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BACKGROUND
Cross-Reference to a Related Application
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
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

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.

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.

Although this communications technique may result in significant power

efficiency improvement, there may be room for further improvement in power
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crasure 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 aspecct, 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
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accor’rpalegllng dr AMAILA 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0012]FIG 1A illustrates a bl ock
di agram of an exenplary comuni cati ons systemin accordance with an

aspect of wobeottissssspsure. [0013]FIG 1B illustrates a Qgals26boRdseM
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[0014]FIG 2A illustrates a block diagram of an exerrpl ary pul se
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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.

10017] 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] FI1G. 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 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



nodul e in accordance with another aspect of the disclosure.
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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.

[0625] FIG. 1A 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.

10026] 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 scquence, decoded bit

sequence, re-encoded bit sequence, estimates of the channel condition between the
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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.
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t he pul se pwmcéxptau&g ihahere defIA]dvqnuekEbl erdshe Riel ey PHRGAEE k8 ratio
rate nodul e 102 na%/%flﬁvéate inarelati veI y low resol uti on node,

where it usdEMEepd PryOfSRRNFerd, YAbes Tignt the cuitRIE f uPules dergodulator (a
det er mi ne tmamgaﬁeieoma%ce&%mzsﬁ Qﬁ(ﬁhe ORI MBS &f@&emagﬂ&@sge of

i pr ovi nq% the processing time for deternining e puncturing
rate wilff3h cost The pa@hupemtwgngararmmedld@)rié@mpatvresxélema grororigrivang the

rate b ecaus‘iyﬁ’i&olté?r% QR ahiESSh Uhd R s 2&1%1 de%fw?e%‘é%rf%rg tl%qu%rbf) QaLLON,.

of the rate e pu se puncturing rat
resol ution m@teakﬁfi wind I:laelmmncsoﬂhe ipnlse pendharimeece Mﬁeq:)mh $l&£syfrr[b©[’r\31trdilerate

et OB BB s eSS e e T8 i DR
pulse puncturmg 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

maodule 156, and discards or punctures some of the subsequently received pulses based



7 10031]FIG 1B illustrates a bl ock di agram of another exenplary
conmmruni cations system 150 in accordance with another aspect of the
di scl osur eyobliRweEaUNI cations system 150 may be one ewsg BosBes
particul ar inplenentation of the comunicati ons system ?
summary, the comruni cations system 150 @&sti nates the channel
condition by det erm' ning a synbol error rate and a synbol erasure
rate based on % rallt ul ses received froma renote

Bac a5

comuni cat i &fis sgepun)& e nidPreg nigiereds yhen gungrcd M*%e%e e
system 150 thentdetRrRtdes BRanBHbRSatPUNGtIBENSo RS Q.ﬁ‘xg%

synbol error lgr;;é::téte and the synbozlguetﬁgasure rate. gOThe y t m%ggoc{e%pthe
di scards or PHUNRSE OF exnseuimg [fwer. heﬁsSeb@eqwémttmq/rqcew L@dmp)u hse$>fﬁaetsaeor
on the puls r u u

are to be onsaorbd ofBoRake subhsh A9 Sk eid ol HORLBY CEELLRRRHL
consunpt i on otfizde Thttrputsh @upmtuqn@modlﬂe tohsey altsm gsepaddéional ik DB@2onl fiom the

particul ar, the co tem 0 mpri se error
rate nodul e 150 Q%ﬁ%@?w lﬁ'ééﬁ?%ﬁ?tﬁ’t‘& &%Wog'ﬂe th?ﬁggpunct uring
rate ngouskp 156, FeEmd2A illeeeikeser bIRB. dﬁé‘t@m%&nﬁmbx&ﬁp’l% e piiReifng hi2
receives infornmtj ﬁn related to a plurality of denodul ated pul ses

fromthe reddpE209dmaccorianerayidh protes 2ol digglosyre. rRor dhepugnege efithis
the recei ve@xtrn@@rmgla@,mme‘astfﬁ%@t@gﬁ% el Rioge d@faatdnvbﬁh&% doll€  The
synmbol error rate may be related to a ratio between the estinmated

number of ré@éﬁbﬁe@lﬂpﬁﬂpee@lﬁ [ @erﬁhermrtméln@uﬁime ofurthet & med%tnpnddstést

that are no 54 r.e

i nfornati on@he? at eg g@??%{}@ﬁ%ﬁgﬁﬁﬂ%f T(ii‘ é‘ﬁfqa? alg‘o ?psphcgtﬁr om tllhlgle
receiver 15$plsa9np|ercketrknm 'rﬁhxs paissy\mn:oirmgrmtsun@dtﬂeaﬁm bﬁye;d on8 eich@ple of a
recei ved infor tlon xpl ai.ned.in nore detail, bel gw, e synbol
erasure rat €Y ab@lm%?ee{'ttggtﬁ’g g%hﬁ pt“éf‘? PENPERIBY nt‘cﬁltg dﬁ‘)g@?&tg? C?t%ﬂ:%%t&}no
val ues fromofhe2,a8tpul 196, previthssedeanpdul atsamniasy, Q@dtpﬁ&epatncﬁtfrm%%dule
receiver 158¥]Pan the total nunber of received pul ses 033] T

pul se punct ¢ $dgt @ ffsfatbamades pdwisdiie depgeula rtberecewp%putseﬁ ghis suln
the symbol exdaale fa} %em%w log tﬁ@g’e&ﬂgﬁ ﬁv%ﬁﬁpodtsc%gs%ﬁ}”ae s63h& LibmdLle

synbol erasure rate nodul e 154, and determ nes the pul se puncturing
rate based @fantdrelosyimut thertrusrchprnebingni(thin eubslymtﬂ)dt may &s pare of tie ecocifass

pul se punct {évﬂgts 33&15%%1%%?)2 Ll ?htétﬁ&b Wdugeeé {&i W& dét@r%n{?% e %}jilﬁlg Cetrzlljs:‘;n:;en

rate by per ormn o) opera on usin
rate and syivol thercagutseofi the dirasnd netiond sub- ﬁdotiﬂena:tﬁo\zﬂﬂz yub-mbeulpuligred to

puncturing rafe . e rmnethe cturln rate by
performing &f° gﬁlﬂﬁﬂ? WBEF%?%S% %@Pr%e PRy t%? “etrar"‘gr“’e?oéi‘fi Eﬁ%Pd“Ie%
sy Ir’rbo | er atS un€a fﬁﬁh%%zwr%ddﬂ Iéuidﬁptecﬂ Q{)&‘Hﬂﬁtﬁ: t%l@ pelky ﬁtﬁncgtﬁ%ﬂgrr?itg gifo‘{r?ﬂte touts
pul se puncturin e fromthe se puncturing nodul e and

di scards or®© ﬁ‘ﬁglt‘ﬁfl%@ f8‘t‘ﬁ‘;tfiesU(lif’m‘P‘ﬁ’eessubsequent |y received pul ses based
VO 201Qét@.@ﬁ842PCﬂ 5ARARA04R365:. 80 B0nb 1 P} SRRUDSAN 1A EER pulss

During intervals when punctured pul ses are to be expected,

recei ver 1580maiscopeaearagimodald Hirelor pweantiayrruampte tbcl pnimﬁeaflw pedsdiler
pur pose of Bﬂ?e | hg an. € t | y rn
of f one or ﬁqﬁ Its c\g@%gnengte thd ﬁ?ﬁaa%&?rtg rgﬁtg endﬂte gmrrat of e
frequency (Rf)ariog mmduter?.}DZamH{ oslicot PR & quleifping siee @uune toflthenigwhmgdl fiker

156 may al s se ad |t| infarmation fromth cejver ule 158
as illustraclh Mg P‘itr??ﬂ}?e*“ |n§'9f3}’erﬂﬁtftf zgd f%fgrfr%"e (€gaohs tH dhe
2A il ustr affies leveb{Oek-10irg@ésents af logio z626e(p! tBE YecBid &8¢ toyrek ch@ta%
nodul e 200 in accordanﬁgﬁg\'{mth anot%er aspect of the dlrcg%coogurlggs

the purpose et?furf?tﬂ el eg.itd) psssnietlogisgne  he Toy slicen? umay Oﬁb‘éte
is a convol 'fﬁdlt%]@Eu&o@@ues%@eécﬁ%é&%esyhﬁoﬁptﬁlh gﬁ%@L%e‘rﬁ: @d?ﬁ/ uhidf rblock

out er codi ng schenme. Further, it is asSuned ere Is ne pul se
per nodul at 887 sypebets thylliesr patphninfuwnipsteslagpetep it coelb teseived sl pTéis

symbol metric is used by the decoding chain to estimate the true channel input.




