SYSTEM AND METHOD OF PUNCTURI NG PULSES | NA RECEI VER OR TRANSM TTER
BACKGROUND Cross- Reference to a Rel ated Application [0001] This application
cl ai ns t wokrervafosg420f the filing date of Provisional PaPemtuSAmolouasasi on
Serial No. 61/078,648, filed on July 7, 2008, which is incorporated herein
by reference. Field [0002] The present disclosure relates generally to
communi cations systens, and nore specifically, to a system and net hod of
puncturing pulses in a receiver or transmtter. Background [0003] Many
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their portability, such cdRACEENERQRIERANSMPEIIR using 1imted power

sources, such as batteries. Comrunications devices operating using limted
power sources typically have a imted continuous use life. The | ength of
the continuous use |life generally BApdABOINPhe capability of the linmted
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consunes, the shorter the continuous use life of the device. [0004]

Accor di ngl YAprlisatiafpdasiad Non & 1LOgROHBuldigd ondlaly 7.£2008f wihichdp dacorpasniad Metedt i ons

devi ces, s%g,qe gyi.ces are designed to operate in a power efficient manner.
One technique for Inproved power efficiency is for the comuni cation
devices to comunicate with ot her devices using narrow wi dth pul ses (e.g.,
ultra w deband pul ses), and operate in a relatively | ow power node when not
comuni cat iFﬁﬂdWi th ot her devices. Such comuni cations technique may result
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operate continuous regardl ess of whether they are conmuni ¢ati ng.
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 power



[ 0005] Al though this comunications technique may result in significant
power efficiency inprovenent, there may be room for further inprovenent in
power ef f iwDenoyoosHer i nstance, if all the pul ses that nRKE/USROVIE36S
information that is being comunicated need not be transmtted or received
and sone pul ses may be discarded or punckured, the communications device
may operate in the relatively | ow power node for a | onger period of tine.
Thi s woul d r.t her inprove th wer efficjen of . t he. devi ce nd_ .
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The apparatus conprises a first nodul e adapted to determ ne a pul se
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pul se punc e . t . j to
punct ure pE s%é §§§§m§%gfﬁ§%pu §%Q%ﬁﬁ% ﬁ?%%gmiggggg?EBgﬁ%Eﬁ%%mgggggf, t he
second nodukeice,sanddapdcqderitly, tdemitieof its dnltiaweus ysowds. consunpti on node based
on the pul se puncturing rate. In another aspect, the apparatus conprises a
third nodul e adapted to transmt information related to the pul se
puncturing rate to a renote conmuni GiNRpgRYeVi ce. I n another aspect, the
second nodul e is adapted to receive pulses fromthe renote conmuni cati ons
device. [0007] In another aspect of the disclosure, the first nodule of the

appar is adapted to .determine the pul se punctuyring rate by receiving
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initial pulses. In another aspect, the second nodule is adapted to generate
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convol utio enco he initial pulses. T'n ano aspect
second noduite tosa adaptedninustivnantevak! yisguathe ddpecti tid saonpuhsdde tio
generate a aﬁiéprtg(s tosrlegeqeel 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 more



filter the first signal to generate a second signal, and slice the second
signal to generate a third signal fromwhich the information related to the
initial pabzen/doss4det ermi ned. [0008] In another aspect, PCmaSkomwsyo3nabdul e i s
adapted to determ ne the pul se puncturing rate by perform ng a table | ook
up or an equation operation using the ore or norecharacteristics. In

anot her aspect, the first nodule is adapted to continually determ ne one or
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wherein the éubset t he second setﬁgf pul ses is based on the pulse
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third smdpl e adapiopttr aSdPetihadtclodgrel itk tOhn ?@%ﬁzﬁ’cﬂs £ tdaRf copth@fSatased on

recei ved data. In another aspect, the second se ul ses is based on a
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have a fractional spectrumon the order of 20% or nore, Eectrun1on t he
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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. 1A illustrates a block diagram of an exemplary communications system in
accordance with an aspect of the disclosure.
[0013] FIG. 1B illustrates a block diagram of another exemplary communications

system in accordance with another aspect of the disclosure.



considered in conjunction wth the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0012] FIG ITAillustrates a bl ock diagram of an exenpl ary

comuni cawpanr/®ysikem i n accordance with an aspect of tReTAISSEO3ULE.

