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BACKGROUND Fi el d [0003] The present disclosure generally relates to
data transm ssion over a speech channel. Mre specifically, the

di scl osur evoedtatiesid 0 transm tti ng non-speech i nf or mat ipgm/ushmgughooa
speech codec (in-band) in a comrunicati 2n network. 3 Description of
Rel ated Art [0004] Transmi ssion of spee¢h has been a nmainstay in
communi cations systens since the advent of the fixed |ine tel ephone
and wi rel ess radi o. Advances i@%ﬁﬁ’?ﬂ?ﬁ%‘%@l%@tem research and
desi gn have noved the industry toward digital based systens. One
benefit of HLMWPLRelated compiding S BacatAnndigations inglidabi ity to reduce
required transm ssion_bandw dth by inplenenting conpression on the
data to be {?AREEM, r 84D AMBIH@BRY| OF nfidh %ﬁé‘gﬂ%h MRFEM Y i Yo TA
has gone | NE@OiNIeSSoRs! CUVERIUCBIGRSAEC! JIRELESS ! NeoRffNIEATION
speech codi ng. A comon speech conpression apparatus is a "vocoder
and i s al soNETROBK&Agkwirgy Atteey MagketNas08 226 pledded codeutntlyr herewith,

"speech codeyr,. " €, V0C r.receives digitized ech. sanpl es_and
produces co ?%Sé%nf:ggo n%l g g%SP% g% }é&g? t %ndkcr)% BV %ncn?ﬁre%@ﬁ)yﬁ 5%?8?%19&1%’% er al
st andar di zedSYSTBEI ng™ND) gMETHOD eRiFst ANN BWHBND afiODBM diFder dnaTA
digital co i,cati ens ich_r ire h_.Go ni.catjon nd
in fact spmmgaﬁégsa rﬁ%unpéﬁﬂlu@ssgﬁﬁﬁgiEﬁéq%W%I.&ﬁT t
conmuni cat i METWORRES, hAaaY AtbRiey TIhcangs. abg12P6 PRI AL bstuR e ROh&EVitid
(3CGPP2) is an_ exanple standardi zation organi zati on which specifies
the |S-95, epimedoothe assienge herepfdens crpigpdyrinsgipersteidyinreses/hereitDMA2000
EV- DO ( Evol ugi-eppiat t i , d CRVAZQ( -

(Evol uti on- Dsat g?v%ce com@uﬁlﬁggﬂ gﬁ systens. The 3 QD&hﬁerFa(%Ii{onDATA
Par t ner shi p CRNMRBIICASTIGNSt h€rVigk anpl@lBtland#BELRSS on COMPERTMNIGATION

VTS (Ui verda RRES o AR RH NS fers MREBR R Py

Downl i nk Paeastiinedeacits a9signbShiitéof( didghpSopge thebipbiatdd IRaekehcet€ss) ,

Evol uti on) . “SRETGH! A Goi CERIEP | BFor A By Sous ) MPETRR ST

protocol usehNRUNIEACQONENI CarERN pYSIENs defkredssn SERMVRRACATRPR.

as well as others. Exanples of vocoders enpl oyed in such ]
comuni cat | SFEIYIRERS, bavingpAgemen RocketcNad81R36YS fdpd poncurrently herewith,

Spocch Coded) Zatl CURC L EnRared VAP Rany Bl iR Ealth ol TP

Options 3, 68YSTEM POUDSMERHOPaOFonAShaiNMANR aMPDERr FQ@palDaTA

today's co i i e I, A, Su f nd i

andubi qut 1 S EHERTTERES e RO, WIRERERRT coPPiv Uy bR e
t ransfer . S pmm/Ne ORf(@eph@vﬁx@( Agcﬁ_ﬁsﬁ ailgﬁsetl I&d&ld(()jﬁtztﬁgts, deted cb@u&'&:ﬁyyh herewith,
connect ed. w appl | cations bei evel gped tend to out pace the

evol uti on’ ofSamed Efbfﬂ%%’*@e%hﬁewgg%dﬁéa{?ﬁﬁémﬁﬁl@fﬁaaeéiwtrs%fqeée herein.
comuni cati on system nodul ati on schenes and protocols.In sone renote
geogr aphi cal areas only speech services may be 4 available due to a
| ack of infrastructure support for advanced data services in the
system Alternatively, users may cBOGEOGRGUMy enabl e speech
services on _their conmunications device due to econom c reasons. In
some count rif&d public services support is nandated in the

conmmruni cation network, such as Energency 911 (E911) or in-vehicle
emer gency ca#403] dtmaprosent| disqlprase sriippalyeiféajesaiopiate dransnistEmopred  speecht
data transf 1S] & RAOT LIy n r Skl C.pe 2] al
advanced dat% fz;anglglr'vi ?‘}{edsrgaérﬁg&rf}gétrﬂyév%h g{bspgﬁg% I'fc edsutédérctré%@ﬁ‘lﬁéél@ﬁ HosA
Previ ous t edifpinaties thvangh gupesdhdedecdai-brnidpins: commumagesinn heteratka t hr ough
a speech codec, but these solutions are only able to support |ow data
rate transfers due to the coding inefficiencies incurred when trying
to encode a non-speech signal with a vocoder. [0006] The speech




5 transm ssion data rate by changing the tones quickly. This affects
the detection accuracy and results in the need to add conpl ex schenes
to m ni m zeobéve/1edia errors which in turn further reduees/ush@omsedoal
data rate of the comrunication system Therefore, a need arises to
efficiently and effectively transm t data t hrough a speech codec in a
conmmuni cation network. [0008] Accordingly it would be advantageous to
provi de an pﬁﬁFﬂv@&‘gﬁgLﬁﬁiﬁﬁﬁ transmtting and receiving infoimtion
t hrough a s?eech codec in a communi cations network. SUMMARY [ 0009]
Enbodi ment s [0k Teaanissier ef pprogefr hessleen emaipyie s BN ppsions sYsiemssiing
an 1n- b a_”d PRAGT 4 O il 2R e i GRSHE é%ngavplguﬂ]lés?q‘&[i(\/.eAHﬂ'@E%&Qﬁ%‘&&mumicaﬁms
i nformati on through a speech codec. 01 n one enbodi nent, a

met hod of seystinmgrenomehs prale ddsignnhiaye magvedrthe ndvsigh tewvspeléptl dbadd systems.

conpri ses processi plurality of. input data mbhol.s to oduce .a
i ural sty o TR0 of eRalgidl bitmSlic BB byl B TR 8 B RF dpfif
puljse Si gnatﬁngﬁﬁsqnfmmnfmi@h p;}t' uﬁ]ﬁérh&minfgfcoﬁbﬁ@@fh & the Tdatraiﬂds B@u-sﬂﬁmﬁs As
and encoding t plurality o e irs ulse signals wt )
Speech coded. e b myeh fesiot e @fﬁﬁ@amﬁ%%ﬂp &Hneab‘ﬁ%r%eséﬁﬁpfte&%@eé
processor cegfetiauy afiht Ardd @GF&eh dodhd!! Al dobinddf spk R WomPads@os ¥FReless tQ
produce a plurality of first pulse signals, a Shaper configured to
shape the plugapet yandfisfaljosintqsehaggeablygrritrscd: to pr adispeech qoHen”atn tspeesh
shaped fir .stco&:‘l’.l”S’ﬂhes‘}og&?éfr%ce%gdigit&&?ﬁﬁgc CS%&??&S%H&] ogﬁltfeggoitle%ti&%coq{éﬁta
shap ufs s to pro ec

the plurality of aped first p e sigha uce a spe
packet . [ 002} khowmnet Heecke phddisiie riieyeranstapfatiatdusocoding ral eishme exist in

for processin plural i;ty of i.nput data symbols to praduce a

bi ur 1 oy ofioRs B ol e ot B oA e B st PHECET Gl cpessh
first pul secsinghaicstidn ait Goficespaeddl suppdrt fsya dfniataped dichsdl metdigment in
signals, and neans for encodi ng tg%bshaped figrst pulse signals wth a
speech code@0S{ GOPRBPLCHIONSSIFEE ©OABbdi nmehbe 3a HEtHSENOTRrEGHBIRy BiRicst Ag

non- speech {5@PES shaRUARNRIS RRAENICAIRC oFAARAE e WVHIENSHRLARTHR 1S-95,
predet ermi ned sequence that has noise-like characteristics and is

t
robust to sPEBINZERansRAMT b Radied Tsemsuiivipnt Hechpologil eC MBS e fieRBe
through a s Qﬁ@oq&io(hglgﬁg . dr??lgﬁzﬂédéld ”atnﬁ“ %WAZ%U@ OMS’;,’[ @Bluﬁgg—ﬁa?aﬂ" ce

conprises a 'generator corfligur 0 generate a pre rmned sequence
that has noicsmeiunketiwhsystotser Tist 3¢ Geanmtions Priolusgtp Pmjedd is another example

standardization organization which specifies the GSM (Global System for Mobile

Communications), UMTS (Universal Mobile Telecommunications System), HSDPA
(High-Speed Downlink Packet Access), HSUPA (High-Speed Uplink Packet Access),
HSPA-+ (High-Speed Packet Access Evolution), and LTE (Long Term Evolution). The
VoIP (Voice over Internet Protocol) is an example protocol used in the communication
systems defined in 3GPP and 3GPP2, as well as others. Examples of vocoders
employed in such communication systems and protocols include ITU-T G.729
(International Telecommunications Union), AMR (Adaptive Multi-ratc Speech Codec),
and EVRC (Enhanced Variable Rate Codec Speech Service Options 3, 68, 70).