100361l n particular, the first sub-nodule for denodul ating the

recei ved pul ses conprises a squaring nodule 202 for substantially
squaring t{e BHmes, a |ow pass filer (LPF) 204 for rerg&&ingg%@%hﬁgs
and hi gher order hatnonics fromthe output of the squaring nodule
202, and a slicer 206 for quantifying the output of the |ow pass
filter 204. The output of the slicer 206 nmay be quantized to three

| evel s ée.?., -1, .0, +1). The first level (e.g., -1).represents a .
| ogi c 8087 (0), e Swerdinb-padus iy gstynatingytis g chapns! HIparcostseR Y iterhid
the third | eseldef 81@and atbhvBliGSRNERofer 08! AsMAEwh 1 the I1&vast 416 8 Y0Gb
may output nultiple such values for each received synbol. A synbol

metric conpuleerdend1firersiver Glre prvvesE & simebod|matde compyfatiorahibck @At
a netric for i LS, S ic js,used b he
e e e T R
20101005842 PIET k4B 6 GO ARG H0D dp 0ol 7] THeecwmeclatichas wheaded 218 E-@hcodes the

estimating the true channel inpyt. conprdses. q Viterhi decoder 216, and
a convol ut i SHAPUE éﬁ@g?ciﬁ§?mﬁ§3kh%ﬂﬂgf%ﬁ?ﬁ%%?%ﬁgwgﬁé art'® iRt of the
Vi terbi decadgvoldidhal egpimesd hRviMt REtes@hatens @y mhel chaBidl lifput, e.g., the
conput ati on bl ock 207, and generates an estimate of_ the sequence of
bits at the SYRPoLOrFrIse plueRrRVENEIeHhBY theserpele commupiationgleice

conmmuni g@dgi 0N devfing enird H8-HARYOH U RRRhing ML ] -
estina“ed gequence gé%erated by the Vitg%bi e§§§§§“gﬁéﬁg%ﬂgﬁ%ﬁ%g§?“
of the convorased pnlae medelsdR, 2 1&repied\putte gnadulee2t(, pad e noh-erdsed-ta-trecived
channel inpuyt. e. e l..0r ce.transmtted by.the
renot e com‘rﬁzﬁ?ocaolg%iﬁ %EV|@%%§(§6§§(§LB%§%}%§%§%§ u%feﬁ%lalﬁgér% %lfnqber of ‘noni-
det er m ni ng erdsed pyistle.gor ths moe-ze@t wlee Murjusied b tho Byreld seclrip b putation

nodul e 208, i ved pul.se dul e 21 a a. non- er ased-to-recei ve
rati o nmodul @?%%?O%Thﬁhen‘%ﬁ@@?dagﬁﬁe Bﬁ?ﬁé@%&@%@%%t eftoéﬁr?l“ & phigcerve
nunber of nQises aFREn@ALEERT o Ce@ived thRD MOAUIZ STDIMGIRS (RYI R HeRFbeRYhe
the synbol netric conputation block 207. The received pul se nodul e

210 det er mi 8-cfsed Pibesl and the &xtalgrumbst af palgesp whichsprovifes the symbol erasure
non- er ased-t.p-recei ved ratio nodul e 212 determ nes the rati o between
the non-erased pul ses and the total nunber of pulses, which provides
t he synB&? er asurlde feurth suboaadicrfos destminingsthd syroleih leerof tate detpises ainag-
t he synbol hS - e ule 220 n...
error pul se%gr}%gclgj P{]al@é gﬁ’?&% b’aﬁé %rr%rrmeor-ﬁlr#gﬁq gzrzf'gtlszJi %aug ?ﬂrl gﬁ I rdjfoﬁ%oél Gefr%segﬁ 0
The non- er asediupu?Zie Tiedudnecr220 piésk enodule22 0t degermieb elic Dfmiyeo Rf abasmded
pul ses; e.g.,,the ngopn-zero values ou ted by the symbol netric
Comput at | on BBIEER-200 opreeed PUUGRuTULREbY i pelinest o Eiogusck g
one of thesernluhesnEBipcRBorhs Fobat 208, sbiRcefF ikke RUlSes ARAYEL 8lidRdted.
estimates the nunber of the received pulses that are in error by

conparing t H&rEEEPYRMPRHIS &2 X wtjtetee &reammbenef Baiteseivebpulsc ghat are'in error
convol uti O”?K BRHRLSS th%lfgceiv-ght%ﬁg,é %ﬁu@ﬁ&'ﬁ%%@&ﬂ?&gﬁgﬁ% RvIRHHE o ger

det er m nes e rati o between ses in error 1€ non- er ase
pul ses, whi GH8pbeicdestotioa-esisaboitioanedyte 224t deterindBa GicTio bétiviedn the pulses

Ul se. punct g T s Pkt o R B RNRS S B BRERTERE VoS The
synbol [@e#sur e r dhe fifthomit-iheduiorfeore dasedning -the peisy eunstating ra® doinerisdt 2
and the synbol error.rate fr t rrof-to-non-erased ratio nodul e
324, and_ pereapeb it bk vk S D e By R Wbl fanrere
| ook-up usi Mebnt BR SHRRLkde-ARbiIVed Fadlemadte SYITRR] thersyRibol @tdd rate from the
Al ternatively, the nodule 214 na¥ determ ne the pul se puncturing rate

by per f or mi ORI BFuEEIBNTEEP PRI G2 hs PR SEREALEY WifoPulsy RynstErPG THe divd
symbol err onefdt@n@S: tRUIGK-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.



WD 2010/ 005842PCT/ US2009/ 049365 10 [0041]FIG 2B illustrates a bl ock
di agram of an exenplary pul se puncturing rate nodule 250 in

accor dancewyhih@aqs her aspect of the disclosure. For t _‘ f
this exanpe‘ve, P)t I's assuned that the system contains aﬁ&ggﬁ:j@g@gﬁfﬁ
code concatenated with the outer convol upi onal code. The pul se
puncturing rate nodul e 250 enpl oys anot her technique in estimating

the true channel jnput.. That is, instead of using only the outer code
(Vi t er BPO%dbcoder F¥62Bniduewirsct biackndiperamcefdet eperaplamyopyieen Bynpfusinghiate

estimate of flgidI586n GRRARNGE e Wil Whothdr 6P SR BYAGHHL i tﬁ%d@@gﬁhﬁ

250 uses additionally a Reed- Sol omon decoder 252 to perfor ror
correction ¢kample, tus pesumsf thdtgha/isysserhicoteins deRe@ithlomorReett Sokgmpmed

encoder 254 t. - (o) t t he. Reed- Sol onon decoder 254.
The convol ut‘%lglngq% Ogﬁ%o%g‘r"&gq%ﬁgtgﬁ%f a? E?s pgﬁe g?&%?%r%&f n}oﬁg etérjsf‘?eemaoys
channel i npuhothelominhme dutgintatiof thehme Reatie Sapwnihatandader o2 9ding biily the
shal | be understo hat ot her. . al gorithps fqor esti ing the true
channel i npdtih ety i AEipae 2 Brfe borsoE el eatii H0b 4 Ergsihe dpmete
to other conrgahenat @Buseraput, YO F2E pimctding Fas hoahle 58 R aldidbRgy M
of another exenplary pul se puncturing rate nodule 300 in accordance

wi th anot herRegdsalomops dacpder R53 dip stipEn ofeF corection b dhe ovtbut pf the Viterbi
exanple, it 4 t S [} y -
concat enat e th T ed auasol B VRS 27 8 pEEnGlRE OB hng RS0
appl i cabl e tSolawon deppidsr 354.cBircernzvlatierd! cdierd 18 Baeergod ecspunttaithanigue
rate nodul e | S Sidn t leg 2 and i ncl S ny.of th
Sare of ementiiiel Hpfny HeduulBENE RofBoioBRN chBier £5° B bR bndePood
puncturing it et dlgoathaBXoaddiniatiag alid yuaisesnd! rifyan medyi lenenigloyadaand that
Reed- Sol onon, decoder .302 'thJgt decodes t he (gut ut of the Viterhbi
decoder 216 RHEHEBIEA: WPYCRbIooflier spngatenatedrodehe pul se punct uri ng

rate LUjoqzpdul e 2id. 3 [I0RASEE@bIQKATRIEN IDandBE0RPIANSuRt hRkRHe falte
302 may d t he