[0013] FIG IBillustrates a bl ock diagram of another exenplary

cormmuni cations systemin accordance witHt another aspect of the

di sclosure.[0014] FIG 2A illustrates a block diagram of an exenplary pul se
punct yr i rate dul,e.in,accordance . .w th apgther aspect. of the disclosure.
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punct uri ng niciué: iMRdedrdaids vagcaotanagsi dhhaortlbarcaspect of the disclosure.
[0016] FIG 3 illustrates a bl ock di agram of another exenplary pul se
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conmmuni cati ons system 1 n accor ot her aspect of the disclosure.
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comuni cat i o(g% system in accordg%ce vvithrﬁan t her aspect of the disclosure.
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i n accordance with another aspect of "the disclosure.
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function, &F i'’ng ereirn are nerely representative.
on the teachothgsashesteif fheatisclssiitd.l ed in the art shoul d appreciate that an

as peCt[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 wvarious 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 the



di scl osed herein may be inplemented i ndependently of any other aspects and
that two or nore of these aspects may be conbined in various ways. For

exanpl e, WO 2@ US may be i npl enented or a met hod nmayChaspeinsiseed usi ng
any nunber of the aspects set forth herein. In addition, such an apparatus
may be inplenented or such a nmethod nay Ybe practiced using other structure,
functionality, or structure and functlonallty in addition to or other than
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di agram of an exenpl ary comruni cati ons system 100 in accordance with an
aspect of {RARIAUSETAPENIe fowd rultprmitymax ABO QPSTaEsiM AdoVeic BOWRISCORSHNDT i t y
of pul'ses (fidfor ol Helibd indraGHBRGRUERL SR Of pulses), determ nes a
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intervals punct ur ed
%8 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 the



pul ses are to be expected, the system 100 operates in a | ower power
consunption node for the purpose of conserving power. As an exanple, the
syst em 1080reaw/aoss42 of f one or nore of its conponents, PAThISa@9I08%865
front-end radio frequency (RF) circuitry and/or others. [0026] In
particul ar, the communications system 160 conprises a pul se puncturing rate
nodul e 102 and a receiver 104. The system 100 receives a plurality of

pul ses froma renpt.e co ni cati pns devi ce via_ an.jnput. i.scusse
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bet ween theconmupi cati gns system 100 and the renote device, etc. The
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nodul e 102, the recelver 104 discards or punctures’sone of the pul ses
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front-end radio frequency (RF) circuitry and/ or others. [0028# The pul se
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puncturing rate my be UuUse Or ‘receiving somre or “al t successi ve

pul ses recehodutt floDmiyheorit@iidusyC eaperddigalor dhSandeher GRanndl,t @idagt theepylse t he
pul se puncturing rate nodul e 102 may conti nuous]y, repeatedly, or in
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rate my better trac annel conditiron as It c¢ an%es over time. [0029]
Al t er naempyel y, oYltarmtadlyi b mmaddajonttbethppulse ppoetoting racgmodile 10D dudyesek@? may
sel ect 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.



and subsequently change the nunber of pulses it uses to determ ne the pul se
puncturing rate. For exanple, the pulse puncturing rate nodule 102 nmay
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| ar ge nunber of received pul ses to determ ne the pul se puncturing rate.
This has the advantage of achieving a hilgher pul se puncturing rate because
of the higher resolution or nore accurate determnation of the rate. This
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nodul e 154 rata bpsddsen thamedeimed ngforabtdonrods kepldingd immdre 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 based



a receiver 158. The synbol error rate nodul e 152 receives information
related to a plurality of denodul ated pul ses fromthe receiver 158, and
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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.



technique is applicable to any other outer coding schene. Further, it is
assuned that there is one pul se per nodul ated synbol. This technique is
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the true channel i nput conprises a Viterbi decoder 216 and a convol uti onal
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erased 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-crased 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.



convol utional encoder 218 provides an estimate of the true channel input,
e.g., the synbol or pul se sequence transmtted by the renote comrunication
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| ook-up-table (LUT) nodule 214 that receives the synbol erasure rate from

t he non- er gbanet tslpne&em\ﬁe@iowam of theaerdasczlpmoarmcmdre 284.nBohalébe vrdarsteed f r om
the error- ttlg)at s %’i%o%l‘:f‘l?m or estqu}a?rlf%l 224 &I?angelgl D& %e%et he dsgnd that
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and synbol tl@d’tfe@llimdjraatl@appﬂ[daﬁreﬁabthéﬁbo’ncateh@teﬁfﬁddﬂse 214 may determ ne the
pul se puncturi ngq rate by perform an uation operatr on usi n(% t he synbol
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accordance w th another aspec osure. ose o this
exanpl e, i texamplas stuivedsirhat thahehes ywstamcontatmai oiRead- Behﬂmﬁo&aﬂmmﬁdmted
concat enat %vdlth 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.



