
SYSTEM AND METHOD OF PUNCTURING PULSES INA RECEIVER OR TRANSMITTER
BACKGROUND Cross-Reference to a Related Application [0001] This application
claims the benefit of the filing date of Provisional Patent Application
Serial No. 61/078,648, filed on July 7, 2008, which is incorporated herein
by reference. Field [0002] The present disclosure relates generally to
communications systems, and more specifically, to a system and method of
puncturing pulses in a receiver or transmitter. Background [0003] Many
current wireless communications devices are portable, allowing users to
communicate with others while at the same time remaining mobile. Because of
their portability, such communications devices operate using limited power
sources, such as batteries. Communications devices operating using limited
power sources typically have a limited continuous use life. The length of
the continuous use life generally depends on the capability of the limited
power source and the power consumption of the device. Generally, the
greater the capability of the limited power source, the longer the
continuous use life of the device. Also, the more power the device
consumes, the shorter the continuous use life of the device. [0004]
Accordingly, to improve the continuous use life of wireless communications
devices, such devices are designed to operate in a power efficient manner.
One technique for improved power efficiency is for the communication
devices to communicate with other devices using narrow width pulses (e.g.,
ultra wideband pulses), and operate in a relatively low power mode when not
communicating with other devices. Such communications technique may result
in substantial improvement in power efficiency over that of devices that
operate continuous regardless of whether they are communicating. 



[0005] Although this communications technique may result in significant
power efficiency improvement, there may be room for further improvement in
powerefficiency. For instance, if all the pulses that make up the
information that is being communicated need not be transmitted or received
and some pulses may be discarded or punctured, the communications device
may operate in the relatively low power mode for a longer period of time.
This would further improve the power efficiency of the device, and
consequently, the length of its continuous use life. SUMMARY [0006] An
aspect of the disclosure relates to an apparatus for data communication.
The apparatus comprises a first module adapted to determine a pulse
puncturing rate, and a second module adapted to receive pulses based on the
pulse puncturing rate. In another aspect, the second module is adapted to
puncture pulses based on the pulse puncturing rate. In another aspect, the
second module is adapted to operate in a lower power consumption mode based
on the pulse puncturing rate. In another aspect, the apparatus comprises a
third module adapted to transmit information related to the pulse
puncturing rate to a remote communications device. In another aspect, the
second module is adapted to receive pulses from the remote communications
device. [0007] In another aspect of the disclosure, the first module of the
apparatus is adapted to determine the pulse puncturing rate by receiving
information related to initial pulses, determine one or more
characteristics based on the initial pulses, and determine the pulse
puncturing rate based on the one or more characteristics. In another
aspect, the one or more characteristics comprise at least one of a symbol
error rate or a symbol erasure rate. In another aspect, the second module
is adapted to generate the information related to the initial pulses by
performing a Viterbi decoding and a convolutional encoding based on the
initial pulses. In another aspect, the second module is adapted to generate
the information related to the initial pulses by performing a Viterbi
decoding, Reed-Solomon decoding, Reed-Solomon encoding operation, and a
convolutional encoding based on the initial pulses. In another aspect, the
second module is adapted to substantially square the initial pulses to
generate a first signal, 



filter the first signal to generate a second signal, and slice the second
signal to generate a third signal from which the information related to the
initial pulses is determined. [0008] In another aspect, the first module is
adapted to determine the pulse puncturing rate by performing a table look
up or an equation operation using the one or morecharacteristics. In
another aspect, the first module is adapted to continually determine one or
more characteristics of successive pulses to continually update the pulse
puncturing rate. In another aspect, the first module is adapted to select a
number of initial pulses used in determining the pulse puncturing rate to
achieve a defined resolution for the pulse puncturing rate or a defined
processing time for determining the pulse puncturing rate. In another
aspect, the first module is adapted to select a number of successive pulses
used in determining a new pulse puncturing rate to achieve a defined
resolution for the new pulse puncturing rate or a defined processing time
for determining the new pulse puncturing rate. [0009] Another aspect of the
disclosure relates to an apparatus for data communication, comprising a
first module adapted to transmit a first set of pulses and a subset of a
second set of pulses, and a second module adapted to receive information
related to a pulse puncturing rate based on the first set of pulses,
wherein the subset of the second set of pulses is based on the pulse
puncturing rate information. In another aspect, the apparatus comprises a
third module adapted to modulate the first or second set of pulses based on
received data. In another aspect, the second set of pulses is based on a
pulse puncturing rate substantially equal to zero (0) (e.g., no pulses
being punctured). In other aspects, the first module comprises a receiver,
the second module comprises a transmitter, and the third module comprises a
pulse modulator. [0010] In another aspect, each pulse may be configured to
have a fractional spectrum on the order of 20% or more, a spectrum on the
order of 500 MHz or more, or a fractional spectrum on the order of 20% or
more and a spectrum on the order of 500 MHz or more. [0011] Other aspects,
advantages and novel features of the present disclosure will become
apparent from the following detailed description of the disclosure when 



