~1cms, 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 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, inespective 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 achieve the desired functionality. Specific examples of operably 

ooup1able include l>ut 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 intera.ctable components. 

(077} 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 stream 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 insening at le&1: 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. 
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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 comnnmication 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 witli 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 I~ 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 frrst 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 symbol between the at least two pilot symbols. 

18. A communication device comprising: 

a receiver configured to receive signals over a communications channel, wherein tlte 

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 th.e first data stream; 

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

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 at 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 commw:tication 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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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 commwrlcations 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 

ma1rix based, at least in part, on the replicated data. 
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DECLARATION 

I hereby declare that: 

My residence, mailing address, and citizenship are as stated below next to my name. 

I 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 

t he specification and application of which: 

■ is attached hereto; 

II was flied on August 20, 2010 as United States Application No. 
_______ or PCT International Application No. PCT/US2010/046106 
and was amended on _ _____ (if applicable); 

or 

■ will be flied 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.S.C. §§120 and 365{c). 

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

I acknowledge the duty to disdose information which Is material to patentabllity 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 Attomey Docket No. P215801.US.01 

PRIORITY CLAIMS 

I hereby claim foreign priority benefits under Title 35 U.S.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 appltcation(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. 

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

COUNTRY APPLICATION NUMBER DATEOFALING 
(day, month, year) 

PRIORITY CLAIMED UNDER§ 
119or §365 

ES NO 

ES NO 

ES NO 

ES NO 

I hereby claim the benefit under Title 35 U.S.C. § 120/365 of any United States and PCT 
international application(s) listed below and, insofar 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, I acknowledge the duty to disclose material 
information as defined in Title 37 C.F.R. § l.56(a) which occurred between the filing date of the 
prior application and the national or PCT international filing date of this application. 

I no such applications have been flied. 
such applications have been f iled as follows: 

U.S. APPLICATION NUMBER DATE OF FILING STATUS 
(day, month, year) (patented, pending, abandoned) 
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• UNITED STATES PATENT Attomey Docket No. P215801.US.01 

. I nereby claim the benefit under Yltte as U.S.C. § 119(e) of any United States provisional 
appll!=Stlon(s} fisted below: 

I no such applications have been fifed. 
such appflcatlons have been flied as follows: 

U.S. PROVISIONAi.APPLiCATION NUMBER PATEOFALING 
(day, month, year) 

DE<l.ARATION 
I hereby declare that all mtemenu 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 wlllful false ;statements and the like so 
made are punlshabfa by fine -or lmprisoAment, or both, under Title 18-U.S.C. § 1001 and that 
sueh wJllful false statements may Jeopardize the validity of the applieation er any patent issued 
thereon. 

SIGNATURE(S) 

GIiien Name~ Ali Yazdan Panah 

Inventor's Signature; ~ Date ao/12/11 
Residence: Austint Texast U.S.A. Citizen5hlp: Iran 

Malling Address: S2B !:. 401h Street, #106 

AIJStln, Texa, 787Sl 

Given N11me; Robert W, Heath, Jr. 

Inventor's Slcnirture, Date 

Residence; Austin, Te)(as Citizenship: U.S.A. 

Malllng Address: 2143 Barton Hllls Drive 

Austin, Texas 78104 

.. .. ·•·· · --· .. -
·-··-· -·- ...... ·- ........ -·· . .. -.. 
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UNITED STATES PATENT Attorney Docket No. P215801.US.Ol 

I hereby clalm the benefit under Title 35 U.S.C .. § 119(e} of any United St-ates provisional 
appllcatlon(~) fisted below: 

I no such applications have been flied. 
such applications have been filed as 'follows: 

U.S. PRO\IISIONAl APPLICATION.NUMBER DATEOFFIUNG 
(day,.month,¥Ur) 

DECIARATION 
I hereby declare that all statements made herein of my own knowledge are true cmd 

that all statements made on Information and belief are believed to be true; and further that 
these statements .were made with the knowledge that willful false statements and the like so 
made are punishable by fine or Imprisonment, or both, under Title 18 U.S.C. § 1001 ~md that 
such willful false statements may Jeopardize the validity of the application or any patent Issued 
thereon. 