wi th the outer convol utional code. The pul se puncturing rate nodul e 250
enpl oys anot her technique in estimating the true channel input. That is,

i nst ead oVousiovmssaal y t he outer code (Viterbi decoder 2PETArsdooonmsed uti onal
encoder 218) to generate the estimate of the true channel input, the pul se
puncturing rate nmodul e 250 uses additiohll |y a Reed- Sol onon decoder 252 to
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nodul e 214 nicaluked(@ch tantrooter 4@4, 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 the



table with | ess aggressive or |ower pulse puncturing rate for given sets of
synbol error rate and synbol erasure rate.[0044] FIG 4 illustrates a bl ock
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occurs at e transm end | nste at the recelver as in systens
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Pulses rom b e R e SooTu o r 364 O S GMnSSitlel 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.



order to ascertain the information being communi cated. [0047]
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504 sends the nodul ated pulses to the transmtter 506 for transm ssion to a
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comuni cat iremsvesyrdy emfobifdtion] PONDO0}Vhidihét mey deteeminbQRe pelseipurgutimerapell For

puncturing erxa?'rglglef Eh%ngtotn?r?lulglgag%tng 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 all
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However, in this exanple, the pulse nDduIator 504 only provides a subset of
the nodul ated pul ses to the transmitter 1406 for transm ssion to the renote
communi cati ons device. The subset is based on the pulse puncturing rate
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on the r ec%le\cse%ns%gbcgvlo 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 pseudo-
orthogonal 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 L1 are generated at particular time

instances. Similarly, pulses for channel L2 are generated at other time instances. In the



error rate and synbol erasure rate, and transmts a subset of the pulses it
woul d have transmtted based on the pul se puncturing rate. In this manner,
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Figure 6A illustrates different channel $5(channels 1 and 2) defined with
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Pul ses for channel 1 are generated at a point_in tine as represented by
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as represent
( P 1rnpfaernen¥ed r}or 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 band-
aid, 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 set



arrows 610), this technique my be used to reduce the |ikelihood of pulse
col lisions between the two channels. Dependi ng on any other signaling

par anmet erwotzharooss4e defined for the channels (e.g., as ®#CIAs3@LM49365 €i n)
and the precision of the timng between the devices (e.g., relative clock
drift), the use of different pulse offséfs may be used to provide

ort hogonal or pseudo-orthogonal channels. [0056] Figure 6C illustrates

di fferent channels (g¢hannel and 2) defia ith diff.ergnt timng hopping
Sequences TBATSETon pp iRy teCimat iy o kel b S e L8 et carRotg
systens desefdil@ttanerei nb”, For, oex@yidebinidns@sre6l2 for channel 1 nmay be
generated at tines in accordance with one tine hoppi ng sequence while

pul sed0®2U for dmaAdEPN2SUeH\ANRPPEHET BE e C Anplampsied; o wiek gr aaihed g be

anot her ti i i o) | BL.Go: used and
t he precis&%%ﬁggpkﬁgg??%¥ggﬁ %?5E§§H§%£g%é§f%§§P§?%ﬁéE@%%ﬁ%ﬁ%ﬁggﬁﬁ§H e used
to provi de teot bihgothah oac op seuc odthichspamadet Ehdnhats. A0in exapt of sarheof | me
hopped pul se positions may not be periodic to reduce the possibhility of
repeat pul 48 e¥VEiONER: A7 SATAEPRAH o@qnﬁweﬁéﬁﬁaefs mﬁb?@Sffmﬁkl%@ﬁ&a on

1] ustrat epudbfiheifbh RABANELS AlnRepbd RotlurfoRl Btnk FEayShOLSartRhan
exanpl e of "a pul'se nodulation that may be enployed in any of the
comuni cat ibasesl ey gtudses paketsmr obedfshsr eim sofRal spsctf @onahanhehaldelsanay be
generated at rticul gr time instances. Simlarl ul ses faor, channel
Sre. gener atedb Rl PR RS hompngEaNcep, Pelebeky rtimich i gpy
channel L3 pRrgtapdhel 3h&d ddtpudde epetRiohSfeqhibities PSk@p&Bions @R vekak | dd tihe time
instances pertaining to the different channels do not coincide or nmay be
ort hogonal hoppingdeayeness. el i mi nate interference between the various

chann [ 0058] L t. .S ] d preciated th er techni,qu e used
o det®al channol s R7 K Cindfe, BRI, BhRSy MOt Fmat B Y00 HERR TR ¢
exanpl e, arefraenedd o3iyg kaydef hnegicbasedifieretl tdctnsbgics phea@tigques. For
pseudo-random nunber sequences, or some other sujtable paraneter or .

par anet er s SXNBPodEn, Ingretivanetormindse feation. Hasds Y. syBbolbi #uk ¢lops of
two or nor e I [ K.di

vari ous uI?@g-mn e(%%%ée%%géghggggﬁ%ﬁ%%f?é%%é%%gﬁggga@%%ﬂ%%f%%?%%%auﬁ{h
each ot her veitagesacirons, ckamnorabgnetin vaveq mignctc ficldh oapoatticks, ggpekficldf ot he

di scl osure. FOE exanpl e, U\R devic% 1 702 is
particles, or any combination thereof.