considered in conjunction with the accompanying drawings. BRIEF DESCRIPTION
OF THE DRAWINGS [0012] FIG. IA illustrates a block diagram of an exemplary
communications system in accordance with an aspect of the disclosure.
[0013] FIG. IB illustrates a block diagram of another exemplary
communications system in accordance with another aspect of the
disclosure.[0014] FIG. 2A illustrates a block diagram of an exemplary pulse
puncturing rate module in accordance with another aspect of the disclosure.
[0015] FIG. 2B illustrates a block diagram of another exemplary pulse
puncturing rate module in accordance with another aspect of the disclosure.
[0016] FIG. 3 illustrates a block diagram of another exemplary pulse
puncturing rate module in accordance with another aspect of the disclosure.
[0017] FIG. 4 illustrates a block diagram of yet another exemplary
communications system in accordance with another aspect of the disclosure.
[0018] FIG. 5A illustrates a block diagram of still another exemplary
communications system in accordance with another aspect of the disclosure.
[0019] FIG. 5B illustrates a flow diagram of an exemplary method of
communicating performed by the exemplary communications system of FIG. 5A
in accordance with another aspect of the disclosure. [0020] FIGs. 6A-D
illustrate timing diagrams of various pulse modulation techniques in
accordance with another aspect of the disclosure. [0021] FIG. 7 illustrates
a block diagram of various communications devices communicating with each
other via various channels in accordance with another aspect of the
disclosure. DETAILED DESCRIPTION [0022] 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 are 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. [0023] As an example of some
of the above concepts, in some aspects, the disclosure relates to an
apparatus for data communication that receives a plurality of pulses from a
remote communications device, determines a pulse puncturing rate based on
thereceived pulses, and punctures or discards subsequently received pulses
based on the pulse puncturing rate. During intervals when punctured pulses
are to be expected, the apparatus operates in a lower power consumption
mode for the purpose of conserving power. In this example, the apparatus
performs both the determining of the pulse puncturing rate and the
puncturing of the pulses. [0024] In another example, a receiving apparatus
determines the pulse puncturing rate based on received pulses, and
transmits the pulse puncturing rate information to a transmitting
apparatus. In response, the transmitting apparatus sends a subset of the
pulses it would have transmitted, wherein the subset is based on the pulse
puncturing rate. Accordingly, in this example, the puncturing of the pulses
occurs in the transmitting apparatus. Because the receiving apparatus
receives fewer pulses (e.g., a subset), the receiving apparatus may operate
in a lower power consumption mode for longer periods in order to conserve
power. Additionally, because the transmitting apparatus transmits fewer
pulses, it may also operate in a lower power consumption mode for longer
periods in order to conserve power. [0025] FIG. IA illustrates a block
diagram of an exemplary communications system 100 in accordance with an
aspect of the disclosure. In summary, the system 100 receives a plurality
of pulses (e.g., an initial or subsequent set of pulses), determines a
pulse puncturing rate based on the received pulses, and punctures or
discards the received pulses based on the pulse puncturing rate. During
intervals when punctured 



pulses are to be expected, the system 100 operates in a lower power
consumption mode for the purpose of conserving power. As an example, the
system 100 may turn off one or more of its components, such as its
front-end radio frequency (RF) circuitry and/or others. [0026] In
particular, the communications system 100 comprises a pulse puncturing rate
module 102 and a receiver 104. The system 100 receives a plurality of
pulses from a remote communications device via an input. As discussed
further herein, the plurality of pulses may convey particular information
using any number of pulse modulation techniques. The pulse puncturing rate
module 102 receives information related to the demodulated pulses from the
receiver 104, and determines a pulse puncturing rate based on this
information. The information obtained from receiver 104 by the pulse
puncturing module 102 may include demodulated symbol sequence, decoded bit
sequence, re-encoded bit sequence, estimates of the channel condition
between thecommunications system 100 and the remote device, etc. The
channel condition may be estimated based on the received pulses. [0027]
Based on the pulse puncturing rate determined by the pulse puncturing rate
module 102, the receiver 104 discards or punctures some of the pulses
received from the remote communications device. During intervals when
punctured pulses are to be expected, the receiver 104 operates in a lower
power consumption mode for the purpose of conserving power. As an example,
the receiver 104 may turn off one or more of its components, such as its
front-end radio frequency (RF) circuitry and/or others. [0028] The pulse
puncturing rate module 102 may determine the pulse puncturing rate based on
initial pulses received from the remote communications device. This pulse
puncturing rate may be used for receiving some or all of the successive
pulses received from the remote communications device. Alternatively, the
pulse puncturing rate module 102 may continuously, repeatedly, or in
another manner, update the pulse puncturing rate based on the pulses
received after the initial pulses. In this manner, the pulse puncturing
rate may better track the channel condition as it changes over time. [0029]
Alternatively, or in addition to, the pulse puncturing rate module 102 may
select 