·SIGNATURE(S) 

Given Name: Alf Yazdan Panah 

Inventor's Signature: Date 

Residence; Austln1 Texas! U,S;A, Citizenship: Iran 

Malllns Add.ress: 928 Ii. 40"" Stre!!e #106 

Austin, TenJ 78751 

Given Name: ~-Inventor's Sfgnature: 9:)4/J-o!D 
Residence: Austin, Texas Otfzenshlp: U.S.A. 

Malling Address: 2143 Barton HlltsOrlve 

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.0l 

Title : INSERTING AND DECODING REPLICA TED DA TA SYMBOLS IN WIRELESS 
COMMUNICATIONS 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. 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. § l.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. 

701 Fifth Avenue, Suite 6100 
Seattle, WA 98104-7043 
Telephone: (206) 903-8800 
.Facsimile: (206) 299-9288 

Respectfully submitted, 

S::.;::_TNEY LLP 

e ifer M. Lane 
Re istration No. 51,916 
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(01-08) 
PTO/SB/OS a 

Approved for use 111rough 07/31f2012. 0MB 0651-0031 
U.S. Patent and Trademark Offiee; us. DEPARTMENT OF COMMERCE 

Un rkR eduction Act der the Pacerwo of 95 19 no oen1ons are..,. uired to resoond to a colledlon of information unless tt contains a valid 0MB control number .. 

Substitute ,or lam 1449M>TO 

INFORMATION DISCLOSURE Co-1-ie;,w---..-

STATEMENT BY APPLICANT Application Number To be allocated 
Filing Date Filed concurrently herewith 
First Named Inventor Ali Yazdan Panah 
Art Unit To be allocated 
Examiner Name To be allocated 

/Use as many Sllflflts as necessa,y) 

Sheet I 1 I of I 1 
Attorney Docket No: P215801.WO-US.01 

US PATENT DOCUMENTS 
Eumlner Cite Document Number Publlcatlon Date Name of Patentee or Applicant of Cited Pages. Columns, lines, Wiere 

Initial• No Document Relevant Passage& or 
Relevant Figures ApDear 

2002/0122381 A1 Seo 5 2002 . Wu, S. et al. 
739786282 Jul8,2008 Ouvano, X. et al. 
7TT833782 Aua 17, 2010 Tona, W. et al. 

FOREIGN PATENT DOCUMENTS 
Foreign Patent Pages, COiumns, T" 

Examiner Cite Document Name of Patentee or Appllcant of cltod Lines, wnere 
1n1ua1s· No 

Publlcauon Date 
Document Relevant Passages 

or Relevant Figures 
Anoear 

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS 
Examiner Cite lnelud& name of the utho r (In CAPITAL LETTERS), Ulla of the artlcle (when appropriate), tlUe of the Item T' 

1n1t1a.1s· No' (bOOk. magazine, Journal, sertal, symposium, catalog, etc.), date, page(s), volume-Issue numbef(s), 
pu1111sner, cnv and/or country wnere PllllNshed. 

"International Search Report dated November 9, 2010 for Application No. 
PCT/US2010/046106" 

EXAMINER DATE CONSIDERED 

Suta,tltute °'6c:losure S'-tffl:ffl Form (PT0-1449) 
• EXAJ,11~: ll"lffi.af i f ,.f.,ence considertd, Wheflor or•ot cutlon Is rn oon~ wffl'I MPEP 609. Drew iM thf0t.:gh dtaticn I not In eonlorn1.ence- a."ld not o~de,ed, I~ !JCIP/ or lhllJ lotm wth neJCt 

oonm-unlcatbn IO a pptieafll.l Appfic«tl"l 1.mlqu, cilaJ!Qo dt:41~on ml1'1M' {opaontll'J 2 NJpliatnl fs to ~ a crtedt nm.t'tt here W fnalsh language ·nannaDOn Iii attaehed 
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08/11 2010 15 : 22 FAX 61 2 6283 2516 IP AUSTRALIA la)001/008 ..,, 
PATENT COOPERATION TREATY 