Viterbi decoder 216, the Reed- Sol onbn decoder et éerm ne

qual ity of tpRsiuls YRan agserdagey witle pnasher prsat eftee disotes. dommhamuezast ohitis
devi ce. Bas %Qarﬁfﬂe,t 1185 As@kdel Mhzﬁttng sﬁ%ﬁ'ﬁ] 'C%anRQﬁQﬂg&%m?’?Ore%c%tﬁnated

control the pul se punct uri ng eter nati on oper ation per
nmodul e 214. with #he exanpbeyolitfonalheodpual They tedliniquve iss pppimbblbeongny type of

received is tvel v..hig Reed- Sol omon coder 302 ma
rotruet t ol ol One bIE: PR RERARERECS sitfy 15 hodute 200,
aggr essi ve and vchhies mpuy sfthpumat eieinogs hahesd bothegianenefahse Mfmisydrbdic
error rate and s ol. erasure.r : nversely, .if the quality of the
ol onnl et nduie ST aine L apgus A0 sodeney Rl mmetmoitn dth Rl
may i nstructdetdier BOLHae décbded Be RIRE b thel PRHURCHER!286Wb tBndi&8 S control
aggressive or |ower pulse puncturing rate for given sets of synbol

error rate &RA2KpribePuise BiFwEingatte LUTanpdua 3490584 2PCT/ US2009/ 049365
11 [0044d45) G 4 igbi Ukt o5y aec%hﬁgkthg'oﬁ%ruf‘?ﬁ%e FeBX ARRIRS Y16 th? r%{eeed-

communi cat 1 ons system 400 i'n acco dance "w anot her aspect df

di scl osur e. Spiprduedesyder 843 nme@Glcndint 51T guabiti ot yigdildeigsedsivea from the
receiving c ni i -devy receiy | ses it a_renot
communi cat i g%}s]& 5\%@%13?{% té(?ngrdr%%ﬁee‘ Seedp(ﬁjl t@%%ﬁﬁﬁ%’ttﬁ? ﬁﬁ%ﬂqggai?lgoﬁggcé) eryp02
t he recei vednaywones] thandilsdimaentdng detpriniaitivheotiisg puebiniey esedved14.

pukes based on the determne .pu* e puncturing rate. And, as
previ ously d}ssadh?@@@%’ ffrhtgé Y 9 ﬁ@ SE%?ﬁWiﬁ%‘i‘ﬂ: FI8TsIsgElptivady ﬁ@}} Bpdreate
In a relati welomdnQicHMB02 FRagenshiE! thE nddiR J18tSEM& 8 165SAF aBleBHNnbR:
t he punctured pulses in order to conserve power.
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.



1004511 n contrast, the comrunications system 400 receives a plurality
of pulses froma renote comuni cations device, determ nes a pul se
punct uri ngybhabfdeagsd on the received pul ses, transnmits, 2004} B65
puncturing rate to the renote conmuni cations device, and recelives a
subset of the pulses it would have received fromthe renote

conmmuni cati ons device, wherein the subset is based on the pul se

puncturi@ﬁbrate. In other words, the puncturing of the pulses occurs
at the [P¥tbt e cofiftint ERlyes? bladk Egrepor4s cxFmpaar sanepymHeatiophiystem 400
communi cat i QRS e 8IREVAHD 16 ARRT sHES A tRY |l 158 10RMBCT 1Y 1R Gsy5Rig 15 diH4e: 50
402, a transmitter 404, and a receiver 406. The receivér 406 receives
a plurality psfvignslysdiscussedma aededving comnmyuficpatdeving nebeviceave FTlecspiirs e
puncturing r .40, Lves. i.ntorpati r

Bl al§ y of oAttt ERl L o RBE B AR BEAAR BR biRa on the
det er m nes aeqeires epubign condr disgrd at @uinase dubsequdrelyi leédvadapilen.bajdideon the
pul se puncturjng. rate nodul e 402 then sends the | s uncturing rate
Do the trandertied sgs RRREHIE S (00 Ha PRYBMIRI TSNS e TEHii%
conmmuni cat i @Bfmnd@Watens d6/idH BRYSHRMA T ROFRtElaloly Yol st mBEEdaRse tin
the system assocjated with FIGs. 5A-B, the renpote conmunications
systen1uses}@ﬁ@@bﬁ¥%§wﬁﬁﬁﬂﬂﬁhﬁH§WF§@%Wﬂ%$@h99mﬁPﬁﬁ@ﬁﬂﬁPawshbset of
the pulipee it WO CodiB¥C ik BRRHhIchiths sYIGH A0 rdcbRcSHBRRiY & RARSHOAN
the pul'se puncturing rate. In other words, the puncturing of the

pul ses occursmele ¢dvemurieations tdeeice.edeleimndseacbude puncturisgrvtebeysed @ndhe
as in syste 1 e ceiver 4 t subsequent | N
receives thgggé%géﬁm%® %%FE%% @éEWEF ém?%ﬁgﬁégggﬂﬁﬁgfggaFéﬁs dgeugns
in order to dasicerdm rReditg 4 nienai iho pulses Agwoddrhant eaktddd from the remote

[0047] Al ternatively,. instead of the camunications system 400

franst tt i ngOPHENRIHES GRYRE WPFAG o oLPoPn Gk STofe de Runsiuiag tte. In
comuni cat i Qiiger WRYdst e phif@uiSIESIrens Bses bEunsdtitic reMbRIGRtARafisRMeWaECh
t he renote conmuni cations device may determ ne the pul se puncturing
rate. F846kxanpl én pieulaip theroruannighenssyseamOfcomprges paudse\nangtigng rate
pul ses from ﬁgﬂﬂ@{' I uee, - :
error rate éﬁgﬁ?ﬁgﬁP%Eﬁ201o g@%%%%%@é%%%%%gglB&g%gga%%gg%%ggﬁMgpgggpg
rate based ovpulses frers @iremote goingwgicationd deyian sHie puldeasiectmangsite oodiuie402

renote co Leati. ice. The,.re C iLcatio evic i
. et or meEas  fRAmARS Rfucd 1E ol HRELC O TMRLBRNCAS SGHSS Fog; (e
rate and symbaluleddlstre detnaineandlsegnmniuting ratebaedd @f theiefopubtas The

woul d have transmtted based on the pul se puncturing.rate. |n this

Tanner |t he TG PUBKHLE TR GIIA R o e B 1os B e iy e s pger
shared bet wegn, tiHechC @aIRHIsCRk! ARTMENGT eNKOQerARtd doRPmiTedMb® device. As
conmuni cati ons devi ce. %5048] FIG 5A illustrates a block diagramo

f
still anot hefiscusenp! BPje edthiih d@fﬂeaff*st%%ﬁbﬁﬁﬁ%woplﬁteéd@@rﬂéﬁﬁcgﬁtﬁaﬁw
anot her - aspagho@cohfifinflhfGQ3Ues uskiiho ORI, AR 18 ¥ SRR o s @
exanpl e of a "renpte" communi cations device as p?eV|oust di scusse
wi t h ref er emdethe @ubsosmiumioeldt haya Sragysitieds #0ercinl the swhsetriy basedeon the pulse
comuni cati Q 500 nsm. t first f.. pul se rennt e
comuni cat i ﬁ@“ﬁé?fé gag% ( fe%l. ‘55&6‘%’%@}1 tges %éng rt%lr?ﬁ iogglﬁc? ‘hlgégso;‘/:slfrgfah% ﬁ'ﬁgljaflsr%er
receives a puldestqdnsftatthangceiadrenfiragrin sigermne it endc FOUNheC@tdivdrs406 then
device, and transmts a.subﬁet of @ulfes it ﬁould have transmtted, .
wher ei n t he SSRYERIY So4 7268 NGMOFHET puises FRTHEE Hrmaig Commamicitons drgee in

words, the pdGiielidcBgaiR thelifBrpitlon®singeemitinhicihe transnmitting
device, instead of the receiving device. _[0049] In particular, the

communi @87 ons sydtEmizgy. Beawt dlsee campmupisntios spiem 48D tireimfting the pulse
pul se nodul %ﬂEmﬁgéTatgrlﬁifoﬁnﬁtfo%_nt%mhtetﬁ&oéo%maﬁfﬁﬂh§ %eﬂgé!%@tsg%%ﬁ%y

nmodul ates pul ses based on received data. e pul se nodul at or
sends t he notubmaitérfopudtiondronowhick theramete dorrenuni@ofsofevice amyrmegsinge tho