[0005] Information sharing is a primary goal of today’s communication systcms 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 areas only speech services may be



speech frane errors, and a speech codec configured to process the
predet er mi ned sequence to produce a speech packet. [0015] In anothcr
enbodi mentwoamoappas at us conpri ses nmeans for generati n@Cca/us2009/046400
predet er mi ned sequence that has noise-like characteristics and is
robust to speech frane errors, and meand for sendi ng the

pr edet er mi ned sequence thr ugh a speech codec. [0016] I n another

embodi ment , TRIRBIENGE BF @ dikaPhinigSHAITS FeRRgt Gt advanisd g ssTvices in the
vocoder packglic OMNtSRHivEISC BicHd ﬂaya&féo&%oewgenﬁm POLAUREiBRCHKEheir
filtering the decoded vocoder packet until a Synchroni zation signal

i s det ect ed comauaightians nlgvige dhenton geavpmiercatsas e dn spme Meuzngzwe pnlli seatipesn
signal, and C
vocoder pacﬁgﬁ%gase H&%&?ﬁéﬂgﬁmﬁﬁﬁﬁﬁ 2 %Fﬁmﬁgggg?ﬁgﬁhﬁre gﬁ(%g?g(”
enbodi nment , uanda@pama@mmamnﬂandéslatmﬂeenmqﬁnqomﬁﬂ@mmﬁdmmﬂpkedﬁhwem
and decode a _vqco ergBacﬁfg alfllter confl %{ 8 t he .
decoded vocSaBTgaAREP I PO IeRARSHT SRera Pah vapeed fateseriggs aip
cal cul at or eenfvalblechtttbe GadrCidindih@l. aPtehibuf Geddhipgel hbAsREviaed kMations to
synchroni zati on signal, and an extractor configured to extract

non- speech ér&tlsaméﬁ%émewh hsreeh erdepdad these splions aekenly ghisde sepportHew
i ng, Of S Ghus kM Rerd B AR NIRTRARLERAL indfroARARE B 13 o6 BHEREL 365
means for receiving and decoding a vocoder packet

filtering tlﬁbeedb@e@rﬁédn&h@c@@@derpacket until a synchroni zati on Si gnal

i s detected, a 91 ased, on t

synchr oni zatlldcpﬁ?g;ﬁe ri%gecg éoc?iﬁﬂr%%fc’[} T thlg% 8&%%%? rq?t S %Oec{c%f'ns 3
enbedded i n“aﬂu@smebpcwdthmsfbd@hmnmkei ntaasie theo huthire vbcem gt ofitts abts of
[0019] In another e diment ., a nethod of contr source ter al
| ansii 551 ORSREIH a (Bt Al iIBHL AR S 05, DA sl Lo ta
Syst em CONMpPlb&Eigichts,ARTE] Ard! sifted@sighad Rnowngaia%bd%@m 18 nd@s Ta'fékat AOarch for
termnal, di scont| nui ng transm ssion of the start signal upon

det ecti on oftheaP#pmeiersy whish vaest silegaly) match aﬂﬁ% AR SPRECly smclgﬁr@q*@stw& Bm
the desti natpbﬁ&'rﬁc@rdptﬁ‘@lvoco@nsé: Qﬂ@oH&“' ’?Qc LRSS MenOsch RE 1A oder’s

signal upon-detection of a successful y ecel ved source term nal data
message, tr anender toi gygthasiZxGK sstigrtd offthe mptlh@edéstTheandmmtereiem availableatod

di scont i nui f t.he,A det e e
nunber of tﬂ% k@'&éﬂ narlcgdfﬁgbeéE I(laa(l:s’n%:Kr%nsm O[dﬁgil%f el? B&ar?lco?rﬁgg by
enbodi nent vamedagmbamu&gﬂmmr hsesella aprme&s@rsegmrwhabm lelve cligignlile
conmuni catio with the processor, instructions. stored ln he nmenory
Che i nst r ucElBRSSBERh G SEARRBITE o BRlaenRImeriols Crape 16 chiasenttet Fisg
a start signat cffearel SReEdINBY it vb&IdE} BAd ma &6EANA MWD distortion at the
transm ssion of the start signhal upon detection of a first received

si gnal , trad8PRdeE |oNEPuS INAORC sTaRfital Exsraniet RE saals i whieh da nobrahili] specch
di sconti nui R, Lansid S '8 rQ 1d &d?@}% ﬁfg%gﬁ‘équ‘éi? “HRdeg Cféddﬂn()lojiu&{l" tone

successfully 7 recel ve ta nessage, ansmtting a
ACK si gnal fndnple Heeqdesy i thTMB stasplyi nilost wonddels sconhideitmgfficiently and

transm ssio after a predeterm ned nunber of the
ACK si gnal s%ﬁfggtg}cge%lﬁo rsél%}gﬁg‘{‘atl [ 0021] In anot her enbodi nent, an

apparatus f qnwmﬂmlbﬂmtmjg st cﬂefotzglr i npbechr edilei 8BS b@ﬁmoﬁlsromfmed to as
destination term nal a n ni cation tem conpri ses
means for t rZAYRIYNG %“ dng’ﬁﬁ‘pt’ ‘@Fﬁﬁhf %B’n‘ﬁ émd’él’s"t”?t%‘gt”i“bﬂn‘i g‘? RPifaipecch
means for d?aa@fbt oBipLN Grot 3RS Eh&hOkbdet. t Bevesdlafebhrig @9 Abse URRIL tones at
detection of a first received signal, nmeans for transmtting a NACK

si gnal frompraistegaed dfepanensics oyisihahe shrsahdrenvencyi kedrieiapiesrgt the data,
transmi ssi oy érQ@eté}'@ﬁIEd S I . ”%%%E'todﬁﬁfe?'d ?tl%u@asi)lé%ec%ﬁéc‘élésﬁec y

recei ved source tern nal data ssage, means for transmttin
si gnal fromat highdedatd reaesi onurtreiabiendile, todhel vomelars a‘nﬂﬂosddscdm s)mtsmmg The

transm ssi on oggde%shaere %g% e'dqg %llo f gp%gch mgna(la’dgs:[u(lagr a 1nmelt%d MTBE of parame%ers
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



[ 0025] In anot her enbodi nent, a nmethod of controlling bidirectional
data transm ssions froma destination termnal in an in-band

comuni catwono®ysdsen conprises transnmtting 8 a send gcgnaboohommd he
destination termnal, discontinuing transm ssion of the send signal
upon detection of a fi rst received S|gn§I transmtting a

synchroni zation signal fromthe destination termnal, transmtting a
user data s&GHENESIYY dRALRE Heshrpgieg o f@ﬁ?n%&ﬂdmsﬁr%s affpqty dhe detection
modul ation $ehens.anandufll 5 ARtIBYENad & ﬁéa ScheAp mhmlzu%ﬁé d826Aors
segnent upon detéction of a second recel Si gnaﬁ I n anot her
enmbodi ment , vduchapp aratfughe oegwdes dbe @vmbd@@swc Orﬁéh@wymmmnesh‘etm lsmnnm
cormuni cat| g ki § Mol AECRsak ik ASLEHERLO0S, SLated dn hhe e
t he instructions Bel ng cap ab et gt e S0
a send si gnabda‘crlmmdnhmunkeamnnﬁtwmh termnal, di scontl nui ng
transm ssio ., t.he sen det ecti on of. a first cei ved
S onal o r altfst pRiTRRY, Bofng FARRaRLGhD MPYHE iR e o
termnal, thangmiting Mg @cdhans igetfatRAAAREL hr PREN®EE s b RakinfRications
termnal using a first nodul ati on schene, and di sconti nui ng
transm ssi ofi¢¥3Pk-he user data segnent upon detection of a second
received signal. [0027] In another enbodi nent, an apparatus for
controlling bidirectional data transm ssions froma destination
termnal in an in-band comuni cation system conpri ses nmeans for
transmtting a send signal from the S38dMARYion termnal, means for

di scont i nui n‘gw ransm ssion of the send signal upon det ectl on of a
first recei Vé9% ngbadlmeﬁ’éaia\@lqseci hereanaridiass |tthabézvs yhtsHreadszey hgng an in-

sl gnal. 1 omy bie, desk LAk A0 (ELH B e RANS:, L kot LIS g R LS8,

dat a segnent |on erm na ng a
schenme, andcodeans for discontinuing transm SSI on of the user data

segnent upo ction of .a second,r ive nal not her
eroa rent - 1018} BF b PePouBinRb BabPR T 4G ol sasret tpapgon (roueh S
comuni cat i @pecsl Sbed® tartsas paltbsing @Q)Mralitgild'fgmﬁﬁt dater ¥Rl @0 SYSueNa
(I'VS) to a public safety answering point (PSAP) conprises one or nore

sensors | oc &ty of ik pplys: ngB?I“’p?hBK’/IPE ﬁlFf‘gPEPVQtYs@n@étr Pl agnaginto) yegluce a
transmtter l&ﬁﬁff o shdped st p}{@e P%’nal% I aRsabbdihd glctﬁﬁrafity%fssﬁgﬁﬁrﬁrgaﬁlﬁ’se

a PSAP receiver Tocated in the AP for receivi ng the I VS sensor
data, a PSAPignplamdthatspeschicodest ed in the PSAP for transmitting PSAP

command dat (Heir I \£§ thé&® gl'ﬂﬁ?(&fﬂﬁ%%&le%ga&ﬁ}sh oxﬁp\{éesf Qr PJO@&S?&YVE%HQE to