I 

From .1he JNTERNATIONAL SEARCllING AUTHORITY 

Reviewed by 
Docketing~ 

To: ·PCT 
DORSEY AND WHJ'JNBY LLP NOTIFICATION OJ! TRANSMl'l'TAL OF 

THE INTERNATIONAL SBARCHRl!P()RT AND IP Dookot - SB. 701 Fifth Ave 
Suite CHOO, Sca1tie,Wa.sbfnaton 98104--7043, USA nm WRITTEN OPlNlON OF nm JN'TBRNATIONAL 

SEARCHING AUTHOI.Ul'Y, OR THB DBCLARATION 

(PCT Rule 44, 1) .. . Date of mailing 
.::..., .. _nth/year) ri ft 1.11\11 'IHI 

- -
Appllc.ilt'a or aaenrs file mote11~ 
P21S801Wo.ll 

FOR FIJrrH&R ACTfON Sec panw,phl I and 4 be!Ow 

trit.matioUI ,pplllllldon No. fnlomati_oaal fil'"' dale 

PCT/US20te/04'16' ·r~J 20August2010 
Applictnc 

nm BOARD OF REGENTS OF um UNIYBRSITV OP TEXAS SYSTBM ct al 

. 
•,. r,;"l • Tho llflpllcant Is beniby no~d thai lhc il!l4IIlaltlooel p:ardi rq,o,1 ima llle wnu.u opinion otdie lnlC:l'Jlatlonlll 8oan:hlus Aullt'ority 
~ hPe bean IISlllbllthld and ce tsan,mittlld INraridl. . 

Jllbl,: ofMISll4111tllCI Nit t1aW1Hlll 1llldtr ,\rtlde t!lt 
. ~ appli(llllt is enliticd, lfmi IO WIShCf, io ~ the claims ot cho iutmllflonll application (ICC ltllle 46}: 

WIIH7 The lim. llmlcfbr fllin1 suob ammdmolt'1 is'110ffl1111Y two IIIOllfhS ftoa lllo d,tll ofaan5IIIIUII of the 
I~ lt810b report. 

WMr•? ~ lO lhc: lnlc:mllliooal Bureau of WIPO, 34 dlcmin dos ColOlllbcctcs 
1211 GenJVa20, Swkza'land, FICSimfloNo.:+412233882 70 

for DHlrt cl.wled inrtrudloa1,, SM! fC1' Applir:anl'I OttiJ#, Intemallollol ftul, ~ 9,004 - 9.01 I , 
I. □ · 'Ibo appll~ II llcld,y DOlilhd that no ilrlenlJdoml ~ repoti will bo e&tlbUlhod. and llaUho dodan.tloia mulcr Article 17(2)(a) 

to 1hat ctfffl 1111d lhc wrii= opinion of Ille ~ SClrelllfll A1)1horiiy ar; Vlllmlacd hc:rowltb. 

3. D 'Wltlll l'teml 1G ••Y prlll4llt ~ paymem of(III) addilional foo(s) under Rulo 40.2, tho appllcent la nollffcd thll: 

□ ltlc: proWt to&CUler with the doo!tlOII 111m:on ha.! bCCft lnllffll!Ucd IO tho Jn1"notfonal BUICall to~crwnh Iba appll-1', 
teqllf!ll co tbrwarcl the texts of both mo c,rouist and tbt clccision ther«in 10 ~ des I poled Offices. . 