and subsequently change the number of pulses it uses to determine the pulse
puncturing rate. For example, the pulse puncturing rate module 102 may
operate in a relatively high resolution mode, where it uses a relatively
large number of received pulses to determine the pulse puncturing rate.
This has the advantage of achieving a higher pulse puncturing rate because
of the higher resolution or more accurate determination of the rate. This
helps to improve the power efficiency of the device at a cost of a longer
processing time for determining the pulse puncturing rate. [0030]
Conversely, the pulse puncturing rate module 102 may operate in a
relatively low resolution mode, where it uses a relatively small number of
received pulses to determine the pulse puncturing rate. This has the
advantage of improving the processing time for determining the pulse
puncturing rate with a cost of achieving a more conservative pulse
puncturing rate because of the lower resolution or less accurate
determination of the rate. The pulse puncturing rate module 102 may keep
the resolution constant while it continuous to receive pulses from the
remote communications device, or it may change the resolution based on any
number of factors.[0031] FIG. IB illustrates a block diagram of another
exemplary communications system 150 in accordance with another aspect of
the disclosure. The communications system 150 may be one example of a
particular implementation of the communications system 100. In summary, the
communications system 150 estimates the channel condition by determining a
symbol error rate and a symbol erasure rate based on a plurality of pulses
received from a remote communications device. A symbol may comprise one or
more pulses. The system 150 then determines the pulse puncturing rate based
on the symbol error rate and the symbol erasure rate. The system 150 then
discards or punctures some of the subsequently received pulses based on the
pulse puncturing rate. During intervals when punctured pulses are to be
expected, the system 150 operates in a lower power consumption mode for the
purpose of conserving power. [0032] In particular, the communications
system 150 comprises a symbol error rate module 152, a symbol erasure rate
module 154, a pulse puncturing rate module 156, and 



a receiver 158. The symbol error rate module 152 receives information
related to a plurality of demodulated pulses from the receiver 158, and
determines a symbol error rate based on the received information. As
explained in more detail below, the symbol error rate may be related to a
ratio between the estimated number of received pulses in error and the
number of received pulses that are non-erased. The symbol erasure rate
module 154 receives information related to the plurality of demodulated
pulses from the receiver 158, and determines a symbol erasure rate based on
the received information. As explained in more detail below, the symbol
erasure rate may be related to a ratio between the number of non-zero
values from the output of a pulse demodulator (a component of the receiver
158) and the total number of received pulses. [0033] The pulse puncturing
rate module 156 receives the symbol error rate from the symbol error rate
module 152 and the symbol erasure rate from the symbol erasure rate module
154, and determines the pulse puncturing rate based on the symbol error
rate and the symbol erasure rate. The pulse puncturing rate module 156 may
determine the pulse puncturing rate by performing a table look up operation
using the symbol error rate and symbol erasure rate as indices.
Alternatively, the pulse puncturing rate module 156 may determine the pulse
puncturing rate by performing an equation operation using the symbol error
rate and symbol erasure rate as inputs. [0034] The receiver 158 receives
the pulse puncturing rate from the pulse puncturing module 156, and
discards or punctures some of the subsequently received pulses basedon the
pulse puncturing rate. During intervals when punctured pulses are to be
expected, the receiver 158 may operate in a lower power consumption mode
for the purpose of conserving power. As an example, the receiver 158 may
turn off one or more of its components, such as its front-end radio
frequency (RF) circuitry and/or others. The pulse puncturing module 156 may
also use additional information from the receiver module 158 as illustrated
later in the exemplary module in FIG. 3. [0035] FIG. 2A illustrates a block
diagram of an exemplary pulse puncturing rate module 200 in accordance with
another aspect of the disclosure. For the purpose of this example, it is
assumed that the system outer code is a convolutional code. The 



technique is applicable to any other outer coding scheme. Further, it is
assumed that there is one pulse per modulated symbol. This technique is
also applicable to multiple pulses per symbol. The pulse puncturing rate
module 200 may be one example of a particular implementation of the pulse
puncturing rate modules 102 and the combination of 152, 154 and 156,
previously discussed. In summary, the pulse puncturing module 200 includes
a first sub-module adapted to demodulate the received pulses (this
submodule may be part of the receivers previously discussed), a second
sub-module adapted to estimate the true channel input (this sub-module may
be part of the receivers previously discussed), a third sub-module adapted
to determine the symbol erasure rate from the outputs of the first and
second sub-modules, a fourth sub-module adapted to determine the symbol
error rate from the outputs of the first and second sub-modules, and a
fifth sub-module adapted to determine the pulse puncturing rate from the
outputs of the third and fourth sub-modules. [0036] In particular, the
first sub-module for demodulating the received pulses comprises a squaring
module 202 for substantially squaring the pulses, a low pass filer (LPF)
204 for removing noise and higher order harmonics from the output of the
squaring module 202, and a slicer 206 for quantifying the output of the low
pass filter 204. The output of the slicer 206 may be quantized to three
levels (e.g., -1, 0, +1). The first level (e.g., -1) represents a logic
zero (0), the second level (e.g., 0) represents an erasure, and the third
level (e.g., +1) presents a logic one (1). The slicer 206 may output
multiple such values for each received symbol. A symbol metric computation
block 207 processes the slicer output and computes a metric for each
received symbol. This symbol metric is used by the decoding chain to
estimate the true channel input.[0037] The second sub-module for estimating
the true channel input comprises a Viterbi decoder 216 and a convolutional
encoder 218. As known in the relevant art, the Viterbi decoder 216 receives
the output of the symbol metric computation block 207, and generates an
estimate of the sequence of bits at the input of the convolutional encoder
at the remote communication device. The convolutional encoder 218
re-encodes the estimated sequence generated by the Viterbi decoder 216. The
output of the 



