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BACKGROUND
Field

[0003] The present disclosure generally relates to data transmission over a speech
channel.  More specifically, the disclosure relates to transmitting non-speech

information through a speech codec (in-band) in a communication network.
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[0005] Information sharing is a primary goal of today’s communication systems in
support of the demand for instant and ubiquitous connectivity.  Users of today’s
communication systems transfer speech, video, text messages, and other data to stay
connected. New applications being developed tend to outpace the evolution of the
networks and may require upgrades to the communication system modulation schemes

and protocols. In some remote geographical arcas only speech services may be
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[0007] Transmitting data through a speech codec is commonly referred to as
transmitting data “in-band”, wherein the data is incorporated into one or more speech
packets output from the speech codec. Several techniques use audio tones at
predetermined frequencies within the speech frequency band to represent the data.
Using predetermined frequency tones to transfer data through speech codecs, especially
at higher data rates, is unreliable due to the vocoders employed in the systems. The
vocoders are designed to model speech signals using a limited number of parameters.
The limited parameters are insufficient to effectively model the tone signals. The ability

of the vocoders to model the tones is further degraded when attempting to increase the
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shaped first pulse signals to produce a speech packet.

[0012] In another embodiment, an apparatus comprises means for processing a plurality
of input data symbols to produce a plurality of first pulse signals, means for shaping the
plurality of first pulse signals to produce a plurality of shaped first pulse signals, and
means for encoding the shaped first pulse signals with a speech codec.

[0013] In another embodiment, a method of synchronizing non-speech frames through a
speech codec comprises generating a predetermined sequence that has noise-like
characteristics and is robust to speech frame errors, and sending the predetermined
sequence through a speech codec.

[0014] In another embodiment, an apparatus comprises a generator configured to

generate a predetermined sequence that has noise-like characteristics and is robust to
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[0020] In another embodiment, an apparatus comprises a processor, memory in
electronic communication with the processor, instructions stored in the memory, the
instructions being capable of executing the steps of transmitting a start signal from a
destination terminal, discontinuing transmission of the start signal upon detection of a

first received signal, transmitting a NACK signal from the destination terminal,

discontinuing transmission of the NACK signal upon detection of a successfully
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nal, neans for transmtting a NACK signal fromthe
a prfaﬂ@ ingfbeephihp ACK pigas hwﬁrbe&né@aﬁmﬁ%. ng

[002t2!J M %ﬁ% ﬁé{l ?‘Hb&fll’n%{l]te & '09 E%tr&ﬂﬂ% F&lg&e fetnlnﬂﬂll ﬂfanﬁnissions

CCessS y recelved source ter ata nessage,
fronmeasesirdeotermimahsmiat tinfignd céGmaiicatiah dysem tédaprises detecting a

dest.i n t| on term nal nd neans for discontinuin
requte%ta%a%r}ﬁ €*°n SQHICS ﬁ%@&@i CpRpRUitings ¢ SYNCATIIZAGQR e%gﬁ%h dipm the

soulr@éJ f@ﬁﬁna@ﬁl b %e‘te@ﬁ)ngbﬂﬂﬁlrﬁqﬁb@y ﬁgf?zﬁeﬂaﬁs'hﬁﬂﬁ@ 4 1 &4 data segment
22] In another enmbodi ment, a nmethod of “controlling

froms cthf: csourer rtemaihalt rualmgmas §irsnswotinbtiva schamee andr disqartinuing

nnun i cation C ri ses,det ctlng
tranggfts iy, EO NG G e B e RS BT FeeE SR SR g
[0023] S NHOERAT ZAbdddMest M lappdrOih t BEHRYS G predeBionalmdtRay in
detection of the re&@est signal, transmtting a user
clectiania comumERatipn ovith e BOgeser, tiaftrcHans seradginathejmemory, the

e s

termiiied etrangthitsing aalyncHrOfi2@]onl sigraauh Gohethe s oteditdraital updn detection
a paratus conprlses a processor, nennr¥ in electronlc
of ﬂ@ofﬁmﬁﬁr signal ofanAMIKing RIser dte semnent fiogt geprEAderstingl aging a

ﬁrst'nﬁb&umloﬁ%@irﬂe a‘hﬁ %11§0911§th{ fr%ﬁn&%tpgf the Ql@&l dacttapgegrnent upon

executing the'steps of detecting a request signal” at a
detestour afer fist weaiatd sipmdnsm tting a synchroni zation signal
[00245 ?Ign 'a:u?oe[ esro uerrn 0d¥r§ernrp naa}ll Jf)%paugset %t Icontlrolhng source terminal
transmissions from a source terminal in an in-band communication system comprises
means for detecting a request signal at the source terminal, means for transmitting a
synchronization signal from the source terminal upon detection of the request signal,
means for transmitting a user data segment from the source terminal using a first
modulation scheme, and means for discontinuing transmission of the user data segment
upon detection of a first received signal.

[0025] In another embodiment, a method of controlling bidirectional data transmissions

from a destination terminal in an in-band communication system comprises transmitting



of the request signal, transmtting a user data

segnment fromthe source termnal using a first
wore@al1#3ion schene, and di sconti nui ng transm sBCDOS2909/046405

the user data segnent upon 8det ection of a first

recei ved signal. [0024] I n®another enbodi nent, an

apparatus for controlling _source term nal o
a sepdl syl b ke deyipeton durtralt dispHEMIE raR s Al the send
i o = TR B AR e SRR gl
front tteendestihationgteammpah cthanemiitziag iaomses i dgtrabeghrentnfioe tisodesti@ation

term pal upon detection of the request signal,.ne
termingl USigres #rittmwgﬁaéfoas% St A USRI UINR I RESISBAICRe user
datals€EEM Aok L RE I Jfla StolDdetiadd sqgha%cherre, and neans

for discontinuing transm ssion of the user data '
[0026¢ dmmesmiothgp oembtetimenti cam @ppaatius rmpreseei o/ gdosgpmalmemory in
I %0025 I n an?.t her. en‘}%)odi ment, .a ms](’.hod tof cont&}r ollin h
clecyprgf QETTBHETIOR Y {aREiST e JRYTEHBNY SOKdST W TgROTY- the
instru€fidHsRing dhpahle ioficREMENE AEIE CHltHRARBMBMBE 8 WP NRAAI SRS the

transmttinga send signal fromthe destination '
destingtion traminad Gseontiiyog Hignsmiasignios dicosend fsignabupandetection of a

i anal Ho) f i I I iV signal.. .

firs Se oL R BT oo Dpla oL GREFHS el hion cermia,
trang@istingn@tised Rlatacdegingad frofmrtan dedtinbiiotgtedmitne tsif@ b dirsegosulition

fromthe destination termnpal using a first nodul ation
schegicn apg dissarfiraring BARSHERIRIY Of HenessT dafrosement pronydetsction of a

upon detection of a second received

Secog?téﬁcgﬁ.%g%%] I n anot her enbodi nent, an appar at us
[0020pimpr arsxtiser a cpibodiesnar an mepparatus nfoel eardtradimg bidirectional data

communi cat i oayn v(\{iFth t.he processor, instructions.st.ored

r

trangrpisyigRs HERRL (PRl Ay AeithBendy Samainigetion system
com?ﬁ?t% hdaRg f&rh[ﬁm%ﬁﬂﬁg Ofedd ﬁ%@d_ Mtohd 49 RstHBREn SdrSdl, hEéSfor
he destination term nal, discontinuing transm ssion
discoftinufrer seamthissignel thapond sighdatpoorietsiction bf p Jirstrigcavadesignal,
signal, transmttjng.a.synchranizatipn.signal fromthe
ey B PSR Lo N (1 et O e for
trandrhieigl 4 @scdl Q5 tal RPMANfréMAItAE dadtinkSo N @rdinfal (Shg AT @bd@Rkion
schene, and discontinuing transm ssion of t%e user
schegngt ind egp@nt fogp&prontineag | anseiissipns ek dird upacéaty eggment upon
deteéﬁioq{@ . eLQIQdZ%eLe'L&ﬁ atlher enbodi ment, an apparatus for
cont rol i ng DI di'veCtional data transmissions froma
[0028¢ it ianatheoRnibedimhendl aigyst@m ifor- bancuseamaideadt o an in-band
system conpri ses neans for transmitting a send_signal . .
compiugieatipin SYrEER f198Y 3 ¥ehicle cantalping %&n\seh¥cger sygfeat iy gﬂﬁ‘ Ryplic
safe#y_r Qﬁ%@hﬁ% Z)Bﬂlt gf’SAﬁch MS6§'OQQ% ﬂf(ﬂ@r&eﬁis%}se fch 8 iRthA1VS for
irst recelved signal, nmeans for transmtting a
provsding hV8nicastri darn, ah W&l trénsonttérhlecaded in that IMih fdraramsméting the

VS rerI?sg? dafltg,ra PSAP receiver located in the PSAP for receiving the IVS sensor data,

a PSAP transmitter located in the PSAP for transmitting PSAP command data, an IVS
receiver located in the IVS for receiving the PSAP command data; wherein the IVS
transmitter comprises an IVS message formatter for formatting the IVS sensor data and
producing an IVS message, an IVS processor for processing the IVS message and
producing a plurality of IVS shaped pulse signals, an IVS speech encoder for encoding
the IVS shaped pulse signals and producing an IVS encoded signal, an IVS
synchronization generator for generating an IVS synchronization signal, and an IVS

transmit controller for transmitting a sequence of IVS synchronization signals and IVS



transmtting a user data segnent fromthe destination
termnal using a first nodul ati on schene, and neans

WO 2009disednt i nui ng transm ssion of the user dakEI/US2009/046405
segnent upon detection of second received signal.
[0028] In another embodinent, a system for
communi cati ng data over an in-band comruni catijon

mMessAges: SPAF B ﬁlsleaPS/féB ir@qeEveE Gﬁmﬁﬂf’ﬁsrﬁgp%f’ Aptegien far dstegiiag i IVS

sync%lro\ﬂ@atltoﬁ ll’ba!nhc dh&h apg)gy@r rg P@%%Aﬁ%}g ?ulator for
nprises one or hore sensors | ate in't
dempdldvmng thg WS s8R0 randapraducamg h\fEcdivainBWs tntassagep edibeth the

in the IVS for trans the | VS sensor, data

PSABSpnilel FemPrigSat e]g%}“r% ReAgSSApSTIYRT el dpipiah 511& R PSAP

comh1\£§d SERS Ahd d3bBucify RSPEAD! 8dlafhhd %eskég‘catae@SA@sﬁﬁ%essor for
P for transmtting PSAP command data, an

proqem;@ ther P$ AR atostndmd hesagd/8nd grodusorg ¥iphgalityeofPBAMRP shaped

d ; wh t | VS.t
puls S@TRSs SaPi rHELParad F P B phanite Biiregsnat and
proddeing APSIAPleAEdHeld ReznaN of MAPBR$SIEhizARN 1t 85 8éHerating a
for processing the IVS nessage and producing a

PSAR gyrshrenjzagipn| ygnadhapéce JIRAJE teingm| eontephler \or drsasmiiting a

sequ%ﬂg gfeIBSAIQ }I]I?c{ﬂ%glq art]1%n &%afssvgﬁgwgorﬁ@%&? mselss%ngg, %vh%?eqn the

VS sym&w @nmpﬁses@rm K}Eﬂ&eft@dt@ﬂ’ folr Aeteg@ime that PSYoP 8ynchiénization s1gna1
synchroni zation signal, and an IVS transmt controlle

and pEduging AEPiMS: $HG fklgs@acbém‘é Semogulaigy {endgneduttingrthe Psap

t he PSAP receiver
mes%!grgrg% elg&gclégigs et egtﬁsor]y\l&%gsgl gt ecting the 1VS

synchroni zati on signal and produci ng a PSAP sync fl ag,
a PSAP denodul ator for denodul ating the |IVS nessage

Crane 11 cPRIERESCRIER XD TTIENASIRG o 1o,
e
will Pefdmé ‘ﬂgﬁ?s % ﬁsﬂ?sa?g?t%n@ﬂg PRANCHY gh afgﬂ('?g&g@r c%%lrlé?if d& %lon

shaped a” PSAP spee
wher taked iimgpry) lhte:tlaﬁSAFi’thstha pednpahgieg draynagswhardinpr oduci ng a

e cod d sig PSAP synchroni zat i.on. gener.at.or
10030 G e P eyl gathopitary St rours BT Gslction g which
use RRAR-bARNSBdentC Wt tkQlsh@ dhAT tHrb6@IS A §dcBY @dSEUHERCRireless

of PSAP synchroni zation signals and PSAP conmand

comppwgatesncteds.ei n the | VS receiver conprises an |VS

003{FHRSE 5 £ Qa5 SRR FAPs YRS I, TR in-

cin
bandwmlﬁaﬂi@awnagygtr@glthe PSAP nmessages and producing a

[003%%%% @ispaS (%Egrgglsosfaa%ee'mb%ﬁlinl%;lt Eo)%g(s:}ﬂcizoln(i)zgtigg si-lz-ggaEl generator.
[0033] FIG. 3B is a diagram of another embodiment of a synchronization signal
generator.

[0034] FIG. 3C is a diagram of yet another embodiment of a synchronization signal
generator.

[0035] FIG. 4 is a diagram of an embodiment of a synchronization burst generator.
[0036] FIG. 5 is a diagram of an embodiment of a synchronization burst sequence.

[0037] FIG. 6A is a diagram of an embodiment of a synchronization preamble

sequence.



[0029] The aspects and the attendant advantages of the
enbodi nents described herein will becone nore readily
wWappanesy by reference to the foll owi ng det ai | BGI/US2009/046405
descri ption when taken in g(?nj unction with the
acconpanyi ng drawi ngs wherefn: [0030] FIG 1 is a
di agram of an enbodi nent of source and desti nation
[0038 Fﬁ@ el & aipgrmelangmbadinei®f rodachrerizatioangeneble seaence

it hro : i.n.a W reless conmmuni cation
Wlthn%h%%ﬂﬁ?@%gﬁ%ﬁ%ég&%ﬁcg&a di agram of an enbodi nment
[00381 F&Gt 7Aans mgraphadfaa ppatbroniveéadn ipreaatblé odoasdation output where the
conmuni cat.i o d%St em ﬁl%ﬂ%?is%é FIG 3A is a diagram of
Preagpl HBRIPHEGHt OTdFonZ VSYARITH SRICERET SIS Ghal gener at or .
[0040P#E3] 75 1iGa BB 6 AsHADBIOA pRARIIEEorRIRRUA SRPLt Wher@ the

synchroni zatl on signal generator. [0034] FIG 3Cis a
preaghbdagyis ammpfisgdedf cyndapiped refatsodé segnenasé. a synchroni zat i on

0041805 s SRk dghad Bicre: she bin Bty aRap RSrect Tormat
[0042PPEE] 8Bl {5 a WidgPand ol AGfRM Bfbodim@RRAN réfizaion message

synchroni zati on burst sequence. [0037] G 6Ais a
formgt.agr am of an enbodi nent of a synchroni zati on preanbl e

[004%?%@.n §€ 9 Qi'i?’aﬂz‘a F.Io%;‘ et6§10itl§ r%m%ioa%e%ccno?% V%?{;l h?&ggglorﬁerﬂgssage
of a synchroni~za i°on prear?bl € sequence i
fornta@n- over | appi ng ref erence sequences. [0039] FIG 7A is

a graph. of .a synchroni zation preanble correlation

Wﬂ%%b@t 9 afetiagremeof 3p ebprgng og%wsr@é@a%message format.

[004%?@1@."26 li?Epcﬁg 1%{181!‘ Qﬁ‘%ﬁlbﬁﬁﬁﬁb%@%?iab Jrﬁﬁo‘k% sSh&roiBatich and
a graph of a s%/nc roni zation prea e correlati on

tranowit path nvdserge fotneatpr eanbl e is conpri sed of overl apped

0045F 85067 RER S eI Ghe B ehinebil e kg of uyifdend P pagpsed

signfil ersu8BrelyierRydi @agr am of anot her enbodi ment of a
synchroni zation nessage format. [0043] FIG 8Cis a
(00471 &ifo ahhbbis aygephaeiche pewerdpodialdnnsiiyfof an sy-hatit toné bageid signal

rn%e;%s%%e format. [0044] FIG 9 is a diagramof an
VESIEHI Rt of a transnmit data nessage format. [0045]

[0048) BIG 1D is% dRagthrd@F aiebodithBNBRMH A2 Rodofatc uSRERPSHE Bulses.
[004% rll"%gr Olgl izsataI (?iggr%pnd of an embodiment of a sparse pulse data symbol
representation.

[0050] FIG. 14A is a diagram of an embodiment of a shaped pulse placement within a
modulation frame using a wraparound technique.

[0051] FIG. 14B is a diagram of an embodiment of a shaped pulse placement within a
modulation frame for a typical example in the art.

[0052] FIG. 15A is a diagram of an embodiment of a synchronization signal detector
and receiver controller.

[0053] FIG. 15B is a diagram of another embodiment of a synchronization signal
detector and receiver controller.

[0054] FIG. 16 is a diagram of an embodiment of a synchronization burst detector.
[0055] FIG. 17A is a diagram of an embodiment of a synchronization preamble
detector.