0 no daclslon hU Ileen mado )'CC on 1lle protest; tho applicant will ba notffit4 u 10011 e.s a dcoi~on It~· 

4. ~ 
Toe appDc:am lllllY submit commcnl5 Oll 11) iDfomlll b&Sls VII die wrmc:n opinion Qf the ln1Cmetional Snrchllll Autllorlty ID thcr 
btenllllonal Bureau. Toe Ina,maiional Bureau will HIid a coi,y ohudl comment's to ,ti dalpaled Offlees tmlm 111 lntcrnatlonal 
prallmluty C!CIIPUUitiou report llN bee11 or II to be esllbli1hed. POlkMinJ 1M HJ)uatlon 0130 monllu !tom the priority date, 1l\CH 
comam11 wlll lLllo ~ made aVl!lablt'tO Ulo publlo, • . 
~ after rbt P.plnidoa ofll molllllll tom the priorltf d~ die llltemati011&1 tppllcadQ.11 will be Plllllllbcd by 1bo JaternalioNI 
11-. Iftht i,pplicant wtshes to avoid or potlpOM pablioa1ion, a notice ohithdnlwel oflhe mtllrnationtl appllcadca, or Oflhe priority 
~aim, un111 !-.ch the International BIINNlll bcfo~ cho wmplllloc oflhem;lmlcal prq,arallcms for in!GnWlonal publkalloo (Rules 'JObll.1 

• 1111d 90bt.r.J). 
Widlltl 1, 1110t1tll11tomdulpriomy date. but caly in respectOflOlllc ~ ~ ailcuwfBd rorlft£an1Atiolllll ~ 
eiarninslion IR1ISt be flied iftH applicant wuhes to l)OSlpo~otho Cl'ltr)' i1llo lht IUllicmll phase ntfl JO mm111 flOlll th1 priority dale (ill 
1011\C Offlooe own Jaorr, ~ . Ibo applleanr l1lllff. wkhln 20 ma111a &om 1hc priority dale, pcdotm lhe prc.,I.Tlbcd M1S tot111try 
1ato lht DIClonol pt.w ~ tho,e duignaaccl OfflQI:$. • • 

In rospcct of othar clc51patcd Off"JC:411, Ibo tlmo limit of lt mo1tl11 (or later} wm apply evmt lf no dCl!lllld Is tllld wllllln 19111VDltil. . 
For clllails abollt lbc appllcablo tlmo llmlts, •Office by Office. - )!WW wlpojnf4!gfS\(rpQ(tlme· limita.)Wnl and~ 1'CT AppllCIJl!t'I 
Gwldt. Nll1i0nal Chapter,. 

Nllmt 111d llleilfng 6ddrw oflhf ISAIAU 

A1JS11VJJAN PATENT omca 
PO BOX 200, WODBN N:r 2606, AUSTRAUA 
B-fllllil ~ : ~&OY,1111 
PM:aimil~ No. +61 2 6283 7999 

.Fonn PCT/ISA/220 (July 2010) 

AlllhotlZICCI offlcar 
.RJZER KBANBBAI 
AUSTRALIAN PA't!NT OFFICE 
(lSO 9001 Quality ~niftad Scrv!oe} 
Telephalle No. +61 Z 6283 2176 

(8ft naW OIi aceamf)(IIIYUlf llrul) 
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08/1 1 2010 15 :22 FAX 81 2 6283 2516 I P AUSTRALIA 

Dear Applicant, 

1CJ 002/008 

Australian Cklvemment 

fP Australia 

~Ho-. Pllllp ACT ~606 
PO bm, VVadlnPO' 2&00 
AUwa& 
"'-:1300651010 
i,,..,,,..llo,,atc.11,n: • lli-2 ~J 2999 
facsllnl o: -tOI..? 0283 7999 
imai~ anls~.90"..., 
~~ ~Jl)IIJSU'a1i.a.g011•u 

this International Searching Authority ·will, 
upon receipt ·of payment ofAU$50.00 
per citation, promptly transmit the requested 
docum·ents which were cited in- the 
International Search.Report established: 
on the International Application. . •. 

Please··email ·sat'esteam@ipaustralia.gQv.au. if 
·any·cit~d documents are required. 