L2

[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.
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aspects and that two or nore of these aspects may be conbined in various
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concurrent u(I:lgeargtggli Stharlr“ca Yhebgpe%lsf{cag{r -e§ ho?dhierarchy 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 in



based on pul se position or offsets. In sonme aspects concurrent channel s may
be established based on tinme hoppi hg sequences. I n sonme aspects concurrent
channel s wayotyaossizabl i shed based on pul se repetition fPeguse@9ag3chul se
positions or offsets, and tinme hoppi ng sequences. [0063] Those of skill in
the art woul d understand that informati &% and signals may be represented
using any of a variety of different technol ogi es and techni ques. For
exanpl e, data, instructjons, comuands, information, signals, bits ol s,
and oh ps dnd: I EES UPRRYRE S PR ctrgr oL el Rl cB Sk Progfint drodi e

r epr esent eandyycovirisd@@empatdr-iiabisle nRldagh cOMpALIAE t6édasayestng BGRr inforé bel ds
or particles, optical fields or particles, or any conbination thereof.
[0064] Thodlke @spostsi o thgodisalopwret hEY seppraseedt @ edBputeth Brogadm quyeduct may
illustrati i . modul es, processors, means, circuits, and
algorithn1é %1§g%é§b?$hg %ﬁw%gnnection with the aspects disclosed herein
may begotesSpl enenthil@sheeineaitionnhas bean dlesdrtbe( én gonnatidh gyittakardio| 8p&nd, dt | on,
an anal og i npl enentation, or a conbinatjion of the two, which may be_.

desi gned usY' g?%dﬁlfieréw@gdthﬁb (% 18¥REOBL Refary _hPﬁe éw‘@@e_,r AR e
program or ,gesi.88n GO4RichMLOIP SR I AG VARLEMS LsODSr WG HTBY theidvehfsd ed to
herein, for convenience, as "software” or a "software nodule"), or
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hard d soft , Vari illustrat] t bl , d
circurts, am Beape RS Toue S oo THEE o Rl ToRRG ARy EE BN Wl
functi onal igfte WG B InVeHES patRGtd onal ity is inplemented as hardware or

sof tware depends upon the particular application and design constraints
i nposed on the overall system Skilled artisans may inplenment the described

functi ity i Iyl .each particular application, but such
inpleﬁ@%?Ltion §¥¥¢g?g§gjgﬁ%§F§q§bt be interpreted as causing a departure
fromthe scope of the present disclosure.[0065] The various illustrative

| ogi cal bl ocks, nodules, and circuits described in connection with the
aspects disclosed herein may be inplenmented within or performed by an
integrated circuit ("IC'), an access termnal, or an access point. The IC
may conprise a general purpose processor, a digital signal processor (DSP),
an application



specific integrated circuit (ASIC), a field programmabl e gate array (FPG&A)
or other programrmable | ogic device, discrete gate or transistor | ogic,

di scr et e Wanrdwzaoss4eonponent s, el ectrical conponents, opPCTaAlS2e0MPBRENE S,
mechani cal conponents, or any conbination thereof designed to performthe
functions described herein, and nay exeéfite codes or instructions that
reside within the I1C, outside of the IC, or both. A general purpose
processor may be a m croprocessor, bq% i he alternative, the processor
may be any conventional processor, co %é‘ er, mcrocontroller, or state
machi ne. A processor may al so be inplenented as a conbi nati on of conputing
devices, e.g., a conbination of a DSP and a m croprocessor, a plurality of
i cr opr ocessor s,l- one fometgd of gl copnBEEsion.<CoNPristMs; uncti on with a DSP
core, or any ot > i i [ 6] It is understood that any
speci fic order gg&ﬁig@§§%ﬁ@&%g&%?%g%qyﬁ’%%g di scl osed process is an exanple
of a sanpl e appreathng Basadasgben e pulyo pprichenenees, it is understood that
the specific order or hierarchy of steps in the processes nmay be rearranged
while remaining within the scope of the present disclosure. The

acconpanyi ng method gl fgnd 68 8im el HIRMt SooffprishE MAChOMS RIERDaldd éh
sanple order, and are not neant to be [imted'to the specific order or