[0056] FIG. 17B is a diagram of another embodiment of a synchronization preamble

detector.



transmt data nmessage format. [0046] FIG 1l1Ais a

graph of the power spectral density of an in-band
woegdsdsased signal versus frequency. [0047] Re@/USA0BY/046405

is a graph of the power spf]gtral density of an in-band

tone based signal versus frequency. [0048] FIG 12 is

a di agram of an enbodi nent of a data_ nodul at or usi ng

[005§bﬂ§e 1881 $ed. dipggayof FuG embpdingeny of &g swiphemizggion detector
contfdTRpdi ment of a sparse pul se data synbol

representation. [0050] FIG 14A is a diagramof an
[0058hibddi rentis af diagrsimape angbdrsenipdducement a wyhdlironiaation detector

nq%ul ation frame using a waparound techni que. [0051]
contiqli®r- 14B is a di agram of an enbodi nent of a shaped
[005{@3 E?% all@ %)%a‘%{np??%?lém}@rﬁta{? Eglbg(g.l?%qybiaé fe@&vé ﬁﬁi 'i’?g &Bllﬁssté’ra
[006d) &dfw a2k ofa d\iaglerrb@ﬁjam@nbocblﬁleat Qf)mmhelw dzfannmﬂﬁ:nsu@daih an in-
b Cg etector and receiver controller. [0053] FIG 15B is a
GO CHON NS Mer enbodi ment of a synchroni zati on

[00@%@!@' 2 1R taeGARAm ¥ dn ERAGEHMRMt 60K ihOlchRle crh&8atly dall Gystem.
i s a diagram of an enbodi nent of a synchronization

(00631 FE©. a%tweetct»@gral[ncmfszs] empglimerinof gn antgiaghemaf dic dafa request

sequ?ﬁ%s%uﬁ%ﬂ{rfcp 1}% Foll! ilglga? g%%ﬁ%?tl(g{] g(fl ﬂmuﬁlcgggcgn getn%{ntal a%ld the

dataaeSponsd s@icEat ﬂrﬁﬂnﬁ)ﬂt@iadilb b ughile ot arso(@®2énnfunizatidbBacrhnal,
a di agram of an embodi ment ~of a synchronization

Wlthdh% @é@ré?tw@dﬁmatﬂd|bé(rthe fessfordeninggh is a di agram of
e f Apieas
[006%2%??0 £ qu%&ﬁ%ﬁl ga&aeni% ) S&R | agl'}l{a%?ﬁc%?heoﬁttﬂé data request
sequentzottansenticdbn a deecdinkeintd destigatastj oshmonich@@6@ miiaGand the
20 is a diagram of .an enbodi pent of a receive.data

data FESNORS SEIHCTGE SHSTEReD 81 U5 iSBies ;98{118}1%““‘[369% fgrminal,

w1th’:th§1nt&‘aéltldnsin§1a@thﬁérbcﬁfrc@{@rrﬁﬁgpd' ment of an
i n-vehicle enmergency call system [0062] FIG 22 is a

[006dH &Hb ad3Bfis andiegtaodofrenothof camhodintest at tahonteodctipheofdhe alata

r uest . . . . . .. .
requeset%equence transmitted on a downlink in a destination communication terminal

and the data response sequence transmitted on an uplink in a source communication
terminal, with the interaction initiated by the source terminal.

[0065] FIG. 24A is a diagram of an embodiment of an interaction of a bi-directional
data request sequence and data response sequence transmitted on both the downlink and
uplink.

[0066] FIG. 24B is a diagram of another embodiment of an interaction of a bi-
directional data request sequence and data response sequence transmitted on both the
downlink and uplink.

[0067] FIG. 25 is a diagram of an embodiment of a user data packet format where the
length of the user data length is less than the transmit packet size.

[0068] FIG. 26 is a diagram of an embodiment of a user data packet format where the
length of the user data length is greater than the transmit packet size.

[0069] FIG. 27A is a diagram of an embodiment of an interaction of the transmit data
request sequence and transmit data response sequence, wherein the user data length is

greater than the transmit packet size.



sequence transmtted on a downlink in a destination
communi cation termnal and the data response sequence

w0 e@ngeE3te ed on an uplink in a source conmuni CBET/UR82009/046405
termnal, with the interactjion initiated by the
destination termnal. [006 FIG 23A is a diagram of
n _enbodi nent of an interaction of the data request

a rent req .
[0079% Flfane® i adingran ef apnther apkasdinant of pngntgeastipp of ithyntransmit

data??ﬂlﬁggtrrﬁet&?ééfgg And ﬁﬁﬂgnﬂfbaﬁg P%RBI%% sgﬁleﬂcé,%&%lﬁ ‘?hesl?sgfé%ﬁg fength

on an up a source ‘conmuni cat |
is gregentha@the tvankiittplekdt mizer acti on initiated by the source
1N [ 0064] FIG,. 23B is a di agram of_  anot her .
0073} 8 ﬁéﬂ%tlgoaf digram a6 5% cangiheh emoRRITERY £Eradgigpction of the

transtRif AGRGRqldsR hdesth ORanFONRh riohdt @qH&RE] RBbkfNthe user
communi cation termnal and the data response sequence

datatlereptis i greaget than tha tapsmhitka¢ket sizeour ce conmuni cat i on

1N wth.the interaction initiated t he sourc
[007?@ Eﬂﬂ]nZJ(D ?ﬁggfgraﬁ @? @E Aan[ogheé ¢ %géi}rg?ﬂ% 0953 %’{h 1nh[eract10n oF the
tran P Aeha R RlicsO beq@BndcNRY @&dsh@NdAh ré&pBhsetict8&ick ORBrefAthe user
request sequence and data response sequence

datatlengtls isi areasel then the tiansmié pakghsieeik and upl i nk. [ 0066]
FIG 24B is a diagram of another enbodi nent of an
interaction of a b i directional data request sequence
and data response sequence transmtted on both the
downl i nk and upl iDRTAJORDMESCRIPPEONs a di agram of an
enbodi nent of a user data packet format where the
[0073¢FIGH 108hdwireai 2Bibodidicht loENG! th-band @88 cbh@unidagion system as
~transmt packet size. {60068] FIG 26 is a diagram of
mighfrbedpbemenset wehing wislesysauscoptgariagl 1k nble sowesectermiaal 100

. t eng i e r 1 .
compfiialls Migh 1R SBRH R PhBETSE o G Horhiliaidh chpnncs
501 and e300 detweink 500, aind icometuaciation chfindeh&08 1 afvsamyilesdaf auitable

. request sequence and transmt_ data response sequence, .
wirelgss r My eatipde Py e m@H reetlulag tglephone; gyt operating in
e TP SRk (i e PRLAT heration
Partokaslap Peg) o dini verspl et cdrediedorramsema atiod sy stemgS pdRIEMTS), Third

Gen R FRRaRE PplioRet SPae DogD MG ook TR S

Tim®f DK&dio Y RFon8 i THJ¥E DiviGibn aNulPIET AEdckP QT?—?CD@/IA), and
a

transmt data r eg)uest sequence and transmt da S
Worldvside higferopenghiditic éor Mivegvedvis AdvessUIeMAXD atahdards. hOng skilled in

the &H \?v?ﬁ ?ercoggr?l%] thtalg ﬁlettgc%rl]l%qml.ets dP&H g& hesrielzner'nay be equally applied to an
in-band data communication system that does not involve a wireless channel. The
communication network 500 includes any combination of routing and/or switching
equipment, communications links and other infrastructure suitable for establishing a
communication link between the source terminal 100 and destination terminal 600. For
example, communication channel 503 may not be a wireless link. The source terminal

100 normally functions as a voice communication device.

TRANSMITTER
[0074] The transmit baseband 200 normally routes user speech through a vocoder, but

is also capable of routing non-speech data through the vocoder in response to a request



[0072] FIG 27D is a diagramof still another
enbodi nent of an interaction of the transmt data
WO e@uas34sequence and transnit data response SPCUERNEY/046405
wherei n the user data Ieng’ is greater than the
transmt packet size. DETAILED DESCRI PTION [0073] FIG
1 shows an enbodi nent of an i n-band data communi cation

origiating HoRs the RHICH TR HeE cOMURWHEAHoR RGtW ke s Bouting non-
e I

oo SR ST B O o BRSO LIt o g fp e

sourthgcroonatutol cafuegnach amnghis tﬁ@]daamd)V&OB sdpeltammkmﬁﬁﬁhcatlons

an mruni catj on channel 503. Exa | es _of suitahle
Chawfeff@%%ém%h'de& lisg'n ?ﬁéﬂﬁ? PROFERTe TR Mgrage data, stll in
dlgnfalE 'f&ﬁh Clﬁ‘ %oﬁ*ye?{eﬁniﬁtoo ReloRkling élgnaﬁ‘ Cc%ﬁ{'%%&i? 8f Véhéﬂ%dcﬂu@&@' The

System for Mob Communi cation (GS

mes@egn elntat mﬁnmgamt melvlsh iigto Phopelst thilMErca%the Mzﬂsc-lhée signal. The

. Tel ti t 3 Thi d
noisp SRR 5 B0 S B 0P 3P 3Pl sPaREE AL ahay
P T i 1 U
to cpmest 6}@@@9&5@%@ tgtafipro M sigrhavhicineeeds e(ffmcma@ky encoded by the
tran%@ﬁ? %&me%} Sef Jéfl'l a%g ta Q% VSCO%,re} % lenéo%%g %gﬁs%ﬂlkehs?%n&l is
ni ques d&s¢c e equal 'y "appli

trandroittadh in-bardabenekr et a)rﬁmmniumicmalﬁnl@ nB sqaaﬁeememﬁgmdxee Snfe@hation
i nvol ve a w rel ess channel. The conmmuni cation networKk

is buitioin; the | RidRSsPRRHYPNE A A0E6riikst Sigsl Tehablarrigtestion depends on
recoéé{\‘fytoc‘f*ihé‘ﬂ %bﬂ%@%wﬁ%’w t‘o‘%ﬁé | dh&cﬂiéé AR QLR8ries. To

rastructure suita esta shing a
aid thomwageiviec ant denctirignte e bavekmartshgsssm, aqaeedeeamiirmdl syh&l@romization
estination termnal, 600. For exanlp conmmuni cation

signlhis HFaFTeEgRRSNCAdEd BY e YRGodrieREOT fonfhe trRsmssign f message

datal €K 'ﬂr(ﬁ@éol]sg&leﬂ@é HPEyﬁéhfdﬁ%hbﬁ’ N&n@S1, anY W&Sages is transmitted to
contruni cati on devi ce. M'TTER [[0074] The transm t

ensunasdibble diemﬁommd@rmduiammn ©§ theswn-sppedbiciata atrtlw@helaer

[007§§?§3 P%LPg%‘r tﬁaég%li'tqboaaeg&nﬁ&?lpe ' OUt {rg) E udio %3?8 is input to

the MREMBOhO LA DARRS irpAt HioeBsbEL §zﬁiélrt€dhsfe%mtﬁi‘@hglpﬂletnﬁl§( 220 into
conmuni cati on networ k. Routing nonspeech data through

the yoredeioensader 279 whurarrorpesses soiaekpiakets|arprigprareigdt Hesuitable
audl %Slétaﬁ océslggr ?}/g)l['d’afl ﬁlg lilﬁésn @1'1‘01}1 & q:%‘ﬁ%rt H h&ﬁél?%%ﬁﬁfe into a

a over ara cations c
dignrab Biggpleatia didnal b@ldﬁt&ﬁféﬁ&d ehiapenﬂhe digiss ag@al sddheas a low-pass
nmessage data, still in digital form_is converted into

ﬁlterd %f@éeq qficuitallg ﬁa@d@@ﬁwlp%tﬁw@q desprabredypilie SQllowing geterence
stan&'ﬁ&?a@%hfi'ﬁ{? dsﬁg%ﬁ%s}éﬁﬁﬁ EV'RG E\mﬁ B, RRUQRELPI13K, 1S-

positions noil se- € SiIg

54, AMR, G.723.1, G.728, G.729, G.729.1, G729a G.718, G.722.1, AMR-WB,
EVRC-WB, VMR-WB. The vocoder encoder 270 supplies voice packets to the
transmitter 295 and antenna 296 and the voice packets are transmitted over the
communication channel 501.

[0076] A request for data transmission may be initiated by the source terminal or
through the communications network. The data transmit request S215 disables the
voice path through mux 220 and enables the transmit data path. The input data S200 is
pre-processed by the data message formatter 210 and output as Tx Message S220 to the

Tx Data Modem 230. Input data S200 may include user interface (Ul) information, user

position/location information, time stamps, equipment sensor information, or other



noi se-1i ke signal is encoded by the vocoder. The

vocoder is not configured differently dependi ng on
wob@vhers4d he i nput is user speech or non-speecPCTHHS20S 046405

it is advantageous to conv$£t the nmessage data into a

signal which can be effectively encoded by the

transm ssion paraneter set allocated to the vocoder.

suitapiadais céa@aarﬁﬁhe% 25pdle fafa anessage forapadter 21bmc|udepapitry to
calcﬁ’l\é%r arkd gpp%ﬁgrggglb& ?&%duﬁ{i]adcbr r@ﬁe%lgl%gﬁég itk 1§ thd ﬁg;;ﬁ'fndh{ae growde

or mation ositrons
retrangingetoh ibkéesmgmaty;, mnplembt mmiredoetrb]l adimgepemndshytinid automatic

recovery of the timng of es relatjve to t
repeaisiedrtt BERROY rande MG %én 3?5@ d ﬁﬁ%tﬂ"ﬁe é%‘iav’élPH?fH 230
comAei E6d MagabB&2bprband sﬁgrﬁ[‘ 9 55th @230 SV HREE LA tﬂﬁﬂgh mux

synchroni zation signal Ts generated and encoded by
220 w&md@pocﬁﬂr icocoden 27 heOncathsMagsiranmadsiones saegelettatha .voke path

r ot oc ce o ynchroni zation, control, and
mayn%gga%@% (?@g?lfgglﬁg‘fﬁ %%GZd to ensure reliable detection
[007NE1de 0d Ulsaid 8 cim 318 8103R Ai=EPAR 6 Nthdatxed 84 mbB&m 230 shown in

receiver. [0075] Referring to the transmt baseband

FIGp@d0, Threesignaln alayi tsputltipleted irspimg thepughpusx 239 ewfe the Tx data
S23 o&tgﬁfﬁg %ﬁﬂ%@ﬁ%ﬂé @Rﬁ% )9%5%‘?@ Sa?n 1121030'12ut $235. It should

be redogaided tihi difffientcordoming soatinudiose of p@ﬁdﬂeissnamt S245, Mute
ated. A suitable audio input 1pr ocegsor typically

Out gﬁf&? @aéér xdylpd Qut 5935 Bay bawaut ppe i cxpmplegSync
Out ?2@ :rﬁ%y ﬁé 9&@' ri3f %%a&f @QEMO& %‘?'8‘2?9 Yata §e%g§ﬁtapp §)¢r}c Out

Si gnal such as a | ow pass I'ter
S24§ mayéialsent\mme geosto mcémplletethoh/bddiemm%e;dﬂbmutd*@ut S240 sent

follo st andar ds GSM FR, GSM HR,
bet“@éﬂ/ﬁﬁvlf\‘né‘n g%“%@%d e SeEient e PI3K, |1S- 54, AMR,
[007@] ?S%ﬁc But&7ABis s@%@hro@zzg(% %I\%BQ' 188t0 Stddi®h timing at the
G 722.1, AMR-VB, EVRC-WB, VMR-VB.

G ] VRC s The vocoder encoder
receife surmpal.esSynchoeizptiok signals care requirednionestabdish 2@&ingrfdr the

B T R WA G R AT RS

noiséldika sigraAls M6, BN RBYw@ duiiablead:@ehphY bR EOEEE/EOS the Sync
term nal or through the communications network. The

Generatos 260 shesrin in Flge sthrepsignals gk be snultiplexasi i éingathrpugh mux
247 IS ORGP ES G SRTR T 8 s

Preaﬁ’&ﬂ@ @ge Sh4n. nﬁtshemld%b&eaig@hlzwttpattdlﬁsreffo(orwas siad eofodatibes of
Tx Data Modem 230. I nput data S200 may_i ncl ude
Syn(EJ ggfst Sﬁ{ler\f’glgeélp@]}t)&ﬁﬁf %ﬂdn%}tqc(})ﬁearglglg {Out S242 may be output onto

S n&‘éﬁhtSzQQ/ | @Gatdapmpid, fer, gﬁ% R8s bl %EICSGQ{QP&M 8501 gﬁgﬁ%ed of

sensor I nformation, or ersuitabl e data. An ex
Wakefip ©us $28 @ bhdeé Sehat Breambkea@et $22nmihdre W &kEQp iOne ISB8@ snay be sent

o€ et e RELSIL, b H0E, PREEVS) EAESHOREY o sy
Generator 240 comprised of Sync Burst S241 and Sync Preamble Out S242 where Sync
Burst S241 may be sent prior to each Sync Preamble Out S242.

