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SYNCHRONIZING TIMING MISMATCH BY DATA INSERTION

Claim of Priority under 35 U.S.C. §119

[0001] This application claims the benefit of and priority to commonly owned U.S.
Provisional Patent Application No. 61/045,197, filed April 15, 2008, and assigned
Attorney Docket No. 080252P1, the disclosure of which is hereby incorporated by

reference herein.

BACKGROUND
Field
[0002] This application relates generally to data processing and more specifically,

but not exclusively, to data synchronization.

Introduction

[0003] In a data communication system, data may be sent from one device to
another device over a designated communication medium. Here, the device that sends
the data (e.g., a source device) may generate the data based on a transmit clock. In
some systems, the source device sends the data without sending the transmit clock
signal. In such a case, the device that receives the data (e.g., a destination device) may
use its own receive clock to process the received data. In cases where the receive clock
and the transmit clock are not synchronized, however, there may be a timing mismatch
between the rate at which the source device sends the data and the rate at which the
destination device processes the received data.

[0004] A timing mismatch such as this may lead to errors in the received data. For
example, the received data may be stored in a buffer at the destination device and read
out of the buffer using the receive clock. If the receive clock lags (e.g., is slower than)
the transmit clock, a buffer overflow condition may occur at the destination device.
Conversely, if the receive clock leads (e.g., is faster than) the transmit clock, a buffer

underflow condition may occur at the receiver. For certain types of data (e.g., streaming
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audio), data errors caused by such data over-runs or under-runs may cause distortion in
an output signal (e.g., an audio signal) generated from the received data.

[0005] One technique for addressing a timing mismatch problem is making the
transmit clock available to the destination device in some manner (e.g., directly or via
the data stream). In this case, the destination device uses the transmit clock or a clock
that is synchronized to the transmit clock to process received data. In practice, however,
such a technique may be relatively complex to implement. Such a technique may be
even more complex in cases where the destination device receives data from multiple
sources (e.g., each of which has its own transmit clock). The complexity associated
with this technique may thus make it undesirable for some applications due to, for
example, a resulting increase in hardware cost and, in some cases, reduction in battery
life.

[0006] Another technique for addressing such a timing mismatch involves
modifying the receive buffer using dynamic time-warping. Time-warping involves
modifying the size of the buffer by upsampling and downsampling the received samples
to provide data at a desired data rate. However, time-warping involves spectral domain
processing or autocorrelation methods in the time domain. As these processes are
computationally expensive and result in additional data processing delays, time-warping

may not be a practical solution for some applications.

SUMMARY
[0007] A summary relating to several sample aspects of the disclosure follows. As
used herein, the term aspects may refer to one or more aspects of the disclosure.
[0008] The disclosure relates in some aspects to modifying received data to account
for a timing mismatch associated with the received data. For example, transmitted data
that is synchronized to a transmit clock may be may be modified at a receiver so that the
received data is better synchronized to a receive clock that is used to process the

received data.
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[0009] The disclosure relates in some aspects to deleting data from received data to
compensate for a timing mismatch associated with the received data. This technique
may be used, for example, when the operating frequency of a receive clock is slower
than the operating frequency of a transmit clock. Here, substitute data that is based on
the deleted data may be added to the received data in place of the deleted data. The
resulting data may then be converted to an output signal and provided to a designated
output device (e.g., an audio speaker). By modifying the received data in this way,
adverse effects of artifacts in the output signal caused by the deletion of data may be
mitigated.

[0010] The disclosure relates in some aspects to inserting data into received data to
compensate for a timing mismatch associated with the received data. This technique
may be used, for example, when the operating frequency of a receive clock is faster than
the operating frequency of a transmit clock. Here, data that is inserted into the received
data at an insertion point may be based on the data in the vicinity of (e.g., adjacent to)
the insertion point. The resulting data may then be converted to an output signal and
provided to a designated output device (e.g., an audio speaker). By modifying the
received data in this way, adverse effects of artifacts in the output signal caused by the

insertion of data may be mitigated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] These and other sample aspects of the disclosure will be described in the
detailed description and the appended claims that follow, and in the accompanying
drawings, wherein:
[0012] FIG. 1 is a simplified block diagram illustrating several aspects of an
example of a data transmission system;
[0013] FIG. 2 is a flowchart of several aspects of an example of received data
operations;
[0014] FIG. 3 is a simplified block diagram illustrating several aspects of an

example of a deletion circuit;
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[0015] FIG. 4 is a simplified block diagram illustrating several aspects of an
example of an insertion circuit;

[0016] FIG. 5 is a simplified block diagram illustrating several aspects of an
example of an insertion circuit;

[0017] FIG. 6 is a simplified block diagram of several aspects of an example of
communication components; and

[0018] FIGS. 7 and 8 are simplified block diagrams of several sample aspects of
example apparatuses configured to provide timing operations as taught herein.
[0019] In accordance with common practice the various features illustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

numerals may be used to denote like features throughout the specification and figures.

DETAILED DESCRIPTION
[0020] Various aspects of the disclosure are described below. It should be apparent
that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be implemented or such a method may
be practiced using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein. Furthermore, an
aspect may comprise at least one element of a claim. As an example of the above, in
some aspects a data processing method comprises: identifying a timing mismatch

associated with a set of data; processing the set of data to provide data that is correlated
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with the set of data; and inserting the correlated data into the set of data to mitigate the
timing mismatch. In some aspects, the set of data may comprise sigma-delta modulated
samples in this case. Also, in some aspects a data processing method comprises:
identifying a timing mismatch associated with a first set of data; identifying data of the
first set of data to be substituted in response to the identified timing mismatch;
generating a second set of data based on the identified data; and substituting the second
set of data for the identified data to mitigate the timing mismatch. In this case, in some
aspects the first set of data may comprise sigma-delta modulated samples.

[0021] For illustration purposes, the discussion that follows describes various
components and operations of a data processing system where one device receives data
from another device. For example, a source device (e.g., a device that generates data or
a device that forwards data) may send data via a transmission medium (e.g., a wired,
wireless, or optical medium) to a destination device (e.g., a device that processes the
data to generate an output signal). It should be appreciated that the teachings herein
may be applicable to various types of information processing systems where
information is sent from one component to another. For example, the teachings herein
may be employed in a wireless or wired communication system, a data storage system
(e.g., where data is sent from a storage medium to a device that processes the data in
some way), or some other apparatus that processes information.