Regards ·.· 
PCT Administration 

' • , · 
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OB/11 2010 15:22 FAX 61 2 6283 2518 IP AUSTRALIA Ill 003100s 

PATENT COOPERATION TREATY 

Plomlhtl: 
INTERNATIONAL SEARCHING AtrmORJTY 

To: PCT 
DORSBY AND wmtNEY LU' 
IP Docket- SB, 701 Fifth Ave 
Suihl 6100, Soau!e.. WasblnglOO 98104.7043, USA WlUT'l'F.N OPINION OF lllE 

INTERNA:rlON'AL SEARCHING AUTHORITY 

(l'CT Rulo 43bi.s.1) 

DaCo ofma.i1i.ng 
fJm,/mon~l O 9 NOV 101) 

Appllcalll'• or lp!t's fil4I rcifflnc,I: FOR. AlllTBER ACTION . 
P21S801 WOOi 
I lppl10111cn No. I lnlamlltionel nt111B dart (44Yf111onthly.a~) 

PCT{(JS2010/f46106 20 Ausust 2010 
lntAmlati011al Patem CJanlfication (fPC) or both oational cla11ficaslon 111d lPC 

Int. Cl, 

HfJ4L 17111 (2006.01) HOU 11/00 (2006.01) 
BfUB 1"4(2006,01) H<HK 1110(2!)06.01) 

,Appllcaai 

Stt~blbelow 

I Prfor!C)' Gate (~monthf11arJ 

20 AuguBi2~10 

THE BOARD OP REGENTS OF mB UNIVE.R81TY OF TEXAS SYSTBM ~ al 

1. This opinion comains indicatlOII$ relating to th♦ following items: 

[El ·Oo,i No. I Basia of the opinion 

D Box No,.n Priority 

□ ~ox 'NCI. m Non-establishmlmt er oplnlorl wiil tqard to IIOffliy, hmnti'fll l&clp 1111d ~ ippHo.bilky 

Q Sox No, IV l.aok of unity of in'fllltlOII 

[&] Box No. V =:' =~ :i=!f 2:!a."r'4 to novelty, lavc1nlvo mp 1111d hlcluatrial applioabfllt¥, 

[] Box l'lo. Vl ~ doeiimonll ciwd T 

D ~ No, Vl1 Cenain dtfecls in Ille intemadonal lllll)licatian 

O Bok No.~ Cerwn o'bwrva1fw on tllt inlemallontl ""'ic:adol 

2, F11RTRE'R. ACl'ION 
lfa dciand tor lnl«llllfonal pn,liminaiy cx.minallon 11 m,de, this opirikln will be~ to bo l wriUel1 opinion otlho lnlC1'118%1onal 

. Pnilimhlll)' l'iwnlniQa Alllhorily (•!PEA") meiit that this docs not apply wllcro Iha ~Hllll'lt dloow. an Aatherliy other than 1h11 one eo 
"Ibo IPEA and IJ,.9 Oh0$0II [PF.A 1w AO!i6od iho lnCMladonal B~ under R.ulc 66.lbh(t,) lhtl wrltlcn opb:iiom oflhls In~ 
Smcllln& ,-uthorily Villi not be so COIUldered. 
rf1bls epiftlon b, as provldtd ebovo, coNkl-4. io lie • written opinion of 1'ul IPBA, lho ,ppllamt LI lnvlt~ _, 111lmllt to tlio IPBA a 
wrlun repJy ~. ~tun approprlllll, with IIIIIC!ldmelltl, bcfOrc Che cxplnu1GD of3 mot11hs 6olll the dll16 ofmatUog ofFonn 
PCf/lSA/220 or bemN die e1CJ>iraiion of22 montts. from~ priority claw, w'hlcllever exptres Jmr. 
fort\nehtrop11om. seo 1'mm PCT/lSA/220. 

' 3, For ftlnhilrdcCallt, '°' notu to Form PCT/ISA/220. 