convolutional encoder 218 provides an estimate of the true channel input,
e.g., the symbol or pulse sequence transmitted by the remote communication
device. [0038] The third sub-module for determining the symbol erasure rate
comprises a nonerased pulse module 208, a received pulse module 210, and a
non-erased-to-received ratio module 212. The non-erased pulse module 208
determines the number of nonerased pulses; e.g., the non-zero values
outputted by the symbol metric computation block 207. The received pulse
module 210 determines the total number of received pulses. The
non-erased-to-received ratio module 212 determines the ratio between the
non-erased pulses and the total number of pulses, which provides the symbol
erasure rate. [0039] The fourth sub-module for determining the symbol error
rate comprises a nonerased pulse module 220, an error pulse module 222, and
an error-to-non-erased ratio module 224. The non-erased pulse module 220
determines the number of non-erased pulses; e.g., the non-zero values
outputted by the symbol metric computation block 207. This is the same
operation as module 208, so one of these modules may be eliminated. The
error pulse module 222 estimates the number of the received pulses that are
in error by comparing the received pulse sequence and the output of the
convolutional encoder 218. The error-to-non-erased ratio module 224
determines the ratio between the pulses in error and the non-erased pulses,
which provides the symbol error rate. [0040] The fifth sub-module for
determining the pulse puncturing rate comprises a pulse puncturing
look-up-table (LUT) module 214 that receives the symbol erasure rate from
the non-erased-to-received ratio module 212 and the symbol error rate from
the error-to-non-erased ratio module 224, and generates the pulse
puncturing rate by performing a table look-up using the symbol erasure rate
and symbol error rate. Alternatively, the module 214 may determine the
pulse puncturing rate by performing an equation operation using the symbol
erasure rate and symbol error rate as inputs.[0041] FIG. 2B illustrates a
block diagram of an exemplary pulse puncturing rate module 250 in
accordance with another aspect of the disclosure. For the purpose of this
example, it is assumed that the system contains a Reed-Solomon code
concatenated 



with the outer convolutional code. The pulse puncturing rate module 250
employs another technique in estimating the true channel input. That is,
instead of using only the outer code (Viterbi decoder 216 and convolutional
encoder 218) to generate the estimate of the true channel input, the pulse
puncturing rate module 250 uses additionally a Reed-Solomon decoder 252 to
perform error correction of the output of the Viterbi decoder 216, a
Reed-Solomon encoder 254 to re-encode the output of the Reed- Solomon
decoder 254. The convolutional encoder 218 generates an estimate of the
true channel input from the output of the Reed-Solomon encoder 254. It
shall be understood that other algorithms for estimating the true channel
input may be employed, and that the technique is applicable to other
concatenated codes. [0042] FIG. 3 illustrates a block diagram of another
exemplary pulse puncturing rate module 300 in accordance with another
aspect of the disclosure. For the purpose of this example, it is assumed
that the system contains a Reed-Solomon code concatenated with the outer
convolutional code. The technique is applicable to any type of concatenated
coding. The pulse puncturing rate module 300 is similar to module 200, and
includes many of the same elements as noted by the same reference numbers.
The pulse puncturing rate module 300 additionally uses information from a
Reed-Solomon decoder 302 that decodes the output of the Viterbi decoder 216
to generate a control signal for the pulse puncturing rate LUT module 214.
[0043] For example, by decoding the output of the Viterbi decoder 216, the
Reed- Solomon decoder 302 may determine the quality of the signal being
received from the remote communications device. Based on the quality, the
Reed-Solomon decoder 302 may control the pulse puncturing determination
operation performed by module 214. As an example, if the quality of the
signal being received is relatively high, the Reed- Solomon decoder 302 may
instruct the module 214 to select a look-up table with more aggressive or
higher pulse puncturing rates for given sets of symbol error rate and
symbol erasure rate. Conversely, if the quality of the signal being
received is relatively low, the Reed-Solomon decoder 302 may instruct the
module 214 to select a look-up 



table with less aggressive or lower pulse puncturing rate for given sets of
symbol error rate and symbol erasure rate.[0044] FIG. 4 illustrates a block
diagram of an exemplary communications system 400 in accordance with
another aspect of the disclosure. In the systems 100 and 150 previously
discussed, a receiving communications device may receive pulses from a
remote communications device, determine the pulse puncturing rate based on
the received pulses, and discard or puncture subsequently received pulses
based on the determined pulse puncturing rate. And, as previously
discussed, the receiving communications device may operate in a relatively
low power mode during time intervals associated with the punctured pulses
in order to conserve power. [0045] In contrast, the communications system
400 receives a plurality of pulses from a remote communications device,
determines a pulse puncturing rate based on the received pulses, transmits
the pulse puncturing rate to the remote communications device, and receives
a subset of the pulses it would have received from the remote
communications device, wherein the subset is based on the pulse puncturing
rate. In other words, the puncturing of the pulses occurs at the remote
communications device. [0046] In particular, the communications system 400
comprises a pulse puncturing rate module 402, a transmitter 404, and a
receiver 406. The receiver 406 receives a plurality of pulses from a remote
communications device. The pulse puncturing rate module 402 receives
information related to the plurality of pulses from the receiver 406. The
module 402 then determines a pulse puncturing rate based on the
information. The pulse puncturing rate module 402 then sends the pulse
puncturing rate to the transmitter 404, which transmits the information to
the remote communications device. As discussed in more detail with
reference to the system associated with FIGs. 5A-B, the remote
communications system uses the pulse puncturing rate to only transmit a
subset of the pulses it would have transmitted, wherein the subset is based
on the pulse puncturing rate. In other words, the puncturing of the pulses
occurs at the transmitter end instead of at the receiver end as in systems
100 and 150. The receiver 406 then subsequently receives the subset of
pulses from the remote communications device in 