PSAP conman Wher el n nsm-t conpr
message for lpﬁam:ﬁra ploralifyosfapitidag dylbols\iS psceiusm pdmalay aﬁﬁrsppﬁidmmgn@s an

VS th
or oduei g a Spigs ETIEGO rygedhE PR BUPEEL gt anely Toa s guaaiy of

encoder for seie@dirftgpilResifnés, ah@RCHesuhl SRles icaiTalusedaiddenRb@Athe] Ni@aBfy of
| VS encoded signal, an [VS synchroni zation F%ener ator for generating

an VS syncﬁ}f‘%ﬂf&?%}ﬁe %‘E%‘P progiige apPeesracketnsnit control ler for

transmtti n%(ﬁﬁ%ﬂ&lﬁﬁ{é@ el%odlh{&ts ym%ya&ms%mpﬁ&s%&ﬂ%ﬁ PRt n\é% pl%amy
messages; wherein the recei ver conprises PSAP det ect or

detecting t I@é“{pvsi%%fﬂ@ﬁh@wmduema plugalay offwgt Ipﬂwmahgmaarmmhsyng the
flag, a PSAB; N LRl

pr oduci g a DALY oL st SleotiE 18 Bt PRkl ok RTEF TR Bp Gjenats. and
conpri ses ankR@iAPforesedog tﬂiaxhapetdtferst futse sfeableatithiansgedcheo®®SAP command
data and pr a ,PSAP. c a PSAP rocessar for
processi ng tﬂ{g@i:%% oéil?ﬁﬁ@h%‘fm% H@%ﬁ&gmgﬁeizﬂ‘é ﬁP?ﬁCE? fiemgs tyousk Ap
shaped pul sgpskcnakisc camBSAR sherehy Qﬁgﬁi@@ﬂénﬁlﬁéd eBqRAtN hak s BRAR-like
shaped pul se si glnal s and pr odum ng PSAP encoded signal, a PSAP

synchr oni zathgAcigasies 48biis thustg@n@eaqh frama, croysp agq) seilinh heappdsiermined
signal, and g, RRARnLaNE PekctbQkE ol ler for transmtting a sequence of

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

generate a predetermined sequence that has noise-like characteristics and is robust to



[0031] FIG 2 is a diagramof an enbodiment of a transmt data nodem
used in an in-band communi cation system [0032] FIG 3A is a diagram
of an enbodprwti4gic a synchroni zati on signal gener at or pcrQf3ipofslide
3B is a diagram of another enbodi ment of a synchronization signal
generator. 100341 FIG 3Cis a diagram &f yet anot her enbodi nent of a
synchroni zati on si gnal generator.wﬁlOOSS] FIG 4 is a diagramof an
enbodi ment  &peegh fiamenesHpzatd 8riptistodge renbigused 1 Pomess Fr@redeigraingd
di agr am of ' roni zati on burst sequence. [0037]
FIG 6Ais g%?g%?ggﬁpéea%pee%ﬁ%ﬁi@%ht of a synchronization preanbl e
sequence. 1®15]10038athe GnbeBuicst, aardiaggsraims oformpmisesnimdhsregnt goficrating a

synchroni zat i on._preanbl e sequence W th non-overl appj ng referenc
squences. - POSSTHERER s RE BEREA RaB CRR DRl §-B8Ef ame
correl ati oneauispaitd nidaes trsbieliny teaplet @einineiseRlidnsethraigh AGPecol esdecapped
reference s es. [0040] FIG 7B js a.graph of a synchronizatian
preanbl e coftpLf giotts Fﬁg{’d’\‘}{)ﬁgﬁ’é f{lﬂéodp?fe%%ﬁl@g iﬂgméaq?ﬁﬁrigté@rr@ﬁﬁed n a
over | apped KeERIE BEkeE EAHRNEE SecelvlPAddd FddGdinBANd SvéabodiagH-ROR ot th
enbodi ment of a sgncﬁr oni zatio?lcerressage forlrxrlgt. [6022] %;CG 8861?{{3E ae

di agr am of &fwdpé voesporRickeitibh sypchipnEatiomsigeal ivdetenisls ageulttdgmtiming
[0043] FIG i i ot .anof: i f i
synchroni zal ?%ﬁ %ggg%ﬁg%%%{h?&%gﬁ] &@ﬁ; glgijic%g{rg@%%aglre aﬁ?no?peg%h data
enbodi ment eMmbadded amthaidecoded aoardegagest basedan thet0QagpffHtG 10 is a

di agr am of odi ment _of ..a _conposite synchroni zation and transmt
dat s moseagid V) NatolFOsmBreiReEs o HRa s O RAR v he e L faEfhe
density of and dedodad podoser hbada Siltgnednfigadcs ¥s fifteretid @Beyied vocoder packet

until a synchronization signal is detected, a calculator configured to calculate a timing

offset based on the synchronization signal, and an extractor configured to extract non-
speech data embedded in the decoded vocoder packet based on the timing offset.

[0018] In another cmbodiment, an apparatus compriscs mcans for rcceiving and
decoding a vocoder packet, means for filtering the decoded vocoder packet until a
synchronization signal is detected, means for calculating a timing offsct based on the
synchronization signal, and means for extracting the non-speech data embedded in the
decoded vocoder packet based on the timing offset

[0019] In another embodiment, a method of controlling source terminal transmissions
from a destination terminal in an in-band communication system comprises 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 received source terminal data message, transmitting a ACK signal from the
destination terminal, and discontinuing transmission of the ACK signal after a
predetermined number of the ACK signals have been transmitted.

[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



[00471 FIG 11B is a graph of the power spectral density of an

I n-band tone based signal versus frequency. [0048] FIG 12 is a

di agr am ofwanoeaipee nent of a data nodul at or usi ng sparpseuRses400
[0049] FIG 13 is a diagram of an enbodinent of a sparse pul se data
synbol representation. [0050] FIG 14A i’s a di agram of an errbodi ment
of a shaped pul se pl acenent W|th| n a nodul ation frame using

wr apar ound FEEWAT &ensce feonigal daty @SS&%W%SH&“H‘EMQ%Séﬁnahﬁo@ﬁhﬁ)@l‘?sﬁﬁﬁton
of a shapedpitse mda&l@aﬁﬂhu H%ttﬁhmm&?%f' @Ak 1 0K T SAP FOF a9 Eae?érn%efd
exanple in the art. 15A 1s a diagramof an enbodi ment o

a synchroni Z‘amb@mfé,hOQ%@K Slt@@leb@mbcamttamsaumd/er cont roller. [0053]

FIG 15B is ot.her enbodl ne a ronization

si gnal det eé‘?oéﬁi i %meh%feﬁ%ngjr dg%ent ST &P r}%?ﬂ tm?’élgl gouarc%ltsré?lga
of an errbodhm%ssntfnsafrsmnehﬂmnﬂml eminal Sih det;edzhmf coPOmbhtidd GystdraA
I's a diagram of .an enbog) ment of a synchroni zati n.%]{.eanbl e flet ect?r.
[0056] FI G COHPFises meapy o apsyfime Aot S1saansan deds 1o terminal, means for
synchr oni zatiseshtRuRatRhenHgbe 6t Me. starldigdDApdd dbtbddon 13 £i6t @cav@gﬁ

of an enbodi nent of "a synchroni zation %et ector controller. Q%,SOS

FIG 18b isme2es &gr Earsahttiaac: AACK nserl ko the deste\aemrerminalt msans for
detector co I 9 | £ d

a receive tpﬁﬁﬁ[{gﬁg{ ugr%{egrﬁl?“c]s'[ogo O]tHIBFNé%KSOQ%nqg 9{;1% gigtregﬁnl?n TEP i gﬁ&g&tsﬁl%]
enbodi nent ofceired @mecwwndmaladmmmagcsenbanm faartransmaittargda a@mmgnaia&qnothe
system

destination terminal, and means for discontinuing transmission of the ACK signal after
a predetermined number of the ACK signals have been transmitted.

[0022] In another embodiment, a method of controlling source terminal transmissions
from a source terminal in an in-band communication system comprises detecting a
request signal at the source terminal, transmitting a synchronization signal from the
source terminal upon detection of the request signal, transmitting a user data segment
from the source terminal using a first modulation scheme, and discontinuing
transmission of the user data segment upon detection of a first received signal.

[0023] In another embodiment, an apparatus comprises a processor, memory i
electronic communication with the processor, instructions stored in the memory, the
instructions being capable of executing the steps of detecting a request signal at a source
terminal, transmitting a synchronization signal from the source terminal upon detection
of the request signal, transmitting a user data segment from the source terminal using a
first modulation scheme, and discontinuing transmission of the user data segment upon
detection of a first received signal.