[0079] Referring back to FIG. 3A, Sync Burst S241 is used to establish coarse timing
at the receiver and is comprised of at least one sinusoidal frequency signal having a
predetermined sampling rate, sequence, and duration and is generated by Sync Burst
250 shown in FIG. 4. Sinusoidal Frequencyl 251 represents binary data +1 and
Frequency2 252 represents binary data -1. Examples of suitable signals include

constant frequency sinusoids in the voice band, such as 395Hz, 540Hz, and 512Hz for



retransm ssion buffer nmenory, inplenment error control

codi ng such as hybrid automatic repeat-request (HARQ,
war@iem3ey | eave the i nput data. The Tx data nORERUER09/046405

converts Tx Message S220 to_data signal Tx Data S230

which is routed through nmux’ 220 to the vocoder encoder

270. Once the data transm ssion is conplete the voice

onc sauppidy\signsl pad eadidr-e30Rzo atth 7Athiz Sarothe [otipy Anuspidal signal.
i i 1 a f . .
e S P B A e e Y B3 R g £ tipioned

throngH tiup 128 e d'he rinfoimeidnhsequgive modulH& antd ohd $yacHonctatian burst
0 out put signal; ng Qut S245, te t 40, d
shmii %m‘led‘%{th €99 _auiopo%a@(ptb pB)é).eIft]é)é.o fé@nopjlﬁ d?za sulta%[]e Sync
BurdiSchgERA258" ahs BARE CRADIRALIANT owsi BNRIG. $YNor Qth “+
S245, Mute Qut S240, and Tx Mod Qut S235 may be out put
symbolt Hrefnentatl Sis2d0 isFartpwxanpyre, Bepn 8240 tangZds cavhy’ - bsymbol,
F sent 2%3i or.fo e clg Tx Mod Qut S235 data segnent. O,
TCaEgNe ~ a8y OH%V'be sent once prior to a conplete Tx

[00% @(e@ﬁin%%@cﬁc W FIG A es{M PRddBlcsOnt SPex wared eaehadlish fine
d Qut S235 data segnent. [0078] Sync Qut S245 is a

(sampj banedhiimang Hrihe ragaaer wybly compeisechbl # predeicaningd glatat pagtern
HA . _ e . |
ro 858, YATSCLHLE Dob ST IR bRy o 20

predeterifed ddat paterm ¢eS{tePaaindld Séquehat 24Inshicsvibini FIG) 8A. The
the pul se positions of the noise-like signal. FIG  3A
COMBPBIRSPTEBRIE 1581 Co 4Rt cpirgiek by copeamabingt ssecrsl priods of a

: [
P e oL PN Rne (242 St B o1 1578 AT TR IO (pe PN
sequSRd5242 gniladn; inSyntazl Busish oSARIPN Wedoenge 24t 'BR36G, samblols in the
Sync Preanpl e Qut Séﬁg It should bg recggni ng% t hat
COMPP e PEATOET JEFENEh ¢ OB Hat @H%Wo atgy i r ¢ spa8ymbols
reprédBKEMRar HataS3 3 nodd swYddte Blafd0I8etdYerSeAde BN between
out put onto Sync Qut S245. For exanple, FIG 3B shows

the datghitcoiGha @Nateqnez40 Thonpovidesitcoipoksh KstancOhetwsad eheatuth bits

o o200 B3Pk R BT 8, SRS A TR of
chamdet @hidR NS ky sprEddGhe 3fer§ 0Mhe AafYICoVeR B&Tead] Bit tidkdintervals.
rised of Sync Burst S241 and Sync Preanbl e Qut

(0088 4 e sty OB bIoNSZUEiONY (b SEBICETSrISTG @RgHenated
. . S2 7 ' E
poriS1cTRRC B En ol W BER Y bR AE SR ol PN

sequahcd peovidsehdrantagid ih Sredquer irsthigfiomtiinkegaigiprévd correlation
si nusoi dal frequency sjgnal . havi ng a_predetern ned
propgkies) g mpaR e d detsgtion elaracieriptighr 405 advankges wsyé et Atcgpble

whid®is RSt t%%'bééch frame transmission errors.

[0082] By overlapping the PN segments, the resultant composite sync preamble consists
of a smaller number of bits in the sequence compared to a non-overlapped version,
thereby decreasing the total time required to transmit the composite preamble sequence
245.

[0083] To illustrate the improvements in the correlation properties of the overlapped
sync preamble, FIG. 7A and FIG. 7B show a comparison between the correlation of PN
sequence 242 with a non-overlapped composite preamble sequence 245b, shown in
FIG. 6B and the correlation of PN sequence 242 with the overlapped composite sync
preamble sequence 245, shown in FIG. 6A. FIG. 7A shows the main correlation peaks,

both positive and negative, as well as the minor correlation peaks located between the



250 shown in FIG 4. Sinusoidal Frequency 1 251
represents binary data + 1 and Frequency2 252
WO eppassmy s binary data -1. Exanpl es of suit abP@&r/US2009/046405
signal s include constant f[ guency sinusoids in the
voi ce band, such as 395Hz, 540Hz, and 512Hz forone
si nusoi dal signal and 558FE 1035FE and 724Hz far _the
maiypRgs I fhs drodavesrRped comn%ltwﬁec Biestblsseisnee 248 The
e I
e G T L R T e P LA L A Ryt firt
inveatnd eginentsy i dier nm-baasrlapped) wbsmostmpfednbb: octpicmdct R48modThe

.autocorrelatiaon ert e le of a U|tab
posity copglatipn ge%}i%e iﬂ%ﬁgeﬁﬁ? Ko G eoiaatos, a% fhe; PN
sequePVY2I Witk e thke cgfi’éaté?ﬁféla e mety BPPN: s i@ 8RE Which make up

Sinusoid is output on urst S241, and for each
the tmddlsy;mj@ln oﬂ:ﬂeqmcgn@gpzlaﬂ)qqiugqmpbsutg m@mphzlt: se{p@@S@]245b The

FI.G 3A, .Syn nbl e Qu
neadS bt B RN dFor (e of I 6" RS S EREHAN 1 i Socond
inveFt88 8égtént dMGhd RorL6VARIapP&H chpasiteReleiias @‘éqh%ﬂcéj@l% In FIG.
pattern known at the receiver. A suitable exanple of a

7A, thenwiner saiploroneakshM 3, poreasponsding fecen aiffses opdtsemplesifiom the
first OgﬁlVng%%‘gB isn 2%?% f0fF slgod'va's ggﬁ%‘hm@e gl” %}é?ﬁgl%&% 5 (13" th

osite prea sequence

magﬁﬁlﬁtlbabiematmﬁlg sener aFI(r:xe‘rB @H@w@fse\&reﬂsrﬁaid Qfoﬁfeﬂmﬁh ehlse both
(PN) sequence 242 with an overlapped and added result
posigye ki qeRfise gaiaisH as theomugy ceprel pipararkybereeen Bis nesrin peaks for

the '8% @%ﬁgj%fs%e S;[%e gream‘tﬁé’ rﬁpﬁﬁé&bé M 4she EWSZEG the minor
preanbl e seduence’ 245 represent binary data +
corrtlhigort peals Y ib@| sorresporelento binnaiifyet ceit B PNL .sariplot hesm the first

.Sui t abl exanp serts zero val ued.sanpl es het n
POsifipe CBQF%“B%%% fl‘ilﬁ ShoNySs @qraguideTaf @p maagl 55" th
maghBiROSBdhe Fhaih @e% beTH@@rﬁalﬁé?@n&k?ﬁtﬁd@ bf thet ﬁmﬁ: %QHQIfatl&QE)eak

snmeari ng ectS caused y t he band pass | ter

101 farthe Dwnl@pﬁ@ praambichghoomamnidG. it oﬂsultemdbss alsplegaations of

ner it over r .
the iGN Pl kS Pt eBBiy g Siethasgherab R minor pesk
101§@ﬂ§mﬂygkwaﬂmqﬁ(;hg>sync preanbl e usi ng concat enat ed
IﬂﬂdaerIOdS of a PN sequence with overl apped segnents of

hver ?ch@@fnv@r ElGndBofive HaajpNpsaguan casnpietsdi when correlating PN
sequ%ﬁlé/ea th@ 05 g&?t% h& g%%l:ﬁ:bﬁe;%eg@ee%e@?écw O]%a\(t%ﬂl shown (1

rre IOﬂ

neganharpae:lt esrp@tthpealIdj anadw&gaﬁi@e@eak)eslwws fon datephiddigbihe frame
is robust to speech franme transm ssion errors.

tlml{lg)b@zﬁi Ownbééiﬁre%s.pﬁ@kwé tNCQESRRIMERE tepperal dtanceretween
the g?aﬂcg,os*rﬁ@ cSNBhaRbE Y] QRO ap:éag %ﬂﬁﬂp%”ﬁé&é‘sg IF&HE'%Q%nporal

Its I n the sequence conp to a non-overl appe
distanee & dwayd hmqmdoyAchdmﬂaakipmohrmé thootateldtiomepenke guttarads slkmwn
n T‘z:l{)laeqs rvr&}hterett g cgr?e t(l)osnI It)eeak glr%are ellreencg(‘ia ggrj ng_Q efor a negative peak and a
‘+’ for a positive peak. The technique of using a unique correlation peak pattern is
advantageous for in-band systems since the unique pattern compensates for possible
speech frame losses, for example, due to poor channel conditions. Losing a speech
frame may result in losing a correlation peak as well. By having a unique pattern of
correlation peaks separated by predetermined temporal distances, a receiver can reliably
detect the sync preamble even with lost speech frames which result in lost correlation

peaks. Several examples are shown in Table 2 for the combinations of 3 detected peaks

in the pattern (2 peaks are lost in each example). Each entry in Table 2, represents a



245, [0083] To illustrate the inprovenents in the
correlation properties of the overl apped sync

wee@wampldey FI G 7A and FIG 7B show a conpari SBEIT/US2009/046405
between the correl ation of fN sequence 242 with a
non- over | apped conposite p}eanble sequence 245b, shown
in FIG 6B and the correlation of PN sequence 242 wt

h
unidup gaigRra of apkedne simprastldstanase bpeahiicercskyukrsrplodgn Table
2 380Uy LR 08 L i, AR 061G LREES) Y e
+ - mitharneqoe dotd ratincolndigteddehelvocat cadh petkweeaniphesrthand paakable 2

for the non-overl, ed conpasite sync. preanml e
alsossgeméﬁ% palbs +Th2*9<§1éf‘gy§f mﬁecﬁﬁé%%s AL RES] L3TPlsTA hetwo
predeRihElAldi@mn R dehbeANIGEIUERES B4hd ™ I BhiID & xfabdp®d 3 has two

inverted segnent of the non-overl apped conposite
predpteaamiot] disagoehawed BicctThpcagod iand ve Soorxaspded b2 pebksach

101 1012, 101 resul.t fromthe.correlatjon of the
reprSR L 4RHE 225593 Tk Y Hb PR DOV TEn dE e nirafguld be
recohizEN115R A 068 cted ety mby RRKeAd WRrdsh Sraficdsb R dagst bantt the

_the non-overl apped conposite preanbl e sequence 245b.
unlth@aﬁfﬁé@mﬂdme‘éfé@mlll@l@tﬂ@@@IS‘tlﬁ applym t he correl ation of
the PN sequence 242 with the second inverted segnent
of the non-overl apped coifpbkikt e preanbl e sequence
245b. In FIG 7A, the m nor correl ati on peak 1015,
correspondi ng to anCefdekiondeak wmpbies fromthe first
positive correlatipn peak 1011 shows a nagnitude of
approximately 5 (I1fg rd the magnifsgde of [ghe mai[r
peaks). FIG 7B shpws several maip correlation peaks,
both positive and [legative, as wel L as tme mnor
ComeRitiani on peBéak pet ween|the mai p peaks|for thg
%}/ler.l apped conposifte sync|preanbl g sequence 245, In

Eflty78, the mnor| correl ati on pepk 1016,
corresponding to an offset of 3 PN sanples fromthe
first positive correlatiddbBak 1011 shows a magnitude
of approximately 3 (1/5* the magnitude of the main
peaks). The smal | er| GayyelationcPeak Nwabei nor correl ati on

peak 1016 for the operl apped preanble shown in FIG 7B
results in | ess fal sk deteg2ions qf3 the preanbl ¢ 3main
correl ati on peaks when conpared tqg the ndgn-overljapped
m nor peakgifhpiexappl e shpwn i n RiG 7A7] {0084]] As
Refseisdin FIG /B, f|ve mmjpr peaks are ggnerated when
é@ﬁreﬁg b TExANpREFUENCE 24P Wi U tjhie cConmosi te Symnc
prea ﬂ%e seéueﬁ)%e 2n5. The| patterrn shown [( 1 negative
Pakk, 3 ppsittive—pepks,—ang—trnegative peak)—attowns
for deter npﬁ?lﬁ'gfet%)e frame timing Hased of any 3 |-
det ect ed peaks—and{the—corfespondingtengoral
di st ances| Bapmelss + * +
Example S | - + -
Example 6 | - + -
Example 7 | - + +
Example 8 | - + -
Example 9 | - + +
Example 10 | - + +




t he peaks. The conbination of 3 detected peaks with
the correspondi ng tenporal distance is always uni que.
wo@o#93ay depi ction of the correlati on peak pRET/ER2009/646405
shown in Table 1, where thﬁ correl ati on peaks are
referenced by a '-' for a %gative peak and a '+
a positive peak. The techni que of using a unique
correl ation peak pattern is advantageous for in-band
systens _since the unique pattern conpensates for '
[Oﬂﬁéﬁ&ﬂiekﬁkéledp@é@mrf waheecogryzethat § diffcespd irplamblaiipguensegewting
. _channel conditions. Losin eech nma uj t
in a TSR eGP0l AR 2GR Ba SRR Ry TBY 18R ey e
usedNOAeIekifad iethe f wilDaKE lrédogaize pRaksulgpleaoatREoR Yeak patterns
predet erm ned tenporal distances, a receiver can ]
mayyka psga|tg idetide diffgentapsratiopelanpies @ vemsit infqragtion bits. An
f L&h: i 0.l ion -
F3F ap ARHRR WA holtn 0o\ REh Thile, L1 TRE &iRclation
pealkcpattermsitavania Tdbl8 3 dedirtainsd ype@lespattord fiempaiitiethe ffne timing
peaks. are | ost .in each exanple). Each entry in Table .
mayzbe dehPesantescrd iraa%wb%ih g mg@ﬁtf‘scoméatw@r&?a? ptterns is
advatHBNCH? id%ﬁ%i?ﬁ@quitfﬁ?enf? B SnittEX@MPigBraliohfat @O & eRer, such as
shows detected peaks 3, 4, and 5 (peaks 1 and 2 were
mes$ags formateguhodulgidnschéreespat tern '+ + -' with one
predet erm ned di stance between each peak. Exanples 2
and 3 in Table 2 al so sh@abled® pattern '+ + -
however the distances are different. Exanple 2

for

cxa

has two

predet erm ned di st ppgalIdRnNEAR Naheet ed peak 2 and 4,
whil e Exanple 3 has two predeterm ned distances

bet ween detected pepk 3 ang 5. SO[ gxanpl ¢§ I, Z[and 3
each represent a upique pattern fromwhic¢ch the firane
g —may be dertped—HtTshoutd—pe—recogntzed t:_li_at
Cowretigioact ed pPalks| may extend acrpss frame boundari es,
but that the unique patterns and predetefm ned
Pelarithces still apply. Table 1 Taple 2[0085] One
SKifTed Inthe art Wil recognize that a different

preanbl e sequence resulting in a different correlation
peak pattern to that shown in FIG 7B and Table 1 may
[0086¢ Resedng @pan skillGe @A, Wakwmipa®ut 9236 isalssd to eegagnitteevocoder
tha [tiple correlation pea atterns may, be ysed to
encqdot] T e e Fr e ORal RGBS OB o Pty fscontindous
trandniik Q6 BthicO W%&E-OL@SZSK AR sofc @Rd 8 AL Be vocoder encoder
correlation peak pattern i's shown in Table 3. The