order to ascertain the information being communicated. [0047]
Alternatively, instead of the communications system 400 transmitting the
pulse puncturing rate information to the remote communications device, the
system may transmit information from which the remote communications device
may determine the pulse puncturing rate. For example, the communications
system 400 may receive the pulses from the remote communications device,
determine the symbol error rate and thesymbol erasure rate based on the
received pulses, and transmit these rates to the remote communications
device. The remote communications device, in turn, determines the pulse
puncturing rate based on the symbol error rate and symbol erasure rate, and
transmit a subset of the pulses it would have transmitted based on the
pulse puncturing rate. In this manner, the processing for determining the
pulse puncturing rate is shared between the communications system 400 and
the remote communications device. [0048] FIG. 5A illustrates a block
diagram of still another exemplary communications system 500 in accordance
with another aspect of the disclosure. The communications system 500 is an
example of a "remote" communications device as previously discussed with
reference to communications system 400. In summary, the communications
system 500 transmits a first set of pulses to a remote communications
device (e.g., such as communications system 400), receives a pulse
puncturing rate from the remote communications device, and transmits a
subset of pulses it would have transmitted, wherein the subset is based on
the pulse puncturing rate. In other words, the puncturing of the pulses
occurs at the transmitting device, instead of the receiving device. [0049]
In particular, the communications system 500 comprises a receiver 502,
optionally a pulse modulator 504, and a transmitter 506. The pulse
modulator 504 modulates pulses based on received data. The pulse modulator
504 sends the modulated pulses to the transmitter 506 for transmission to a
remote communications device. The remote communications device may use the
received pulses to determine a pulse puncturing rate. The remote
communications device then transmits the pulse puncturing rate to the
communications system 500. [0050] The receiver 502 receives the pulse
puncturing rate from the remote 



communications device, and provides the rate to the pulse modulator 504. As
previously discussed, the pulse modulator 504 modulates pulses based on the
data received for transmission to the remote communications device.
However, in this example, the pulse modulator 504 only provides a subset of
the modulated pulses to the transmitter 506 for transmission to the remote
communications device. The subset is based on the pulse puncturing rate
received from the remote communications device. Since the remote
communications device receives fewer pulses than it would have, it could
remain in a relatively low power mode for a longer period in order to
conserve power. Additionally, because the communications system 500
transmits fewer pulses, it may also operate in a lower power mode for
longer periods in order to conserve power.[0051] FIG. 5B illustrates a flow
diagram of an exemplary method 550 of communicating performed by the
exemplary communications system 500 in accordance with another aspect of
the disclosure. The flow diagram merely summarizes the operation of the
communications system 500 previously discussed. That is, the communications
system 500 transmits a first set of pulses to a remote communications
device (block 552). The communications system 500 then receives the pulse
puncturing rate from the remote communications device (block 554). The
communications system 500 then transmits a subset of a second set of pulses
to the remote communications device, wherein the subset is based on the
pulse puncturing rate (block 556). The second set of pulses may be based on
a pulse puncturing rate substantially equal to zero (0). The pulse
modulator 504 may verify and/or modify the received pulse puncturing rate
based on any of a number of factors, and use the modified rate to perform
the puncturing of the pulses. [0052] Alternatively, instead of the
communications system 500 receiving the pulse puncturing rate information
to the remote communications device, the system may receive only
information from which it may determine the pulse puncturing rate. For
example, the communications system 500 may receive the symbol error rate
and the symbol erasure rate from the remote communications device. The
communications system 500 then determines the pulse puncturing rate based
on the received symbol 



error rate and symbol erasure rate, and transmits a subset of the pulses it
would have transmitted based on the pulse puncturing rate. In this manner,
the processing for determining the pulse puncturing rate is shared between
the communications system 500 and the remote communications device. [0053]
Figure 6A illustrates different channels (channels 1 and 2) defined with
different pulse repetition frequencies (PRF) as an example of a pulse
modulation that may be employed in any of the communications systems
described herein. Specifically, pulses for channel 1 have a pulse
repetition frequency (PRF) corresponding to a pulse-to-pulse delay period
602. Conversely, pulses for channel 2 have a pulse repetition frequency
(PRF) corresponding to a pulse-to-pulse delay period 604. This technique
may thus be used to define pseudo-orthogonal channels with a relatively low
likelihood of pulse collisions between the two channels. In particular, a
low likelihood of pulse collisions may be achieved through the use of a low
duty cycle for the pulses. For example, through appropriate selection of
the pulse repetition frequencies (PRF), substantially allpulses for a given
channel may be transmitted at different times than pulses for any other
channel. [0054] The pulse repetition frequency (PRF) defined for a given
channel may depend on the data rate or rates supported by that channel. For
example, a channel supporting very low data rates (e.g., on the order of a
few kilobits per second or Kbps) may employ a corresponding low pulse
repetition frequency (PRF). Conversely, a channel supporting relatively
high data rates (e.g., on the order of a several megabits per second or
Mbps) may employ a correspondingly higher pulse repetition frequency (PRF).
[0055] Figure 6B illustrates different channels (channels 1 and 2) defined
with different pulse positions or offsets as an example of a modulation
that may be employed in any of the communications systems described herein.
Pulses for channel 1 are generated at a point in time as represented by
line 606 in accordance with a first pulse offset (e.g., with respect to a
given point in time, not shown). Conversely, pulses for channel 2 are
generated at a point in time as represented by line 608 in accordance with
a second pulse offset. Given the pulse offset difference between the pulses
(as represented by the 