[0022] In FIG. 1, a communication system 100 includes a source device 102 that
sends data to a destination device 104. For example, the source device 102 may include
a transmitter 106 (e.g., a component of wireless transceiver) or some type of data driver
that sends data to a receiver 108 (e.g., a component of another wireless transceiver) or
some other type of data sink of the destination device 104. In some implementations,
the system 100 comprises a wireless audio source (e.g., an audio player or audio
receiver) that wirelessly transmits an audio data stream to one or more wireless
earpieces (e.g., a wireless headset).

[0023] In some aspects the source and destination devices 102 and 104 process data

based on respective clock signals. For example, the transmitter 106 (e.g., comprising an
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encoder) may generate source data bits (e.g., symbols) from data stored in a source
buffer 110 at a rate that is based on (e.g., synchronized to) a transmit clock 112.
Consequently, the receiver 108 may store data derived from its received signal in a
receive buffer 114 at a rate that is based on the transmit clock 112. However, an output
device 116 (e.g., comprising a decoder) of the receiver 108 may process data from the
receive buffer 114 at a rate that is based on (e.g., synchronized to) a receive clock 118.
[0024] If there is a timing mismatch between the transmit and receive clocks 112
and 118, the output device 116 may process (e.g., retrieve) data from the receive buffer
114 at a rate that is faster or slower than the rate at which the data is stored in the
receive buffer. As a result, buffer over-run (e.g., overflow) or buffer under-run (e.g.,
underflow) conditions may occasionally occur at the destination device 104.
Consequently, as the output device 116 retrieves data from the receive buffer 114, at
some points in time data may be dropped before it is read from the receive buffer 114
(in the case of a buffer over-run) or at some points in time the receive buffer 114 may
not have any data available to be read (in the case of a buffer under-run).

[0025] In some cases, buffer over-run or under-run conditions may result in
undesirable artifacts in an output signal that the output device 116 generates based on
the received data or these conditions may result in a loss of communication. As an
example of the former scenario, in a case where the data comprises audio data, the
resulting audio signal may have distortion (e.g., commonly referred to as clicks and
pops) that results from missing or extra bits in the audio stream. In particular, in low bit
width (e.g., 1-bit) encoding systems, the audio quality may be particularly sensitive to
mismatches between transmit and receive clocks.

[0026] To mitigate the effects of a timing mismatch that results in buffer over-run or
under-run conditions, the destination device 104 includes a synchronization circuit 120
(e.g., a component of a source decoding circuit) that processes the data from the receive
buffer 114 before the data is provided to the output device 116. As will be described in
more detail below, the synchronization circuit 120 may insert data into or remove data

from the data that is read from the receive buffer 114, as appropriate, to mitigate the
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timing mismatch. To determine when to insert or delete such data, information
indicative of a timing mismatch associated with the received data may be provided to
the synchronization circuit 120. For example, the synchronization circuit 120 may
receive buffer status information (e.g., a buffer over-run or under-run indication) from
the receive buffer 114.

[0027] Sample operations of the system 100 will now be described in more detail in
conjunction with the flowchart of FIG. 2. For convenience, the operations of FIG. 2 (or
any other operations discussed or taught herein) may be described as being performed
by specific components (e.g., components described in FIGS. 1 and 3 - 5). It should be
appreciated, however, that these operations may be performed by other types of
components and may be performed using a different number of components. It also
should be appreciated that one or more of the operations described herein may not be
employed in a given implementation.

[0028] As represented by block 202, the destination device 104 (FIG. 1) may
receive data from the source device 102 at a rate based on the transmit clock 112. The
receiver 108 may thus store the data in the receive buffer 114 at this rate. As mentioned
above, this data may be read out of the receive buffer 114 at a rate based on the receive
clock 118.

[0029] As represented by block 204 of FIG. 2, the destination device 104
determines whether there is a timing mismatch associated with the received data (e.g.,
the data in the receive buffer 114). As mentioned above, this timing mismatch may
correspond to a timing mismatch between the transmit and receive clocks 112 and 118.
To detect this timing mismatch, the synchronization circuit 120 may monitor the buffer
status of the receive buffer 114 (e.g., a first-in first-out memory) to determine whether
data is being written into and out of the receive buffer 114 at the same rate.

[0030] In some aspects the buffer status may comprise a buffer over-run indication
that indicates that data is being written into the receive buffer 114 faster than it is being
read out of the receive buffer 114. Such an indication may take various forms. In some

cases the buffer over-run indication may relate to a “watermark” that indicates that the
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receive buffer has filled up beyond a certain level (e.g., the receive buffer 114 is more
than 75% full). In some cases the buffer over-run indication may comprise a buffer-full
indication.

[0031] In some aspects the buffer status may comprise a buffer under-run indication
that indicates that data is being read out of the receive buffer 114 faster than it is being
written into the receive buffer 114. Such an indication may take various forms. In
some cases the buffer under-run indication may relate to a “watermark’ that indicates
that the receive buffer has been drained beyond a certain level (e.g., the receive buffer
114 is less than 25% full). In some cases the buffer under-run indication may comprise
a buffer-empty indication.

[0032] As represented by block 206, if there is no timing mismatch the
synchronization circuit 120 may simply output the data from the receive buffer 114 in
its original form. As mentioned above, this data may be sent to an output device 116
that processes the data in a designated manner (e.g., to provide an output signal to a
speaker or some other component).

[0033] As represented by block 208, if there is a timing mismatch, the
synchronization circuit 120 may insert data into or delete data from the data it receive
from the receive buffer 114 depending on whether there is a buffer under-run or a buffer
over-run. Sample operations that may be performed in response to a buffer over-run
will be described in conjunction with blocks 210 — 216 and a circuit 300 depicted in
FIG. 3 (e.g., corresponding to the synchronization circuit 120). Sample operations that
may be performed in response to a buffer under-run will be described in conjunction
with blocks 218 — 226 and circuits 400 and 500 depicted in FIGS. 4 and 5, respectively
(e.g., corresponding to the synchronization circuit 120).

[0034] In some aspects, the process of deleting data (e.g., one or more data samples)
in response to a buffer over-run may involve modifying data that is adjacent to the
deleted data in a manner that takes into account how the deletion may affect an
associated output signal. For example, when a given sample is removed from a set of

input data (e.g., the data from the receive buffer 114), the value of one or more of
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samples in the vicinity of a deleted sample may be adjusted based on the value of the
deleted sample and the value(s) the neighboring sample(s). Thus, the deletion process
may involve substituting a new set of data (e.g., corresponding to one or more modified
neighboring samples) for a subset (e.g., the deleted sample and its neighboring
sample(s)) of the set of input data, whereby the new substitute set of data is based on the
subset. By generating the substitute data in this way, artifacts (e.g., distortion) in an
output signal that is generated based on the resulting data may be mitigated.