[0024] In another embodiment, an apparatus for controlling 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 fransmitting 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



[0061] FIG 21 is a diagram of an enbodi nent of an in-vehicle
energency call system [0062] FIG 22 is a diagram of an enbodi nent
of an int ev@cdwasnsef the data request sequence transm pEeaisine/esc400
downlink in a destination comrunication_term nal and the data
response sequence transmtted on an upl Pnk in a source communication
termnal, wth the interaction initiated by the destination term nal.
[0063] FI G a23nd jsignal @pmgthg fesiination sorminsl.neipgondnuing tiapsnepsen pbheosend
the data re t q i g i i i: i
comuni cat i é!i ﬁ?eurp%ﬁg% eg(ﬁlds{ ﬁgﬁ a{%(ée%%gs p%ngg&\ggeﬂé%%c%%@gﬁﬁ%%@g%bgﬁ
an uplink i from thoulestmatomiemiigt frawmitengriansky datk tsbemdng fromt drcaddstioation

initiated by _the, source.termnal. 064]. Fl 23B.is, a di.agra f
anot hor _erbSATHENESBE “aiet HOGHALE: BB FH wara e e SR urge vse
transm tt eddsa ségne@ipdnidetdctiorfofiestondatiedrrdemmmuni cati on term nal and
the data rez(ﬁﬁgﬁf se&Hence transmtted on an uplink in a source ‘
communi cat i TitRAfer FmPACIMSRY | 45t APRICAND IFORTIYSS af dORSAH &IEHEY ci8
term nal . [@RE@Inick&mmediation RitklRIpRATQr, ARHAORALIsIRAY iOfhe emory, the
interaction of a bi-directional data request sequence and data
response sed§Endons peing fenablecpiencedng therséerd ohiransakttagd sapd bigral op0de]
oG 248 1 s apfhagh @Ok, BROMARKE TARGNIEA oPhe And GLEAE 0cRhn B o
bi di recti onal data requeSt sequence and data response seguence
transmi tt ed fiovi rdpeivhd sieal choamsnittilg asyhchiphization {@R6FPmFhGlestiatios taminal,

di agram of an_enhodi nent ,of a us dat a,packet for.mat where the .
engtn of .« AATRRPEaIRE 1dh el B0 eRERBheoPHER e S eiaBtanyivn
[0068] FI G saferesadi is@ugtiann® frafdnieni®oef teniscrodatfsdpsht Gpdnaddatikeiof a
format where thg Ie_ng&h of the user data length is greater than the
transmt packepd 59 $18569] FI G 27A is a diagram of an enbodi nent
of an inter ggg27pth Ohofhbe drfivapmdn, 4at apfLANeShr SOAHEMEE BidfeddoffS Wata
data response sequence, wherein the user data length is greater than
the transni trapagieaqnssirem a 1desfimgipp] tempige] Dy @n | ig-band|j cegmaimicstion riysthar
enbodi nent ek O i . ! e , ,

and tr ansni tonagst BRELAEL hiflning 42old BORThbm iRl Aol BNE ey RTEARE for
gr eat er t hadiscorinimgrismshispar kéthesicrd sighdQpd) dEtkGEHonTE first meadvaigyigmal,
of yet another epbodinent of an interacti of ., the .transmt data
Cequest "seqdBesoa i Trahs hov B Rbl fibd Bobut dfubhRgEhind s for
user data | emginfitting aguseades ségnant frb@ the assinitionpaeked] wSinge. firki0ad&llation
FIG 27D is di agrgm of stil] another enbodi nent of an _.interaction
of the tranSPRMCaPS TGt ISERIENEE EATAMISHIAR A the iea dpta sEmey upon

sequence, WREk&Idh JrhQedds8ecdRt@sibeIgth is greater than the transmt
packet size. DETAI LED DESCRI PTI
[0028] In another cmbodiment, a system for communicating data over an in-band

communication system from a vehicle containing an in-vehicle system (IVS) to a public
safety answenng point (PSAP) comprises one or more sensors located in the IVS for
providing IVS scnsor data, an IVS transmitter located in the IVS for transmitting the
IVS sensor data, a PSAP receiver located in the PSAP for receiving the TVS 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 1VS synchronization signal, and an IVS

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



[0073] FIG 1 shows an enbodi nent of an in-band data conmunication
system as m ght be inplenented within a wireless source term nal 100.
The sour ceypes@ipdls 100 communi cates with the desti nat ipef/is@foivisado
600 t hrough the conmuni cati on channel s 501 and 502, network 500, and
comuni cati on channel 503. Exanpl es of duitable wirel ess

comuni cation systens include cellular tel ephone systens operati ngwi n
accordance WosHecs: sihatcingiis PSAPIraecivgs spmprises sriPiPcEetdctn foraigcting fiedyS

Syatem (3CrD DRREARYD sl S pldaltfs 3obs AP e SR, ESRMBILGBHIAN for
Di vi si on Midtmpdiudatisgctbs $VE IGRPZcCDNE)rodukingea Diozived dN'S Syexsigeo mdus:irCode

D vi sion MuLtiple Access (TD- S and Wor .dwi de L nteroperahili

For M or oval SR FusEieSy eTott Ao hiaiCieste LR ol STERLT he, PP
recogni zebt bgmléfaﬂ@ daBaC it gttﬁlspidg&cnatshedcdiﬁrhaid;nmg@ea SaeiTR Y | byocanpl ifad
to an in-ban ata comquni cation systemthat does not involve a

wirel ess ch&HEEPSMETRE IS nEomeand 513538t wes Praseng fcPuady aWSAP shaped

combi nat i on pafse 5igHils, RPRNE HRLcIB WchE (B9 RAMKP FRNES ATS HIPMNH AR 4i9R% and
| i nks and otpher infrastructure suitable for establishing a )
comuni cat i orrduring agtfiieenvod¢tesigealrc BSAR synchednizaion gengradsior gercrabing a
termnal 60 0 . gaf i y .
wireless |i %EAETIE%%E%E}? %:tgont (egpﬁ]grlmggn 81 noIf R‘%F%}@kf%ﬁ% lliﬂ%gnfsoygéangﬁ{;%?%g
conmuni cat i eequdese G SAPRANSNDTiZERN] BhAR]and RS APr consmant] neassagos neche200 the
normal Iy rouyt,es user speech t h a vocoder ut,..S al so capabl e of
out 1 ng’ non Y5 SEE hETEP TR BUArS ARESolodsrei PECSoReR TR Bg pest
13 ori gi nat iafg pfddasing e 198 U EENAE LAY BRIV O defnBBul 0N T4 tefdH kI Aihe@E WIRIP.
Rout i ng non-speech data through the vocoder is advantageous since it
el i m nat es ©OHESFELHIMRAUCHE asBGeive! RRAMIGHREY 0 request and transmit
the data over a separate comruni cati ons channel. The non-speech data
is formatted i nto nessages. The nessage data, still in digital form
is converted into a noise-like signal conprised of shaped pul ses. The
nessage data informati orB?%E]BDﬁﬁF%JB%ONRgF FHEBRAFYINGSns of the

noi se-1ike signal. The noise-like signal is encoded by the vocoder.
The vocoder [P dhe etselh god dip diendant adcanipagereplethe ichgodmenti alesraibed herein
i nput is use; t it 1 %ﬁi'y@j Coes
convert the%’r%g?gg(gg@ aEea&?ﬁqnggﬁg‘%ﬁé%glr@f\%ﬁ gitocglg e e? é gigtt%ﬁ%/%fiésgnp tion
encoded by twWlentakansniompinotiorpaitiathetaecongetyiag Hesaigsdvie®int:he vocoder .

The encoded jse-like signal s transmtted in-band over fhe. .
cormunt cat | AT RIS 15 208 ob AR GRSk R r MR et wrjen
the pul se past tanonsball deemOloS ahdnke datagt@bughr &1 dpakdhe colR et bOoWireless
depends on recovery . of the timng of the pulses relative to the
speech codeCOFFHHEEFRE%PHkes. To aid the receiver in detecting the
i n-band trangegFieN isth @ik tFTaf1AE diBeRE B PRkt s Rb&IRhsddSin an in-
generated and encoded by the vocoder prior to the transm ssion of
message dat anpcEpBugesionsesdtience of synchroni zation, control, and

nessages i s i t t i i : ion
o the. mon: JMERTERG HER ot bBRE i LEbARN o5 8 hARhoaRa R HaTRRt
transmt badeddndIGO0R ishe ddggaralofi aptiter autiodin®21 @fi © symypuinizatort agnal
m cr ophone and atudi o0 input processor 215 and transferred through the
nux 220 int &°tHe “Vocoder encoder 270 where conpressed voi ced packets
are gener at g0034AF5Q) s@hd @ dapgird of Bt knddiied GRS AImehy pf € alyhshrédiedtival @Fnal
circuitry to convert the input signal into a digital signal and a

si gnal condi&PBARF to shape the digital signal such as a | ow pass
filter. Exanpbsy reb. Suialddddhn ¥OGOHERIhHE bEASntR8RBERSREd: BethrlY:, t he
follow ng reference standards: GSM FR, GSM HR, GSM EFR, EVRC, EVRC B,
SW, QCELP13R036] $1G45 is apiReram pH@1 embadimeng of Gsypplyonigatkmautst s@Quynga,

G 7ls, G 722[0("]’37] - W& iﬂR&ag}@m YWRVBnbddifaedtoSP qegyn%ﬂr%ﬂggﬁonzszeamb]e

sequence.