270 derm engaringnthp eddepp aew eransgiifsion. ion disgbhen®uadiansaissipnastate.
ni. gye [ th I i4E.Ng e.
wh 45, B9 LAy, Dok 45 FEARgh A0 PRyt ar

ved, "as 'd

advad@igeehal hantrpsakttipatit-eamnb ddts tadvaniageey svifieh implement sleep,
) identif%ing‘different transmtter configurations at )
disconfmuppy BpRatit ngHonsyd ek 8 gRCTAratELIeWeY transdlissin e during

inaciFEHES segments to minimize the startup delay which may occur in transitioning
from the voice inactive state to the voice active state. Wakeup signals may also be used
to identify a characteristic of the transmission mode; for example, the type of
modulation scheme employed. A first example of a suitable Wakeup Out S236 signal
is a single sinusoidal signal of constant frequency in the voice band, such as 395Hz. In
this first example, the Wakeup signal prohibits the vocoder encoder 270 from entering
the sleep, DTX, or low rate state. In this first example, the receiver ignores the

transmitted Wakeup Out signal S236. A second example of a suitable Wakeup Out



Table 3 [0086] Referring again to FIG 3A, Wakeup CQut

S236 is used to trigger the vocoder encoder 270 to
woRMe/149349 rom a sl eep state, | ow transni ssi on PEE/ES2009/046405

state, or discontinuous transm ssion state. Wakeup Qut

S236 may al so be used to prohibit the vocoder encoder

270 fromentering the sleep, . |ow transm ssion,

S23¢issx yanal roBwEised %@mt@éﬁ YRUSOidR{ élgn%k\é@gﬁadytslgsglsléemgfy1ng a
specgf?d& ﬁmtrﬁgdlﬁé(tmfﬁﬁ%e@?&eé&hﬂﬁe %ééHﬁan dﬂgﬂu&'ngﬂ as'cﬁerﬁé § and

vant ageous en transmttingrn ta throu
800N t@deoduledtincsthemp 2e narthis skeeyd, exdimpboo ittid Wakers sigm pnotibits

fungti ons or oper te at ower transm s n
the yogp erdfar?t% 2 kion uSt B SE@@@H% O A o i second
exanftr%}l@rtqlg Re )R Yisdbh& frafiiYittOF Sk el Oluk RTAILS2381t8 Jddnki®Mhe data

e voice inactive state to the voic€ active state.
modwkkieupcteingnal s may al so be used to |dent|fy a

racteri.stic of the trans for exa
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S|ngle si nusoi dal signal of constant frequency in the

701 yed dep BRheeprosertihadursoenizn tinge ¢agh sighpk is tragsarisile Antdxemple
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Anofher sdxaﬁpp&mwea obhfpom&c @ynerOutg lsouseSmgxfae ik r @fes Boipestd of a
eup. Qut si gnal 36. A second exanple of a sujtable

mulﬁrelﬁe@pwdﬁlez@et |S§3§ a@ri ovar Feenpble i B42nas thopmein FIG. 8B.
u e f
Tw T TKER! 383, 703 90RLRPPRR b Th IR AR fendnited, An
exampidud)ﬁ:ﬂal sxntabmhezngelfoanﬁiwﬁom—lztoifwr miibidedoats andsTsene 40-200
In this second t he . eup. si hibits
millispeongds, - gather ?0156}'60 %p ﬁ?ﬁél@ﬂ@éﬁn@ﬁwﬂ%d

of a%ulilﬂ%é@%k&hﬁbﬁt S33b, KDhS BaRe Smh ,8NARRhE Préahﬁ)le Qut S242 as
recei ver uses the transmtted Wak eup Qit signal S236

showmwin Bt $€y Tvhe7Hatlap gall Bibi BH., Jepiei2 rdpdd8T] thadurations in

. examle f osi te nc  Qut. S245 s nal one

time Sl o PR RHTRL | (e G e Gh A Ghgr e 20 - 80

milliBE&aaH)| 18 p Ol 4(52@(2@%@6@&@1 11551 isF126-1 mmlﬁ@boﬂdélarﬁﬂﬂsp“ﬁsp 40-
702 represent the durations in tine each signal is

200 pribisegends.ed. An exanple of a suitable range for Tsh is

oo SEHEn I FEPRRSS EOLTER:LAgfOsP 00 M P SBIGEs o

genedited GYNE IM@cdllﬂﬁr a3$nu|511ng qiuweqﬂ)SMKem@dLﬂlrﬁonSm/l)awﬁkh special
Sé&c Preanble Qut S242 as.shown in FIG 8B. Twy 711
modgfgfor gpiseoapespr d8nnodyation feghnighs resylts jiRrgow fhigfortion when

enco?i'e@ naly &e%oa&f"@ nalff%rl%ﬁ t@éoﬁcg:@nge@f Adgi 'oflﬁgjoerhfsafggl’ﬁnque

for Tw IS - Tsp is 40
results in good autocorrelatlon properties and can be casily detected by a receiver

matched to the waveform. Further, the shaped pulses do not have a tonal structure;
instead the signals appear noise-like in the frequency spectrum domain as well as retain
a noise-like audible characteristic. An example of the power spectral density of a signal
based on shaped pulses is shown in FIG. 11A. As can be seen in FIG. 11A, the power
spectral density displays a noise-like characteristic over the in-band frequency range
(constant energy over the frequency range). Conversely, an example of the power
spectral density of a signal with a tonal structure is shown in FIG. 11B, where the data

is represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As
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i o P G AT SRS LRI e
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denoted as p(t- fa). The Tx Message S220 information

bits Table 4

Symbol

decimal | binary Pulse

0 0000 | p(n-0)

1 0001 | p(n-4)
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this example, the modulator maps a 3-bit symbol for each modulation frame.
symbol is represented in terms of the position k of the pulse shape p(n-k) and the sign of
the pulse. In this example, Ty is 2 milliseconds resulting in a 16 possible positions for
an 8KHz sample rate. The pulses are separated by 4 time instances resulting in the
assignment of 8 different pulse position and polarity combinations. In this example, the

effective data rate is 3 bits per symbol in a 2 millisecond period or 1500 bits/second.
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pulse position mapping includes a Ty of 4 milliseconds resulting in 32 possible
positions for an 8KHz sample rate. As in the previous example, if the pulses are
separated by 4 time instances, the mapping results in the assignment of 16 different
pulse position and polarity combinations. However, in this example, the separation
between time instances is increased by a factor of 2 from the previous example,
resulting in 8 different pulse position and polarity combinations. In a suitable example,
the Modulator 235 may switch between different pulse position maps or modulation
frame durations depending on a feedback signal indicating channel conditions or
transmission success. For example, the Modulator 235 may start transmitting using 7y
of 2 milliseconds then switch to Ty of 4 milliseconds if the channel conditions are

determined to be poor.



zeros prior to the first nonzero el enent of the pul se
determ nes the exact position of the pulse within the
WO e@o493edn) = [ 0 0 O 40 -200 560 -991 -1400 FGBES2009/046405
15000 7636 -1400 -991 560 ;200 40 0 00O OO OOO0OO0OO
0 0O0T]It should be recogn? ed that the transform may
be shortened or Iengthened for different variants of

[0093h d@Iingrrans reRisincsy wEb cetapyejodersgthe Madylatopt3emanphange the
. ...0f.: f nul it hi i ..
it e S RC R AF Bl Fipo S 2, Phh BB Rl R AR
mapginghaklaiwn ITaH1ES.6. 1d4Ahis@xpupketheanodpatesmaped 3yt ddbol per
sanpl es sho as PO - P12 where each npl e.represents
modi RE5R dFimer b e & BPISEHSA Sl O %i%%o_sbtfoé‘vlf ghdhe pulse
shapRXARARY Gnd FHleQignldBnk %u%@. X HDES le,tﬂi\% it ¥Rh&&econds resulting
inmplementation in the art. In Fl 14B, a pulse is
in apgégiassibleaubstitons fidrsat 8K Hwisample rabd ulTbe intalfaftsneis (o | Yime

. .1003 nd the "tail" rtjon of the pul se extends.into
instqne e FE e i et ive? FiieCnr it Ryt AT CaRisndht of
8 diff&8nt puikdosition ARY BslafityosbniBifktloatl kO showmiRBhdible. | ) 1003
extending into the next nodul ation frame TMF( | +1)
1004 as shown in FIG 14B,ppy d result in intersynbo
interference if the pulse sanples for frame TMF( | +1)
are positioned fmany of thg first—4 sanpl es of frane
TMF( | +1), singeSyarbobver| ap |[of sanpl es wqul d occur.
Alternatively, |in the "waparound" technilgue shown in
FIG 14A, the tlajl. s mgles Wiutde woul d hgve ext ended
into the next mfi& i %Y dne, TMF(H+1) (1004, are
pl aced at the begiaripg—oefthe—eurrent—magdul ati on
frame, TMF( 1) |¥003. Theosanpey) (P9 - P12) are
wr apped around |[to the|begi nning of TMF( 1|) at sanpl es
0 - 3. Using a[waparound techni que for tlhe generation
of a nodul ati on lal phah@Plel i|#fdl es the dases where
t he shaped pul se_sanplles extlend into the [next
nmodul ation fran The parloung@,technique is
advant ageous sirﬁzce it \rtyggul tgjwi?%)reduced i nt er synbol
i nterference that—wothd—oecegr—f—the—shapged pul se

Q

sanples in the |3 011 p(n-13)
4 100 -p(n-13)
5 101 -p(n-9)
6 110 -p(n-5)
7 111 -p(n-1)

[0094] It should be recognized that reducing the number of separation time instances
would result in an increased number of bits per symbol and thus higher data rates. For
example, if Ty is 4 milliseconds the resulting number of possible positions for an
8KHz sample rate is 32 with plus or minus polarity for each resulting in 64 different
signals if no separation is included. For a 64 position map, the number of supported bits

per symbol is 6 and the resulting effective data rate is 1500 bits per second. It should



present franme extend into the next frame and overl ap
with the shaped pul se sanples in the next frane. One
WGERLI1e349 n the art woul d recogni ze that the WEPHR29091046405
techni que coul d be used fO? any pul se position in the
modul ation frame which woufd result in sanpl es
extending in the next nodul atign franme. For exanple, a
also g rseognizer tthas btiersnt emliaations Wif e Rndoamp e Risnmey deaised to
aparound sanples (P8 - P12).
adn% %?%hﬁégﬁﬁgﬁggégﬁ%qe of a suitable Pul se Shaper 239
[0095% Aancxampllé dfudsuitab&nBiiles Bhaieg 2389 10k rodteaised nosimg mynsform of
-Bén - t) An exanple of a 32 sanple anplitude
the foflinsf orm signal is of the formr(n) = [ -2000 0 6000
-200000000000000000O0O0OCOCOOODOODOCODO
O 0 0|0 ] [0098] Another exanple of a suitable Pul se
Shaper 239 is a linear prediction synthesis filter.
The response of an exanple recursive LPC synthesis
filten is defined by its inpulse response 10 h()=d() +
a h(njt _zéﬁ_and coefficients: a(i) = {6312, 5677,
2377, 1 347r 2418, 3519, -2839, 1927, -629, 96}/4096,

=1, prglct filters are well
kanﬁ he—asu{;u:;+ bs+duai dggnal r(mgtis-first
create ding to t Hé pul se

mappi n a@les abpve. The ac;ual dul ati on pul se
shape MhEM—FGSUﬁ) 4ﬁeﬂn6{%PeKLn@ he nodul ated signa
r(n) with H¢n) 099]L, one skilledlin th il

equal |y applied-—tpl-d
transforms. TheTl png

i4#erent pul se shapes and
h &) tlhe waveforns

recogni ze that thE fCh | %es descri bed ﬁerelﬁ may be

where B is the roll-off factor, 1/T; is the maximum symbol rate, and t is the sampling

time instance.

For the previous example with 32 possible pulse positions (time instances), the
following transform generates the root raised cosine pulse shape where the number of
zeros prior to the first nonzero element of the pulse determines the exact position of the

pulse within the frame.
rtn) = [ 0 0 0 40
-200 560  -991 -1400
7636 15000 7636 -1400

-991 560  -200 40



and the nodul ati on schenes applied to these waveforns

may al so vary. Moreover, the pul se shapes nmay use
weooplietsed y uncorrel ated (or orthogonal) wavefPCTES1009/046405

represent different synboI? In addition to polarity

of the shaped pul se, anpli %de of the shaped pul se may

al so be used to carry informati on. [00100] Referrin

It shayldi be tegognizgd that thetranstRpm ey deishorensr gn dinsthsagd fo different
age transm ssions and i s generated

Van%@??ﬁggﬁﬂ%?ﬁré eggégtor 255. An exanple of a suitable

[009%60 KitGs 144 iBxanBabapbAdWhs plynahemt ofiprputse dvidfin a rnodulatlon frame
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time each S|gnal is transmtted. An exanple of
zerosilérnetss ef r@hgeowrom fimirevidwrudaniph 3FIGn HB nu4n p&m;[ﬂe ©0 the

typlcml 11]nPI§eCO §n ?12 -Ir%%{, h@l-rﬁg%el?lig -aTd %sglr}g pgg o%eiloat offset 7 within

modilatibh FRGRMAS: (010030 BrtSthe OREF 3ok tRdh ofEkaFRIse $xRhdPinto the next
sui tabl e muting generator sequence may be an all-zero

modygegan rf@@lesTr@aﬁaﬂ)oWﬂé byi hepsenlesa(Porr Bddle ntgmplpyfiam, modulation
f d
franf‘nﬁ\/ﬂ:?[i) lﬂﬁg'e&%% ﬁllg &ﬁ@%é ge%[ r%@c}uzdts af{ran&lés %M%%% )Sﬁgﬂr ?§ Shown

in FIGI S4BX\ﬂ®iIlH &esdlthﬁ‘l Mbéf@uﬁbcﬂlihteﬁzﬁﬁcés hﬁ]fhlébu‘ﬁé%&lﬁ}ﬁh& for frame
Preanbl e Qut S242 precede each transn155|on of Tx
wr@ft) gpgositppedsi ¢vedf the ik dapampiey o rf@érﬁ‘gﬁw(@ﬂhaﬂnce an

over%{a)f éfe%ﬁ{}tleg 2 %mh g%gﬁrfl)_x&l'\g‘gatg%ﬁl % gl% P&ﬁ@%@h@%’ ¥y a(ﬁlr&&uélezshown

in FAGp14Ad thd-til exaril wthh windd Quve SRBBdedhidtd Gae ihéktnraydlhetlon
recede foII te Qut S240. RECE
fraﬂﬁoﬁm&qﬁhzﬁg‘} iR %083 of & Begiprae ob by &gﬂﬁgslaafflﬁerl%bﬁame
TMF{mm | Ynd QUifS @6cosieq ai/e%%pw%ﬁﬁétofth@ %glﬁﬁng OF FEM) at
an audi o processor, but is also capabl routing
samplhag Odedodééslr@ek\etasanohnwgmnmudaﬁoa tld%g@tdematatnoof a modulation

ecause the non- S nvert
oD SEERHES SRS ST Ao Qo e PGB Rt iR he next
modula@ios Mrirher , Tl&é‘l Svrh RESINGE FechnijQ6 dfl efdviusta@ddli® dife it results in
effectively decode the data with mnimal distortion.

reduppk idersaibel ipteefeeanse alvas veard iopcral if yhonthwped palge samplgh in the
presétﬂ fpa ed|e>§t¥ Hlncooﬁ{etzt%&{ ftgmglag{f %Iverleg) with %P{cnﬁﬁé%] g&l@é gaqﬁ%les in

ound e frane tim I'S recov

the 1@%6;0:@1&&& paaK eitilletb trathic art wuild dretognizedtitathd evraghib@idotechnique
The decoded packet data .is denpbdul ated into, nessa

S. .
coulgiie psd fapeny afl@e desisiPRdr tthe modylagan pf{?tme wh tﬁhowblgwesult in
sample§] E%ﬁ&ing‘?ﬁ@ﬁé ﬁé}&qr d{ﬂeftgfhgfgérﬁ@t iFgp ’ex nggls@gﬂsltioned at

ssages ensures re tection a tion
offs@f8 within modulation frame Twmr(n) 1003 would wraparound samples (P8 — P12).

[0097] Another example of a suitable Pulse Shaper 239 is an amplitude transform signal

of the form:
r(n)- p(n—1)

An example of a 32 sample amplitude transform signal is of the form:



t he non-speech data. [00102] Voice packets are
recei ved over the conmunication channel 502 in the
WO eeeiysn 495 and i nput to the vocoder decoderP@B0S2009/046405
wher e decoded voice is genggated then routed through
the de-nmux 320 to the audi © out processor and speaker
315 generating output audio S310. [00103] Once a
synchronif@?Fﬁn éréﬁ%? i s detdbted PPO0OcEHR Decoder
Qut put S370 by the Sync Detector 350, the Rx De- Mux
Control S360 signal GwitBhes @o tRe Rx data path in
the Rx De-Mux 320. The vocoder packets are decoded by
t he vocoder decoder B90 fnd rutef by the Rx De- Mux
320 to the Rx Tim ng 380 then the Rx data nodem 330.
The Rx data is denodul ated by t he0Rx data nodem 330
and forwarded to the data nessage deformatter 301
where out put data S300 ig nade available to the user
or interfaced equi prment.[00104] An exanple of a
sui tabl e data nmessagge deforngjter g301 includes
circuitry to deinterleave the Rx Message S320 dat a,
i npl enent error contyol gecodjng guch as hybrid
automati c repeat-request (HARQ, and cal cul ate and
check the cyclic regundqrcy Bheck0§CIK3 bits. Suitable
out put data S300 may include user tnterface (Ul)

i nformati on, user position/locati information, tinme, .
10098] Aot el CERRS Ul R ARE: F9ri> Sdimest pgriction synihesis
ﬁltelei”Ith%bﬂeﬁpcﬁil% df a[no&:hgélsey FdGrsiveO PP CSsyatiRYist ARl €is QAR By its

' | ock di'agram of the Sync Detector "and Recei ver
imp@shtesipdriser 350 shown in FIG 1. Signal Vocoder Decoder
Qut put S370 is input to the Sync Burst Detector 360
and the Sync Preanbl e Deteciﬁr 351. The Sync Bur st
Det ect or 360 detect@ﬁiﬁéo@f_ éftt1'dd Sync Burst signa
in the Vocoder Decoder CQutput S370 and generates the

Burst. sync i.nde 51. _Th ngG . Pre I t or 1
and GEHBEIRN T anGibcy OBU Sl P S [T g 1937, =629,
96} /486, Yacpder) )DaG R hrddilt RY 183 fe 341 19RARI B itRSartr ERORIRIual
sync i ndex S353. Signals Burst sync index S351 and

sign@lr ahis| ferssgmated holghe 8858 sunkols apenrding te tee Bylse mapping tables

i 8 L S SPBLH 1, PP s S LT R S

signW(@hwitPHtgs the Vocoder Decoder Qutput S370 to the
data path S326 or the audio path S325, Audio Mite

000 SIS o s Ry v
equaplycapipied tohdifferdntripnige isirepes red tramsformst HEheRength wif tlge 880eforms
and %hoe modulation schemes applied to these waveforms may also vary. Moreover, the
pulse shapes may use completely uncorrelated (or orthogonal) waveforms to represent
different symbols. In addition to polarity of the shaped pulse, amplitude of the shaped
pulse may also be used to carry information.