[0035] Accordingly, as represented by block 210 of FIG. 2, this substitution process
may initially involve identifying a portion of the set of input data that is to be
substituted in the event a buffer over-run is indicated. This identification process may
be implemented in various ways. For example, in some cases the identification of the
data to be substituted may be made after receiving an indication of a buffer over-run.
Conversely, in some cases a preliminary identification of data for potential substitution
may be made on a more continual basis. In these latter cases, once a buffer over-run
indication is received, the data currently identified for potential substitution may then be
identified as the data to be substituted. An example of this latter scenario is described in
more detail below in conjunction with FIG. 3.

[0036] As represented by block 212 of FIG. 2, once the data to be substituted is
identified, a set of replacement data is generated based on the identified data. Asa
simplified example in the case of an input bit stream, a set of five bits may be identified
for substitution where the middle bit is to be deleted. Thus, a replacement set of four
bits is generated where the value of each bit in the replacement set may be based on the
values of the five identified bits. An example of this scenario is described in more detail
below in conjunction with FIG. 3.

[0037] As represented by block 214, the substitute data is then substituted into the
input set of data in place of the identified data. The resulting data is then output as
represented by block 216. Here, since the output data will have less data than the input
data, the output data may be output at a data rate that is slower than the rate at which the

input data is received. As a result, the output data rate may more effectively match the
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rate at which the output data is processed (e.g., which is based on a receive clock that is
slower than the transmit clock in a buffer over-run scenario).

[0038] Referring now to the example of FIG. 3, the circuit 300 includes a data
controller 302 that receives input data 304 (e.g., from the receive buffer 114) and
outputs output data 306 (e.g., to the output device 116). The data controller 302 also
receives a buffer over-run indication 308 from a timing mismatch identifier 310 (e.g.,
which may take the form of logic in the receive buffer 114) whenever the identifier 310
detects a buffer over-run.

[0039] In the event a buffer over-run is not indicated, the data controller 302 outputs
the input data 304 in its original form. For example, in response to the buffer over-run
indication 308, a multiplexer (“MUX") 312 may use delayed input data 304A to provide
the output data 306.

[0040] In the event a buffer over-run is indicated, the data controller 302 cooperates
with a data generator 314 to delete data (e.g., a data sample) from the input data 304 so
that the effective data rate of the output data 306 better matches the rate at which the
output data 306 is processed (e.g., by the output device 116). As mentioned above,
rather than simply deleting data from the input data 304, the data generator 314 modifies
a set of data in the neighborhood of the data to be deleted so that the resultant substitute
data 316 may be output instead of this set of data when a buffer over-run is indicated.

In the circuit 300, the multiplexer 312 performs this substitution operation by outputting
the substitute data 316 instead of the original delayed input data 304A. By modifying
the input data 304 in this way, the circuit 300 may mitigate any artifacts that may
otherwise occur in an output signal that is generated based on the output data 306.
[0041] Various techniques may be employed to generate substitute data in
accordance with the teachings herein. In the example of FIG. 3, the data generator 314
generates the substitute data 316 (e.g., consisting of four data values) based on a set of
five input data values. Here, the data controller 302 includes a five cell shift register
318 that shifts the input data 304 in the direction of the arrow 320. Thus, as each data

value reaches the last (rightmost) cell of the shift register 318, the resulting delayed data
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304A is provided to the multiplexer 312. As mentioned above, when the buffer over-
run indication 308 is not activated, the multiplexer 312 may simply output the delayed
data 304A as the output data 306.

[0042] The content of each cell of the shift register 318 is provided to the data
generator 315 as indicated by the five downward-directed arrows. Thus, the shift
register 318 may identify, on a continual basis, a set of data that may be substituted in
the event a buffer over-run is indicated. Here, as each input data value is read into the
first (leftmost) cell of the shift register 318, a new set of data to potentially be
substituted is identified.

[0043] As represented by the X in the middle cell V(i), the data of this cell may be
selected for deletion. In this case, the cell V(i) and its neighboring cells V(i-2), V(i-1),
V(i+1), and V(i+2) may hold data values that the data generator 314 uses to generate
substitute data 316 comprising four data values. The data generator 314 may then shift
the substitute data 316 out to the multiplexer 312 at an appropriate rate (e.g., based on
the receive clock 118). Then, whenever a buffer over-run indication 308 is received, the
multiplexer 312 may switch its input so that the substitute data 316 is output as the
output data 306.

[0044] Various algorithms may be employed to define the substitute data 316 as a
function of identified data (e.g., V(i-2) — V(i+2)). For example, substitute data may be
defined as a weighted combination and/or a linear combination of the identified data. In
some aspects, to retain the information contained in the removed data in the remaining
data, a smoothing filter may be applied over a neighborhood associated with the
removed data before the data is deleted. Filter taps for the smoothing filter may be
designed in a way such that appropriate (e.g., maximum) information about the deleted
data is retained in its immediate neighbors.

[0045] In some cases substitute data may be defined by performing a mask
operation on the identified data. A representative mask operation is set forth in

Equation 1.
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EQUATION 1:
Vinod(i-1) = <Cy , V(i-2 : i)>
Vinod(it1)=<Cy, V(i+2 : 1)>
Vinod(i-2) = <Cy , V(i-2 : i)>
Vinod(1t2) =<C, , V(i+2 : 1)>

[0046] Here, Viod(1-2), Vinod(i-1), Vined(i+1), and Vi,4(1+2) comprise the substitute
data values (e.g., modified neighbor values). C; and C, are weighting factors (e.g., C; =
{0.25,0.25,0.25} and C, = {0.7, 0.2, 0.1}). The operator <a, b> represents an inner-
product between vectors a and b.

[0047] In some aspects, the data deletion operation may involve a change in the
number of bits that represent a given data value. For example, in some cases the input
data 304 comprises a stream of bits where a given bit (e.g., having a value of +1 or -1)
represents a given data sample. Such an example is represented by the bus width of “1”
for the input data 304 in FIG. 3. In this case, the delayed input data 304A also may
comprise a one-bit wide bit stream.