[0079] Referring back to FIG 3A, Sync Burst S241 is used to
establish coarse timng at the receiver and is conprised of at |east
one si nusovdaboofigmggiency signal having a predet erm nedpganphiohgicidt €,
sequence, and duration and is generated by Sync Burst 250 shown in
FIG 4. Sinusoidal Frequencyl 251 repr ebnt s b nary data +1 and
Frequency2 252 represents binary data -1. Exanples of suitable

si gnal s i nclQH8] EKhBaipe diseeny nghoqirsesit @52 prnchiraizglinncresniel seayenrds
as 395Hz, 540Q¥Hz.ons ; si nusoi dal signal and 558Hz,
1035Hz, and 724@%}9%}%%%?4%%%%?%?%%%.dal signal. The Sync Burst
Sequence 25300381 ElGri et angriapthof 2 expebrosizatongpikmble courtlatipl ewtpd winrotigh
mux 254, The L abonIeLLan s sausnee andyl ated.onto. the synchroni zation
burst shoul 8 B€ ong " Wkh good  aut &R T &Y &S roperties. An exanple
of a suit abl®48y AiG B Bta Sepluens eyihdnizatibhpreBablkenbrrelatien Gltphtenighdthé
shown in FIG 5. For each &' s nb(al, Frequency' Sinusoid is output
on Sync Bur &fca@bleis CWISF%Pf%VﬁElﬁPPC- TR Bquency2 Sinusoid i s
out put. [0088U41Ref@A 98 dRaedn bPandntbodiRent SYNGELSARRI flkkape4ditnak.S
used to establish fine (sanple based) timng at the receiver and is
conpri sed of0W2pFE#etRinrrberraatd patheecmbr t gf atsyechremedtipa rmespage
suitabl e exampl.e of a Sync Preanble Qut S242 predeterm ned data
pattern is Sync Preanbl e Sequence 241 shown in FIG 6A. The conposite
preanbl e sed¥E3LEIRAR iss Yagrematfedt dpotheorubodmati ofg sevisrailzatpermodsge
of a pseudorgrnd(f')m noi se (PN) sequence 242 with an overl apped and
added resul tV0F "the PN sequence 242 and an inverted version of the PN

sequence 244004IhT1G. ¥ is s Yiigahsof 4h dnitd DompoRd franspitelahhasfedoance 245
represent bipar ta +1 and the_ . - synbols represent binary data
[ Anot her 1! Elffe wam«gfagf%géﬁ?serf;aglgﬂ%f)ﬁécfoglaﬂﬁ1ee§'n5*§9%@wnt*ﬂlé
data bits ofrahdieit b SRGHENeEmatThi s provides tenporal distance between
the data bits to account for "snearing" affects caused by t

he
bandpass fi I[R¥6] EHar He &r ¢ grapk ofghe pereercipapird [denfiycH anekding gulsp besed
t he energy , 2 hiht, over several bit time intervals. [0081]
The previ oug{%lalgggsggfrgté@hé(dnstructi on of the sync preanbl e using
concat enat ed0(#gt Fidlsl 18fis a gRph sEteenwer spetthul dersity afpeid-lsed menbased fignal
i nverted ver‘%isgsrrﬁe %1; t he PN sequence provi des advantages in reduced
transnissi on tlhe |lﬁ%¥r oved correl ation properties, and inproved
det ection che0rd8¢ Fed.i1tis & diagrhheofad \cadbaigrat éfasditd mbdul@oiserhhee pissh

is robust t eech franme transm ssion errors. [0082] By overl appin
the PN segniwf@l %{@e%éu&} (ABFAT s icrRodcat ﬁ%é’aﬁﬁqr%e Pulhe det sgrvgl
smal | er nunbgfre@htalldd s i n the sequence conpared to a non-overl apped
ver si on, thereﬁ%i; decreasing the total tine required to transmt the

conposi te pl¥EFHFEC sguismcbiagas of ap codefinTat ofi 4 thgpedapudsct ecement within a
i mpr ovenent ?gdmagiggﬁglgép%hg%%%g uﬂ@?&hﬁiﬁ%e of the overl apped sync

preanble, F 7A an ow a comnpari son between the

corr el at i on [@¥51PRIG eldifen eali@zt@n wif 2h cambodimeoveid sppedpudsnpositest within a
preanbl e Segxlljenfaﬁ 245b, fshqwn i.n_Fl 7.6%1 1qnd the correlation of PN
sequence 24ZHUEHOP A HA A %ﬁ%&x%ﬁﬁﬁ&' t&'sync preanbl e sequence
245, shown (00} GBIGEBA sl Cdiagnsbfoms erhbelimi@it fof @osyh elradikQidn etk detdredrh
positive and ne%ati ve, @ wel |l as the mnor correlation peaks | ocated
bet ween t he 24 ECRYFTFOBEAE: for the non-overl apped conposite sync
preanbl e seqyga¢e1@4P4B iFhedingdat b endiRRKerdiind@ Dt 4 SydchRMAfSh signal
correlation of the PN sequence 242 with the first inverted segnent of
t he non- overdeigpigeendderRess ceradeeanbl e sequence 245b. The positive
correl ation : ' of
The PN sequidia B8kt p dfem O Sncb el of d SR AR AN LTI
sequence 2420845 EHG.make s tdivgram ddl & smbodiowniobf taheynoimonawén appatie
conposite prd%%gtiglre sequence 245b. The negative peak 1014 results from

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

detector.
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2 Correlation Peak Nunber 1 2 3 45
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[0057] FIG. 18a is a diagram of an embodiment of a synchronization detector
controller.

[0058] FIG. 18b is a diagram of another cmbodiment of a synchronization detector
controller.

[0059] FIG. 19 15 a diagram of an embodiment of a receive timing adjuster.

[0060] F1G. 20 is a diagram of an embodiment of a receive data modem used in an in-
band communication system.

j0061] FI1G. 21 is a diagram of an embodiment of an in-vehicle emergency call system.
[0062] FIG. 22 1s a diagram of an embodiment of an interaction of the data request
sequence 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 destination terminal.

[0063] FIG. 23A is a diagram of an embodiment of an interaction of the data request
sequence 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.

[6064] F1G. 23B is a diagram of another embodiment of an interaction of the data
request sequence 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.

j0066] FIG. 24B is a diagram of another embodiment of an interaction of a bi-
directional data rcquest 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.



Detected Correl ati on Peaks Exanple 1 + + Example 2 + -

WO 2009/149346 PCT/US2009/046400
12

[0070] FIG. 27B is a diagram of another embodiment of an interaction of the transmit
data request sequence and transmit data response sequence, wherein the user data length
1s greater than the transmit packet size.

[0071] FIG. 27C is a diagram of yet another embodiment of an interaction of the
transmit data request sequence and transmit data response sequence, wherein the user
data [ength is greater than the transmit packet size.

[0072] FIG. 27D is a diagram of still another 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.

DETAILED DESCRIPTION

[0073] FIG. 1 shows an embodiment of an in-band data communication system as
might be implemented within a wireless source terminal 100. The source terminal 100
communicates with the destination terminal 600 through the communication channels
501 and 502, network 500, and communication channel 503. Examples of suitable
wireless communication systems include cellular telephone systems operating in
accordance with Global System for Mobile Communication (GSM), Third Generation
Partnership Project Universal Mobile Telecommunication System (3GPP UMTS), Third
Generation Partnership Project 2 Code Division Multiple Access (3GPP2 CDMA),
Time Division Synchronous Code Division Multiple Access (TD-SCDMA), and
Worldwide Interoperability for Microwave Access (WiIMAX) standards. One skilled in
the art will recognize that the techniques described herein may 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



Exampl e 3

+ - Exanmple 4 + + +

WO 2009/149346 PCT/US2009/046400

13

originating from the source terminal or the communication network. Routing non-
speech data through the vocoder is advantageous since it eliminates the need for the
source terminal to request and transmit the data over a scparatc communications
channel. The non-speech data is formatted into messages. The message data, still in
digital form, is converted into a noise-like signal comprised of shaped pulses. The
message data information is built into the pulse positions of the noise-like signal. The
noise-like signal is encoded by the vocoder. The vocoder is not configured differently
depending on whether the input is user speech or non-speech data so it is advantageous
to convert the message data into a signal which can be effectively encoded by the
transmission parameter set allocated to the vocoder. The encoded noise-like signal is
transmitted in-band over the communication link. Because the transmitted information
is built in the pulse positions of the noise-like signal, reliable detection depends on
recovery of the timing of the pulses relative to the speech codec frame boundaries. To
aid the receiver in detecting the in-band transmission, a predetermined synchronization
signal is generated and encoded by the vocoder prior to the transmission of message
data. A protocol sequence of synchronization, control, and mcssages is transmitted to
ensure reliable detection and demodulation of the non-speech data at the receiver.