N-md malting~ of die ISA 
AUSTll.ALIANPATl!1'jl'OF~CB ' 
PO aox 200, WODEN ACT .1606, AUSTRALIA 
E-mail lddffllls: pa@JpelHlnlla.gov.au 
Pacmm1o No, -+61 16283 7999 

Form PCl'/ISA/237 (Cover aboct) (July 2009) 

DltO of comp!¢on ofdlis opinion 

03 Novoinber2010 

Authorized OOlocr 
JIJZER KIIANBBAI 
AUSTRAl.,lANPATENTOPPICB 
(ISO 9001 Quality Certffled Scmc:c) 
TckphonoNo. +6126283:Zl76 
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08/11 201 0 15:2 3 FAX 61 2 6283 2516 I P AUSTRALIA 

Bo2No,I 

WRITTEN OPINION OP THE 
INTONATIONAL SEAllCBING AIJTHORJTY 

Batl1 of dilt opialon 

t. Witluogard to the Janpaae, this opinion has been established on the baria ot. 

[&I 111~ international applieatiOl'I ill the laquage in 'wbi'1h it wu filed 

fa 004/008 

Jmernational application No. 

l'CI'/US2010I046106 

D A IIWlllic>A of the iDtmi.miOlllll tpp.licati01rln1o, • , wblcb ls Ult language ofa 
1J1118ld!On ftlmlsbed fer 1ho plllpOICI or intematiOIIIII searoh (uudtr Rwel l2,3(a) and Z3. l(b)). 

z. 0 This opinlori hu been enablllhed tlkfng into account 11Je ,wcdllcation or au Ol>vtou miltakt authorlad by or ood!led 
to Ibis AUlborlty IJAdcr ble '1 (Rulo 43bv. l(a)) . • , 

3. With rea,ard to any 1lUcleotWe andfor amlao add seqamee dlsclotcd in the h~onal application, thlt oplllioa bas lteen 
C$18bliai.:d on the: b.-it ofa ~ listing flied or filmbhod: 

a. (meais) 

·O onpaptr 

□ tn elOC1fOnfC form 

b. (time) 

0 in Ilse iDtetllltional appl1-on aa 1lled 
□ togelher wftl1 the lntematlOllll appllcauon In elec:tronio fom1 

O aub1equeirt1Y io lh!s Authority for tbo pmpoaoa ot seJri:b 

4, D In tlddition, in the c::a,e that mo,. ihm ono version or oapy <1f • sequence lfsdn1 bas boen filed or fllml&bed, tho roqulred 
• ataremeats thal 1he infonnarlon in the subscqueilt or additional oop!~ Is Identical to dlat 10 the 1ppltmlon as filod or 

doos not so beyond tht appli~ as fiJc,d, ~ appropriaie, were fi.aniwd. • 

5. Additilmal eommenta: . 

l'Onll PCr/l.$iAJi37 (Sox No. I) (July :i009) 
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08/ 11 2010 j 5: 23 FAX 81 2 8283 25 16 I P AUSTRALIA 

WJU'rtEN Ol'INION OF THE 
SNTIRNATIONALSl!ARCJIJ'NO AUTBOJUff • 

Ill 005/008 

lntcrntdoul applk:ation No. 

PCT/US20101046106 

Box No. V • llalOned .-..,at anller Kale 436o.l(a)(I) wllb reprd to aovih)', IMUtlYe ltlp or IHllltrial 
appllcaltffit)'; cttatiom and expllaat1om·su~n1 ncll Rlltclllent 

1, Sta1melli 

l'tovelty (N) -C1-ims 1-%0 YU 

CJailm NONE NO 

lllv.alivc mp (JS) C1oiw 1.20 YJ:S 

Claims • NONE NO 

ladatrial llflPlwabllity {IA) Cl11lnu 1.io YES 

Claims NONE NO 

2. Citanorts.and txplanations: 
The followi11g documents identified in the lntllrnlltional Soardl Report have been considered for the prrpoaes of lhis 
opinion: 

D1- US 7778337 B2 
02-us 13~1162 m 
D3- US 2000/0122381 Al 

NOVELTY@ 
lndependent claims 1, 8, 14 and 13 mcc;t the criteria set forth in PCT Article 33(2) for novolty. Th& prior ,rt published 
boforo the prioreyodate doos not disclote hwertlng and/or replicating at least a portion of data from the tlm deta stream 
iAto the second data stream and umtsmlttuig the first 1111d second data sticama ovor the <:0oununi-on charmel. 