[00100] Referring again to FIG. 2, Mute Out S240 is a signal used to separate the
Tx message transmissions and is generated by the Muting Generator 255. An example
of a suitable composite Tx Data S230 signal comprised of a multiplexed Tx Mod Out
S235 and Mute Out S240 is shown in FIG. 9. Tmul 731, Td1 732, Tmu2 733, Td2
734, Tmu3 735, Td3 736, and Tmu4 737 represent the durations in time each signal is

transmitted. An example of a suitable range for Tmul, Tmu2, Tmu3, and Tmu4 is 10-



align the Rx Data S326 for denodul ati on. [00106]
Anot her exanple of a suitable Sync Detector 350 is
WG beon493wo F1 G 15B. Si gnal Vocoder Decoder QutPCt/USREQ046405
is input to the Menory 352 gnd the Sync Preanbl e
Det ector 351. The Menory 352 is used to store the

| at est Vocoder Decoder Qutput S370 sanples which
60 miflireernels apfd dledd?vand TekiksupOGeo élilléﬁﬁwndﬂf%ruﬁlql’ﬁ!?}l @peration

2 F
and %}I@%Oe gﬁﬁﬁ%\‘%glgm Ccréggé e‘?‘atﬁ)n L\’ﬁ . e E)S;Jn ggﬁble muting

gendPatersdojuenddehgcboan éiBierdesbqamse s@ealtdrammusbitdeﬂfrﬁ}mncy signal.

Pr earrbl i n the Vocoder Decoder Qutput S370 .
Anolih Syt E%?@r@ni%gg ﬁt&ﬁ@b@segéeéemr@tﬁ ahe %Si%%ﬁgg thansmiZsions is
shovMPq{’F?@ P9 TyRSEs S30Br1andle Sy ﬂ&ﬁ?%t%% A5l bPYind Preamble

e Sync Detector Controller 370. The nc DeteCtor
Out S@AZ moﬂCIetéer e@haraglsme;s@neﬁ TxhModutl S350 nOl&dﬂklhi ®310F art will

i [ h
recoide Pt e v Oeht o GG R BACalOR Y KA WigdSut s240
and Pk N&d O§B§@35 ﬁ@ﬁb@&@laﬂ@taﬁpﬁéﬂa PR bR p UItx ﬁ'o@"@dt SR85 in FIG.
deterni ne the t% Wleé%?Mm)dul ation used in the

10 maygreqnpesdpdand Mita§uid24bt ed nodul ation type
is output fromthe Menory 352 as Modul ati on Type S306.
The Sync Detector Controller 370 al so generates out put

REGEDVERS Rx De- Mux Control S360 which routes the
Vocoder Decaoder Qutput S370 to the data path or th

[00194Hi o p&eferringién BlGul tbs regesie @Qé@nmﬂeﬁloé%@ﬂ E%Ut?frdeCOded

I
VOIC%@@%%SQ@%@Q&M%%OEB}&O?&?A 103%1,%@@35?1?“%%8%'% t : ggroutmg the
decdgxd Tpacketg tBRMgh 0a alatagdembéulbbor. DaBaca83@ 6hd mon-speech data was

dul ati on 00107 e of a UI ta
conBHG IO cotebr Bk 260! end RoGERIPENR vats ersﬁtgﬂ‘zﬁl trigsEdy the
rece@%?@%ﬁoc@f‘ﬁ@%le %zﬁeétﬁlelW@&Bdé thel £if8a MIH%LIC&E@HWH The

. Exanpl es of a suitable Power cal cul ator
dechnd Ipad@tsaareumpumuaﬂqummwge& fon@niintband smobmmma@ov algnel. If a

uncti.on cal cul te n.the in ut S
syn RPN TP %0 7 ghte PEBelis BPR3a0 ofd B GEPAE packer
datafii6lte@NS a36da W@ﬁib@ullaiorl STHeUldcoBéd pebkY dhtass idemBlA@sRd into
and quadrature conponents of reference Frequency

mes®igay s hemesweess Hadclrmgiethad itpits g} arapo@®é 4equgnce comprising

syncBFOREARE, SRR UNSHESHS  A0Rb, RRTRRNEN R Ly d HERHEon o

e m xer ts are Tow pass
the ddnespéth &b to el imi nate the hi gh frequency mul tiplier
products in the m xed out put. exanpl e transfer

100M03hct i oR/ o6 aagkit B IrecrysH oxs thescoafm@rﬁéatmr%ﬁn% &P ig the
I‘GCGIVGP 49538 tuﬁd t'fo %he @gc‘?dell decoger 3901W91zr%2dec936d‘ V8l éenﬁrated

he magni ase an qua rature outputs of

thenLRﬁteSiGﬁlramgl dazl del-lnabiedZ(b)totthe avdgniotiu peoc866r aand  speaker 315
generating output audio S310.

[00103] Once a synchronization signal is detected in Vocoder Decoder Output
S370 by the Sync Detector 350, the Rx De-Mux Control S360 signal switches to the Rx
data path in the Rx De-Mux 320. The vocoder packets are decoded by the vocoder
decoder 390 and routed by the Rx De-Mux 320 to the Rx Timing 380 then the Rx data
modem 330. The Rx data is demodulated by the Rx data modem 330 and forwarded to

the data message deformatter 301 where output data S300 is made available to the user

or interfaced equipment.



sumed in the Adder 367. The output of the Adder 367
isS input to the Matched Filter 368 which is a matched

W@ 2000h€938y ansmi tted Sync Burst Sequence. Mat chedr/US2009/046405
filters are well known in %zﬂe art. The output of the
Matched Filter 368 is searthed for the maxi mum peak in
t he Max Search 369. Once the maxinmumis found in the

[0010d)  Sear'etrxample efifesuitable datidpessagsalséiragtieiod tliacludeeircuitry

to dg’i];lf.:? 1%5@451&“@? %W‘Og&gﬁ&g en#é?lt %frgp @J) tﬁg r(%g:londgﬂg Such as

hyinRt eamninetldl)e[tepmmeqtféal (HARDpwand ncaPEdlﬂﬁte 1211\1 Sieg]n athe cyclic

d 370 i d b
redulgEHGACRT (CRT) 868, WHHIENC 10 R Bos Mo dleiyfguser nterfuce
(UI)an?&lﬁﬁltlﬁn SEQY %@ﬁon/_[&%tlyﬁtlﬁﬁ%at'fdﬂ Lifhe %@%ﬁuEﬁ’Mbm'eﬁt sensor

then i nput to the Max Search 369 whi ch searches
infotrhagiomasa othen spealde d@ace the maxi mumis found in the Max

rch , e |nd corre to t f set
001357 e B3G: A5 & BTG BB bRy ot T il 1368381 and
RecdiPQ1081traMep 380 rshewA MR @ 1. a Sfihiaf Bk&dcPYolEreatpue S370 is
Detector 351 is shown in FIG 17B. Signal Vocoder

inpupte ey naR it Dggqtor 360 prbdesheyg Bygamble Dateaterr33ln heepyne
Burs‘ﬁgetedob éjti()t &‘Qécets ?rﬁat@tlsﬁlt%d §¥] SEB}SE glgnillnmsthg Rfo%gge ﬁec%der

qufut I 8360 eddi gmeﬂa&e the ?mfsﬂ SS?ncgfndbh &3Sy ncTher $artitreamble Detector
ence. A sparse filter a
351 ﬂpwpﬁs dbg Ffﬁmr@étw S¥poRsamble Qut tigealvpithe YorpdsDacpder Output

S37G %ﬁfif o fLGAL %réa‘?ﬁtflé %g&@ FxﬁieQ rgzkrsgs ud; gﬁalk rBu"i‘st AUGAd Qs3I and
Cc ase

onput ati ona exity on fe reqw re
Preambllet byl mdex $A83 b tnlpet wethe s,;mefmeteatem(:sntramrago The Sync

Detdefqry Epietiep 0 eensre g SEndlhdtpbn Vi Go8rel G860, agpich

routBOHRN BISBEBLE OOABUPSTHS0 WY Bl BRI I8 Dr PR Barh S325,
pattern based on the negatlve and OSItIVG correlation

AudpedlutaCentarl (¥365 Faricke rizabidseqr cﬁsaqbbakhe gitoul ahdpesigoal i 10nand

TimSPi S DR R vl Gt 5 BT Bt B 5 dATiS0 o

aliglPRUDOD 26 d31% A&t detodbMiosequence 243 and 2 negative
peaks corresponding to correlation with the inverted

[001\%} si onAgpthehexgonplg @ﬁ@éh’é@@ﬁwﬂc Petegtos 359 sothewaxiadiGe 15B.

Slgntapﬁfe CXE&‘ %%E Rt %%tﬁlg‘:? g{&ﬂO 1§ nrﬂ)u‘ct‘ttol &1@%6&}0 ?lg?ec egl.e Sync

are reanb

PreahiblsDefec6351.t ke n lM@ﬁ@rytﬂSZpeam tdgtoeethedatcs \awodheldecoder
and_if a majorit peaks is detected, then a sy

Outp il Wpﬂ%@h} @é&udfr% e Tseeiveep alswp OHuieath n@ puitable
exargﬁlr@m@,]@’gﬂrﬁ@m 330 s 88 |PPRARNIERE O (Freiol 3%1%&5122@&9&%@%@
(RAMBt chha SgnceRpanbledDgattbedsil dd:téct& tlnmjrmsmrgtechymeB]tesnnbE Out
signglofn the Vocoder Decoder Output S370 and outputs the SyncFlag S305 signal.
Signals Modulation Type S306 and SyncFlag S305 are input to the Sync Detector
Controller 370. The Sync Detector Controller 370 generates the Modulation Search
S307 signal which is used to access the Memory 352, find the received Wakeup Out
signal based on the Timing Offset S350, and evaluate the Wakeup Out Signal to
determine the type of modulation used in the transmission. The resulting detected
modulation type is output from the Memory 352 as Modulation Type S306. The Sync
Detector Controller 370 also generates output signals Rx De-Mux Control S360 which

routes the Vocoder Decoder Output S370 to the data path or the audio path, Audio Mute



detected then control passes to step 454, where the

tenporal di stance between the positive peaks found in
wWeL@p/1488 i s conpared agai nst the expected di SPEFTL2009/046405

PeakDi st TI. The PeakDi stTI%és set to be a function of

the period of the PN sequefite 242 since filtering the

recei ved preanbl e agai nst PN sequence 242 shoul d yield

Y
Congok ¥5orhirh gnablesise disghletepuime aedip signak 9, prchkigning Offsct
sss Pt B GRR OMA B bhROROENE 39 e by
S326 torklematdtlation.a range of PeakDi stTl, the positive peaks

litudes are then checked ainst a threshold .
[oolggEkAn‘p n Rl 5§D S35 ?tsﬁaég%_}s PeuRon £ 16.
SigriaP VBL&tRr PecHAUSutput B! RSinpyths tﬁ@%ﬂlcu‘lﬁo@iﬂ. Examples

function of the anplitudes of the previous peaks
of afsoatdc PowcracadailatabB@l axhidplag input sqReaigAupdtion ar abetlute value

ch th t he,peaks found.in.ste 3 do not dj r.in,.

funcHii ot e ot R RN iR T e SB Watley BRluBS Gt s

also RERI @ ARkdrtMA&iI0H0 882 Rere G@ﬁﬁltﬁjﬂeﬁ biyhBe HP?M%I Ahdp§addrature
anpl i tude observed up to that point. If either the

compersnts lercfrsencet Eapesnay Senuseink 863 laad IFr¢qucseyepingsnd gr 364 to
t i K_i 455 fail hep, t

send € PO AR SUREE AL SR TRl Bl Rubeld iy a2 oo

are 18B6pasd filtéde bpelgal PV 86 P eadlirhdapah@higtiftdqaaes rhsltipiiériyroducts

. .a range of PeakD stT2 then the negative peak .

in thﬁr‘i‘%ﬂx?(g oYt afB cxBpikdansfghimstionot nyudahis I iRtodarpthe form:
in step 457. A suitable range for PeakDistT2 is plus
or mnus 2 sanples, PeakDilstd]2'irs,set to be a function
of the period of tﬁé‘?(ﬁﬁf%'elqucebzw and the PeakAnpT2
is set to be a function of the anplitudes of the

revi peaks, found. ,If ej he | Fi eak. .
wheR S PSR ot e “chelic i nl-2teh b G bR BERigg of in-
phase@Al qaMlatfré detpaReFihd NPF3EE 45 8a]0ilatch ®yNRYMIMBURED6 and

tenporal distance check in step 456 and the negative

sumped kn hephildasde7 c Hdelouimit of dsasddas 364 it Hwnt to g Matched Filter
P i ot . > i .
o8 LR £l v B L SRy B M RAASALE

wellnegain vie tikeak. t Thp@uglut difsthanvaetchde Etdr B63t BPscabbedrfor the
negati ve peak anplitude check in step 457 fails then
max{iyem e i theiMat 2rargy 39 Qnegdhe maxigrin i fopagingthg Max Scarch

i ndi [ - e S - n - I
365 (ONEEE L% pORURE SAAR AN DO RAKIRE R, OFRh Shimat Burs
synccioddd $381i. ons of the steps will achi eve the sane

result. For ex e, .detecti t he jority peaks in
100195, 461\%%&%@6"%{;& gl XS HEHED I G S sk Lk ek FIG.
17A9f SBhAPTotr B0 dt? VuthROIFHN iAo EXIPHE tl‘li:E; lé@atc}fggtﬁf%&w

Sync Detector Controller 370 is shown in
whicht spnaoiicd ® thheSyantPreanpdé iSequance.hdhe datchéd Ertenidp8 loutput is

then' i?llpltltl t%l thé q\%ag Carch 360 ywlggl]; fseearlrg'hes for the maximum peak. Once the

maximum is found in the Max Search 369, the index corresponding to the time offset of
the maximum is output in Preamble sync index S353.