hi er ar chy phesdset moctyrd@6aE. The steps of a nmethod or algorithm described in
connection with the aspects disclosed herein may be enbodied directly in
hardware, in a software nodul e executed by a processor, or in a conbination
of the two. A ng.tV\’aﬁ%erm@tﬁb@of%laﬁlm1_,'ﬁiﬁhéid¢d?hgor%&%céﬁ§&@tlir% h R&deins lfaRs and
rel ated data) and other data nmay reside in a data nmenory such as RAM
menory, fl| @skcsisnioiclativReNp wpenicy mogPRavd warfes pulsERPROVIngeAtSr y, registers, a
hard di sk, a renovable disk, a CO-ROM or any other form of
conput er -readabl e st orage nedi um known in the art. A sanple storage nedi um
may be coupled 4o a mkehingthodusihclain I ofurtXadPmerisiAg Gearpiitens (hRERSSET
(which may be referred to herein, for convenience, as a "processor") such

t he procesd®pted dnthegadpcinypeiiag rantoecanmusHion dvish and write i nf or mati on
to the storage nedium A sanple storage nediumnay be integral to the
processor. The processor and the storage nmedium may reside in an ASIC. The
ASI C may resideSin udée reguoprgrdaim 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.



alternative, the processor and the storage nedium may reside as discrete
conponents inuser equi pnent. Mreover, in sone aspects any suitable

conput er -woagrenesgaezoduct nay conpri se a conput er - r eadablPeTrasAdd0MUBEFPr i Si Ng
codes relating to one or nore of the aspects of the disclosure. In sone
aspects a conputer program product may é®nprise packaging materials. [0068]
Wil e the invention has been described in connection with various aspects,
it wll be understooqhthatg%re invenption . s ca
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modi fications. This apgiie
or adapt at iififialofulédld @ompYiedt feedrhlgl OVtAYi dédddG@NREE-Solbh@nRictaihplRedof the
i nvention, and including such departures fromthe present disclosure as
come wit hi rPoldieonkensafingmndagayeInaenal grepdinecased emihs inifal plsest o which t he

i nvention pertains. [0069] WHAT IS CLAIMED | S: CLAIMS 1. A nethod of data
conmuni cation, conprising: determ ning a pul se puncturing rate; and

recei vi ng pul sed0basdthconcthdicofpdlhiaes,pulietiu rgengratigg the iZfornmiténnretamidoakc cl ai m
1, further .conprising puncturing pul ses based on the pul se puncturing rate.
3. The net AEgaloultes SOMPESESt urt her conpri sing operating a receiver of the

pul ses in a rel %hi)s\{ﬁtﬁﬂiiga{y%ag@ heﬁ’fﬁgg‘ﬁg%&qgégﬂe&{g%wﬁ%a}p’unct uring rate.

4. The nmethod of claim rising transmtting i nformation
rel ated to the puleseg hefostmngmd ta sxineratoa sccondregnalcatd on devi ce. 5. The

met hod of claim4,. wherein receivin ul ses .c rises receiyin ul ses from
the communi cati SH¢BERTEecoRd Sigpal tr?egzgeﬂ dot %Tﬁ%%%%ﬁ@&h%éﬁ@%‘?ﬂ?%g t he
pul se punctiaicddo fRtiRItIGPHNEds$ESster@f&. Vi ng i nformation related to initial
pul ses; determ ning one or nore characteristics based on the information

related to the initial pulses; and determining the pulse puncturing rate
based on the ong,or %reemgtﬁgcli 3t arirlnsé,lvgl?e'rein 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.



7. The nethod of claim6, wherein the one or nore characteristics conprise
at | east one of a synbol error rate or a synbol erasure rate. 8. The nethod
of cl ai m8&Q 204008842 generating the infornmation rel at ed POTIUSROMOMII36HI

pul ses conprises performng a Viterbi decoding and convol uti onal encodi ng
based on the initial pulses.9. The methéd of claim6, wherein generating
the information related to the initial pulses conprises performng a
Viterbi decodin Reed- Sol onpn odi ng, Reed-. Sol amon.encodi ng, an

convol ut onal eABoa; Adenteadig e hr R R inCEetVED R B ¢t ai m
6, wher ei n pgeBehatd 08 tihilicfuachmhiencrel ated to the initial pul ses
conprises: substantially squaring the initial pulses to generate a first
signal; filtering the first signal to generate a second signal; and slicing
t he second sign to i [ : Wwhi i i.on
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wher ei n detreativety tvgv pdveerpubdecbapethei theipatepahetudogmté.ses performng a table
| ook up or an equation operation using the one or nore characteristics. 12.
The nethod of claim®6, further conprising continually determ ning one or
more charact eri ki cs 1igl Ah&dnkBSUSRESS] NEhBULGRSiSR: § WhiMHAL YaHpiss e the
pul se puncturing rate. 13. The nethod of claim 12, further conprising