[0075] Referring to the transmit baseband 200, the signal input audio $210 is input to
the microphone and audio input processor 215 and transferred through the mux 220 into
the vocoder encoder 270 where compressed voiced packets are generated. A suitable
audio input processor typically includes circuitry to convert the input signal into a
digital signal and a signal conditioncr to shape the digital signal such as a low-pass
filter. Examples of suitable vocoders include those described by the following reference
standards: GSM-FR, GSM-HR, GSM-EFR, EVRC, EVRC-B, SMV, QCELP13K, IS-
54, AMR, G.723.1, G.728, G.729, G.729.1, G.729a, 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 (UI) information, user

position/location information, time stamps, equipment sensor information, or other
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suitable data. An example of a suitable data message formatter 210 includes circuitry to
calculate and append cyclic redundancy check (CRC) bits to the input data, provide
retransmission buffer memory, implement error control coding such as hybrid automatic
repeat-request (HARQ), and interleave the input data. The Tx data modem 230
converts Tx Message S220 to data signal Tx Data S230 which is routed through mux
220 to the vocoder encoder 270. Once the data transmission is complete the voice path
may be re-enabled through mux 220.

[0077] FIG. 2 is a suitable example block diagram of the Tx data modem 230 shown in
FIG. 1. Three signals may be multiplexed in time through mux 259 onto the Tx data
5230 output signal; Sync Out 8245, Mute Out 8240, and Tx Mod Out S235. It should
be recognized that different orders and combinations of signals Sync Out §245, Mute
Out §240, and Tx Mod Out S235 may be output onto Tx data S230. For example, Sync
Out $245 may be sent prior to each Tx Mod Out 8235 data segment. Or, Sync Out
S245 may be sent once prior to a complete Tx Mod Out 8235 with mute Out 5240 sent
between each Tx Mod Out S235 data segment.

[0078] Sync Qut 5245 is a synchronization signal uscd to cstablish timing at the
receiving terminal. Synchronization signals are required to establish timing for the
transmitted in-band data since the data information is built in the pulse positions of the
noise-like signal.  FIG. 3A shows a suitable example block diagram of the Sync
Generator 240 shown in FIG. 2. Three signals may be multiplexed in time through mux
247 onto the Sync Out S245 signal; Sync Burst S241, Wakeup Out S236, and Sync
Prcamblc Out S242. It should be recognized that different orders and combinations of
Sync Burst S241, Wakeup Out S236, and Sync Preamble Out S242 may be output onto
Sync Out S245. For example, FIG. 3B shows a Sync Generator 240 comprised of
Wakcup Out S236 and Sync Preamble Out §242 where Wakecup Out 8236 may be sent
prior to each Sync Preamble Out 8242.  Alternatively, FIG. 3C shows a Sync
Generator 240 comprised of Sync Burst §241 and Sync Preamble Qut $242 where Sync
Burst S241 may be sent prior to each Sync Preamble Out $242.

[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
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one sinusoidal signal and 558Hz, 1035Hz, and 724Hz for the other sinusoidal signal.
The Sync Burst Sequence 253 determines which frequency signal is multiplexed
through mux 254. The information sequence modulated onto the synchronization burst
should be one with good autocorrelation propertics. An example of a suitable Sync
Burst Sequence 253 is the Barker code of length 7 shown in FIG. 5. For each *+’
symbol, Frequencyl Sinusoid is output on Sync Burst S241, and for each ‘-* symbol,
Frequency? Sinusoid is output.

[0080] Referring back to FIG. 3A, Sync Preamble Out §242 is used to establish fine
(sample based) timing at the receiver and is comprised of a predetermined data pattern
known at the receiver. A suitable example of a Sync Preamble Out S242
predetermined data pattern is Sync Preamble Sequence 241 shown in FIG. 6A. The
composite preamble sequence 245 is generated by concatenating several periods of a
pseudorandom noise (PN) sequence 242 with an overlapped and added result of the PN
sequence 242 and an inverted version of the PN sequence 244. The ‘+ symbols in the
composite preamble sequence 245 represent binary data +1 and the ‘-° symbols
represent binary data -1. Another suitable cxample inserts zero valued samples between
the data bits of the PN sequence. This provides temporal distance between the data bits
to account for “smearing” affects caused by the bandpass filter characteristics of the
channel which tends to spread the energy of the data bit over several bit time intervals.
[0081] The previousty described construction of the sync preamble using concatenated
periods of a PN sequence with overlapped segments of inverted versions of the PN
scquence provides advantages in reduced transmission time, improved corrclation
properties, and improved detection characteristics. The advantages result in a preamble
which is robust to speech frame transmission errors.

[0082] By overlapping the PN scgments, the resultant composite syne 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
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main peaks for the non-overlapped composite sync preamble sequence 245b. The
negative peak 1010 results from the correlation of the PN sequence 242 with the first
inverted segment of the non-overlapped composite preamble sequence 245b.  The
positive corrclation peaks 1011, 1012, 1013, result from the correlation of the PN
sequence 242 with the three concatenated segments of PN sequence 242 which make up
the middle scction of the non-overlapped composite preamble scquence 245b. The
negative peak 1014 results from the correlation of the PN sequence 242 with the second
inverted segment of the non-overlapped composite preamble sequence 245b. In FIG.
7A, the minor correlation peak 1015, corresponding to an offset of 3 samples from the
first positive correlation peak 1011 shows a magnitude of approximately 5 (1/3™ the
magnitude of the main peaks). FIG. 7B shows several main correlation peaks, both
positive and negative, as well as the minor correlation peaks between the main peaks for
the overlapped composite sync preamble sequence 245. In FIG. 7B, the minor
correlation peak 1016, corresponding to an offset of 3 PN samples from the first
positive correlation peak 1011 shows a magnitude of approximately 3 (1/5" the
magnitude of the main pcaks). The smaller magnitude of the minor corrclation peak
1016 for the overlapped preamble shown in FIG. 7B results in less false detections of
the preamble main correlation peaks when compared to the non-overlapped minor peak
1015 example shown in FIG. 7A.

[0084] As shown in FIG. 7B, five major peaks are generated when correlating PN
sequence 242 with the composite sync preamble sequence 245. The pattern shown (1
negative peak, 3 positive peaks, and 1 negative peak) allows for determining the frame
timing based on any 3 detected peaks and the corresponding temporal distances between
the peaks. The combination of 3 detected peaks with the corresponding temporal
distance is always unique. A similar depiction of the correlation peak pattern is shown
in Table 1, where the correlation peaks are referenced by a ‘- for 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
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[0086] Referring again to FIG. 3A, Wakeup Out S236 is used to trigger the vocoder
encoder 270 to wake up from a sleep state, low transmission rate state, or discontinuous
transmission state. Wakeup Out 8236 may also be used to prohibit the vocoder encoder
270 from entering the sleep, low transmission, or discontinuous transmission state.
Wakeup Out 8236 is generated by Wakeup Generator 256. Wakeup signals are
advantageous when transmitting in-band data through vocoders which implement sleep,
discontinuous transmit functions (DTX), or operate at a lower transmission rate during
inactive voice 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
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8236 is a signal comprised of multiple sinusoidal signals with each signal identifying a
specific data modulation scheme, for example 500Hz for modulation scheme 1 and
800Hz for modulation scheme 2. In this second example, the Wakeup signal prohibits
the vocoder encoder 270 from entering the sleep, DTX, or low rate state. In this second
example, the receiver uses the transmitted Wakeup Out signal $236 to identify the data
modulation scheme.

[0087] An example of a composite Sync Out S245 signal is one comprised of a
multiplexed Sync Burst 8241 and Sync Preamble Out 8242 as shown in FIG. 8A. Tsb
701 and Tsp 702 represent the durations in time each signal is transmitted. An example
of a suitable range for Tsb is 120-140 milliseconds and Tsp is 40-200 milliseconds.
Another example of a composite Sync Out S$245 signal is one comprised of a
multiplexed Wakeup Out S236 and Sync Preamble Out $242 as shown in FIG. 8B,
Twu 711 and Tsp 702 represent the durations in time each signal is transmitted. An
example of a suitable range for Twu is 10-60 milliseconds and Tsp is 40-2060
milliseconds. Another example of a composite Sync Out S245 signal is one comprised
of a multiplexed Wakeup Out 8236, Sync Burst §241, and Sync Precamble Qut S242 as
shown in FIG, 8C. Twu 711, Tspl 721, Tsb 701, Tsp2 722 represent the durations in
time each signal is transmitted. An example of a suitable range for Twu is 20 - 80
milliseconds, Tsp1 is 40-200 milliseconds, Tsb is 120-140 milliseconds, and Tsp2 is 40-
200 milliseconds.