[00109] Another example of a suitable Sync Preamble Detector 351 is shown in
FIG. 17B. Signal Vocoder Decoder Output S370 is processed by the filter in step 452.
A suitable example of the filter in step 452 is a sparse filter with coefficients based on
the band-pass filtered impulse response of the Sync Preamble Sequence. A sparse filter

has a finite-impulse-response structure with some of the coefficients set to zero and



and configures the initial state of the receiver. In
step 406, the sync search type is checked indicating
wob@vhers4e he sync signal is being searched in BEBEUR009/046405
data or Rx audi o pat h. Steg 372 is entered if the Rx
audi o path is being search Y for sync. Using Bur st
sync |ndex S351, the maxi num sync burst and index are
resu@%alrlcﬁ dqdesiion w thenisempBtipnal cemplagty Pargs onNfqwer yequired

mul 1?695 &ﬂeztg il S0 26SHUR %r %Qﬁ% ﬁ'ltfers #g WKW BYS ¥Cart. In step

I ndex searc passes a
453 shm cfidatssbutpus easaichedi foe ltlneomaxﬁnmmmﬂmﬂve anfl wegstivd adriredation
rch decision criterio n step 373 s of the form
peak(s alﬁtﬁ arq-ﬁ%pej:teglmtt? §9 ﬁﬁe negjdé{? &y RAYHEe correlation

peaks HREFRX | ort antiedi S¥BIRT sHollRl §Y Toul S t&p fAANGLs@Y &n Sync

the N | processing frames, ThsB is the sync bur st
Preagéte c&qqomwhilf&a hal phsm@rmﬁaklss corspoeingnim syradativur sitith the

i.nd nc i he nunbe f rocessi.ng franes }
pscugieitimogiate ENIGSontiEes ¢ Ll DoRRalvY PRl SRugsnogding to
corr&lamlth ke iBvEYIACyBI61D I)fﬂhé PROdcq &8 244 C Ok E@tablSexample, the

passed back to step 406 and the search is restarted.
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The RRURGIsPVETs {ddGo Nel a PLRESS DiFNHe prl%@%f tlg-Pﬁn& ﬁ@nc‘%rﬁu since
scaling factors, z is the maxi num of the outputs of

filtetihg thatretvecdf pichmble3 s 1By neequénse FR4Saniviued Detldct demporal
.1 Ve,
disZEE P58 ot HUSRpRE B 6t st Bp P agY AR pf S P, i

the FERgoRNAiSHAC Bethvetn Iﬂﬁtdgassuw@ pBks. isf foln Y& bePWRRIDA Qag® of
not found in step 376, control is passed back to step

PealddistTAndhe mesisivar peeks samplifudast aw. then ghoslied ageisants| élri:Sshold
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where 1 zmax“is the I n xattemaxwru out put
excoofl haﬂl@tlrémﬂnaheﬂlrﬂ ipetle ampbgidenolistiered up to that point. If cither the
positive peak temporal distance check in step 454 or the amplitude check in step 455
fails then the negative peak temporal distance is checked in step 456. If the negative
peak temporal distance is within a range of PeakDistT2 then the negative peak
amplitudes are checked against a threshold PeakAmpT?2 in step 457. A suitable range
for PeakDistT2 is plus or minus 2 samples. PeakDistT2 is set to be a function of the
period of the PN sequence 242 and the PeakAmpT2 is set to be a function of the
amplitudes of the previous peaks found. If either the positive peak temporal distance

check in step 454 and the positive peak amplitude check in step 455 or the negative

peak temporal distance check in step 456 and the negative peak amplitude check in step



Sync Preanbl e Detector 351 over one franme, Sync is the
nunber of processing franes searched, sanp is the
woooba493ed sanpl es in one frane, and knax is tPE/pPRASB046405
of the maxi num of the outp?L of the matched filter 368
in the Sync Preanble Detector 351 over one frane.
Control is then passed to step 418 where the Rx Modem
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s the entry point in the controller
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the initial ?ate of the receiver. In step 406, the
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In <R3 Rihel FrBbhe AR S4B mh BRRY Sthe ERfllg and index

arc sakchiel atvieora number of processing frames, N2. Step 376 determines if the

maximum sync preamble and index searched in step 375 passes a successful search

criterion. An example of a suitable search decision criterion in step 376 is of the form:

(cl '(Sma.xmax/P(ismax))z +CZ ,22 ) = ThPD

max max

where Syax max 18 the maximum of the sync bursts found over the N1 processing frames,

¢, and ¢, are scaling factors, z  is the maximum of the outputs of the matched filter

368 in Sync the Preamble Detector 351, P(i__, ) is the maximum power input to the

smax

Max Search 369 in the Sync Burst Detector 360 at the maximum sync burst index, ismasx.



is of the form Timng Ofset =Pul sePosition
Pul sePosition is a tine distance fromthe negative

W@ rpassd on peak to a second reference tine |PCI/HSEI/046405
and may be a positive or ngé;ative val ue. An exanpl e of
a suitable second reference”tine instance may be a
certain sanp osition relative to the current
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times. A suitable value for N is 1 (that is; only 1 preamble detected without
confirmation) for the Destination Terminal 600 and 3 for the Source Terminal 100. If a
sync preamble is found, signal Audio Mute Control S365 is generated to prevent the
audio path from being output to the speaker. Signal Rx De-Mux Control S360 is then
generated in step 378 to switch from the Rx audio path to the Rx data path in De-Mux
320. Control is then passed to step 377 where signal Timing Offset S350 is calculated.
An example of a suitable Timing Offset calculation is of the form:

Timing Offset = PulsePosition + PeakDistance
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[001d@her at ¥AGal9 isresuitgblgetiprple block diagram of Rx Timing 380 shown in
FIG. 1. The Rx Timing 380 is used to align the modulation frame boundary in the data

output from the vocoder decoder 390 so that demodulation in the Rx data modem 330
can occur. Signal Rx Data S326 is input to Buffer 381 where several samples are
stored. Suitable examples of Buffer 381 include first-in-first-out (FIFO) memory or
random access memory (RAM). The samples from the Buffer 381 are input to the
Variable Delay 382 where a time delay is applied to align the modulation frame
boundary corresponding to the Timing offset S350 control signal. A suitable delay
applied in Variable Delay 382 may be any number of samples from zero to the frame

size - 1. The delayed signal is output as Adjusted Rx Data S330.
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sync sequence 801. e exanpl es of the sync
bandpespuleltar ecigosenterthe triwes sdesdrardseaistios ¢ @ clgmpelFl G 8B,
and FIG 8C. Follow ng the sync sequence 801, the
Destination Terminal 600 transmts a "Start" nessage
802 to conmand the Source Term nal 100 to begin
SYSmEmsmtting its Uplink Transm ssion 810 sequence. The
Destination Term nal 600 continues to transmt an
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In-Vehicle System (IVS) 951 is located in one or more of the vehicles involved in the
vehicle incident 950 or may be located on the user himself. The In-Vehicle System 951
may be comprised of the source terminal 100 described herein. The In-Vehicle System
951 communicates over a wireless channel which may be comprised of an uplink
communications channel 501 and downlink communications channel 502. A request for
data transmission may be received by the In-Vehicle System through the
communications channel or may be automatic or manually generated at the In-Vehicle

System. A wireless tower 955 receives the transmission from the In-Vehicle System
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Terminal 600, begins transmitting its own sync sequence 811. Suitable examples of the
sync sequence 811 are those described in FIG. 8A, FIG. 8B, and FIG. 8C. Following
the sync sequence 811, the Source Terminal 100 transmits a minimum set of data or
“MSD” message 812 to the Destination Terminal 600. A suitable example of data
comprising the MSD message 812 includes sensor or user data formatted by a data
message formatter 210. At time t2 852 the Destination Terminal 600, having received
the sync message 811 from the Source Terminal 100, begins transmitting a negative

acknowledgement or “NACK” message 803 to the Source Terminal 100. The
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t2 852a the Destination Terminal 600, having received the sync message 811 from the

Source Terminal 100, begins transmitting an alternating sync 801 and “NACK”
message 803 to the Source Terminal 100. The Destination Terminal 600 continues to
transmit an alternating sync 801 and “NACK” message 803 until it successfully receives
the MSD message from the Source Terminal 100. At time t3 853, the Destination
Terminal 600, having successfully received the MSD message 813, begins transmitting
an alternating sync 801 and acknowledge or “ACK” message 804. The Source

Terminal 100 may attempt to send the MSD message 812 multiple times until it receives
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Terrﬁﬂnslo 60@C o@nthie cﬁd&aﬁaﬁahﬁ By S tle gub magsmilta rHy el Sthg egource

nessa and ACK nessage A @ﬁ) each be_the sane
0

Terramfﬂf éﬂ@nﬂmg dhticReswation Wesamm g feminivg apd tlﬂ%wnhnk
respgnq m}} 1[ﬁksuﬁ§61? lebldﬂjéctgingp&'éltg lraﬂrﬁﬁmgff BTh D%Wﬁﬂ‘lﬁk h‘f'{msrms ion

exa action diagramo e sync roni zati on an
sequdatca8tlria mimttsd; atoime Eogfnnethe hestieeion tllhemBali6@ewith alternating
syncTs%Elerenré@SO and gtart” message 802. At time t1 851 the Source Terminal 100,
having received the “Start” message 802 from the Destination Terminal 600, begins
transmitting its sync sequence 811 followed by data 812. At time t2 852, The
Destination Terminal 600 transmits an alternating sync 801 and “NACK” message 803
until it successfully receives the data 812 from the Source Terminal 100, upon which
then the Destination Terminal 600 sends an alternating sync sequence 801 and “ACK”
message 804. At time t4 854 the Source Terminal 100, having received the “ACK”
message 804 from the Destination Terminal 600 discontinues its data transmission. At

time t5 855, the Destination Terminal 600 transmits an alternating sync sequence 801



the Destination Term nal 600, wherein data is
requested and transmtted by both the Source Term nal
wWao®as34e he Destination Term nal 600 on the WCT/HER20891046405
Downl i nk respectively. The gi fference between the
interacti ons of FIG 24B aMd FI G 24A occurs at t3
In this examp an alternating sync 801 and

and * “%ENB” Hewag 80y eshqaémg RalPgHESt @ Grapymif Héta[%%,thierfhwl%lﬁk At
time ?6r @5@ athe6 9010 Slte%ﬂla?fm@n [23 of ﬁét%ﬁgigq %heS y@ENﬁn 50 eé%% 805,
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acket | en?t h. The user data segnent 0is assenbl ed
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the ‘gAeglgg %%eg& gggn)gﬂ ?1% %)%&coer e%gnazgrﬁ(\)/ g,l C?At n?t@% Pgnsn%lss%%n of its

datad@ba Ore skilRdandheodrt Wﬁlﬁft&ﬂgﬁlzﬂ&taatlﬁaﬁﬂeﬁictlopﬁ @dﬂtrﬁl&bﬂ Iﬁrem are
exanpl e for_the Ien%t,h indicator 910 is a 1 to

symipgfriseandfanebg iniptech mpuFccoFerpmal 9@, Oastslaﬂ@@grrﬁﬁtaﬂ will

f (-1 k
oo Eronfr-atle AR 15 Y BeC BB abt A eb KR RRREp e ACK
mesegamplyecaoll tpatle kims oBdifferanc baguendeh betviceathose (ﬁ‘ansmdttada on the

skjlled in the art will recognize that t he pad
dowa}ﬁ% lwgy be conprised of the binary "1" val ue or

[OOI@Y be ¢qaprbgpd i9of 1a PRIHEN Bx@hplb riﬁ‘treYactlén %ﬂl%ran@ of the
ue [00121] FIG 26 is an exanple diagram of the

@mmmpnlaodl defa teansmasionistquiare iraekat thadenwbyl ctthmal 100 and

the BEREHagstrieh §h “iiin Qs REE b BT R ot he

Soufty | ToriirRl 0@ HRA B BIECHhatiBAT kMol 60@ton8tﬁ@rtgm RIndSD&WElink
l ength indicator is equal to the transmt ta packet

resppdivgiyn  did difesaem datvose ghe rttsragtiense gl FIGe @4Bh@nd FIG. 24A
occ&rg Mﬁ?g‘seﬁﬁ‘ﬁﬁf ?}@cﬁ@g Jf e{'%‘—xba{ung grtub?Mug' %r;“s‘ig(ﬁ: iﬁséssrégg 805 is

transin@ﬂttgtﬂ by thehBBstIﬂaﬁoﬂl dstminege®ninsead bAkm sltan@t&cg sylne ahli] EACK”
exanpl e of FIG 26, the user data is_split into

mesga@anem ghis m@nmlep #%@%ﬂ%@%@@%‘?ﬁ ngs itQ laé%tﬁbqhéb the
Desﬂlﬁhttlgngl@‘?mﬁfa LasRA ?/krgéelé?&@tﬁg S0t T?nﬂﬁﬂl Yoo Ba@ 812,
ng e secon

prece I cato 10. T ser data
and sexglte mi tlQ:OSourse ét"ssrmmtbl 0D distantinhengt tadstaittandatsaiopaat k¢ 1854.

They %gl\ﬁ# aﬁégﬁagg g dn%g%tggﬁtrgguess‘? 1rr0ann%heI Bes%lggtllolnerl"eltn%%a 600 to
send data on the Downlink.

[00120] FIG. 25 is an example diagram of the composition of a transmit data
packet whereby the length of the user data is less than the transmit data packet length.
The user data segment 900 is assembled into the transmit data packet 806 or 812 along
with a preceding length indicator 910 and a following sequence of pad bits 911 which
served to fill out the data to the end of transmit data packet. A suitable example for the
length indicator 910 is a 1 to 3 byte value indicating the length of the user data segment
900. A suitable example of the transmit data packet length 806 or 812 may be 100 —



l ength a pad 911 is used to fill out the data to the
end of the transmt data packet. [00122] FIG 27A is
W@rooesn#swd e i nteraction di agram of the transm RPCHHS09/046405
request sequence and trans?%t data response sequence,
wherein the user data | eng is greater than the
transmt packet size. Initiated by the Start nessages
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. Term nal 600. One.skill)ed in the art wll o, ..
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the fifsBG8MEnkit dath Papiest 1806 or 318 @MmpBided of Vg indidatordiB dndl first
anot her exanple interaction diagramof the transmt

uscrdigtagsepmgiiel Sdguantied dydhe reapmnding tgeniaak Sstgons 2l 871, since
ce .n | [ t er 0.

e SN DL A 5 JAed HAAOIIE FFS e

the didef 8dta tapainSiatsectaideatRanpk 003.806 tipde B2 B72stheecypendiad tathdnal,

Start nmessages transmitted by the requesti ng term nal,
havipg decgiysd e Mt Kipeyiags disgantiiuss dleptraisgop ob the fisst gag packet

806 gﬂtﬂ At igalihy 5% aﬁ%”itﬁeet /%&Qéﬁnghénhﬁlgﬁ i %Qaﬁﬁﬁ{gé@l?é length

ased on receiving th nmessage tfromthe requesting
indi¢agsrrfilfab .detfenminei ®wexamp begmenkseare egprestdi regutses themakt transmit

o055 S b e TSk S A
timc30G 874,8ke EIRMUhPEFERROMIVAG received the start message from the
requesting terminal, begins transmitting the next transmit data packet 806 or 812
comprised of a next user data segment 902 and pad 911 (in this example the next
transmit data packet is the last data packet). At time t25 875, the responding terminal,
having received the ACK message, discontinues its data transmission. One skilled in
the art will recognize that the interactions described herein are symmetric whereby the

requesting and responding terminals may be either the Source Terminal 100 or the



termnal. At tinme t31 881, the responding termnal,
havi ng recei ved the ACK nessage, discontinues the
w0 engeE3gsi on of the first data packet then i nPEHUS2009/§46405
begins transmtting the nex transmt data packet 806
or 812 separated only by a’sync sequence. At tine t32

882, the requesting term.nal, havi ng@r ecei ved the sync
Destyrsign ricaminge §9hs One akidler v ithsgrrkimdi afregseagaize fhtti the uper data
ata packet 806 or
mayggﬁ%? i?gttﬁlhllrlreyw(% gg%géatﬁggclk%{gﬁgﬁ%gégf ully received the
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respondi term nal ,. havi ng cei ved the ACK.
tranwlétwﬁﬂg%@efsﬁgest it dAUS 6 Bé'fﬁ?ﬁfr CGehEs i gnspy n%tapa%%@tt 806
or Sif‘e%t imeghajsg! Maskiﬁ% kﬁt%&s'ﬁﬁ@sf&&%d‘glett%sﬁﬁ)ﬁaté p&REN8H6 or

dat a packet 806 or 812 separated only by a sync
812 sthq uenesingAicrminplebe g @mmlﬂmaglth@Aﬁlﬁ: owssied. | it time t34 884,

ecei,ved the transmt 806 ,or 2, he . .
the 1SR RANE Rl R Poteitit Be BRI Bles iR dBCo g mission of
thetmﬁagﬁﬁapa@agt@()BhﬁquSpondl ng term nal receives the
messages, it discontinues transmn ssion of the

[001t2ﬂhns m F1§a2AC jnrs @potBosexsmpd mtqranippsliagangof frpransmit data
l, d f
requt%ﬁrtagﬁé n%%[%) gﬁ? traﬁgéﬁ‘lggisﬁ Ileg}ogléeﬁgéedugﬁcg g{]%mﬂ%% %ste{] fata length is

greateﬁe $1pmrtﬁetrsmuepwket smserlﬁltms teRempis afted alicafidsemgishii data packet
ater than the transmt packet, size. FIG 27D is an

806 QF @é@ AafEuEsed Kig %%%msgagiewép%@f% Ry dhagrmatEgdRmInAL the
subs%éy%nt 2R smltNdded) %aﬁ%@mﬂg & 813 Gre 2483m ttl%% &'tﬁﬁsrﬂﬁt@d%

2 882 between 't requesting term na nmessage
respbuding reemfriat biscd serreckatiag segh€Ktme&azaiantthercyacking oerminal.
t.he nex user data se rrenlt 902 is elimnated. [
In tlfll}é'eﬁgmp e requestlng termina

transmission of the transmit data packet 806 or 812 from the responding terminal nor

Thi s
does not transmit Start messages to initiate

does the requesting terminal transmit NACK messages. At time t41 891, the responding
terminal, having received the ACK message, discontinues the transmission of the first
data packet then immediately begins transmitting the next transmit data packet 806 or
812 separated only by a sync sequence. At time t42 892, having successfully received
the transmit data packet 806 or 812, the requesting terminal begins transmitting the
ACK messages. Once the responding terminal receives the ACK messages, it

discontinues transmission of the transmit data packet 806 or 812.



maintain timng at the respondi ng term nal such that
it would not need to resynchronize to the requesting
WO 20091489 sync sequence. [00126] One skill ed iPCT/H82089/046405
woul d recogni ze that the rgfponding term nal s may
autonatically transmt data packets subsequent to the
i_rst data packet wthout transmtting the sync