sel ecti ng dransmitexfoohatenaclsdity thequilegsmomedg irate thed esminniiegtisrhdevigedat ed
pul se puncturing rate to achieve a defined resolution for the updated pul se
puncturing rate or a defined processing tinme for determ ning the updated
pul se puncturingorat ehelgparbi sretihRd 18f whbtRidR, robbieéeisnaddpicartai edige t he
pul se puncturlng rate conprises selecting a nunber of the initial pulses
used in detrelsas iPmghe prempuyhseatigudryiesr i ng rate to achi eve a defined
resolution for the pulse puncturing rate or a defined processing tine for
determ ning the pul se puncturing rate. 15. An apparatus for data

comruni cation, QONPr ihicNgpparatus 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;



a pul se puncturing nodul e adapted to determ ne a pul se puncturing rate; and
a receiver adapted to receive pul ses based on the pul se puncturing rate. 16.
The apparwousiogfssskai m 15, wherein the receiver is adapPeu/useoopmsbiir e

pul ses based on the pul se puncturing rate. 17. The apparatus of claim 15,
wherein the receiver is adapted to operdte in a relatively | ow power node
based on the pulse puncturing rate. 18. The apparatus of claim15, further
conprising a tr tt ada to. . trans formation related to the

pul se puncturi ngqu}hé fﬁ%t Ségnag%r%ﬁfﬁle%‘éetl%eﬁo‘gge%g%a anfi9 The apparatus of claim
18, wherein the shigs @icv&kond sialpioegencmutd aclird 8ighdl Fi©s Whel thB&nformation
comuni cati on device. 20. The apparatus of claim 15, wherein the pul se
punct ur i ng refdgditethegnisigbpesy it eeterarieedhi ne the pul se puncturing rate by:
receiving information related to initial pulses; determ ning one or nore
characteristics based on the information related to the initial pulses; and
det erm ni ng t he 2pul s&hpuapphtatusngf rchiid D@ setcroim threpwlse panctomig module is
characteristics The a us of claim 20, ?hereln t he one or nore
char act er i gfliRigd é%#ﬁﬁer@@eé E nufswrerige aesPhBeoEtp® e Raledogk uR dy#bol
erasur e 1 aiuatf oplhfioARRRL Mdthodl ridiBlMraderidtgr ei n the recefver is
adapted to dgenera he Information related to the initial pulses by
performng a Viterbi decodlng and convolutlonal encodi ng based on the
initial pulses. 23. par at u |n t he r.eceiv

hdapt ed Lo generlie (B RGP sHimetty BhTEl MHePihf audrurin uufl S

per form ng agapibd & antﬁﬁﬁﬂ?'d&%rmﬁ&e&e SO LR Bh A6 66 HRY of Raecks$30¢ PURBs to
encodi ng, and convol utional encoding based on the initial pulses. 24. The
appar at us ¢pnigtugilnupdate feerudicrpunplaripgedtéver 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 f7om Whiccippaheud of etdit 2@nwhekat €@ palsé hanétatihg ahoduld ses is

det er m ned. ) ] o
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.



25. The apparatus of claim?20, wherein the pul se puncturing nodule is
adapted to determ ne the pul se puncturing rate by perform ng a table | ook
up or an wquatowmss4eperati on using the one or nore char a®PCEMISSI0M$93626. The
apparatus of claim 20, wherein the pulse puncturing nodule is adapted to
continual ly determ ne one or nore charaé®eristics of successive pulses to
continually update the pul se puncturing rate. 27. The apparatus of claim
26, wherein the puls uncturin dulse i.s .adapted to sel ec nunber of
success ve pul sag ueddB MobARLrH: TR 28, RS SRLE SR BRI o e

achi eve a dgbimgtbnreReddub it p ey punbiritgatp e 5 Comtiaicufiomgevial e or a defined
processing tine for determ ning the new pul se puncturing rate. 28. The
apparatus of claim 20, wherein the pulse puncturing nodule is adapted to
sel ect a number 5of i Rihi Al PHISESIHGEY) ! P%%II%I@Hé&é}ging*}ﬁea%'ﬁ%d@w&wr' ng
rate to achieve a defined resolution for € pul'se puncturing rate or a
defi ned pr ocedsi pulsct ifven tho costetumiocation dgvicdie pul se puncturing rate. 29. An
apparatus for data conmunication, conprising: nmeans for determ ning a pul se
puncturing rate; and neans for receiving pul ses based on the pul se
puncturing rate3430. THhe gﬁ%&%iﬂs‘lﬁinﬁ’@,%ﬁéréﬁh%@e FI8 BRFurfRTRE SiRgifiRans
for puncturing pul ses bag d on the pulse punctu?lng rate. “31. The appar at us
of cl ai m 2%9canhesepmseshe recei ving neans is adapted to operate in a

relatively | ow power .node.based on the pul.se. puncturing rate.32. The
Lopar at s of o) DD G G RE TR SR Gt EERBTREbeY T anm 11 g

i nformation rel ai&ds trer HOGrmRMInSeoRUBE htbré RUaftlelsti@ Bus6® HALIAEL Gafor@BtisleVi Ce.
33. The apparatus of claim 32, wherein the receiving neans is adapted to

recei ve pulrdlatedte theinitel pdsesusridcat i on device. 34. The apparatus of claim