arrows 610), this technique may be used to reduce the likelihood of pulse
collisions between the two channels. Depending on any other signaling
parameters that are defined for the channels (e.g., as discussed herein)
and the precision of the timing between the devices (e.g., relative clock
drift), the use of different pulse offsets may be used to provide
orthogonal or pseudo-orthogonal channels. [0056] Figure 6C illustrates
different channels (channels 1 and 2) defined with different timing hopping
sequences modulation that may be employed in any of the communications
systems described herein. For example, pulses 612 for channel 1 may be
generated at times in accordance with one time hopping sequence while
pulses 614 for channel 2 may be generated at times in accordance with
another time hopping sequence. Depending on the specific sequences used and
the precision of the timing between the devices, this technique may be used
to provide orthogonal or pseudoorthogonal channels. For example, the time
hopped pulse positions may not be periodic to reduce the possibility of
repeat pulse collisions from neighboring channels. [0057] Figure 6D
illustrates different channels defined with different time slots as an
example of a pulse modulation that may be employed in any of the
communications systems described herein. Pulses for channel Ll are
generated at particular time instances. Similarly, pulses for channel L2
are generated at other time instances. In thesame manner, pulses for
channel L3 are generated at still other time instances. Generally, the time
instances pertaining to the different channels do not coincide or may be
orthogonal to reduce or eliminate interference between the various
channels. [0058] It should be appreciated that other techniques may be used
to define channels in accordance with a pulse modulation schemes. For
example, a channel may be defined based on different spreading
pseudo-random number sequences, or some other suitable parameter or
parameters. Moreover, a channel may be defined based on a combination of
two or more parameters. [0059] Figure 7 illustrates a block diagram of
various ultra-wide band (UWB) communications devices communicating with
each other via various channels in accordance with another aspect of the
disclosure. For example, UWB device 1 702 is 



communicating with UWB device 2 704 via two concurrent UWB channels 1 and
2. UWB device 702 is communicating with UWB device 3 706 via a single
channel 3. And, UWB device 3 706 is, in turn, communicating with UWB device
4 708 via a single channel 4. Other configurations are possible. The
communications devices may be used for many different applications
including medical applications, and may be implemented, for example, in a
headset, microphone, biometric sensor, heart rate monitor, pedometer, EKG
device, watch, shoe, remote control, switch, tire pressure monitor, or
other communications devices. A medical device may include smart bandaid,
sensors, vital sign monitors, and others. [0060] Any of the above aspects
of the disclosure may be implemented in many different devices. For
example, in addition to medical applications as discussed above, the
aspects of the disclosure may be applied to health and fitness
applications. Additionally, the aspects of the disclosure may be
implemented in shoes for different types of applications. There are other
multitude of applications that may incorporate any aspect of the disclosure
as described herein. [0061] Various aspects of the disclosure have been
described above. 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 setforth herein. Additionally,
the term or phase "at least one of "a", "b", or "c", as used herein, means
"a", "b", "c", or any combination thereof. [0062] 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. As an example of
some of the above concepts, in some aspects concurrent channels may be
established based on pulse repetition frequencies. In some aspects
concurrent channels may be established 



based on pulse position or offsets. In some aspects concurrent channels may
be established based on time hopping sequences. In some aspects concurrent
channels may be established based on pulse repetition frequencies, pulse
positions or offsets, and time hopping sequences. [0063] 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.
[0064] Those of skill would further appreciate that 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
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.[0065] 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. [0066] 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. [0067] 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
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 inuser equipment. Moreover, in some aspects any suitable
computer-program product may comprise a computer-readable medium comprising
codes relating to one or more of the aspects of the disclosure. In some
aspects a computer program product may comprise packaging materials. [0068]
While the invention has been described in connection with various aspects,
it will be understood that the invention is capable of further
modifications. This application is intended to cover any variations, uses
or adaptation of the invention following, in general, the principles of the
invention, and including such departures from the present disclosure as
come within the known and customary practice within the art to which the
invention pertains. [0069] WHAT IS CLAIMED IS:CLAIMS 1. A method of data
communication, comprising: determining a pulse puncturing rate; and
receiving pulses based on the pulse puncturing rate. 2. The method of claim
1, further comprising puncturing pulses based on the pulse puncturing rate.
3. The method of claim 1, further comprising operating a receiver of the
pulses in a relatively low power mode based on the pulse puncturing rate.
4. The method of claim 1, further comprising transmitting information
related to the pulse puncturing rate to a communication device. 5. The
method of claim 4, wherein receiving pulses comprises receiving pulses from
the communication device. 6. The method of claim 1, wherein determining the
pulse puncturing rate comprises: receiving information related to initial
pulses; determining one or more characteristics based on the information
related to the initial pulses; and determining the pulse puncturing rate
based on the one or more characteristics. 