[00 lééh uencdIGe aapatSo%tﬂl pthayi @a@a&‘elmmctwn@agréau%&@ fransmit
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t32 Sﬂjb&%é’ﬁ 12 1Qq QU8 @il RECK rARSIPLt fof %e\"ﬁltshu&tr Qﬁfa segment

data segnents I1n addition to the first one.
903 tahé thor DY G tfoo thedinag nuasrsdadd sedroge 0B e @illmlnattwe r 6 hrsalyelps to

r.or ndi ti ons which sh er onde an .
maisi g iR f B hinsfRa it SHEN G TS PHeER s st hronize
toﬂ&Q&hk@ﬂﬁy@ﬁﬂMhﬂﬁmeéaﬂ@h&ﬁ on the error condition

handl i ng corresponding to the interaction di agrans

[001@bk c| os&metskillsdin therprewewl dagengpize thatile wepandingoistininglsinay
autoiT t1§eh%rt %%IIQAIR ngagwsé%ék%tggsufb%é{lﬁép §$ ?{h\%g i[' f ??@agg aiclz<eet without

escri'ption.

trandrhiaingt fhle s§h¢ eEqueAcdidpagitate siarthiBaedsd efcedync FBYucdAee is sent once
equal |y applied to the source or destination termna

prioy rtp g Birgin @it desmackai B0 ey 8&2:+ thenpoansseivpgnths ACK
mes%%gél'ﬁ?é] tf,%bn '(rjﬁm%[ 51% Apdi 8; AR RGCHE Ssumgﬂeﬁt NBita packet

urce mn oes not ete a transmtted sync
withpueserdirg, alsgnan @xcasiplled nesipongeyoult ealsourcognize vt realength

. ,.del t he trapnsm ssi.on of the D nessage until a
indicior RIDomIch U he HpRmiged %@@%ﬁ-‘fgmeggleﬂ i aan o the firs
onc detected. [00129] Another exanple error condition

occurs when the Source Term nal incorrectly detects a
[0012Fhc pr danthk eintdractam ehicgnphe disécps@dsb@remheth%unw be error

condjfpfh " PRy Br et Rmed Turladine PB4 RTREET HMRer. he

folldWig@ BB tREs pralidh &henmansn ﬁ@f’@hﬁ ohdlisieh hah&lmgséﬂrrespondmg to
Anot her exanpl e error condition occurs when the Source

the mitergatina digesinediyclowddictan.alsgash cprmplebihe caot h@mﬂgmpn is stated
aloné@ﬂh h\é\@grrﬁ%gﬁgﬁ%trgsghﬁ% cfegc% fght td%% sk 1{%%%‘% I)%W l[erecogmze

onse erm n gnores

that daé eeﬁ:ﬁoedlaaymﬁg [icsaitel esrdihembp llfeCéqu'Eﬁty nappikd vtouﬂhel unte¢ or
tri.gger the NMBD transm ssjon if a redeternlned nunber

dest@@“%t@é@tﬂéblﬂé%ﬂ%u@ﬁgaﬁwé@% qhaecpﬂ%a@g}be 0eRh e
[0019§f set agl é}!ﬁ'ﬂ{per’e error condition occurs when the Source Terminal does not

detect a transmitted sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of sync
preambles have been detected.

[00129] Another example error condition occurs when the Source Terminal
incorrectly detects a sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of detected
sync preambles yield the same sample offset.

[00130] Another example error condition occurs when the Source Terminal
falsely detects a sync preamble although there was none actually transmitted. In an

example response, the Source Terminal ignores the falsely detected sync preambles.



[00131] Anot her exanple error condition occurs when
the Destination Term nal does not detect a transmtted
wa e/ 1g3eanbl e. I n an exanpl e response, the DeBCT/HS20000M6405

Term nal does not start decoding the MSD nessage, but

continues transmtting START nessages so as to trigger

the Source Termnal to reinitiate the MSD transm ssion
The g¥qugge Feppisgeverldi oy tHeagethe oV ISET RRSHEdamdls fredetermined

i [ ' I :
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docsragtrichest @ ARBTARISIOHEL PEABIIod VDS HERAS fieBRY°e e [jestination

TerthiRa CHIB Y st ldel ﬁﬁ%%@@‘fﬁ%&%ﬂﬁm BaARcksAnkNRting START

Incorrectly decoded data, t St nation Term nal™ may
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sequbBédyl nal fal sely detects a sync preanble although
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incolrale) liqu\éts j{!genctfrségrlngﬁet. ! %nTé%E mppearles do%gsﬁ tHe besctin%{ign Terminal
monit ort g it s Pederved si'gnal Tuntiio Te "expect's 'a" syne

decdae e aehieeeil ¢ oM I datddnidotecile thirbighout hDQdRhHaryOtdisions. Based
exanpl e error condition occurs when the Source |
on the ipeqieactly deredass pitat eaDostmrtordesniel aaayarqgitiee the MSD
X . i f . D
o B o AR S B8 RS Bt TP i
[00188] ays tAmeth¥BPximplosmnios sonditiombedurs tvheecled Desinati&T ARiminal
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no felifonsSisticei @k ﬁt%Bé‘tﬁﬁtlyof)f the ﬁaggﬁaﬁﬁ@ 38R, 186Q0F 8] Destination

Anot her exanple errof conditioh occurs when the Source
TenfTarhdoralnotriseitrmenmregsitsarcSHNRITsigea gagé itaskpagts AGKnc preamble

ssage. -l n an exanple response, if the MSD
fron?&qgﬁgﬂfcgs'ﬂiegﬁmgs not started, the Source Termi nal
[00139]OT €S AR AQKaNBES 386 cbAdIABRt RRNrse*ABP| the rRHPQNT8minal
the Source Term nal ignores the ACK if the previous

misiigepyelgesS halkd messred ot @ NoY(ES eepssagea IS PARRamplsiggeonse.nf the
h I i f ' .
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ource rm na
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‘[1ransnntlei§ssiglslg eisI gngaoliggg ![hrét eSrogrrcgt %gm?ilslalar(]ieé%( ‘the reinitialization of the
transmission.

[00135] Another example error condition occurs when the Source Terminal
misinterprets a START message as an ACK message. In an example response, if the
MSD transmission has not started, the Source Terminal ignores any ACK message. In
another example response, the Source Terminal ignores the ACK if the previous
messages have been interpreted as a START message. In yet another example response,
if the previous messages were NACK messages, the Source Terminal puts itself on hold
and terminates the MSD transmission if the next message is also interpreted as an ACK.

In still another example response, if the previous message has been interpreted as an

ACK, the Source Terminal terminates the MSD transmission erroneously. The



In still another exanple response, if the previous

nmessage has been interpreted as an ACK, the Source
waooaitesho t er mi nates the MSD transm ssi on err oPEDUS1099/046405

Theprobability of this evea; is low, however, if it

does occur, the Destinatioff Termnal may reinitiate

t he transn1SS|on agai n by sending a request with START
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deco%ga]rtjil { ér prggsctlﬁ §Wmtnglem§g lilé(iu%st-r rxgg ?ée Terrmnal to realmtlate

the Mﬂmﬁsﬁnrl@%@@mﬁgSTwRﬁﬁesspg@w ous nessage has been
interpreted as a START nessage, the Source Term nal .
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mlSIh{eglssrgtg eanﬁg\f?I@ é%u r esdi?%?lrf?ggl &%&ggé n? or an Ot ﬁle%ﬂ%ﬁwﬁrthe

previds medshgavhag bﬂﬂs&&q@ret&l aota SﬁARffemeA@ge, theeSamuca &otminal

ACK i s ored anot he exa response, if
1gn°f?§eanéfr%¢gdﬂgssﬁ%essgb Oﬁ%ﬁ‘g cxpuple ufssmng ﬁ%}b@dﬁ%\’lg%us message has
beerl Bt &R A% RAARCKHIRESAUE SohiRe 1%%{&? whith BMRAtHBACK, If

termnate the MSD transm ssion although the

the fodewingampoagcTemet aadthéraACKotheymtrenies €Kvie dgrdred. MLyt another

t babi | ity of thi t ,
origoaens i1 1 Bseglocutndectie PRespRAST iy fisgied os an
ACK®)sE2k Mhb iSduR el emidaf RR téﬁmﬁi’ce @QﬁMSIjDMaﬁsﬁﬁ@Bld’rgalﬂlough the

request wth START rressages 0138] Anot her exanple
Desténation Tesmirial hannefoxal recoimedrihe [QS@QFY@@IYTeThﬁ pegbability of this
int e a :
evell SSRGS, B A, TEAE208 A8 TR ASF a0 oo

tranztrﬁhesmﬂi agmﬂbﬁsmmlﬁngod regdebt wlmrﬁerREMgh@ngy ver si ons of
the MSD, since the usual abort conditi on |s t he )
[00138F et | SROBFT £X3MPle CEPHICBH AL MASSHISoPhakhereiese L erminal

i, ARCHSR TRSES0R1EHE, kot Sty SR, 0
Soultce dirsminakwonld ey ebdrti del tyansinssioDesftad dabharedundancy versions of
the MSD, since the usual abort condition is the reception of a predetermined number of
ACK messages. If more subsequent messages are interpreted as START messages, the
Source Terminal may reinitiate the MSD transmission. Eventually, the Destination
Terminal would stop transmitting messages. The Source Terminal would eventually
determine that the Destination Terminal is no longer transmitting sync frames and reset
itself, thereby stopping further transmissions.

[00139] Another example error condition occurs when the Source Terminal

misinterprets an ACK message as a NACK message. In an example response, the

Source Terminal would continue transmitting redundancy versions until the ACK



Term nal would stop transmtting nessages. The Source

Term nal would eventually determ ne that the
wOePilseyd on Term nal is no |onger transm tti NBCHYHZH09/046405

franes and reset itself, thereby stopping further

transm ssions. [00139] Amo%ﬁer exanpl e error condition

occurs when the Source Term nal msinterprets an ACK

mesyages Affe datsctqd NaoRC e s gatually, the Brstiistian kspéieg evouldestop

transPivirfe nggagwa'yﬁ Eg%&ﬁe Of;%]iélg{éég Vg‘(glg&] %giteﬁthhl d%féﬂﬂﬂféaﬁ%’ the

versions unti| ected correctly.
Destimvatioh UBdrhynal tih @oDeagé¢rn@drsonttiigraynadranves dnd  sskepitself, thereby
transm tti ng messages. The Source Term nal woul d
Smp%@é%Wﬁﬁrmﬁn PP ne that the Destination Ternminal is

[00129] | ONg&hoiHeR r@(ﬁi‘nﬁﬂé Reos ¥BRditibRA MBI u’N qfhElF gtg%_ 4%(%&@3 frerminal

t hereby stopping further transm ssions.

detepinioth éhat ex apgehedemessrge ondintdlieblcoc burs  evaeple hespSangr ¢k the

T ' | det ' t hat [ '
recely 3 AP ARHICE A1 T AR TeRanpe’ RS ROHEE TR etpiadey pagpunt the
unrcliB5IS AQ8Ha@dsehie A m&@@fg%ighﬁgg fRQUF GganT 6T menﬁlbssa%es were
a

continues to count the unreliable nessages but wt

recejvgdeyithieralinble gtermaragen.t Bha siliscqueat riegsaefean qspiebased on the
cour{teo(fetjegque tepsa esr %lﬂ g&@fr daefa % 4y gq@&elt%ine;ﬁhﬁurﬁ% Soqﬂgl'tll?&able
rrgger o an ven% a eg on eh coun 0] recel ve
mes$igss ageciMvkisus ettt McstadeaM@ed rqotiede tnvethna AgidblRubd@migftion.
unrel i abl e nessages received versus if the nessages
In appther rapwis/eapamse-nt she wirkiahle regetved mcssagesare NACK messages

3 if | abl e received
or A e & R AT el et RS ® £ e Sour ce
[0013&} m nalAnother iegaople cttoe comdisag escur§ O0id e Pagtnagon Terminal
. e l e error conditi occurs when the Destipati.on
is uﬁﬁ@fﬁ%r@re% R rpapmsicg MRelE £0 PRIES PF AhEhThaRd fikestighe tnen
exarhle RSO aftf Qt@é’m;?tﬁ%”ﬁ%ecgﬁ§ b Hrld BB FrinddnBRLEXATh B idancy
response, after attenpting to decode a predeterm ned

verspmsb e Bestmatiom deomoynal endgi oemicstt e Dewt¢ nlzrinonal reinitiate the

Term nal may r the Source Terminal reinitiate
tranyistof B sntint STAR) wemtieny CrRdS RRELJEUSmy i Source
Terrhi@hNinky abethetrbBe ModGia@lt, whit@ iSRUE pRONEES MbialandBiheH §Rannel

t he robust nodul ator, which is |l ess prone to noi se and

distestioisr  channel distortions. [00142] Anot her exanpl e

[001%5L°r C%%rﬁe!r %Qarﬁ & W WO L0 Sc{&‘?ﬂ? ngg 1# oﬁeiﬁnﬁﬂbﬂ‘ Ferminal

cannot éval uate theée maﬁeup srgnal correc ﬁy. n an

canr@X avgilfte RSP sighbl doeciDesin andxaatpld espomal if the Destination
consi ders the wakeup signal detection unreliable, it

Termpinal sesidde thagrakedt siegrhdrteciiaunstinblg, Hosloopey thengast (or

nornfléilf fodbfatigh n¥dcdRrREFiak g c;fh(fen%ggla@ﬁé dhe WD 4. For any

other set of a predetermined number of received redundancy versions of the MSD data,
the Destination Terminal may use the robust modulation mode to demodulate the data.

[00143] Thus, disclosed herein is an apparatus and method of reliably and
efficiently transmitting data in-band through a speech codec in a wireless
communication system. 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, and
symbols 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. Also, though the embodiments are described



ot her set of a predeterm ned nunber of received
redundancy versions of the MSD data, the Destination
waegooaiteshd may use t he robust nodul ati on node tBCT/US2009/046405
denodul ate the dat a. [0014% Thus, disclosed herein is
an apparatus and method of "reliably and efficiently
transmtting data in-band through a speech _codec in a
Primgyipye Nel§EME GRANAT A S| OMNYE¢aERD STYHERe ﬂ@r desgiilpqd teghnigies may
0
b o o i ALY TR PO P T ) o
doananbkagmaSammHmﬁmbhnlques For exanple dat a,

[00 IIAH tru ﬁ%Jggges ©h ;s%r[m $ q)i% #p@L%{ gl?{%é‘ggtﬁ htil&‘g Sl?‘FO ly@rlgllr,.?te illustrative

logi & %Y&kg SR6A18Y 'cﬁ@ulfﬁaﬁncp BlebRMnE $RPL 8hcAYe B éﬁﬁgﬁlon with the
current’s, el ect rormgnetl c waves, magnetic fields or

embpdintants @sqlosthhea:@h mawb@gnplﬁnpamdwsleé@tromc leamgware, computer

soft G SRR 1 P P gty gl medribEedbify of

hardGRPATERY S 20, FarRue MustitvdesapdRed, bREK) intHéRfesMBYcU8, and
plied to ot her in-band data communi cati on systens

steps E%\ ¢ e desoxibed ebis-gsoenalp ik jerap of Breioungtippslitye Whether such
SS . I 4 Thos o) r
func\gro)%e}q etgi 1% tlgn%?%xgei%t?dh L.Q \%;ar(f\%aﬁg holql ? J&\{aréc’ lﬂebéndls ‘gJO% hlé éeﬂﬂ;eléular
applidatiek and dedigh esnstraintCinigosed amthead@edll yisranstSKilsed artisans may
described in connection with the enbodi nents_ di scl osed

implggent thefgyerthed; fppstionalityds REyiBg &@pP 6oh each Magigates application,
but TR R BRPNBE G oAl sHRAPREL AP Alking 3 ERERR Yom
the ssofd¢ ovxhe progartiiowention.l ustrati ve conponents, bl ocks,

ul es, . circuit. and e be des r.i bed abo
l““@gﬂer al e VAR iflustgpive i&a $5Plh%h §5¢ @n SRt dpsenbed in
con&@ﬁ@n Mcthb %ﬁﬁ‘)bﬁﬁr}/en'tssdllsa%eﬁ%%lﬁ qneﬁisb@ ﬁﬁﬁ%’éﬁte@ for perforrned
sof tware depends upon the particular application and

withd @sgegmab muaiqsalmO@%qrpascéglt@inmgm owessadr (I3YR) exm application

illed artisan nment the.descri bed
specfii FHAT 5T RATREY e fely S bR LS RER P (EPGA) o other
progfb6iat 1opis dewces URdtrétBPLANEHN AtanSibtofleobfel OdiScrotd OHhrdware
not be interpret ed as causi ng a departure fromthe
comperses, of ankieombaxsat theeeinddstmed [to @erfeim T fupgtprudescribed
here dles C%MD&%[ p\{lﬁpdsg koec%%slog hl%&nlﬁt%h r{;r%gol‘falr(%gs%?? qﬁ)qlt ?ﬂ {hglé tgzl%atlve the
prochgbeimayry o8 coplcativmil estocissqerchatioibd, mitlocentgeRer af state

gur pose processor, a di (1;|tal si gnal processor (DSP)
machife o HIOEEtr SHY Seder inpIgmanssh astderpreiinationiof cagprying devices,
Tl &rtbiRNRE" Gngat PGty OF e
o R Bl an R iRk o o Dty BF BRGroprocesspr, one
or hog epicepsErsbes har dwguretioonpdcheat BSPoco@nyr any other such
onbi nati on thereof designed to performthe functions

confgaediqnped
[00146] The steps of a method or algorithm described in connection with the

embodiments 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
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CDROM, or any other form
of storage medium known in the art. A storage medium is coupled to the processor such
the processor can read information from, and write information to, the storage medium.