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



WO 2010/ 005842PCT/ 1JS2009/ 049365 13 [00511FIG 5B illustrates a flow
di agram of an exenpl ary nethod 550 of communi cating perfor rred by t he
exenpl ary \&8%514hb ions system 500 in accordance w th anat %ﬁggct
of the disclosure. The flow di agram nerely summari zes the opera

of the comuni cations system 500 previously discussed. That is, the
comuni cations system 500 transmts a first set of pulses to a renote
communi cati ons_devi ce (bl ock 552). The conmuni cations system 500 then

recei ves t h&yHhpl seéasﬁiﬁféielhaﬁfiﬁ’gonrtﬁ? EceivehPYlpRs: Mk HEEmE Shave Frtesde ithsrigmote
devi ce (bl Ogkmanitleatioiflics REM M G8hb RSN GMAOLMACH hirA BB hed the
subset of a second set of pulses to the renote communi cations device,
wher ei n t he pylsbganctind safedaspd othéhepsindol pt:murm: |an¢ smbel @bmm@ kat5,5@-)d
The second . t u
substanti al %%Eseng E glgyl%s%faéf tﬁ@}él(ligt)gs 1p1fz§ 1(3 h?liie ganRC ift aSe { r?g )76 \gg?cr?rmg
and/ or nodi frytet hrethisaeinsedhpplosasing Iﬁﬁ‘[dﬁttdl’lﬂglni@ﬂle pblas @thoduringMyiteQs staared
nunmber of f%(ét ors, and use the nodi fbﬁéﬁ“{\%t e to performthe

punct uri ng GFMERR s PREUniaEeE sy HFP & & F§mote farpmupicaiions device.
comuni6@| ons SYG eI HARtraes & blcR Aidohten PELHP arie ekérh Moy’ @hBnunications
information to the renote comuni cations device, the system may
recei ve onl yYSteinoPfal peserdenesmithizaoiberaspasy of teedisplasarct henemomsminications
PUNcturing falién s9Ts SAMRL R of b niRTAGAI g

receive the Sgg;nbo eSrror teO an the sy ae%s%iéggrg%é% ﬂﬁ]}{ls%ussed
renot e conmuviilc saferemss tsbevcvmmunlw@nwmm 4k | dnssusysrenths 0@hecations
determ nes th ng. rate hased on the rec lve

error race andeundSeRaEas B oA BE Rafll SEm b Ee J TR sven
pul ses it msllodnimame:atmxa:nmetrt ed0)ba&ad/es>ra pllse pukcs@inguned donther Bindte

In this manner, the.processing, for detern ning the puls uncturin
rate is shatSBBBISGETR SOV BRIATCE; bADSEy o uii b weRl BaTE taspiied.

conmuni cat i GnerdkeiteGEbselQVadHTnan @1%@&%%% Fa2d. @ ek WRFBNhe PhAdRaleS
(channels 1 and 2} defined with different se repetition

frequenci es of PRIPYIsgE0GHISe BigpTapstpifting %ﬁncgénmmféﬁrewvf%@evmy be
enpl oy any mgeni S C r

Speci fﬁgoeflgry pu@ﬁsg t]t?mir:dl?c hanﬁS@Hugﬁgt\I/@a&}g sg’%g ef)dgﬁﬁ gf“\%% rcglarﬁrer?gz
(PRF) corr es)ptmduﬂmgi pkdsan}@dulgwrtﬁﬁéhpmcbe t@eﬂalyteipé@ﬁ odhe @R lse CovdndteaeOd,

Dot eoponi SRR RREUSe o OHL B e M R IEAHEISHs LB g

may t hus bepu&ed&ﬂbedﬁmmﬂﬁwﬁmédﬂmﬂﬂﬁmhﬂgﬂmah1@hﬂﬂl@hmumhﬂhmadewce The
relatlvely Iom1I|keI|hood ofdgylse col |l i si ons .bet ween thg
channel s. ~ | FBYF ¢ OSUPYHcatigny dGyieq 10ei ¥So eorrw%tﬂds@uie% fo; ?fsrﬁgﬂwypw
achi eved t hrp@ﬂ&ﬂrzﬁéhﬁteuﬂ%e@ém&e konedbictiony abBcd @En LARM kRSNise Pkcturing
exanpl e, throu appropriate selection of the pulse repetition
frequenci es TGtP%F‘)he cempetispiana sYSempP0. WO 2010/ 005842PCT/ US2009/ 049365
14 pul sggsef or a gihyen ghanngh Pé%é{w@se the BRI Lhedudle dbfl @GN | Thite
than pul ses for any other channel

communications device, and prov1des 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.



100541The pul se repetition frequency (PRF) defined for a given
channel may depend on the data rate or rates supported by that
channel . F W , a channel supporting very | ow dat ..,
on the ordgng a 4ZW kil obits per second or Kbps) nmay %n%ﬁ%ﬁéggﬁﬁg
correspondi ng | ow pul se repetition frequgency (PRF). Conversely, a
channel supporting relatively high data rates (e.g., on the order of
a several negabits per second or |aps) may enploy a correspondi

. ngly
hi gher [BYitke repdl®t idh ilpgwipsnay flopRd)jagrapy PnFieWIémUqutthsﬁg&t e
different chappghsat RS ' 140, A r Qat:
positions or offsnetasg]%;t}g{ll an ex%yrrpaﬁ%x%%lp%g{r% u a{l\tﬁ&iatgﬁnﬁg{eﬁnﬁg 1%8"790?&1%
enpl oyed i n vaitly apdtherhespew nofuithie cdisdlons:. s Vidt efey digapran bedclyesigimarizes the
Pul ses for channel re_generat.ed at .a pgoi.nt_in ti as_represent ed
by 11 ne. 606 CPyAgh & ik M REICLSE vy iorsyPull Tadfel NI e
rﬁspeclt t 0 aoginv@itafi@isngystein I00MENsHRS 2 SiDva ol pﬁl@éﬁ@%ﬁhﬁb&e crtbllﬂrﬁb ltﬁﬁcafti@ﬁs
channel 2 arg generat a point in tine as represente i ne 608
in accor danci i ok S22 ohe oGP ySien DO EHECHE & BhegBpcturing
di fference hekwRRNththemMEceRSuORS R l?l'é@i%@p}l&@ i) 1R @IRNR b system
this techni %298 may be used to reduce the [ikelihood of pulse T
col | i sions vieEhrenseits Gosubid el secomeprébredinulsenip theyrempisegonyingricatinny
parameters t of i - i
ot oi m) - and TRy St 10 Sl bae SHAREGBe einfyindi Bl (GEHT3RY. The
rel ative cl cetondrsefal)pulsthmaybebaokd di fifpalse ptingringeaefshibdnsialpyqiakbtoveed
to provide onal or eudo- ort hogonal,, channel.s. [ 00561Fi gure 6C
illustrat esc@f‘f er%uﬁ?e %%%\Lﬁan%'i gﬁ(%ﬁéﬁ?{gﬁnﬁ”"%ﬂlag% h'ﬁerf“%eﬁ‘ée R)hfs{sgfuncwmg
different tirdlergsdiopphig of aqUGIbRe sf Mtits, adnd Qe tthanodiitd betc abRicaesl tha
any of the communi c%tiions systens descri bed herein. For exanple,
pul ses 612 fpblflCtEﬂ% d eP‘ﬂﬁ"’éy. be generated at tines in accordance with
one tin@ofPPPI NG REHIADAS, Waich® oP WS EsinBddicdiRhs SN S0 ZeBYnd e puise
generated at times in accordance with another tine hoppi ng sequence.
Dependi ng orPup¢isriag &i¢ fiffermapneciochs aveld enmemerheatione degiroihofyitene may
timng bet : i L j . 0V
or thogonal | arsart e o At uh R el Sl DR AEE HABHRILAE For
hopped pul sexpoglet thomemmaynicatonsheysper Fediney receivediic syt goos satbizhi ttye
of repeat pul se collisiqgns. from neighboring channegls. [Q057] Figur.e
5D 111 et r el el FrarS A amah s SF PR e P B ertoe o
as an exanplsgstah HOphs GeteBnitiésathi gisk Mahctdyg e ®BRdQynede ety §hbol
t he comruni cations s ster@ descri bed herein. Pu|ses _for channel LI
are gener at 64 ATHAPE PETIRACT PR Cndtcalieedits g sbichef the pilies dsvedd have
channel L2 ar@s8R0¢1HalR0oRkheOplIR! pldcdMRinkN@lANGEShis hinkhdte theWdocessing for
2010/ 005842PCT/ US2009/ 049365 15 sane mariner, pul ses for channel L%
are gener at élgteaningig the rssarmetuppg 4 tis Aleasesl batepe thie| gpmmimécatippesystem
i nstances pefyhahdiYehde LOSmdhif&gnL ighannel s do not coincide or may
be orthogonal to reduce or g'l Imnate I nterference between the various
channel 8053100581 Figurs b ilhdtrbtes differeat tlateds (dhatnebt herd X) defumidquiesdiffasent