[0048] The substitute data 316, on the other hand, may comprise a multi-bit stream
(represented by a bus width of “n” in FIG. 3) since a given value of the substitute data
316 may be based on a combination of multiple bits and/or weights. As an example, in
Equation 1, Vpp4(i-1) may be based on a combination of V(i-2), V(i-1), and V(i) which
may not equate to an integer value (e.g., +1 or -1). Hence, the output of the circuit 300
may comprise multi-bit data as represented by a bus width of “n” for the output data 306
in FIG. 3. In this case, when the multiplexer 312 is outputting the delayed input data
304A, the multi-bit output data 306 may simply represent a value of +1 or -1 (or some
other suitable 1-bit value).

[0049] In view of the above, any circuits (e.g., output device 116) that follow the
circuit 300 may be configured to process multi-bit data. For example, the output device
116 may include a sigma-delta modulator that converts the multi-bit data into a sigma-

delta modulation (“SDM?”) bit stream. This SDM signal may then be provided to a
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designated component (e.g., a speaker for providing an audio output) of the output
device 116 or some other device.

[0050] The teachings herein may be used to process various types of input data. For
example, in some aspects the teachings herein may be employed to process over-
sampled noise-shaped samples. Here, the term over-sampling refers to sampling that
exceeds the Nyquist rate. Also, in some aspects the term noise-shaping relates to
techniques (e.g., filtering techniques) for spreading the energy associated with a signal
of a given bandwidth (e.g., 20 kHz) over a larger bandwidth (e.g., 320 kHz) to
effectively reduce the noise floor associated with the signal. SDM samples are one
example of over-sampled noise-shaped samples. As an example, a data stream that may
be represented by 16-bit pulse code modulation (“PCM”) data at 48 kHz may be
represented by a 1-bit SDM stream at approximately 1 MHz.

[0051] Referring again to FIG. 2, representative operations relating to inserting data
to compensate for an under-run condition will now be described. In some aspects, the
process of inserting data (e.g., one or more data samples) may involve defining the data
to be inserted in a manner that takes into account how the insertion may affect an
associated output signal. For example, when a given sample is inserted into a set of
input data (e.g., the data in the receive buffer 114), the value of the inserted sample may
be defined as a function of the value(s) of one or more sample(s) in the vicinity of (e.g.,
preceding and/or following) the point of insertion. As a result, the value of the inserted
sample may be correlated to the value(s) of the inserted sample’s neighboring sample(s).
By generating the insertion data in this way, artifacts (e.g., distortion) in an output
signal that is generated based on the resulting output data may be mitigated.

[0052] For illustration purposes, the operations of FIG. 2 will be described in
conjunction with the circuit 400 of FIG. 4. Here, a data processor 402 generates
insertion data 404 (e.g., one or more data samples) by processing input data 406. A data
inserter 408 inserts the insertion data 404 into the input data 406 to provide output data
410 when a timing mismatch identifier 412 provides an indication 414 of a buffer

under-run.
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[0053] As represented by block 218 of FIG. 2, the data insertion process may
initially involve identifying an insertion point in a set of input data. This identification
process may be implemented in various ways. For example, in some cases the
identification of an insertion point may be made after receiving an indication of a buffer
under-run. Conversely, in some case a preliminary identification of a potential insertion
point may be made on a more continual basis. For example, as the data processor 402
receives each new data value (e.g., data sample) of the input data 406, the data processor
402 may identify a new insertion point in a queue through which the input data 406
passes. In such a case, once the buffer under-run indication 414 is received, the point in
the input data currently identified for potential insertion may then be identified as an
actual insertion point.

[0054] Blocks 220, 222, and 224 of FIG. 2 relate to generating insertion data that is
correlated with a set of data in the neighborhood of the insertion point. This insertion
data may be generated in various ways. For example, in some cases the data processor
402 may define the insertion data based on an average associated with the set of data.

In this way, the value of the insertion data will correspond in some aspects to the values
of the neighboring data.

[0055] In some cases, the insertion data may be set that a value that corresponds to a
PCM equivalent (e.g., PCM approximation) associated with the input data. For
example, the average of a set of consecutive samples around a given point in an over-
sampled stream (e.g., an SDM stream) corresponds to a PCM value of the underlying
signal at that point. In other words, the local average of the over-sampled bit stream
tracks the instantaneous magnitude of the corresponding PCM data. Consequently, the
PCM equivalent at that point may be defined as the mean of a set of consecutive
samples (e.g., SDM samples). In a typical case, the number of samples in the set will
equal the oversampling rate.

[0056] In some aspects, the insertion data may be defined based on data that
precedes the insertion point, data that follows the insertion point, or both. For

illustrations purposes, FIG. 4 describes an example where an insertion data generator
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416 generates the insertion data 404 based on a first subset of data 418 that precedes the
insertion point and a second subset of data 420 that follows the insertion point.

[0057] As represented by block 220 of FIG. 2, the data generator 416 processes the
data 418 (e.g., one or more data samples) that precedes the insertion point to generate,
for example, a first intermediate value that is used to define the substitute data 404. As
mentioned above, this operation may involve calculating the average of a defined
number of samples.

[0058] The data processor 402 may process the data 418 in various ways. For
example, in some case the data processor 402 may process the data 418 in real-time
(e.g., by generating a running average as data is received). In other cases, the data
processor 402 may buffer the data 418 so that it may be processed at some other time
(e.g., upon receipt of the buffer under-run indication 414).

[0059] As represented by block 222 of FIG. 2, the data generator 416 processes the
data 420 (e.g., one or more data samples) that follows the insertion point to generate, for
example, a second intermediate value that is used to define the insertion data 404. As
mentioned above, this operation may involve calculating the average of a defined
number of samples. As in the buffer over-run case, the data 420 may be processed in
real-time or buffered for processing at some other time.

[0060] As represented by block 224 of FIG. 2, the data generator 416 generates the
insertion data 404 (e.g., one or more data samples) based on the data 418 and the data
420. For example, in some cases the insertion 404 may be defined as the mean of the
first and second intermediate values generated at blocks 220 and 220. That is, the value
of the insertion data 404 may comprise the mean of the respective averages of the values
of the preceding data 418 and the following data 420. In some aspects, the insertion
data 404 may be defined as the mean of the PCM equivalent of data 418 (e.g., the PCM
equivalent associated with a data sample that immediately precedes the insertion point)
and the PCM equivalent of data 420 (e.g., the PCM equivalent associated with a data
sample that immediately follows the insertion point). By correlating the value of the

insertion data 404 with one or more neighboring values, the circuit 400 may mitigate
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any artifacts that may otherwise occur in an output signal that is generated based on the
output data 410.