In the alternative, the storage medium may be integral to the processor. The processor



herei n. A general purpose processor may be a
m croprocessor, but in the alternative, the processor
woreapohe93any conventi onal processor, control | erPCT/US2009/046405
m crocontrol ler, or state chine. A processor may
al so be inplenented as a c%ﬁbination of conputing
devices, e.g., a conpbination of a DSP and a
and fhecslt%%eo@é@@mmaaar%}d@rl& R API6f Innthe phigrngiives therngoccssns agd the

r P core,
sor LRSS SOBOE! N R cor e,
[001&7]ret hod'horpreviger dasshnpmiﬁs of ithzedis¢lnsedoemisadtimonts vis tpiottidkel to

nbodi nent s sclo ed herein may be enbodi ed dlregtb%ﬂmm

enatﬁ% ARy FiReR K1 PHAP dNHSARN BS% KSchiicedt gyveatio
modfi QRS the&reﬂllgbd"i’m&ﬁmlp %E'r@aﬁhl?/fafpﬁﬁl%n@ WOhok s?&iédv‘ﬁrtﬁe art,

nodul e may reside in RAM nenory, nmenory,
and tir@rgmyrlc EPROMesrdefbred, heE&ﬁJR(ayl besappliyd tor @gclsetnelvcsi,lmhlas avithout

bl e di sk other formo
cepdy tiglh TG miith ok rouie P Raren. Anube i Srldntinioq is not
intefRdRS BE lihtel RS tHRIAMIRITANtSIHOMt LR HACE 36 BE a&RRIJIRS widest
information from and wite information to, the
scopstconsigfentrveid) thprinpiplesand heed! featiroediselnseddiesringe medi um
may be integral to the processor. The processorand the
storage nediummay reside in an ASIC. In the
alternative, the processor and the storage nedi um may
reside as discrete conponents in a user termnal.
[00147] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
in the art to make or use the present invention.
Various nodifications to these enbodi ments will be
readily apparent to those skilled in the art, and the
generic principles defined herein nay be applied to
ot her enbodi nents wi thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
not intended to be Iimted to the enbodi nents shown
herein but is to be accorded the w dest scope
consistent with the principles and novel features
di scl osed herein. WHAT IS CLAIMED IS: 1. A nethod of
obt ai ni ng non-speech data enbedded in a vocoder packet
conprising: receiving and decodi ng the vocoder packet;
filtering the decoded vocoder packet until a
synchroni zation signal is detected; calculating a
timng offset based on the synchronization signal; and
extracting the non-speech data enbedded in the decoded
vocoder packet




based on the timng offset. 2. The nethod of claim1l

wherein the filtering conprises: correlating the
woelewodes4yocoder packet with a predeterm ned SPCUERNE/046405

to produce the synchroni za%j/ on signal, wherein the

predet erm ned sequence is related to the

synchroni zati on signal; and searching for a pattern of
WH&%H%CMIMEBJE{(S in the synchronization signal. 3.

The met hod of claim2 wherein the correlating
conprises applying a sparse filter whose coefficients
" . ‘ ¢ ‘ .

1. Aot SR 1o R PR Ba e Ta Rt ROk b B ey
segrhigng conprises: identifying a nunber of
correl ati on peaks matching an expected pattern,
m@?@@%ﬂ&ﬁ@%ﬁ%&g&@ pegoder PrRcket based on a conbi nat i on

of ) . Lati » ‘
R L T T L
codetettadi on peaks and the nunber of negative

correl at.i on .peaks; d determni if.the sumis
o eabuRig R Tmel Pieon i VBl Retoiniog o
cl akidinphes Rindspebéh MitLEab&IIRH Rethe \REMRI Ve c&RYpadket he
maxi mum nunber of positive correlation peaks and
nedascdve thotimaigaffssh peaks found in the
synchroni zati on signal which neet the expected
pattern. 6. The nmethod of claim2, wherein the

2. 'BleAneibfgf cleip iviRsdin tidailtariygicb@pasaunmber of positive
correl ation peaks in the sci(gchroni zation_signal;

hvek

deterpipingigeidecadsd voradsr pa apegdpEcamincH scisare fove

co L . t . j .

; anihiBL G L RAAS ARl Byl R RSB R TR ce i

peadstcdnpihe tsutkdhroszaggioaatganl, ahdn a first predeterm ned

threshald, 7. The nethod .of claim 2, erein the

s e 8F8HIG (¥ rR3FPaed coglatien peakndn henymtiernigitionstar! ve

correlation peaks in the synchronization signal;

determning if the tinme distance between the negative
3. Tlmrmethad bbolape Akdicran dictdoimelating ecropdsasrappletneraipassd filter

range; d . .
Wﬁlos% coef?fglents are the impulse response of the predetermined sequence.

4. The method of claim 2, wherein the searching comprises:
identifying a number of correlation peaks matching an expected pattern,
wherein the expected pattern is based on a combination of negative and
positive correlation peaks;
calculating a sum of the number of positive correlation peaks and the number
of negative correlation peaks; and

determining if the sum is greater than a predetermined value.

5. The method of claim 4 wherein the predetermined value is 80% of the maximum
number of positive correlation peaks and negative correlation peaks found in the

synchronization signal which meet the expected pattern.



determining if the negative correl ati on peaks
anplitude is greater than a second predeterm ned

wao booeskmiskd. 8. The nethod of claim 1, wherein PEEUS2009/046405

cal cul ati ng conpri ses addi ng the time di stance between
a positive correl ation peaﬁ and a reference tine
i nstance to the tine distance between the positive

6. Ehsrpethad pbelatme dkwhgrainghe aegeahingeconyiises:at i on peak. 9.
Th i .. it | i . .
corSAREAE Qe Aoty SR A PRI AL o Rizaton o
cosigahlat i on peak and a reference tine instance. 10.
The nethod af claim 1l wherein the extractin :
coRPFIBRANg if Ehed g fisgcabGRRTHTF 2pFENe ?‘}%9061&5’%%%
basgiPD it Brddbfdt B8t angdet erm ni ng a denodul ation
type based on a denodul ati on type indicator;
detdetermmingyf thedmistivs icgmealbtigupeids pogplituidors grsatagthtme first
denp u{ at i o?tfr%gd boundary and t he denodul ati on type;
an8 OsieEmng g9l out put data synbol based on t he
data signal pulse position. 11. The nethod of claim10
wherein the denodul ati on type indicator is a

7. "Breasethed af eledn 3 wyherpinthe scprdingsednerdises: cl ai m 11

wh [:R etern ' ' [ idal .

LSS MALE o RREISLINE A7) phR R LY

pgrettet ermi ned signal is stored in a nmenory at a

position, determ ned the timng offset. 14. A nenory
S

. by |
st deteHyINECIbHsUtnas diskapes betvesnihe Nagive sRuelatienpeakaitse
a C of : receiving and
de%@?ﬁ%?@oé@g@%{eﬁ%@gﬂgﬁg&ﬂ tering the decoded
vododeninpgack dte nepdtive @rsiatioh porkiszaipliouddess greater kisn a
det ect gd; cal cul ati n%? timng offset based on the
sy AcIR RFcAstrgedityasiold- and extracting the non-speech
dat a enbedded in the decoded vocoder packet based on
the timng offset. 15. An apparatus conprising: a
8. Thecmithed ot dainh §uwketcindhe eadeailatengagvanmatiscoatisling the tiotber
(ﬁatcket o filter. .confi gaLS{red to f(’gl t%r thet. decogled to th
SRR B PORIYS TOrET RGP AT L B GTgRRCS time ThStaniCe to the

time distance between the positive correlation peak and a negative correlation

peak.

9. The method of claim 1, wherein the calculating comprises adding the time

distance between a negative correlation peak and a reference time instance.

10. The method of claim 1 wherein the extracting comprises:
determining a demodulation frame boundary based on the timing offset;
determining a demodulation type based on a demodulation type indicator;
determining a data signal pulse position using the demodulation frame
boundary and the demodulation type; and

calculating an output data symbol based on the data signal pulse position.

11. The method of claim 10 wherein the demodulation type indicator is a

predetermined signal.



signal is detected; a calculator configured to

calculate a timng offset based on the synchronization
wGQ@nak934and an extractor configured to extracPCT/US2009/046405

non- speech data enbedded i29the decoded vocoder packet

based on the timng offset” 16. The apparatus of claim

15, wherein the filter conprises: a. correlator to.

12. Elhprpethad ef ¢laen 4 Eedawin s psuisterpmersigngl s sipusoidal signal.
predet erm ned sequence to produce the synchronization
signal, wherein the predeterm ned sequence is rel ated

13. Tlee bthod phiclhimohi zdbredmthsipgetetermard sgznsbastwhat intaoamemory
search for a pattern of coryelation peaks in the
@ﬁr?@ﬁ%“@ﬂidifﬁfmg‘ﬁég’}’étﬁ‘atllmmﬁ'ﬂffs%e apparatus of claim 16,
wherein the correlator is a sparse filter whose
coefficients are the inpul se response of the

14. prmdever sionrerk segueerqeod8m thkte whpparatied, cfusesl aadomplisgr
tWheﬁfSi ntthets%ar cher conprises: a peak identifier for
PASHPTF 55 humber of correl ation peaks matching an

ex peelveth ARt de@bding WhRIcBHE fabletexpect ed pattern is
based on a conbi nati on of negative and positive

coffittering therilepeded srocedop pasket mntd @l srnefironigaticedigndl &t i ng a
sum.af.fhe nunber of positive correlation peaks and
the nunber of negative correlation peaks; and a peak
sunlcolapas atioringd effset bised whnhagnichrohletisuisipng; gideat er
than a predeterm ned value. 19. The apparatus of claim

18 SHfRatiaR tha w-sheediedads sinhedded a1 the decodsdapeder pecket
m%h&H'@nQHé@ﬁﬁqg"éfﬂ%Si tive correl ati on peaks and
t

negati ve correlation peaks found in the
synchroni zati on signal which neet the expected
attern. 20. The apparatus of claim 16 wherein the

15. ARAPRAGUNS COUMMIYYES: a positive peak detector to

I dgntdcioer LT PR e QivPaRl deb ¥ & £9bESIApARRt; Peaks in
t he synchronization signal; a positive peak tine

coppaicatanfiguocddetidgienthealcrddedhvocodempackics tetd eesybetramigation
t he. Eolsititvet &‘orrel ation peaks is within a first

pré’@ ?elﬁﬁ?ﬁ%a range; and a positive peak anplitude
conpakala®r chbefiget&todantildté a tiifinPoFid b¥Rdearthel ati on

synchronization signal; and
an extractor configured to extract non-speech data embedded in the decoded

vocoder packet based on the timing offset.

16. The apparatus of claim 15, wherein the filter comprises:
a correlator to correlate the decoded vocoder packet with a predetermined
sequence to produce the synchronization signal, wherein the predetermined
sequence is related to the synchronization signal; and
a searcher to search for a pattern of correlation peaks in the synchronization

signal.

17. The apparatus of claim 16, wherein the correlator is a sparse filter whose

coefficients are the impulse response of the predetermined sequence.



peaks anplitude is greater than a first predeterm ned
threshold. 21. The apparatus of claim 16 wherein the

W@ mPakse9 conpri ses: a negative peak detector POI/US2009/046405
identify the nunber of neg%ive correl ation peaks in
t he synchroni zation signal;”a negative peak tine
conparator to determne if the tinme distance between
the negative correlation peaks is within a second

18. ﬂ{eﬁ% "aﬁ'id&‘d?%f’ai@%%ha%&%? sé‘aﬁ&?e"r 'cé’rﬁPHSe@k anpl i tude
co rator to determne It the negative correlation
pealpsalaifphiifierder idsntifiyewtaarunhieanf eorsdatamchbgak entetcbingianed
t hreshol d. 22. he.a%parat us, of clajm 15, wherein th
caF¥RACKIgt e PISEt & A BRHR D3 tgrhda bR @ Gon tepdion Al e
bet,ueeRe an®siifil V& r@ltiodlRitoN peak and a reference
timeinstance to the tinme di stance between the
posipeilyealadatpefoachlonlapeak sem of thermegrticr vEpasatirreedoatelaginn
peak.,23. . The apparatus .of claim 15, wherein the
Ca Pl g IR SBbe G caM s abARA ¢ e di st ance
bet\Wegnsidn B&ARArhIOE G Qlt@malih©IT e ANFeded tBALS ENCE
time instance. 24. The apparatus of claim 15 wherein
nradetertinegotadic. conpri ses a processor to: deternmine a
denodul ati on frane boundary based on the timng
of fset; determ ne a denodul ation type based on a

19. Tieyapatadiisi TR 1dimOS widtia akopreddeindficd tudis@dt@ofthgnal
pul se position using the denodul ati on frame boundary
AREMURENHBRE @l Patifishoarygiiongieakcaddsrati e W@irehEep eaks

A AR o ey 8 TSl O AR g e

decodi ng a vocoder packet; neans for filtering the
ecoded vocoder packet. unti | synchroni zati on signa

20. The apppatysed © %&%SWI?%?IH Tareatt (RSt mi ng of f set

bagedsiale hb&k RYRERHOMARY @B n8n8B3poditide 0BRSS caks
extracting the non-speech data enbedded in the decoded

voaothesypdeketativaseghabn the timing offset. 26. The
apparat.us of claim25 erein.the neans for filteri
conaPRLYE o EnE L Fhear ey R aBE guBiaes beydel 9
pagkétivé\bdritlaiodrRaid ie Wihned fise greibeemined pipdusrl t he
synchroni zation signal, wherein the predeterm ned
se@gepitie peak amplitude comparator to determine if the positive correlation

peaks amplitude is greater than a first predetermined threshold.

21. The apparatus of claim 16 wherein the searcher comprises:
a negative peak detector to identify the number of negative correlation peaks
in the synchronization signal;
a negative peak time comparator to determine if the time distance between
the negative correlation peaks is within a second predetermined range; and
a negative peak amplitude comparator to determine if the negative correlation

peaks amplitude is greater than a second predetermined threshold.

22. The apparatus of claim 15, wherein the calculator comprises an adder to add the
time distance between a positive correlation peak and a reference time instance
to the time distance between the positive correlation peak and a negative

correlation peak.



related to the synchronization signal; and neans for
searching for a pattern of correlation peaks in the

W@ vehewme zati on signal. 27. The apparatus of BCHUS085046405

wherei n the nmeans for corrgLating is further
configured to apply a spar filter whose coefficients
are the inpul se response of the predeterm ned
sequence. 28. The apparatus of claim 26, wherein the

23. m@g&o@%ﬁaﬁrﬁ%”%ﬁd e EE‘Eﬁla{b? @{aﬂlﬁf{&% dnbfder'td ﬁg& ey

correflation S nmatc an expecte
trat tistance béteren a Itegaatne:maetaadn padkt z&rdra ieferbias erﬂneomstance
conmbi nation of negative and positive correlation
peaks; cal culate a sum of the nunber of positive
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The apparatus of claim 25, wherein the means for filtering comprises:

means for correlating the decoded vocoder packet with a predetermined sequence
to produce the synchronization signal, wherein the predetermined sequence is
related to the synchronization signal; and

means for searching for a pattern of correlation peaks in the synchronization

signal.

27.

The apparatus of claim 26, wherein the means for correlating is further
configured to apply a sparse filter whose coefficients are the impulse response of

the predetermined sequence.
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29. The apparatus of claim 28, wherein the predetermined value is 80% of the
maximum number of positive correlation peaks and negative correlation peaks

found in the synchronization signal which meet the expected pattern.

30. The apparatus of claim 26, wherein the means for searching is further configured
to:
identify a number of positive correlation peaks in the synchronization signal;
determine if the time distance between the positive correlation peaks is within
a first predetermined range; and
determine if the positive correlation peaks amplitude is greater than a first

predetermined threshold.

31. The apparatus of claim 26, wherein the means for searching is further configured
to:
identify a number of negative correlation peaks in the synchronization signal;
determine if the time distance between the negative correlation peaks is
within a second predetermined range; and
determine if the negative correlation peaks amplitude is greater than a second

predetermined threshold.

32. The apparatus of claim 25, wherein the means for calculating comprises means
for adding the time distance between a positive correlation peak and a reference
time instance to the time distance between the positive correlation peak and a

negative correlation peak.
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33. The apparatus of claim 25, wherein the means for calculating comprises means
for adding the time distance between a negative correlation peak and a reference

time instance.

34. The apparatus of claim 25 wherein the means for extracting comprises:
means for determining a demodulation frame boundary based on the timing
offset;
means for determining a demodulation type based on a demodulation type
indicator;
means for determining a data signal pulse position using the demodulation
frame boundary and the demodulation type; and
means for calculating an output data symbol based on the data signal pulse

position.