be used to define channels in rdance with pul se | atj on
schomss. - ForP il A ior eafnsite PEREL S0R Boal s RLE ufuintd dpdpey be
spreadi ng pseiptioed anagn MtebahmaLigatine efstenty dBOTRddehel. SpéciiRbIlE pulses
par anet er or Ip%;la%eﬁras. Mor eover, a channel nay be defined based on
a conbi nat i GF" TSNS Ye Arlee ardiag Esagency 4BBD) frigtiraadingity p pulss-drpalsc
bl ock di agr ama9fpcmad 602!s Cehidr@ipi AR aNEhbkB) HERMIWRIE aldefish HEMIEES
communi cat i ng W th each other via various channels in accordance w t'h
anot her aspdBRFbgoreprondingdp 8utse-to-polse ddanpiriod AOAB This\tedhmique 7awy thes be
conmuni cat i ' ' iat (o] - n 1
and 2. e de b TR RN E ot bkt Y BEARLES 1o MEHEIEN PR
si ngl e chanmellisBns Beteleel KB tete\chomeB. 10 @aitisylat, B lowlikelilmedod pusatolligions

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



100601Any of the above aspects of the disclosure may be inplenented
in many different devices. For exanple, in addition to nedical

applicati %ﬁﬁ){(ﬂ%é&“ssed above, the aspects of the di ﬁ?%é‘%fg{}g%é- be

applied to hea and fitness applications. Additionally, Tt s
of the disclosure may be inplenented injghoes for different types of
applications. There are other nmultitude of applications that may

i ncorporate any aspect of the disclosure as described herein.

10061] Var i ou!Isss feicd given chapelimay bgdipnamitiad at Betorend disess ithasgpasssier any
shoul d be appa.epinnkhat the teachings herein may be enbodied in a

wi de variety of fornms and that any specific structure, function, or
bot h be¥igl di scl Fhedubereictitips fnvgucaty (FRIPrdefieadt ftriavgyerBawek! omyt depend

et G N MR R R T R e

aspects and vichalowt date iates 0. conthe bites ef afpeltidhitipst sbend o libpOdndyremploy

various ways. For ex | e, an apparat us_nmay beﬁ | engnted or a

met hod may He CB?&%PPP‘%%% lgw; HE‘S §p‘ﬁ‘6‘%e’%e‘5‘r€n‘iyhé ]gg)p_ec Qvepsely. \fp channel

2010/ 005842R ﬁdﬂ@@%@éﬁ%@cﬂa@i %ge@t(ag.bgﬁ BlclordeM@f b ktveRRhlegabitsiRr §268
a or

or phase "at [east one o , _ "c", as used herein, neans
"ar, mhr, " @r Migs) mdy ceplel et rpandingy digher miwapnatitioniGequcaey, (PRE3h an

appar al jggssay be ;ifi%gé @ﬁ%msﬁgtepaifé%bc@nﬂas %gnﬂégd]f R& R t@h g&gﬁe&gt

ot her structure, ctionality, or structure and functionalli
addi ti on t o pedsegbigonstdrafisanas orexampk off ndieladsptet mag b¢ efiploydil in any of

herein. As exanpl.e of sone of the above ncept in.some aspects
concurrent MR Sang SEpOlse LRI RRLE o BTG B Puoahl @Y e RS b
f requenci es.polin s thite agaspastBedBNéwy G086 acbalanel withmfirsh puless et (cshedith
based on pul se E)ositi on or, offsets. Itrgml?sosna spects concuyrent

ho

channel s maySHEEr 4 81Fe MAET i Jiks: &Rt Ehave Vﬁr@elgeale}éq%c‘f[eg chyngel 2 oxe

aspects CONGihERRE £RFVNR! iR tHRY aPRpRSEAY by Ngd DRI Yc QR $8th a second
repetition frequencies, pulse posi tpl ons or offsets, and time hopping

sequences. [FOdrSIfireioSEvasrthe rilsg offsst differenpq bapweandtheipless Sesampresanted by the
i nformation eagﬁq,s% zg?z ahR tg@\«%@g hEPEETRALB iR it gg&{@g}% B Yt ebisihs

different t nol ogi'es a hniques. For exanp
i nstructi ondetwesmthadwp dhafistaratlepmdigg gnaing, othart Sgnadiygipetasetamndhat are

chi ps that be.reference hr oughout the above, descri.ptio . be
represent ed n%iém Cgﬁratg&c, algﬁgr é?r%’sf's %?‘élé%eﬁglﬂfé‘&%e??dcﬂ\ﬁa?fs%lgbwg ﬁg?ai){lgung
fields or paetiehelss dofdes Gag., felaivelslook difly, theClse 9f didferaan puleOstiiciarhiobe

th f [0064] Th Of skill would_ further appreciate that the
var6ir gas i[l | L}JS«.%:J 5)?381'96;@8? %%}ol(ga{lal or Ililseudo-grthogonal cgerz)nnels!

[0056] Figure 6C illustrates different channels (channels | 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 cxample, 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 1.2 are generated at other time instances. In the



bl ocks, nodul es, processors, neans, circuits, and al gorithm steps
described in connection with the aspects disclosed herein may be

i npl enment ronic hardware (e.g., a digital i i

an analogaﬁg%?gﬁ%ﬁggtion, or a conbi nation of the tmo?nkﬁﬁ%%&ﬁéygg%
desi gned usi ng source coding or sone othgr technique), various forns
of program or design code incorporating instructions (which nmay be
referred to herein, for convenience, as "software" or a "software
nodul e"), oreWSIBIHAE BHEes ofor phemnel T @ree gengyatpq |afi sfiflaptber Hmg instances.
i nt er changeaiint{aily, 8 iRaLANRES ﬁéﬂginﬁlgtct) VR e ¥R ch R1s doHdB Ldi i de' & ma
conponents, blocksS, nodules, circuits, and steps have been descrlbeg
above gener akloythogonekepmeduoé ot ¢lminate imafarowabetween Waethars charkls.

functi ity isqinpl nted .as hardware or software depends aon .t he
part1 oD sl - ALTRURTEEGsRg MAL SN RaPlinRehinBESs ER Pt i8R
system Ski labsddakt wsthrspuisymodgitionstlenidie Fdescmpded dhumel hanakidefinéd
varyi ng ways for e articular application, but such inplenentation
deci sions s Sﬁﬁd&%‘gffgrﬁgt 1Pt P’ﬁrpé‘?"gﬂ"lé CCHEET Sﬁq‘ﬁéﬁéﬂ‘lﬁ)@efqﬂlﬁﬁww?e
scope of thgaRhRe&eRE F%ﬁl@feﬂs_.s WiSreovefQ S:hR QRRAAZRERLISZOP 94936matloh
[ 0065] The various illustrative |ogical blocks, nodules, and circuits
descri bed iﬁféﬁhﬁééﬁﬁmﬁﬁmﬁ¢ﬁthe aspects disclosed herein may be

| Tl emaRgsa W il PEfRAIES o dlolfaG0I Bfiofhl Mt bide' bind -LAB)
access termnal, Of an access point. C may conprise a general

pur pose proceswomjcatomdi dévicds singmalicqiing ceils arack RBRY, vianvaaipps ichatnebnin
specific integrated cikrcuit (ASI,Q),.a,field ogr.a b te array.
(FPan) or  orRer s aft e Py ik ey PSR B e 78 i
transi stor |cogintunicdiisg vithaUWar diwitee? Cohpansdt @nc@t@e UWBahannels 1 and 2.
conponents, i cal conponents, . nechanjcal c onents,. or any