[0061] In a case where the insertion data 404 comprise multiple data (e.g., multiple
data samples), cach value of the insertion data 404 may be generated based on the
preceding and/or following data. For example, each value for the insertion data 404
may be defined based on a linear interpolation between the first and second intermediate
values (e.g., between a first and second PCM equivalent).

[0062] As represented by block 226 of FIG. 2, the data inserter 408 couples the
input data 406 to its output, optionally including the insertion data 404 at the insertion
point depending on whether the data inserter 408 receives the under-run indication 414.
To this end, the data inserter 408 may comprise a multiplexer 422 or some other suitable
circuit that outputs either the original input data 406 or the insertion data 404 as the
output data 410.

[0063] A delay circuit 424 may be employed to delay the input data 406 by an
amount of time that is correlated with data latency of the data processor 402. For
example, the delay circuit 424 may delay the input data 406 by an appropriate amount
of time such that the data preceding the insertion point (e.g., corresponding to data 418)
will arrive at the multiplexer 422 as delayed input data 406A just prior to the point in
time the insertion data 404 arrives at the multiplexer 422 and such that the data
following the insertion point (e.g., corresponding to data 420) will arrive at the
multiplexer 422 just after the arrival of the insertion data 404. Thus, the data inserter
408 may be configured to output the delayed input data 406A (e.g., corresponding to
data 418) and then switch its input to output the insertion data 404. After outputting the
insertion data, the multiplexer 422 then switches back to outputting the delayed input
data 406A (e.g., corresponding to data 420).

[0064] As a result of providing the insertion data 404 in the output data 410, a
timing mismatch associated with the input data 406 may be mitigated. For example,
since there will be more output data 410 than input data 406, the output data 410 may be

output at a data rate that is faster than the rate at which the input data 406 is received
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(e.g., which may be based on the transmit clock 112 of FIG. 1). Thus, the data rate of
the output data 410 may more effectively match the rate at which the output data 410 is
processed (e.g., processed by the output device 116 based on the receive clock 118
which is faster than the transmit clock 112 in the buffer under-run scenario).

[0065] As in the buffer over-run case, the data insertion operation may involve a
change in the number of bits that represent a given data value. For example, in some
cases the input data 406 comprises a stream of bits where a given bit (e.g., having a
value of +1 or -1) represents a given data sample. Such an example is represented by
the bus width of “1” for the input data 406 in FIG. 4. In this case, the delayed input data
406A also may comprise a 1-bit wide bit stream.

[0066] The insertion data 404, on the other hand, may comprise a multi-bit stream
(represented by the bus width of “n” in FIG. 4) since a given value of the insertion data
404 may be based on a combination of multiple bits that may not equate to an integer
value (e.g., +1 or -1). Hence, the output of the circuit 400 may comprise multi-bit data
as represented by the bus width of “n” for the output data 410 in FIG. 4. In this case,
when the multiplexer 422 is outputting the delayed input data 406A, the multi-bit data
may simply represent a value of +1 or -1 (or some other suitable 1-bit value). Again,
any circuits (e.g., output device 116) that follow the circuit 400 may be configured to
process multi-bit data.

[0067] The above teachings may be used to process various types of input data. For
example, in some aspects the teachings herein may be employed to process over-
sampled noise-shaped samples (¢.g., SDM data).

[0068] A data insertion circuit may be implemented in various ways in accordance
with the teachings herein. For example, a running N-point low-pass filtered version of
the receive buffer may be maintained to perform sample insertion. In some aspects, this
buffer may represent the PCM equivalent of an oversampled input stream (e.g., N
adjacent samples of the stream). At the location where an under-run flag is raised, a
new sample that is an estimate of the N approximations (e.g., the current N-point PCM

equivalent) is inserted in the original data stream. Since the modified buffer data may
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later pass through a low pass filter, the neighboring samples may eventually correlate
well with the inserted sample.

[0069] One method to compute the PCM equivalent is to use a box-car filter, which
may essentially be the average of N samples. The value is typically a function of the
over sampling rate (“OSR”). In some cases N = OSR (e.g., greater than or equal to 2).
[0070] A sample insertion circuit 500 is depicted in FIG. 5. Here, a multiplexer 502
feeds cither input data 504 (e.g., a bit stream) or insertion data 506 to a shift register 508
depending on whether a buffer under-run is indicated (control input not shown in FIG.
5). The last cell of the shift register 508 then provides output data 510.

[0071] In this example, the shift register 508 has a depth of M+1. The i-1™ bit and
the i-M"™ bit are fed to a circuit comprising adder 512, adder 514, and delay 516. These
components cooperate to repeatedly calculate the sum of the input data over M bits to
provide the insertion data 506. Specifically, the adder 512 adds each new i-1" bit to the
sum and the adder 514 subtracts the current i-M™ bit from the sum.

[0072] The insertion data may then be inserted into a data stream 518 output by the
multiplexer 502 instead of the input data 504 whenever there is a buffer under-run.
Thus, the circuit 500 may identify, on a continual basis, a potential insertion point and
the data to be inserted at that insertion point in the event a buffer under-run is indicated.
[0073] As mentioned above, in some aspects appropriate processing may be
performed to normalize the values of the insertion data 506 relative to the values of the
input data 504 or vice versa (e.g., by subjecting the output data 510 to a low pass filter).
In this way, the insertion data 506 has the effect of an average value over the M bits
rather than the sum.

[0074] Also as discussed above, the insertion data 506 (and hence the output data
510) may comprise a different number of bits than the input data 504. For example, the
input data may have a bus width of “1” while the insertion data 506, the data stream
518, and the output data 510 have a bit width of “n.”

[0075] In view of the above, a clock mismatch problem may be addressed from a

source coding point of view. For example, in the case of a buffer under-run, a sample
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may be defined and inserted in receive buffer data such that it correlates well with the
original samples in the receive buffer. In addition, in the case of a buffer over-run, a
sample may be removed whereby the sample’s neighbors are modified in a manner that
results in reduced distortion in the receive output signal.