7. The method of claim 6, wherein the one or more characteristics comprise
at least one of a symbol error rate or a symbol erasure rate. 8. The method
of claim 6, wherein generating the information related to the initial
pulses comprises performing a Viterbi decoding and convolutional encoding
based on the initial pulses.9. The method of claim 6, wherein generating
the information related to the initial pulses comprises performing a
Viterbi decoding, Reed-Solomon decoding, Reed- Solomon encoding, and
convolutional encoding based on the initial pulses. 10. The method of claim
6, wherein generating the information related to the initial pulses
comprises: substantially squaring the initial pulses to generate a first
signal; filtering the first signal to generate a second signal; and slicing
the second signal to generate a third signal from which the information
related to the initial pulses is determined. 11. The method of claim 6,
wherein determining the pulse puncturing rate comprises performing a table
look up or an equation operation using the one or more characteristics. 12.
The method of claim 6, further comprising continually determining one or
more characteristics related to successive pulses to continually update the
pulse puncturing rate. 13. The method of claim 12, further comprising
selecting a number of successive pulses used in determining the updated
pulse puncturing rate to achieve a defined resolution for the updated pulse
puncturing rate or a defined processing time for determining the updated
pulse puncturing rate. 14. The method of claim 6, wherein determining the
pulse puncturing rate comprises selecting a number of the initial pulses
used in determining the pulse puncturing rate to achieve a defined
resolution for the pulse puncturing rate or a defined processing time for
determining the pulse puncturing rate. 15. An apparatus for data
communication, comprising: 



a pulse puncturing module adapted to determine a pulse puncturing rate; and
a receiver adapted to receive pulses based on the pulse puncturing rate.16.
The apparatus of claim 15, wherein the receiver is adapted to puncture
pulses based on the pulse puncturing rate. 17. The apparatus of claim 15,
wherein the receiver is adapted to operate in a relatively low power mode
based on the pulse puncturing rate. 18. The apparatus of claim 15, further
comprising a transmitter adapted to transmit information related to the
pulse puncturing rate to a communication device. 19. The apparatus of claim
18, wherein the receiver is adapted to receive pulses from the
communication device. 20. The apparatus of claim 15, wherein the pulse
puncturing module is adapted to determine the pulse puncturing rate by:
receiving information related to initial pulses; determining one or more
characteristics based on the information related to the initial pulses; and
determining the pulse puncturing rate based on the one or more
characteristics. 21. The apparatus of claim 20, wherein the one or more
characteristics comprise at least one of a symbol error rate or a symbol
erasure rate. 22. The apparatus of claim 20, wherein the receiver is
adapted to generate the information related to the initial pulses by
performing a Viterbi decoding and convolutional encoding based on the
initial pulses. 23. The apparatus of claim 20, wherein the receiver is
adapted to generate the information related to the initial pulses by
performing a Viterbi decoding, Reed- Solomon decoding, Reed-Solomon
encoding, and convolutional encoding based on the initial pulses. 24. The
apparatus of claim 20, wherein the receiver is adapted to: substantially
square the initial pulses to generate a first signal;filter the first
signal to generate a second signal; and slice the second signal to generate
a third signal from which the information related to the initial pulses is
determined. 



25. The apparatus of claim 20, wherein the pulse puncturing module is
adapted to determine the pulse puncturing rate by performing a table look
up or an equation operation using the one or more characteristics. 26. The
apparatus of claim 20, wherein the pulse puncturing module is adapted to
continually determine one or more characteristics of successive pulses to
continually update the pulse puncturing rate. 27. The apparatus of claim
26, wherein the pulse puncturing module is adapted to select a number of
successive pulses used in determining a new pulse puncturing rate to
achieve a defined resolution for the new pulse puncturing rate or a defined
processing time for determining the new pulse puncturing rate. 28. The
apparatus of claim 20, wherein the pulse puncturing module is adapted to
select a number of initial pulses used in determining the pulse puncturing
rate to achieve a defined resolution for the pulse puncturing rate or a
defined processing time for determining the pulse puncturing rate. 29. An
apparatus for data communication, comprising: means for determining a pulse
puncturing rate; and means for receiving pulses based on the pulse
puncturing rate. 30. The apparatus of claim 29, further comprising means
for puncturing pulses based on the pulse puncturing rate. 31. The apparatus
of claim 29, wherein the receiving means is adapted to operate in a
relatively low power mode based on the pulse puncturing rate.32. The
apparatus of claim 29, further comprising means for transmitting
information related to the pulse puncturing rate to a communication device.
33. The apparatus of claim 32, wherein the receiving means is adapted to
receive pulses from the communication device. 34. The apparatus of claim
29, wherein the pulse puncturing rate determining means comprises: means
for receiving information related to initial pulses; means for determining
one or more characteristics based on the information 