combi nati on %r ‘gedfcedﬁ) i éﬁ@ﬁ’lrtuﬂlcﬁfé?ﬁ Whﬁ%ﬂ@ ‘i(l)e?%ﬁ?t?i gﬁgé Vﬁe%élpglﬁéaamel 3,
herein, and AWy (B¥BCALRCPURS iDhin ! EdtfrhinfbSing NAkh U8B dRvieE UNYe% (e
I C, outside of the IC or both, A general purpose processor nmay be a
i cr opr oces$8Rrle Buapngld. Ofher spafigupions are poprblpr dbe seromupiggtione dayiges may
conventi onal LLek . . rall.en, O t

machi ne. A osesany thny SRR hBloa o hOnaR LA spllcallb T Bng gray e
conput i ng dempleented, for, cxampbnbin nathiealsety fmiaropBiearbdbreetniv Geopr, Onegscig
a plurality of .m craproce S,..one_or re mcroprocesso i.n

conj unct i on WYRES e% et@%f@?éo iy Ech’g%oguﬁ%oéeoﬁ?rﬁ'ﬁ’grSé)%if%h%lre PGo8E]
It is under shanidr,tdaatheaymspsaicitfone devicker A0mebicaritich ynagfindidenaribaaay
di scl osed progcess Ls.a?,exanple‘of a _sanpl e approach. Based upon

desi gn pref GeATERS Y2l Figh fRAEPELBEARat the specific order or

hi erar clpysop! St eRsyl 8 HHREaRIVOCRPEES of B BRCIGARE TANI6E MBichRnf8 R RhRY
within the scope of the present disclosure. The acconpanyi ng net hod
cl ai ns presehfferantelgrisess n ex#reploanisgdision tepsdica] aapiéatiprsessiisgussed abaye,
are not neanit, f chfdi; d r. i chy i .
present ed. %0 %Th%%giggg %?Egﬁﬁéﬁﬁogﬁggdng%%F?Hﬁ@dgé%%ﬁEépwﬁ%m&
connect i on vidditiqnhBy,abpespests aif skl disdobuhemey ive nmylehentediiodiced foli diffetehy

in hardware,,_in sof twar e dul e ecut by .a_processor, or.in a
corbi nat | on B PR TR BTGB 2 0s R REFR IR e el
i nstruct i onumgashetiedfaicedsalaiia) asabstridthdreidlat a nay reside in a data
menory such as RAM nenory, flash nepory, menory, EPROM nenory,
eEPROV D, y, r GFtLAEl HaPd e v%ahafegﬁﬁ@%ﬂﬁwé?%ﬁ?ova chs- e b
any other fqpparedt tﬁ@ﬁw&@mﬂ%@@@m Ry bOEABRLSHEE UK RNy b€ ad fhat
A sanpl e storage nedi um may be cougl ed to a machi ne such as, for

exanpl e, a COWBRRHH WsEs Sorctipmier enthhsingistisolasehoreia 1t Blerdr wprFsemive.
convenli ence, " (ST I :

o ormmt | on oo B 1 QEARRR ool Y0 KiIE BY AECREHookPARERL: tat an sapoct
medi um A sahploeed horageaynedinplemeyedoiadépetégptizlof oy diher mapocte ssbthat e

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



wi |l be understood that the invention is capable of further
nodi fications. This application is intended to cover any variations,

uses or a%@?ﬁfﬂoﬁﬂ;ﬂf the invention follow ng, in 99””}%17%{25@/0493&5
principles of the invention, and including such departures fromthe

present disclosure as come within the kpgwn and customary practice
within the art to which the invention pertains. [00691WHAT IS CLAI MED
IS. 19 CLAMS 1. A nethod of data communication, canprising:

det er mi ni ng fathhrsia. sdditianailnghs e orphaseeiah legetme of Nt ngbt:1ve “pulag ased
puncturing hats GRERN 1888 FeCRiM: BOnbiRfRnRLban related to initial
pul ses; determ ning one or nore characteristics based on the

i nf or md8068h r el afedddidor, fvach i epraratpuingese impldmdeted orsuribragmiethed pudysle:

puncturing r s% ne -or..nore character.i t'c.ﬂ%mfrei .t he
e or " mor e e SETElh P 2R BRE APleuORRy S SFAGHE R Tl bERdhoh
rate or a syeobpbther@suoe: sraher odiict dspeed sct fgththerdes Ak nakample of some of

comuni cation device by way of a wireless co ni cation ¢ nel, based
on he. pul seMAREE GRTaRgsy Brieme apecis RucHah GRS crei 1 oD e e on
conpri si Ng PRE kréfetingh Bl RsieOARERNahBs BoHcBReRWABKHS M8y bakRablishedt
The nethod of claiml, further con‘grl sing operating a receiver of the

pul ses in dibRsdr ehpulseiopitien B sofifgse d i HOmp easprgiss eonsument ueheprgly mag, 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
hardwarc 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,



4. The method of claim 1, further conprising transmtting information
related to the pul se puncturing rate to the conmuni cati on devi ce.

5. The net f Iim1l, wherein generating the infor ' I d
to the inf@?g?ﬂﬁﬂﬁégs conprises performng a Viterbi dg§%l|n8b§#§&$
convol utional encoding based on the initgyal pul ses. 6. The net hod
of claim1l, wherein generating the information related to the initial
pul ses conpri ses erforning a Viterbi decodi ng, Reed-Sol onon

decodi f8085Reed- SollBeroatietc BHstEYive draicelo blosks tnasdulds, ent sitrvity Bessdlrdom
the initial : f .Gl al . ' e '
the infor rnattciegl]#\e%rﬁtzrl1 gtltg ghet %;Bﬁggi{sér}?%fla ere%tﬁ%&%%%ﬁ%@é@ :ng’tﬂﬂ1 Jﬁ}e%ﬁmc{
subst ant i al Iby squagrateyl cihaiiti (1G1).aén puksesrmioalgenen ate@sapdint. sThe IQnady,
20 filterin he first signal to generate a .segond Si cand ..
ol ¢ ng't ho oSt ERlsrd PYRE s bReRie Al v BT Riraor RSN ehpticaion
i nf or mat i on spedifid @degraied bRciin{AS1a), phkRlegrogramaRbRY gitdedlay (FIR3A)TBCother
nmet hod of claimi1, erein determ ning the pul se puqcturing rate
conpri ses pelPBFHA ea°§§b@€@?%o ISgfBteoBatEnCle FEAYIHON [oPer 4F5HF (aidigre
the one or mBABokdMA] AELAIChSEdrESonents Joptithle coMpdMRAks Ome@adic domyAEHE! &
determ ning the pul se puncturing rate conprises selecting a nunber of
the initial 2BYlice@8inad@ythergotidesignas i neylarmethp dimssiopudeseribedrigraimt aad toay
achi eve a defj Wel ol : ; ' r
of i nod pr oSSLafiSdEs B HehBllioh Tt PRI iy AT WLER e 1C o
10. The net heverafpucpoaé protgssérumeashier a momgroeksoy, oo it the aldrhativdathe pracedsmg
one or nore characteristics related to successive | ses .
cont i nual | y "idts g restielel Gafend royiEE Sctotdufied 37 sl pactipe. A
claim 10, fyrddessor aEPlic bl gmplemented g adcdmbiiidion Off GUHUESS d¥EcRUESES:
used in deterg@ning tFelﬁ dat ed ulse(guncturinq,rate_to achi eve a
P31 8F 2t i

defined resdP " Gt dt B PIrSEOpUh RN 8T PHEIEPBFCSEOEepen@id
processi ng thdfe nfi@bpe &dsSdrSNdoRAmt e WRHRADEH o8kl SCinh Wkt WidhREnfidk fion.
[6066] It is understood that any specific order or hicrarchy 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 ailgorithm 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 cxample, a computcir/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



12. An apparatus for data communi cation, conprising: a pulse
puncturing nodul e adapted to determ ne a pul se puncturing rate,
wherei n thﬁ,o%m(@ssqyncturi ng nodul e is adapted to det erﬁgﬁzadmﬁ% se
puncturing rate by at least: receiving information rel ate oirnittal
pul ses; determ ning one or nore charactegistics based on the
information related to the initial pulses; and determ ning the pul se
puncturing rate based on the one or nore characteristics, wherein the
one or nore YSHafBER s NIQE0EHMIr 5081 peqte amt swksbleofompusypprgran mrestuct
rate or a synholoseh@stsmpdliSea®Bl Aedifh Shk -si@%@o%fgla&iﬁ tEGR! f Snore of
pul ses froma co ni cation device by way of a rel ess %ormunl catlon
channel basebe espectseofpibesdisqhesnest udi rsgme aspects a1@mphtee appamaproguadfmay
claim12, i recejiver,.is adapted to puncture pul ses based on
t he pul se \rl)wt}ﬁ[éﬁﬁ% éma}glg%%%m"eﬁafs- 14. The apparatus of claim 12,

wher ei n00dse r eceiWkiic ihs iavtapbdetlad becapisaited iim cohdfetByrewith pavers apeds it

based on the pulse puncturjng.,rate. . 15. The aratus of claim 12,
further conp‘?“ﬁsl’endm erPtPﬁén]sth‘?tﬂh@rmﬁﬁﬁ]ﬁPe’d ?a@a@Fa‘%gﬁ’!Whef r‘?‘FQS]féﬁiflP’E?n Tlhls
related to tdgligibe es RS tb NGvERLE VRikiDEs, GRETHNhERLHBR HaNE GRention
16. The apparatus of claim 12, wherein the receiver is adapted to

generat e t héollowigenit soarah chapsaciplss fidhe fiventidn, pud ducduding peshi dsprrtures
a Viterbi degpdiag:aed £LBEXHUE R liRRGRILR AT st BRad PeackiBl Lt the

pul ses.
art to which the invention pertains.