[0088] Referring back to FIG. 2, a suitable example of Tx Mod Out S235 is a signal
generated by the Modulator 235 using pulse-position modulation (PPM) with special
modulation pulse shapes. This modulation technique results in low distortion when
encoded and decoded by different types of vocoders. Additionally, this technique
results in good autocorrclation propertics 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 i 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

18 represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As
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can be seen in FIG. 11B, the power spectral density displays “spikes” of significant
energy over the in-band frequency range at the tone frequencies and its harmonics.
{0089] FIG. 12 is an example block diagram of thec Modulator 235 shown in FIG.,
2. The Sparse Pulse Generator 238 produces pulses corresponding to input Tx
Message 5220 using pulse position modulation and then the Pulse Shaper 239 shapes
the pulses to create the signal for better coding quality in the vocoder encoder. A
suitable example of a Sparse Pulse is shown in FIG. 13. The time axis is divided
into modulation frames of duration Tyr. Within each such modulation frame, a
number of time instances fty, #; ,..., tn are defined relative to the modulation frame
boundary, which identify potential positions of a basic pulse p(z). For example, the
Pulse 237 at position 3 is denoted as p(r—r3). The Tx Message S220 information bits
input to the Modulator 235 are mapped to symbols with corresponding translation to
pulse positions according to a mapping table. The pulse may also be shaped with a
polarity transform, + p¢¢). The symbols may therefore be represented by onc of 2m
distinct signals within the modulation frame where m represents the number of time
instances defined for the modulation frame and the multiplication factor, 2,
represents the positive and negative polarity.

[0090] An example of a suitable pulse position mapping is shown in Table 4, In this
example, the modulator maps a 4-bit symbol for cach modulation frame. Each
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 4 milliseconds resulting in 32 possible
positions for an 8KHz sample rate. The pulses are separated by 4 time instances
resulting in the assignment of 16 different pulse position and polarity combinations.
In this example, the effective data rate is 4 bits per symbol in a 4 millisecond period
or 1000 bits/second.

Table 4
Symbol
decimal | binary Pulse
0 0000 | p(r-0)

i 0001 | p(n-4)
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2 0010 | p(n-8)
3 0011 | p(n-12)
4 0100 | p(n-16)
5 0101 | p(n-20)
6 0110 | p(n-24)
7 0111 | p(n-28)
8 1000 | -p(n-28)
9 1001 | -p(n-24)
10 1010 | -p(n-20)
11 1011 | -p(n-16)
12 1100 | -p(n-12)
13 1101 | -p(n-8)
14 1110 | -p(n-4)
15 1111 | -p(n-0)

[0091] Another example of a suitable pulse position mapping is shown in Table 5. In
this example, the modulator maps a 3-bit symbol for each modulation frame. Each
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, Typ 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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decimal | binary

0 000 pn

1 001 | p(n-4)

2 010 | p(n-8)

3 011 | p(n-12)

4 100 -p(n-12}

5 101 -p(n-8)

6 110 -p(n-4)

7 111 -p(n)

[0092] To increase robustness in poor channel conditions, the Modulator 235 may
increase the duration of the modulation frame Tyx while maintaining a constant number
of time instances fo, 1 ,..., fm.1. This technique serves to place more temporal distance
between the pulses resulting in a more reliable detection. An example of a suitable
pulse position mapping includes a Tyr 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 cxample, 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 Ty
of 2 milliseconds then switch to Ty of 4 milliseconds if the channcl conditions arc

determined to be poor.
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[0093] To increase robustness with certain vocoders, the Modulator 235 may change the
initial time offset in the pulse position map. An example of a suitable pulse position
mapping is shown in Table 6. In this example, the modulator maps a 3-bit symbol per
modulation frame. Each 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 initial offsct is set to 1 time
instance and the pulses are separated by 4 time instances resulting in the assignment of

8 different pulse position and polarity combinations as shown in the table.

Table 6
Symbol
decimal | binary Pulse
0 000 p(n-1)
1 001 p(n-3)
2 010 pln-9)
3 011 p(r-13)
4 100 -p(n-13)
5 101 -pin-9)
6 110 -p(n-5)
7 111 -pin-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 millisecconds 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
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where [ is the roll-off factor, I/T; is the maximum symbol rate, and t is the sampling

, otherwise

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 clement of the pulse determines the exact position of the

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

-991 560 -200 40
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represented by 13 samples shown as PO — P12 where each sample represents the non-
zero clements of r(n) shown in the previous cxample. FIG. 14B is an cxample of the
typical implementation in the art. In FIG. 14B, a pulse is positioned at offset 7 within
modulation frame Tame(n) 1003, and the “tail” portion of the pulse extends into the next
modulation frame Tmr(nt+1) 1004 by 4 samples (P9 — P12). Samples from modulation
frame Twme(n) 1003 extending into the next modulation frame Tyr(n+1) 1004 as shown
in FIG. 14B would result in intersymbol interference if the pulse samples for frame
Twmr(n+1) are positioned in any of the first 4 samples of frame Typ(n+1), since an
overlap of samples would occur. Alternatively, in the “wraparound” technique shown
in FIG. 14A, the tail samples which would have extended into the next modulation
frame, Typ(n+1) 1004, are placed at the beginning of the current modulation frame,
Tyr(n) 1003. The samples (P9 — P12) are wrapped around to the beginning of Tys(n) at
samples 0 — 3. Using a wraparound technique for the generation of a modulation
alphabet eliminates the cases where the shaped pulse samples extend into the next
modulation frame. The wraparound technique is advantageous since it results in
reduced intersymbol interference that would occur if the shaped pulse samples in the
present frame extend into the next frame and overlap with the shaped pulse samples in
the next frame. One skilled in the art would recognize that the wraparound technique
could be used for any pulse position in the modulation frame which would result in
samples extending in the next modulation frame. For example, a pulse positioned at
offsct 8 within modulation frame Ty(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)- pn—1)

An example of a 32 sample amplitude transform signal is of the form:
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rn) = [ -2000 0 6000 -2000
0 0 0 0

0 0 0 0

0 0 0 0
0 0 0 0]

[0098] Another example of a suitable Pulse Shaper 239 is a linear prediction synthesis
filter. The response of an example recursive LPC synthesis filter is defined by its

impulse response
1
h(n)y=30(n) + Zaih(n —i)
i=l

and coefficients: (i) = {-6312, 5677, -2377, 1234, -2418, 3519, -2839, 1927, -629,
96}1/4096,i=1,..., 10. Linear prediction filters are well known in the art. The residual
signal r(n) is first created by the input symbols according to the pulse mapping tables
above. The actual modulation pulse shape then results from filtering the modulated

signal r{n) with h(n).

[0099] One skilled in the art will recognize that the techniques described herein may be
equally applied to different pulse shapes and transforms. The length of the waveforms
and the 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.

[00108] Referring again to FIG. 2, Mute Out 8240 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 8240 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-
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shown in FIG. 10. In this example, the Wakeup Out S236 signal and Sync Preamble
Out 8242 precede each transmission of Tx Mod Out 8§235. One skilled in the art will
recognize that different combinations of the Sync Preamble Out $242, Mute Out S240,
and Tx Mod Out 8235 may be equally applied. For example Tx Mod Out $235 in FIG.
10 may be preceded and followed by Mute Out 5240.

RECEIVER

[00101] Referring to FIG. 1, the receive baseband 400 normally routes decoded
voice packets from the vocoder to an audio processor, but is also capable of routing the
decoded packets through a data demodulator. Because the non-speech data was
converted to a noise-like signal and encoded by the vocoder at the transmitter, the
receiver’s vocoder is able to effectively decode the data with minimal distortion. The
decoded packets are continually monitored for an in-band synchronization signal. If a
synchronization signal is found, the frame timing is recovered and the decoded packet
data is routed to a data demodulator. The decoded packet data is demodulated into
messages. The messages are deformatted and output. A protocol sequence comprising
synchronization, control, and messages ensures reliable detection and demodulation of
the non-speech data.

[00102] Voice packets are received over the communication channel 502 in the
receiver 495 and input to the vocoder decoder 390 where decoded voice is generated
then routed through the de-mux 320 to the audio out processor and speaker 315
generating output audio $310.

[00103] Once a synchronization signal is detected in Vocoder Decoder Output
8370 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,
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[(00104] An example of a suitable data message deformatter 301 includes circuitry
to deinterleave the Rx Message S320 data, implement error control decoding such as
hybrid automatic repeat-request (HARQ), and calculate and check the cyclic
redundancy check (CRC) bits. Suitable output data $300 may include user interface
(UI) information, user position/location information, time stamps, equipment sensor
information, or other suitable data.

[00105] FIG. 15A is a suitable example block diagram of the Sync Detector and
Receiver Controller 350 shown in FIG. 1. Signal Vocoder Decoder Qutput S370 is
input to the Sync Burst Detector 360 and the Sync Preamble Detector 351. The Sync
Burst Detector 360 detects the transmitted Sync Burst signal in the Vocoder Decoder
Output S370 and generates the Burst sync index S351. The Sync Preamble Detector
351 detects the transmitted Sync Preamble Out signal in the Vocoder Decoder Qutput
8370 and generates Preamble sync index $353. Signals Burst sync index S351 and
Preamble sync index S353 are input to the Sync Detector Controller 370. The Sync
Detector Controller 370 generates output signals Rx De-Mux Control S360 which
routes the Vocoder Decoder Output 8370 to the data path 8§326 or the audio path S325,
Audio Mute Control S365 which enables or disables the output andio signal S310, and
Timing Offset S350 which provides bit timing information to the Rx Timing 380 to
align the Rx Data 8326 for demodulation.