related to the initial pulses; and means for determining the pulse
puncturing rate based on the one or more characteristics. 35. The apparatus
of claim 34, wherein the one or more characteristics comprise at least one
of a symbol error rate or a symbol erasure rate. 36. The apparatus of claim
34, wherein the receiving means comprises means for performing a Viterbi
decoding and convolutional encoding based on the initial pulses. 37. The
apparatus of claim 34, wherein the receiving means comprises means for
performing a Viterbi decoding, Reed-Solomon decoding, Reed-Solomon encoding
operation, and convolutional encoding based on the initial pulses. 38. The
apparatus of claim 34, wherein the receiving means comprises: means for
substantially squaring the initial pulses to generate a first signal; means
for filtering the first signal to generate a second signal; and means for
slicing the second signal to generate a third signal from which the pulse
puncturing rate is determined.39. The apparatus of claim 34, wherein the
pulse puncturing rate determining means comprises means for performing a
table look up or an equation operation using information related to the
initial pulses. 40. The apparatus of claim 29, wherein the pulse puncturing
rate determining means is adapted to continually update the pulse
puncturing rate based on successive pulses. 4 1. The apparatus of claim 40,
wherein the pulse puncturing rate determining means comprises means for
selecting a number of successive pulses used in determining a new pulse
puncturing rate to achieve a defined resolution for the new pulse
puncturing rate or a defined processing time for determining the new pulse
puncturing rate. 42. The apparatus of claim 34, wherein the pulse
puncturing rate determining means comprises means for selecting a number of
the pulses used in determining the pulse puncturing rate to achieve a
defined resolution for the pulse puncturing rate or a 



defined processing time for determining the pulse puncturing rate. 43. A
computer program product for data communications comprising a computer
readable medium including codes executable to: determine a pulse puncturing
rate; and control a power consumption of a receiver based on the pulse
puncturing rate. 44. A headset, comprising: a first module adapted to
determine a pulse puncturing rate; a second module adapted to receive
pulses based on the pulse puncturing rate; and a transducer adapted to
generate sound based on the received pulses. 45. A watch, comprising: a
first module adapted to determine a pulse puncturing rate; a second module
adapted to receive pulses based on the pulse puncturing rate; anda user
interface adapted to generate a user indication based on the received
pulses. 46. A sensing device, comprising: a first module adapted to
determine a pulse puncturing rate; a second module adapted to receive
pulses based on the pulse puncturing rate; and a sensor adapted to generate
sensing data in response to or based on the received pulses. 47. A method
of data communication, comprising: transmitting a first set of pulses;
receiving information related to a pulse puncturing rate based on the first
set of pulses; and transmitting a subset of a second set of pulses based on
the pulse puncturing rate information. 48. The method of claim 47, wherein
the first or second set of pulses is 



modulated based on received data. 49. The method of claim 47, wherein the
second set of pulses is based on a pulse puncturing rate substantially
equal to zero (0). 50. The method of claim 47, wherein the information
related to the pulse puncturing rate comprises at least one of a symbol
error rate or a symbol erasure rate. 51. The method of claim 47, further
comprising verifying or modifying the pulse puncturing rate before
transmitting the subset of the second set of pulses. 52. An apparatus for
data communication, comprising: a transmitter adapted to transmit a first
set of pulses and a subset of a second set of pulses; anda receiver adapted
to receive information related to a pulse puncturing rate based on the
first set of pulses, wherein the subset of the second set of pulses is
based on the puncturing rate information. 53. The apparatus of claim 52,
further comprising a modulator adapted to modulate the first or second set
of pulses based on received data. 54. The apparatus of claim 52, wherein
the second set of pulses is based on a pulse puncturing rate substantially
equal to zero (0). 55. The apparatus of claim 52, wherein the information
related to the pulse puncturing rate comprises at least one of a symbol
error rate or a symbol erasure rate. 56. The apparatus of claim 52, further
comprising a module adapted to verify or modify the pulse puncturing rate.
57. An apparatus for data communication, comprising: means for transmitting
a first set of pulses and a subset of a second set of pulses; and means for
receiving information related to a puncturing rate based on the first set
of pulses, wherein the subset of the second set of pulses is based on the
puncturing rate information. 58. The apparatus of claim 57, further
comprising means for modulating the first or second set of pulses based on
received data. 



59. The apparatus of claim 57, wherein the second set of pulses is based on
a pulse puncturing rate substantially equal to zero (0). 60. The apparatus
of claim 57, wherein the information related to the pulse puncturing rate
comprises at least one of a symbol error rate or a symbol erasure rate.61.
The apparatus of claim 57, further comprising means for verifying or
modifying the pulse puncturing rate. 62. A computer program product for
data communications comprising a computer readable medium including codes
executable to: transmit a first set of pulses; receive information related
to a puncturing rate based on the first set of pulses; and transmit a
subset of a second set of pulses based on the pulse puncturing rate
information. 63. A headset, comprising: a first module adapted to transmit
a first set of pulses and a subset of a second set of pulses; a second
module adapted to receive information related to a pulse puncturing rate
based on the first set of pulses, wherein the subset of the second set of
pulses is based on the puncturing rate information; and a transducer
adapted to generate audio data, wherein the subset of the second set of
pulses is modulated based on the audio data. 64. A watch, comprising: a
first module adapted to transmit a first set of pulses and a subset of a
second set of pulses; a second module adapted to receive information
related to a pulse puncturing rate based on the first set of pulses,
wherein the subset of the second set of pulses is based on the puncturing
rate information; and a user interface adapted to generate data, wherein
the subset of the second set of pulses is modulated based on the data. 



65. A sensing device, comprising: a first module adapted to transmit a
first set of pulses and a subset of a second set of pulses;a second module
adapted to receive information related to a pulse puncturing rate based on
the first set of pulses, wherein the subset of the second set of pulses is
based on the puncturing rate information; and a sensor adapted to generate
sensing data, wherein the subset of the second set of pulses is modulated
based on the sensing data. 