Appended alalms 2.1. 9-13, lS-17 and 19-20 lldd fbrtherfeaturea tothosodofincd in olaims I, 8, 14 and 18 8Jld are 
1hmfore also ~vol. 

Therefore the aubject matter of claims I to 20 is new and meecsthe reqllimnents of Article 33(2)ofthe PCT with 
reprd to novelty. , 

U-"VENTIYE STR (JS) 

Claims 1 to 20 meet the mtcria sec out in PCT Article 33()) wi1h regard to the requimnent of Inventive Siep because 
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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 
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application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
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patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
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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 before 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. 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
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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 
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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 
12999029 

Document 
M903 
APP.FILE.REC 

Mailroom Date 
04/01/2011 
04/01/2011 

Attorney Docket No. 
P215801.WO-US.01 
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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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 teclmiques 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 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 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 

[O 11) The present disclosure describes a method of transmitting data over a comrmm.ications 

channel. Some example methods may include modulating data, inserting data from one 

stream into another stream, and/or transmitting 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 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. Example 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 antenna 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 niay 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 stream. The decoder may be coupled to the 

receiver and the channel estimator. The decoder may be con:figw-ed 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 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] 11tls 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 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, 

[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 conununications 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 

con.figured 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 whi.ch 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 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 antenna 119, a receiver 172, a decoder 

17 4. 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 17 4. 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 17 4. The demodulator 1 70 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 I 78 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 commnnications 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 sbo\.\rn, 

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 chann.el 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 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 I 60 of Figure I 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 

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 17 4 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 1 78. 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. Jn 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 techniques. In some 

examples, space-frequency coding and decoding may be used. In examples where space­

frequency coding is used, the encoder 158 may be coupled between 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 S 1-S 11 may be provided to the modulator 164 of 

Figure l. 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 
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114 of Figure I. 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 5 I 0, 

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. '!be 

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 paraUel. 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 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 stmcture 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 tradeoffbetween 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. 

{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 ]east 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 wlit. 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 

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 nwnber of inserted pilot symbols is equal to a swn 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 

a,; 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 discloswe. In a very basic configuration 801, computing device 800 typically 

includes one or more processors 810 and system memory 820. A memory bus 830 may be 

used for communicating between the processor 810 and the system memory 820. 

[059) Depending on the desired configuration, processor 810 may be of any type including 

but not limited to a microprocessor (µP), a microcontroller (µC), 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 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 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. Examples of 

removable storage and non-removable storage devices include magnetic disk devices such as 

flexible disk drives and hard-disk drives (HOD), 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 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 VO 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 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 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 full 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 

to," 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). 

(0701 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 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 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 tenns 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 

tenns 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 "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 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 I, 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 (ASlCs), 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 equivalently implemented in integrated circuits, as one or more 

computer programs running on one or more computers (e.g., as one or more programs 

running on one or more computer systems), as one or more programs running on one or more 

processors (e.g., as one or more programs running on one or 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 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, 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 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 ]oops 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 sometimes illustrates different components 

contained within, or connected with, different other components. It is to be understood that 

such depicted architectures are merely exampJes, 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 functional ity is achieved, irrespective of architectures or intennedial components. 

Likewise, any two components so associated can also be viewed as being "operably 

connected", or "operab]y 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. 

(077] 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 stream into the second data 

stream; and 

trc:msmitting the first and second data streams over the communications channel. 

2. The method of claim I, 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. 
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8. A method of decoding a signal transmitted over a communications channel, 

the method comprising: 

receiving a pilot i,-ymbol 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 

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 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 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 c-0upled 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 at 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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