[0076] Various advantages may be realized in an apparatus constructed in
accordance with the teachings here as compared to, for example, systems that address
timing mismatches from a clock synchronization point of view. For example, such an
apparatus may consume less power since it may use fewer and less complex
components (¢.g., that implement relatively simple shift and addition-related operations)
to mitigate a timing mismatch. In addition, such an apparatus may have relatively low
latency since the data need not be buffered for very many data cycles. Thus, in some
aspects the disclosure relates to a low-power, low-latency solution to minimizing
artifacts (e.g., audio artifacts) arising out of clock mismatches between a receiver and a
transmitter (e.g., in wireless transmission of speech and audio). Similarly, in some
aspects the disclosure relates to low complexity, low power, and low latency
synchronization solutions that retain acceptable speech and audio quality.

[0077] The teachings herein may be incorporated into a device employing various
components for communicating with at least one other device. FIG. 6 depicts several
sample components that may be employed to facilitate communication between devices.
Here, a first device 602 and a second device 604 are adapted to communicate via a
wireless communication link 606 over a suitable medium.

[0078] Initially, components involved in sending information from the device 602 to
the device 604 (e.g., a reverse link) will be treated. A transmit (“TX”) data processor
608 receives traffic data (e.g., data packets) from a data buffer 610 or some other
suitable component. The transmit data processor 608 processes (e.g., encodes,
interleaves, and symbol maps) each data packet based on a selected coding and
modulation scheme, and provides data symbols. In general, a data symbol is a
modulation symbol for data, and a pilot symbol is a modulation symbol for a pilot

(which is known a priori). A modulator 612 receives the data symbols, pilot symbols,
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and possibly signaling for the reverse link, and performs modulation (e.g., OFDM or
some other suitable modulation) and/or other processing as specified by the system, and
provides a stream of output chips. A transmitter (“TMTR”) 614 processes (e.g.,
converts to analog, filters, amplifies, and frequency upconverts) the output chip stream
and generates a modulated signal, which is then transmitted from an antenna 616.
[0079] The modulated signals transmitted by the device 602 (along with signals
from other devices in communication with the device 604) are received by an antenna
618 of the device 604. A receiver (“RCVR?”) 620 processes (e.g., conditions and
digitizes) the received signal from the antenna 618 and provides received samples. A
demodulator (“DEMOD”) 622 processes (¢.g., demodulates and detects) the received
samples and provides detected data symbols, which may be a noisy estimate of the data
symbols transmitted to the device 604 by the other device(s). A receive (“RX”) data
processor 624 processes (e.g., symbol demaps, deinterleaves, and decodes) the detected
data symbols and provides decoded data associated with each transmitting device (e.g.,
device 602).

[0080] Components involved in sending information from the device 604 to the
device 602 (e.g., a forward link) will be now be treated. At the device 604, traffic data
is processed by a transmit (“TX”’) data processor 626 to generate data symbols. A
modulator 628 receives the data symbols, pilot symbols, and signaling for the forward
link, performs modulation (e.g., OFDM or some other suitable modulation) and/or other
pertinent processing, and provides an output chip stream, which is further conditioned
by a transmitter (“TMTR”) 630 and transmitted from the antenna 618. In some
implementations signaling for the forward link may include power control commands
and other information (e.g., relating to a communication channel) generated by a
controller 632 for all devices (e.g. terminals) transmitting on the reverse link to the
device 604.

[0081] At the device 602, the modulated signal transmitted by the device 604 is
received by the antenna 616, conditioned and digitized by a receiver (“RCVR”) 634,

and processed by a demodulator (“DEMOD”) 636 to obtain detected data symbols. A
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receive (“RX”) data processor 638 processes the detected data symbols and provides
decoded data for the device 602 and the forward link signaling. A controller 640
receives power control commands and other information to control data transmission
and to control transmit power on the reverse link to the device 604.

[0082] The controllers 640 and 632 direct various operations of the device 602 and
the device 604, respectively. For example, a controller may determine an appropriate
filter, reporting information about the filter, and decode information using a filter. Data
memories 642 and 644 may store program codes and data used by the controllers 640
and 632, respectively.

[0083] FIG. 6 also illustrates that the communication components may include one
or more components that perform timing control operations as taught herein. For
example, a timing control component 646 may cooperate with the controller 640 and/or
other components of the device 602 to send/receive information to/from another device
(e.g., device 604). Similarly, a timing control component 648 may cooperate with the
controller 632 and/or other components of the device 604 to send/receive information
to/from another device (e.g., device 602). It should be appreciated that for each device
602 and 604 the functionality of two or more of the described components may be
provided by a single component. For example, a single processing component may
provide functionality of the timing control component 646 and the controller 640 and a
single processing component may provide functionality of the timing control component
648 and the controller 632.

[0084] A wireless device may include various components that perform functions
based on signals (e.g., comprising a set of data) that are transmitted by or received at the
wireless device. For example, a wireless headset may include a transducer adapted to
provide an audio output based on at least a portion of the set of data. A wireless watch
may include a user interface adapted to provide an indication based on at least a portion
of the set of data. A wireless sensing device may include a sensor adapted to sense
based on at least a portion of the set of data (e.g., based on a request included in the set

of data).
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[0085] A wireless device may communicate via one or more wireless
communication links that are based on or otherwise support any suitable wircless
communication technology. For example, in some aspects a wireless device may
associate with a network. In some aspects the network may comprise a personal area
network (e.g., supporting a wireless coverage area on the order of 30 meters) or a body
arca network (e.g., supporting a wireless coverage area on the order of 10 meters)
implemented using ultra-wideband technology or some other suitable technology. In
some aspects the network may comprise a local area network or a wide area network. A
wireless device may support or otherwise use one or more of a variety of wireless
communication technologies, protocols, or standards such as, for example, CDMA,
TDMA, OFDM, OFDMA, WiMAX, and Wi-Fi. Similarly, a wireless device may
support or otherwise use one or more of a variety of corresponding modulation or
multiplexing schemes. A wireless device may thus include appropriate components
(c.g., air interfaces) to establish and communicate via one or more wireless
communication links using the above or other wireless communication technologies.
For example, a device may comprise a wireless transceiver with associated transmitter
and receiver components (e.g., transmitters 614 and 630 and receivers 620 and 634) that
may include various components (e.g., signal generators and signal processors) that
facilitate communication over a wireless medium.

[0086] In some aspects a wireless device may communicate via an impulse-based
wireless communication link. For example, an impulse-based wireless communication
link may utilize ultra-wideband pulses that have a relatively short length (e.g., on the
order of a few nanoseconds or less) and a relatively wide bandwidth. In some aspects
the ultra-wideband pulses may have a fractional bandwidth on the order of
approximately 20% or more and/or have a bandwidth on the order of approximately 500
MHz or more.