29, wherein_the pul,se,PURCLAIEIN ARG ASLELITR NI TRALP FORPTRES: piFRaNS
for receiving informtion relra to TniftTa ﬁ%lses, eans T or deternining
one or nor ehghaedgieri stics based on the information

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.



related to the initial pulses; and neans for determning the pulse
puncturing rate based on the one or nore characteristics. 35. The apparatus
of cl ai m80,20essI2N t he one or nore characteristics compmitseoma4dzenst one
of a synbol error rate or a synbol erasure rate. 36. The apparatus of claim
34, wherein the receiving nmeans conpriséd means for performng a Viterb
decodi ng and convol uti onal encoding based on the initial pulses. 37. The

apparatus of cl ai,m 34, wherein e. recei vin ans_ conprises ns. f.or

per forming a vi o8 bi et y® ohdgE &rblen R s G Rl s BRBARE ogi ng
oper ati on, nafads eomnpAiddtrhanalfoeneReinig »abedlodR uphg dnnddub@bn Ppdrsesh ushds The
apparatus of claim 34, wherein the receiving neans conprises: neans for
subst ant i alitfprggfiparicleedithdhq injtial gplsghul ses to generate a first signal; neans
for filtering the first signal to generate a second signal; and neans for
slicing the second signal to generate a third signal from which the pul se
puncturing rated40s ddtherapparets 39claithe9appaciattiuspdbe phreturingdatewlder@ining he
pul se puncturing rate determn ning ans conprises nmeans for perform.ng a
tabl e | ook RfFIOFS AFPEGURLSBHI kT %318&%%5 RHRCBERELRSPased 9f sHOtSS T he
initial pulsgss 40. The apparatus of claim29, wherein the pulse puncturing
rate determning neans is adapted to continually update the pul se
puncturing rate based on successive pulses. 4 1. The apparatus of clai m 40,

wherein the pul se puncturing rate determn ning nmeans conprises ans .for

sel ecting & nuntar oft sueettet SES{N Lleidua PO it Rsg ok HEIPBUrEe
puncturing rﬁ@h?c&rﬁpﬁ&@ ks for G@lfe&tﬁ%da_ ﬁﬁﬁ@_r WFk@Redspre ﬁdﬂé%s isell iﬁldﬂefe@mining
puncturing rate or a defined processing tinme for determ ning the new pul se

punct ur i ng amgpepulsEpunthisingppartaedhcvsts difiapdraalution éordhanew eujsa pyecturing
puncturing rat.e,def o [ RrOediSin D HETOF SRS (PRI {8 Snecl‘a%er?ntgl J3g @ nunber of
the pul ses used I'n determ ning the pul'se pancturihg rate to-achi eve a
defined resolution for the pulse puncturing rate or a
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;

and



defined processing tine for determning the pulse puncturing rate. 43. A
conput er program product for data comruni cations conprising a conputer

r eadabl e wodbimosssel udi ng codes execut abl e to: determ neC/ysadmwd493ahct uri ng
rate; and control a power consunption of a receiver based on the pul se
puncturing rate. 44. A headset, conpriskhg: a first nmodul e adapted to
determ ne a pul se puncturing rate; a second nodul e adapted to receive

pul ses based on the pul uncturjing rate; and.a,transducer adapted t
onerat o sound Babeh ar Ero PR [RdelsThE s B0 Rk T B RN R
first nodulpglsaglapted to determine a pul se puncturing rate; a second nodul e
adapted to receive pul ses based on the pul se puncturing rate; anda user

interface adapted to generate a user indication based on the received

pul ses. 46. A segmsing, ?Mﬁ%%%vﬁ?thl§ﬁﬂl: a first nodul e adapted to
determ ne a pul se puncturi fig rat’e; 4 '8econd modul e adapted to receive

pul ses based on atflret rpodide agupiett tu rdeegminatagiul @ pdinatusieg sae;, adapted to generate
sensing data in response to or based on the received pul ses. 47. A method
of data communi GaEFEH MEAWRAdaRtRg fo e ﬁ@seé M thtp@%stpwtuaagsré@g
receiving ipformation related to a pulse puncturing rate based on the first
set of pulses; and transmtting a subset of a second set of pul ses based on
t he pul se punct arsengr rddreed tof genomtd nsing 8ata T ecspeisada onbasell an thedieceivdrer ei n