[0069] WHAT IS CLAIMED IS:



17. The apparatus of claim 12, wherein the receiver is adapted to
generate the information related to the initial pulses by performng
a Viterbi decodi ng, Reed-Sol onon decodi ng, Reed- Sol onon encodi ng, and
convol utional encoding based on the initial pulses. 18. The
apparatus of claim 12, wherein the red¢®iver 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 §$bﬁgﬂsfron1mhich the information
related to the initial pulses is deter- m ned. 19. The apparat us
of clai m 12, Awhetkdd eohdatutesnpunttationy comdyresing: adapted to

det erm ne | : et I: ook up or
an oquati o oRHBRRHAEIE bIACHEHR e Yarlt W RERIINI Ak tnfng ™ 50,
The appar at ngeopu CaP DU TRETEL CQRPTHESSe puncturing nodul e is
adftpt ed tot s@cedvi ﬁm{‘menatibni related touhsesl pa;i@bsj;n determ'hni nglthe
pul se punc at c . e pul se
puncturing ﬁ%?%& ﬁgeﬁpﬁéﬁfgﬁ§ggégﬁﬁggﬁgﬁgﬁ?gJ&%gggfﬁfﬁhhg t he

pul se punct ur i Woraationaelatecdoto thmandpplapulass; el ai m 12, wherein
the pulse puncHufdriginRgUbR ﬁl@ﬁeﬁ]@%%ﬁ m&e&'dn%wyﬂe ne one

or nore characteristics eﬁ%to conti nua g updat e

CCesS| Ve
t he pul se punct uPFH@O]Fea‘E]%?‘raC e@Q.IC%\é’@éﬁ%ﬁ QENGOIINQIH AL~ wher ei n
the pul se punct uacteistichitenipyiselapleadt bmesef 2stneholexer rafe

achi ove a def i nedr PosmmialsTEh B8 B o0l &6 pintruring rate or a

defined prockRsivitng prsesditosa agramnngicaimmaevies by wayetw i ng

rate. wireless communication channel 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 different power modes based on the
pulse puncturing rate.

4. The method of claim 1, further comprising transmitting
information related to the pulse puncturing rate to the com-
munication device.

5. The method of claim 1, wherein generating the informa-
tion related to the initial pulses comprises performing a Vit-
erbi decoding and convolutional encoding based on the initial
pulses.

6. The method of claim 1, wherein generating the informa-
tion related to the initial pulses comprises performing a Vit-
erbi decoding, Reed-Solomon decoding, Reed-Solomon
encoding, and convolutional encoding based on the initial
pulses.

7. The method of claim 1, wherein generating the informa-
tion related to the initial pulses comprises:

substantially squaring the initial pulses to generate a first

signal;




23. An apparatus for data comuni cation, conprising: nmeans for
determ ning a pul se puncturing rate, wherein the pul se puncturing
rate determ ning nmeans conprises: neans for receiving information
related to initial pulses; nmeans for determ ning one or nore
characteristics based on the informati28n related to the initial

pul ses; and neans for determ ning the pul se puncturing rate based on

t he one or characteristics, wherein the one, or re
characteri s%&%ﬁﬁ?ﬁ%ﬁlg@s@ gaacIsHe 3 sSenndd S@“@i adie or a
synbol er asurséiciiag dheasetonshssghal to @eeievategapiliise signamimm

communi cat i on_ deNicIe Y HbrAfatioryireeliBasu s AmBURiGAl ANsebagnel based

on the puI Se pgi]eﬁt uan‘% rate. . e apparatus o arm 23,
further conpri Gmﬁﬁ% @'for puncturing pul ses based on the pul se
puncturing r & e he methodroé cdppmarht whestincdaiarmzzingithegmlsehe
scel i peathuingsnaiaypitsSyaiophing d A Todlonpoics based
?Er t h:r pgo%%}ﬁ%ﬁl%ﬁlggh%’%ﬁéﬁ n?jg gl}r]lérﬂ G $583$Ir%f %ﬁt%ﬁs GPated to the
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achieve a defined resolution for the pulse puncturing rate or a

defined processing time for determining the pulse puncturing

rate.

10. The method of claim 1, further comprising continually
determining one or more characteristics related to successive
pulses to continually update the pulse puncturing rate.
11. The method of claim 10, further comprising selecting a
number of successive pulses used 1n 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.
12. An apparatus for data communication, comprising;:
a pulse puncturing module adapted to determine a pulse
puncturing rate, wherein the pulse puncturing module is
adapted to determine the pulse puncturing rate by at
least:
recerving 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, wherein the one or more char-
acteristics comprise at least one of a symbol error rate
or a symbol erasure rate; and

areceiver adapted to receive pulses from a communication
device by way of a wireless communication channel
based on the pulse puncturing rate,

13. The apparatus of claim 12, wherein the receiver is

adapted to puncture pulses based on the pulse puncturing rate.



23 28. The apparatus of claim 23, wherein the receiving neans
conprises neans for performng a Viterbi decodi ng, Reed-Sol onon
decodi ng, Reed- Sol onon encodi ng operation, and convol utional encoding
based on the initial pulses. 29. The apparatus of claim 23,
wherein the receiving neans conprises2lnmeans for substantially
squaring the initial pulses to generate a first signal; neans for
filtering the first signal to generate a second signal; and neans for
slicing the bcohbesagperatusgedectanma Iy rwlhergnal the areceiver ise
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decoding, Reed-Solomon encoding, and convolutional

encoding based on the initial pulses.
18. The apparatus of claim 12, 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 deter-
mined.

19. The apparatus of claim 12, wherein the pulse punctur-
g module 1s adapted to determine the pulse puncturing rate
by performing a table look up or an equation operation using
the one or more characteristics.

20. The apparatus of claim 12, wherein the pulse punctur-
ing 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 process-
ing time for determining the pulse puncturing rate.




determ ne a pul se puncturing rate, wherein the pul se punc- turing
rate is determned by at least: receiving information related to
initial pulses; determ ning one or nore characteristics based on the
information related to the initial pulses; and determ ning the pul se
puncturing rate based on the one or md2e characteristics, wherein the
one or nore characteristics conprise at |east one of a synmbol error
rate or a synbol erasure rate; and receive pulses froma

conmuni cat i oR ldélheaappanatusoofl < laine 16 swhenein itdre pordse pannetumased

th I t
o0 LS DU R ORI NOaltaRed 1o Sn ﬁﬁ?@?gts@wé@gﬁmw
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characteri S C east error rat

synbol er a¥d ﬁ@é ag?ermzmnor anew plflse puncyrunng rate to achieve a
defined resolution for the new pulse puncturing rate or a
defined processing time for determining the new pulse punc-
turing rate.

23. An apparatus for data communication, comprising:

means for determining a pulse puncturing rate, 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, wherein the one or
more characteristics comprise at least one of a symbol
error rate or a symbol erasure rate; and

means for receiving pulses from a communication device

by way of a wireless communication channel based on
the pulse puncturing rate.

24. The apparatus of claim 23, further comprising means
for puncturing pulses based on the pulse puncturing rate.

25. The apparatus of claim 23, wherein the receiving means
is adapted to operate in different power modes based on the
pulse puncturing rate.

26. The apparatus of claim 23, further comprising means
for transmitting information related to the pulse puncturing
rate to the communication device.