[0087] The teachings herein may be incorporated into (e.g., implemented within or
performed by) a variety of apparatuses (e.g., devices). For example, one or more

aspects taught herein may be incorporated into a phone (e.g., a cellular phone), a
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personal data assistant (“PDA”), an entertainment device (e.g., a music or video device),
a headset (e.g., headphones, an earpiece, etc.), a microphone, a medical sensing device
(e.g., a biometric sensor, a heart rate monitor, a pedometer, an EKG device, a smart
bandage, etc.), a user I/O device (e.g., a watch, a remote control, a light switch, a
keyboard, a mouse, etc.), an environment sensing device (e.g., a tire pressure monitor), a
computer, a point-of-sale device, an entertainment device, a hearing aid, a set-top box,
or any other suitable device.

[0088] These devices may have different power and data requirements. In some
aspects, the teachings herein may be adapted for use in low power applications (e.g.,
through the use of an impulse-based signaling scheme and low duty cycle modes) and
may support a variety of data rates including relatively high data rates (e.g., through the
use of high-bandwidth pulses).

[0089] In some aspects a wireless device may comprise an access device (e.g., an
access point) for a communication system. Such an access device may provide, for
example, connectivity to another network (e.g., a wide area network such as the Internet
or a cellular network) via a wired or wireless communication link. Accordingly, the
access device may enable another device (e.g., a wireless station) to access the other
network or some other functionality. In addition, it should be appreciated that one or
both of the devices may be portable or, in some cases, relatively non-portable. Also, it
should be appreciated that a wireless device also may be capable of transmitting and/or
receiving information in a non-wireless manner (e.g., via a wired connection) via an
appropriate communication interface.

[0090] The components described herein may be implemented in a variety of ways.
Referring to FIGS. 7 and 8, apparatuses 700 and 800 are represented as a series of
interrelated functional blocks that may represent functions implemented by, for
example, one or more integrated circuits (e.g., an ASIC) or may be implemented in
some other manner as taught herein. As discussed herein, an integrated circuit may

include a processor, software, other components, or some combination thereof.
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[0091] The apparatuses 700 and 800 may include one or more modules that may
perform one or more of the functions described above with regard to various figures.
For example, an ASIC for identifying a timing mismatch 702 or 802 may correspond to,
for example, an identifier 310 or 412 as discussed herein. An ASIC for processing data
704 may correspond to, for example, a data processor 402 as discussed herein. An
ASIC for inserting data 706 may correspond to, for example, a data inserter 408 as
discussed herein. An ASIC for generating an output signal 708 or 810 may correspond
to, for example, an output device 116 as discussed herein. An ASIC for identifying data
804 may correspond to, for example, a data controller 302 as discussed herein. An
ASIC for generating data 806 may correspond to, for example, a data generator 314 as
discussed herein. An ASIC for substituting data 808 may correspond to, for example, a
data controller 302 as discussed herein.

[0092] As noted above, in some aspects these components may be implemented via
appropriate processor components. These processor components may in some aspects
be implemented, at least in part, using structure as taught herein. In some aspects a
processor may be adapted to implement a portion or all of the functionality of one or
more of these components. In some aspects one or more of the components represented
by dashed boxes are optional.

[0093] As noted above, the apparatuses 700 and 800 may comprise one or more
integrated circuits. For example, in some aspects a single integrated circuit may
implement the functionality of one or more of the illustrated components, while in other
aspects more than one integrated circuit may implement the functionality of one or more
of the illustrated components.

[0094] In addition, the components and functions represented by FIGS. 7 and 8 as
well as other components and functions described herein, may be implemented using
any suitable means. Such means also may be implemented, at least in part, using
corresponding structure as taught herein. For example, the components described above
in conjunction with the “ASIC for” components of FIGS. 7 and 8 also may correspond

to similarly designated “means for” functionality. Thus, in some aspects one or more of
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such means may be implemented using one or more of processor components,
integrated circuits, or other suitable structure as taught herein.
[0095] Also, it should be understood that any reference to an element herein using a

2% ¢

designation such as “first,” “second,” and so forth does not generally limit the quantity
or order of those elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more elements or instances of an
element. Thus, a reference to first and second elements does not mean that only two
elements may be employed there or that the first element must precede the second
clement in some manner. Also, unless stated otherwise a set of elements may comprise
one or more elements. In addition, terminology of the form “at least one of: A, B, or C”
used in the description or the claims means “A or B or C or any combination thereof.”
[0096] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0097] Those of skill would further appreciate that any of the various illustrative
logical blocks, modules, processors, means, circuits, and algorithm steps described in
connection with the aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog implementation, or a combination of
the two, which may be designed using source coding or some other technique), various
forms of program or design code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software module”), or combinations of
both. To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints

imposed on the overall system. Skilled artisans may implement the described
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functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

[0098] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented within or performed
by an integrated circuit (“IC”), an access terminal, or an access point. The IC may
comprise a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components, mechanical components, or
any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. A
general purpose processor may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.
[0099] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

[00100] The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module (e.g., including
executable instructions and related data) and other data may reside in a data memory
such as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM

memory, registers, a hard disk, a removable disk, a CD-ROM, or any other form of
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computer-readable storage medium known in the art. A sample storage medium may be
coupled to a machine such as, for example, a computer/processor (which may be
referred to herein, for convenience, as a “processor”) such the processor can read
information (e.g., code) from and write information to the storage medium. A sample
storage medium may be integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may reside as discrete components in
user equipment. Moreover, in some aspects any suitable computer-program product
may comprise a computer-readable medium comprising codes (e.g., executable by at
least one computer) relating to one or more of the aspects of the disclosure. In some
aspects a computer program product may comprise packaging materials.

[00101] The previous description of the disclosed aspects is provided to enable any
person skilled in the art to make or use the present disclosure. Various modifications to
these aspects will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects without departing from the
scope of the disclosure. Thus, the present disclosure is not intended to be limited to the
aspects shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

[00102] WHAT IS CLAIMED IS:



WO 2009/128844 PCT/US2008/063474

28

CLAIMS

1. A method of data processing, comprising;:
identifying a timing mismatch associated with a set of data;
processing the set of data to provide data that is correlated with the set of data;

and

inserting the correlated data into the set of data to mitigate the timing mismatch.

2. The method of claim 1, further comprising generating an output signal
based on the set of data after insertion of the correlated data, wherein the correlation
between the correlated data and the set of data mitigates distortion in the output signal

that results from the insertion of the correlated data.