the first or,second set of pulses is
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; and



nodul at ed based on received data. 49. The nethod of claim47, wherein the
second set of pulses is based on a pulse puncturing rate substantially
equal to wero10(m584250. The net hod of claim47, wherein Prh@/usd00KB65 ON
related to the pulse puncturing rate congrises at | east one of a synbol
error rate or a symbol erasure rate. 5126The nethod of claim47, further
conprising verifying or nodifying the pul se puncturing rate before
transmtting the subset .of e second set. of .pul.ses. 52. An apparatus,for
ot - communt car oo ped REetE5 Piordibiof b B TET nue g PRI £ o
set of pul s@ashafestctsofiffdies,0fhdcinaBOBEhssEedf e s@uohd st ofaids iebkLY oh thslapt ed
to receive information related to a pul se puncturing rate based on the

first set oungurisgite fepeEtiang he subset of the second set of pulses is
based on the puncturing rate information. 53. The apparatus of claim52,
further conprising a nodul ator adapted to nodul ate the first or second set
of pul ses based56n r dteiappdradat @ claidn STheurthppas@aptisingfa mbdulab2daptbrei n
the second set of pulses is based on a pulse puncturing rate substantially
equal to zé@u&m thelsug.st OfH%COélBﬁ%tr%tﬂ}fgse%PaS@fiQpﬁ?@?{ed\ﬂﬁ@r ein the information
related to the pul se puncturing rate conprises at |east one of a synbol
error rate or a synbol erasure rate. 56. The apparatus of claim52, further
conprising a noddl e dtepppaatus of elairh y2 owheroidithy sached patlos pulsemistbasddrup a at e.

57. An apparatus for. data comunj cation, conprising: nmeans for transmtting
a first se@ungBHﬂE@§gﬁ%H“§S@H%§ t“ﬂ@ﬂgzggb d set of pulses; and neans for
receiving infornmation related to a puncturing rate based on the first set
of pul ses, wherein the subset of the second set of pulses is based on the
punct uring rat e 55nf orligtapparatus @f chiva a3 peheaeinshomfenmation 37atefl e theepulse

compr i si 1 TEANSng Alic CRAMRL b1k BFe B Sim cASFARISRY ol B SESuRased O
recei ved data.:
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.



59. The apparatus of claim57, wherein the second set of pulses is based on
a pul se puncturing rate substantially equal to zero (0). 60. The apparatus
of cl ai m&d,20wess2n the information related to the pul eeTpsp@OOUI36E rat e
conprises at |east one of a synbol error rate or a synbol erasure rate.61
The apparatus of claimb57, further conpfising means for verifying or

nmodi fying the pul se puncturing rate. 62. A conputer progranlproduct for

d dabl di d
xcoutanl e tor (Pansirt dopien, SLERIESTE hirbEE BPufalE dhi oPratibi® ot o

to a punctumkngmﬁghepbge?dh@Mhﬁgmna|rst set of pulses; and transmt a
subset of a second set of pul ses based on the pul se puncturing rate

information. 63. A headset, conprising: a first nodul e adapted to transmt

a first set of Qalse§%qﬂgmﬁm g&ﬁé& ﬁnﬁm.a(§3$¥§?%n%ﬁIR&ﬁBﬁ§co§Wﬁ?8§@9

nodul e adapted to receive |n unctu rate
based on t kemputesteadalilc afedpumt Behidingeides excchabkubset of the second set of
pul ses is based on the punctu |ng rate information; and a transducer
adapted to genetBPENUadiry sgbPUISRFer ei n the subset of the second set of

pul ses is nodul ated bagRehaan }aﬁe@Whﬁbuﬁiéﬁlﬁng Be bﬁeﬂ%ctﬁe FRQTERY bShlleks; @

first nodul e adapted to transmt a st set of |'ses and a subset of a
second set aodl pul ses; a second nodul e adapted to recelve i nformation

| ated t | t fjrst, set, of |
&Ee?e?n tﬁeasggyégﬂg#nc r d%%”g% %%f dﬂﬁ%@s giéiygﬁggﬁgpw§> éﬁgﬁﬁﬁlng

rate informgbeftiodnd a user interface adapted to generate data, wherein
t he subset of the second set of pulses is nodul ated based on the data.

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;



65. A sensing device, conprising: a first nodule adapted to transmt a
first set of pulses and a subset of a second set of pul ses;a second nodul e
adapt ed twonenaioss2i nformati on related to a pul se punct eCcrng200aesbiased on
the first set of pulses, wherein the subset of the second set of pulses is
based on the puncturing rate informati oA® and a sensor adapted to generate
sensing data, wherein the subset of the second set of pulses is nodul ated

based on the Serallsslerc]gn({j %;[o%ule 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.