27. The apparatus of claim 23, wherein the receiving means
comprises means for performing a Viterbi decoding and con-
volutional encoding based on the initial pulses.



a second nodul e adapted to receive pulses froma conmuni cati on device
by way of a wireless communication channel based on the pul se
puncturing rate; and a transducer adapted to generate sound based on
t he received pul ses. 36. A watch, conprising: a first nodule
adapted to deternmine a pul se puncturi B rate, wherein the first
nodul e i s adapted to determ ne the pul se puncturing rate by at |east:
25 receiving information related to initial pulses; determning one
or more char 28 .ekhetappavaimiobclatm 23t svheretmntherrecetving theans
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means for substantially squaring the initial pulses to gen-

erate 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 deter-
mined.

30. The apparatus of claim 23, wherein the pulse punctur-
ing rate determining means comprises means for performing
a table look up or an equation operation using information
related to the initial pulses.

31. The apparatus of claim 23, wherein the pulse punctur-
ing rate determining means comprises means for selecting a
number of the pulses used in determining the pulse punctur-
ing rate to achieve a defined resolution for the pulse punctur-
ing rate or a defined processing time for determining the pulse
puncturing rate.

32. The apparatus of claim 23, wherein the pulse punctur-
ing rate determining means is adapted to continually update
the pulse puncturing rate based on successive pulses.

33. The apparatus of claim 32, wherein the pulse punctur-
ing 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 deter-
mining the new pulse puncturing rate.



on the received pulses. 37. A sensing device, conprising: a first
nodul e adapted to determ ne a pul se puncturing rate, wherein the
first nodule is adapted to determ ne the pul se puncturing rate by at
| east: receiving information related to initial pulses; determning
one or nore characteristics based on £te information related to the
initial pulses; and determ ning the pul se puncturing rate based on

t he one or haracte i stics, where % nore .
characteri sti Q&PEQﬁ%&H%P%PéMCﬁ_@pg%§ﬁ6£H96QUﬂé@%ﬂ@ﬁsa
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sensi ng dat a deternspena @u lsepuibesudngratee wlrersiveth udss purrs
turing rate is determined by at least:
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, wherein the one or more char-
acteristics comprise at least one of a symbol error rate
or a symbol erasure rate; and
receive pulses from a communication device by way of a
wireless communication channel based on the pulse
puncturing rate.
35. A headset, comprising:
a first module adapted to determine a pulse puncturing rate,
wherein the first module is adapted to determine the
pulse puncturing rate by at least:
receiving information related to initial pulses;
determining one or more characteristics based on the
information related to the 1nitial pulses; and

determining the pulse puncturing rate based on the one
or more characteristics, wherein the one or more char-
acteristics comprise at least one of a symbol error rate
or a symbol erasure rate;

a second module adapted to receive pulses from a commu-
nication device by way of a wireless communication
channel based on the pulse puncturing rate; and

a transducer adapted to generate sound based on the
recetved pulses.

36. A watch, comprising:

a first module adapted to determine a pulse puncturing rate,
wherein the first module is adapted to determine the
pulse puncturing rate by at least:



38. A nethod of data conmunication, conprising: transmtting a first
set of pulses to a conmunication device by way of a wreless

communi cation channel; receiving information related to a pul se
puncturing rate based on the first set of pulses fromthe

communi cati on devi ce by way of the w B&l ess communi cati on channel,
wherein the information related to the pul se puncturing rate
conprises at |east one of a synbol error rate or a synbol erasure

rﬁte iand t r aergvingy 1afevhsaticof relstedrid seitial po based on
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37. A sensing device, comprising:
a first module adapted to determine a pulse puncturing rate,
wherein the first module is adapted to determine the
pulse puncturing rate by at least:
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, wherein the one or more char-
acteristics comprise at least one of a symbol error rate
or a symbol erasure rate;

a second module adapted to receive pulses from a commu-
nication device by way of a wireless communication
channel based on the pulse puncturing rate; and

a sensor adapted to generate sensing data in response to or
based on the received pulses.



43. The apparatus of claim 42, further conprising a nodul at or adapted
to nmodul ate the first or second set of pul ses based on received data.
44, The apparatus of claim42, wherein the second set of pulses is
based on a pul se puncturing rate substantially equal to zero (0).

45. The apparatus of claim42, furthelbconprising a nodule adapted to
verify or nodify the pul se puncturing rate. 46. An apparatus for
data communi cation, conprising: neans for, transmtting. a first set of
pul ses and 38uAaneihagd efcdatn COMINUPICSE 0 N COMFPTASZ At i on
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39. The method of claim 38, wherein the first or second set
of pulses is modulated based on received data.

40. The method of claim 38, wherein the second set of
pulses is based on a pulse puncturing rate substantially equal
to zero (0).

41. The method of claim 38, further comprising verifying
or modifying the pulse puncturing rate before transmitting the
subset of the second set of pulses.

42. 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 to a communication
device by way of a wireless communication channel;
and

a receiver adapted to receive information related to a pulse
puncturing rate based on the {irst set of pulses from the
communication device by way of the wireless commu-
nication channel, wherein the subset of the second set of
pulses is based on the puncturing rate information, and
wherein the information related to the pulse puncturing
rate comprises at least one of a symbol error rate or a
symbol erasure rate.



way of a wireless comruni cati on channel; receive information rel ated
to a pulse puncturing rate based on the first set of pulses fromthe
communi cati on device by way of the wireless comuni cati on channel,
wherein the infornmation related to the pul se puncturing rate
conprises at |east one of a symbol er?bdr rate or a synbol erasure
rate; and transmt a subset of a second set of pul ses based on the
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second set of pulses to a communication device by way
of a wireless communication channel; and

means for receiving information related to a pulse punc-

turing rate based on the first set of pulses from the
communication device by way of the wireless commu-
nication channel, wherein the subset of the second set of
pulses is based on the pulse puncturing rate information,
and wherein the information related to the pulse punc-
turing rate comprises at least one of a symbol error rate
or a symbol erasure rate.

47. The apparatus of claim 46, further comprising means
for modulating the first or second set of pulses based on
received data.

48. The apparatus of claim 46, wherein the second set of
pulses 1s based on a pulse puncturing rate substantially equal
to zero (0).

49. The apparatus of claim 46, further comprising means
for venifying or modifying the pulse puncturing rate.



a second nodul e adapted to receive information related to a pul se
puncturing rate based on the first set of pulses fromthe

communi cati on device by way of the wireless comuni cati on channel,
wherein the subset of the second set of pulses is based on the
puncturing rate information, and wheréfn the information related to
the pul se puncturing rate conprises at | east one of a synbol error
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pulse puncturing rate information to the communication
device by way of the wireless communication channel.

51. A headset, comprising;

a first module adapted to transmit a first set of pulses and a
subset of a second set of pulses to a communication
device by way of a wireless communication channel,

a second module adapted to receive information related to
a pulse puncturing rate based on the first set of pulses
from the communication device by way of the wireless
communication channel, wherein the subset of the sec-
ond set of pulses is based on the puncturing rate infor-
mation, and wherein the information related to the pulse
puncturing rate comprises at least one of a symbol error
rate or a symbol erasure rate; and

a transducer adapted to generate audio data, wherein the
subset of the second set of pulses is modulated based on
the audio data.
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52. A watch, comprising:

a first module adapted to transmit a first set of pulses and a
subset of a second set of pulses to a communication
device by way of a wireless communication channel;

a second module adapted to receive information related to
a pulse puncturing rate based on the first set of pulses
from the communication device by way of the wireless
communication channel, wherein the subset of the sec-
ond set of pulses is based on the puncturing rate infor-
mation, and wherein the information related to the pulse
puncturing rate comprises at least one of a symbol error
rate or a symbol erasure rate; and

a user interface adapted to generate data, wherein the sub-
set of the second set of pulses is modulated based on the
data.

53. A sensing device, comprising:

a first module adapted to transmit a first set of pulses and a
subset of a second set of pulses to a communication
device by way of a wireless communication channel,

a second module adapted to receive information related to
a pulse puncturing rate based on the first set of pulses
from the communication device by way of the wireless
communication channel, wherein the subset of the sec-
ond set of pulses is based on the puncturing rate infor-
mation, and wherein the information related to the pulse
puncturing rate comprises at least one of a symbol error
rate or a symbol erasure rate; and

a sensor adapted {o generate sensing data, wherein the
subset of the second set of pulses is modulated based on
the sensing data.