3. The method of claim 1, wherein:
the correlated data is inserted following a first subset of the set of data and

preceding a second subset of the set of data; and

the processing of the set of data comprises generating the correlated data based

on the first and second subsets.

4. The method of claim 3, wherein the generation of the correlated data
comprises:

calculating an average of the first subset;

calculating an average of the second subset; and

calculating a mean of the averages of the first and second subsets.

5. The method of claim 3, wherein the generation of the correlated data

comprises:

defining a pulse-code modulation equivalent of the first subset;
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defining a pulse-code modulation equivalent of the second subset; and

defining the correlated data based on the pulse-code modulation equivalents.

6. The method of claim 1, wherein the correlated data comprises at least

one data sample.

7. The method of claim 1, wherein the timing mismatch relates to a buffer

under-run condition.

8. The method of claim 1, further comprising:
receiving the set of data at a first rate; and
outputting the set of data after the insertion of the correlated data at a second

rate, wherein the second rate is faster than the first rate.

9. The method of claim 1, further comprising:
receiving the set of data as single-bit data; and
outputting the set of data after the insertion of the correlated data as multi-bit

data.

10. The method of claim 1, wherein the set of data comprises over-sampled

noise-shaped samples.

11. The method of claim 1, wherein the set of data comprises sigma-delta

modulated samples.

12.  An apparatus for data processing, comprising:
an identifier configured to identify a timing mismatch associated with a set of

data,
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a data processor configured to process the set of data to provide data that is
correlated with the set of data; and
a data inserter configured to insert the correlated data into the set of data to

mitigate the timing mismatch.

13. The apparatus of claim 12, further comprising an output device
configured to generate an output signal based on the set of data after insertion of the
correlated data, wherein the correlation between the correlated data and the set of data
mitigates distortion in the output signal that results from the insertion of the correlated

data.

14. The apparatus of claim 12, wherein:

the data inserter is further configured to insert the correlated data following a
first subset of the set of data and preceding a second subset of the set of data; and

the data processor is further configured to generate the correlated data based on

the first and second subsets.

15. The apparatus of claim 14, wherein the data processor is further
configured to generate the correlated data by:

calculating an average of the first subset;

calculating an average of the second subset; and

calculating a mean of the averages of the first and second subsets.

16. The apparatus of claim 14, wherein the data processor is further
configured to generate the correlated data by:

defining a pulse-code modulation equivalent of the first subset;

defining a pulse-code modulation equivalent of the second subset; and

defining the correlated data based on the pulse-code modulation equivalents.



WO 2009/128844 PCT/US2008/063474

31

17. The apparatus of claim 12, wherein the correlated data comprises at least

one data sample.

18. The apparatus of claim 12, wherein the timing mismatch relates to a

buffer under-run condition.

19. The apparatus of claim 12, wherein:

the data inserter is further configured to receive the set of data at a first rate;

the data inserter is further configured to output the set of data after the insertion
of the correlated data at a second rate; and

the second rate 1s faster than the first rate.

20. The apparatus of claim 12, wherein:

the data inserter is further configured to receive the set of data as single-bit data;
and

the data inserter is further configured to output the set of data after the insertion

of the correlated data as multi-bit data.

21.  The apparatus of claim 12, wherein the set of data comprises over-

sampled noise-shaped samples.

22. The apparatus of claim 12, wherein the set of data comprises sigma-delta

modulated samples.

23.  An apparatus for data processing, comprising:
means for identifying a timing mismatch associated with a set of data;
means for processing the set of data to provide data that is correlated with the set

of data; and
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means for inserting the correlated data into the set of data to mitigate the timing

mismatch.

24. The apparatus of claim 23, further comprising means for generating an
output signal based on the set of data after insertion of the correlated data, wherein the
correlation between the correlated data and the set of data mitigates distortion in the

output signal that results from the insertion of the correlated data.

25. The apparatus of claim 23, wherein:

the means for inserting inserts the correlated data following a first subset of the
set of data and preceding a second subset of the set of data; and

the means for processing generates the correlated data based on the first and

second subsets.

26. The apparatus of claim 25, wherein the means for processing generates
the correlated data by:

calculating an average of the first subset;

calculating an average of the second subset; and

calculating a mean of the averages of the first and second subsets.

27. The apparatus of claim 25, wherein the means for processing generates
the correlated data by:

defining a pulse-code modulation equivalent of the first subset;

defining a pulse-code modulation equivalent of the second subset; and

defining the correlated data based on the pulse-code modulation equivalents.

28. The apparatus of claim 23, wherein the correlated data comprises at least

one data sample.
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29. The apparatus of claim 23, wherein the timing mismatch relates to a
buffer under-run condition.
30. The apparatus of claim 23, wherein:

the means for inserting receives the set of data at a first rate;
the means for inserting outputs the set of data after the insertion of the correlated
data at a second rate; and

the second rate 1s faster than the first rate.

31. The apparatus of claim 23, wherein:
the means for inserting receives the set of data as single-bit data; and
the means for inserting outputs the set of data after the insertion of the correlated

data as multi-bit data.

32.  The apparatus of claim 23, wherein the set of data comprises over-

sampled noise-shaped samples.

33. The apparatus of claim 23, wherein the set of data comprises sigma-delta

modulated samples.

34, A computer-program product for data processing, comprising:
computer-readable medium comprising codes executable to:

identify a timing mismatch associated with a set of data;

process the set of data to provide data that is correlated with the set of
data; and

insert the correlated data into the set of data to mitigate the timing

mismatch.

35. A headset, comprising:
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an identifier configured to identify a timing mismatch associated with a set of
data,

a data processor configured to process the set of data to provide data that is
correlated with the set of data;

a data inserter configured to insert the correlated data into the set of data to
mitigate the timing mismatch; and

a transducer configured to provide an audio output based on the set of data after

the insertion of the correlated data.

36. A watch, comprising:

an identifier configured to identify a timing mismatch associated with a set of
data,

a data processor configured to process the set of data to provide data that is
correlated with the set of data;

a data inserter configured to insert the correlated data into the set of data to
mitigate the timing mismatch; and

a user interface configured to provide an indication based on the set of data after

the insertion of the correlated data.

37. A sensing device, comprising:

an identifier configured to identify a timing mismatch associated with a set of
data,

a data processor configured to process the set of data to provide data that is
correlated with the set of data;

a data inserter configured to insert the correlated data into the set of data to
mitigate the timing mismatch; and

a sensor configured to sense based on the set of data after the insertion of the

correlated data.
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