[00106] Another example of a suitable Sync Detector 350 is shown in FIG. 15B.
Signal Vocoder Decoder QOutput S370 is input to the Memory 352 and the Sync
Preamble Detector 351. The Mcemory 352 is used to store the latest Vocoder Decoder
Output 8370 samples which includes the received Wakeup Out signal. A suitable
example of the Memory 352 is a First-In-First-Out (FIFO) or Random Access Memory
(RAM). The Sync Preamble Detector 351 detects the transmitted Sync Precamble Qut
signal in the Vocoder Decoder Output S370 and outputs the SyncFlag S305 signal.
Signals Modulation Type S306 and SyncFlag 8305 are input to the Sync Detector
Controller 370. The Sync Detector Controller 370 generates the Modulation Search
8307 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 §360 which
routes the Vocoder Decoder Output 8370 to the data path or the audio path, Audio Mute
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Control 8365 which enables or disables the output audio signal $310, and Timing Offset
S350 which provides bit timing information to Rx Timing 380 to align the Rx Data
S326 for demodulation.

[00107] An example of a suitable Sync Burst Detector 360 is shown in FIG. 16.
Signal Vocoder Decoder Output S370 is input to the Power calculator 361. Examples
of a suitable Power calculator 361 include an input squaring function or absolute value
function calculated on the input signal. The Vocoder Decoder Output S370 signal is
also input to mixer functions 362 where it is multiplied by the in-phase and quadrature
components of reference Frequency Sinusoid ! 363 and Frequency Sinusoid 2 364 to
generate downconverted signal components at frequency OHz. The mixer 362 outputs
are low pass filtered by the LPF 365 to eliminate the high frequency multiplier products
in the mixed output. An example transfer function of a suitable LPF 365 is of the form:

1+az7" +a,z7

Hyp(z)=c- =
e (2) 1+ bz +b,27

where ¢ = 0.0554, ey =2, ax =1, by = —-1.9742, b, = 0.9744. The magnitude of in-
phase and quadrature outputs of the LPF 365 are calculated by the Magnitude 366 and
summed in the Adder 367. The output of the Adder 367 is input to the Matched Filter
368 which is a matched to the transmitted Sync Burst Sequence. Matched filters are
well known in the art. The output of the Matched Filter 368 is searched for the
maximum peak in the Max Search 369. Once the maximum is found in the Max Search
369, the index corresponding to the time offset of the maximum is output in signal Burst
sync index S351.

[00108] An example of a suitable Sync Preamble Detector 351 is shown in FIG.
17A. Signal Vocoder Decoder Output 8370 is processed by the Matched Filter 368
which is matched to the Sync Preamble Sequence. The Maiched Filter 368 output is
then input to the Max Search 369 which searches 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 $353.

[00109] Another example of a suitable Sync Preamble Detector 351 is shown in
FIG. 17B. Signal Vocoder Decoder Output $370 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 sct to zero and
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multipliers due to the zero coefficients. Sparse filters are well known in the art. In step
453 the filter output is scarched for the maximum positive and negative correlation
peaks which match an expected pattern based on the negative and positive correlation
peak distance. For example, 5 peaks should be found in step 453 based on Sync
Preamble Sequence 245, 3 positive peaks corresponding to correlation with the
pseudorandom noise (PN) sequence 243 and 2 negative peaks corresponding to
correlation with the inverted version of the PN sequence 244. In a suitable example, the
sync detector should find at least 2 peaks in order to declare that the sync preamble is
detected. In step 461, the number of peaks detected is counted and if a majority of
peaks is detected, then a sync indicator flag is set True in step 460, indicating the
preamble sync has been detected. A suitable example of a majority of peaks detected is
4 out of 5 peaks which match the expected pattern.  If a majority of peaks is not
detected then control passes to step 454, where the temporal distance between the
positive peaks found in step 453 is compared against the expected distance, PeakDistT1.
The PcakDistT1 is sct to be a function of the period of the PN sequence 242 since
filtering the received preamble against PN sequence 242 should yield a temporal
distance between the correlation peaks which is equal to some multiple of the period. If
the temporal distance between the positive peaks is found to be within a range of
PeakDistT1, the positive peaks amplitudes are then checked against a threshold
PeakAmpT]! in step 455. A suitable range for PeakDistT1 is plus or minus 2 samples.
The PeakAmpT1 is a function of the amplitudes of the previous peaks found. In a
suitable example, the PeakAmpT]1 is set such that the peaks found in step 453 do not
differ in amplitude by more than a factor of 3 and the average peak amplitude does not
exceed half the maximum peak amplitude obscrved 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
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457 pass then a sync indicator flag is set True in step 460, indicating the preamble sync
has been detected. If either the negative peak temporal distance check in step 456 or
negative peak amplitude check in step 457 fails then the sync indicator flag is sct False
in step 458, indicating the preamble sync has not been detected. It should be recognized
that different orders and combinations of the steps will achieve the same result. For
cxample, detecting the majority peaks in step 461 of may be done after the positive peak
check of steps 454 and 455.

[00110] An example of a suitable Syne Detector Controller 370 is shown in FIG.
18a. Step 407 is the entry point in the controller which initializes the memory buffers
and configures the initial state of the receiver. In step 406, the sync search type is
checked indicating whether the sync signal is being searched in the Rx data or Rx audio
path. Step 372 is entered if the Rx audio path is being searched for sync. Using Burst
sync index S351, the maximum sync burst and index are searched over a number of
processing frames, N1 in step 372. Step 373 determines if the maximum sync burst and
index scarched in step 372 passes a successful search criterion. An example of a

suitable scarch decision criterion in step 373 is of the form:

(Smcu' max = ThSB) and (ismax <N, sync ™ N, guard)

Where Spar mar 15 the maximum of the sync bursts found over the N1 processing frames,
Thsp 1s the sync burst detection threshold, ige 1s the maximum sync burst index, Ny, is
the number of processing frames searched and Ny is a latency period in processing
frames. If a sync burst is not found, control is passed back to step 406 and the search is
restarted. If a sync burst is found, control passes to step 374 where signal Audio Mute
Control 8365 is generated to prevent the audio path from being output on the speaker,
In step 375 using Preamble sync index $353, the maximum sync preamble and index
are searched over a 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 -(SmaXma.\: /P(isj-mx))z +Cg '22 ) 2 T]"'PD

TN 13X

Where Spax mer 18 the maximum of the sync bursts found over the N1 processing frames,

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

368 in Sync the Preamble Detector 351, P(i

“SMax

) is the maximum power input to the

Max Search 369 in the Sync Burst Detector 360 at the maximum sync burst index, fguax.
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[00111] Another example of a suitable Sync Detector Controller 370 is shown in
FIG. 18b. Step 407 is the entry point in the controller which initializes the memory
buffers and configures the initial state of the receiver. In step 406, the sync search type
is checked indicating whether the sync signal is being searched in the Rx data or Rx
audio path. Control then passes to step 411 where the Preamble Detector 351 is
cnabled. Step 412 checks the signal SyncFlag S305, indicating 2 Sync Preamble has
been found, then confirms it by repeatedly checking for a SyncFlag S$305 a total of N
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. Ifa
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 8360 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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suitable™1irst reférence time instancé may be a certain sample position relative to the
current received speech frame. Ancther example of a suitable Timing Offset calculation
is of the form:

Timing Offset = PulsePosition

PulsePosition is a time distance from the negative correlation peak to a second
reference time instance, and may be a positive or negative value. An example of a
suitable second reference time instance may be a certain sample position relative to the
current received speech frame. Control is then passed to step 414 where the Modulation
Type is determined via signal Modulation Search 8307 by searching in the Memory 352
at a predetermined position where the received Wakeup Out signal should be stored.
Conirol is then passed to step 418 where the Rx Modem 330 is enabled via the signal
Rx Modem Enable 8354. The demodulation scheme used in Rx Modem Enable S354 is
determined in step 418 by the Modulation Type S$306 input signal. Control is finally
passed back to step 406 and the search is restarted. Step 411a is entered if the Rx data
path is being searched for sync. Steps 411a, and 412a function the same as steps 411,
and 412 respectively; the main difference being that the audio path is not muted and the
De-Mux is not switch from Rx Audio to Rx data when the Sync Search Type checked in
step 406 is Rx Data. It should be recognized that different orders and combinations of
the steps will achieve the same result. For example, steps Mute Audio Path 374 and the
path switch step 378 may be swapped with no effect on the overall sync detection.

[00112] FIG. 19 is a suitable example 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 8326 is mput to Buffer 381 where several samples are
stored. Suitable examples of Buffer 381 include first-in-first-out (FIFQ) 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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described herein may be equally applied to different pul se shapes and
t ransf or th of the waveforns and the nodul aty

appl i ed Fﬁv?ﬁggghﬁgeeforns may al so vary. Moreover, thgkgﬂFggﬁﬁﬁgggs
may use conpletely uncorrelated (or ortdbgonal) waveforns to
represent different synbols. In addition to polarity of the shaped
pul se, anpl i{6dida] of t REG.sSilapedsyiable examyle hlosb diagransefths Bxclararnyodem 330

information., [0010 eferrin ain,to Fl \ te Qut 8240 is a

Sl onal used b L EpRIG L T e e Bttt fredin bt fo e Akt peteg
by the Miti sg3anet dbeil i25h B0 Dawmavideen DE-nduxS381t BlNuE IIROSI R ankKDe-
Data 8230 signal conprised of a multiplexed Tx Mod Qut 8235 and Miute

Qut 5240 i s Mok Qe B33 9e-Mupmutp $P32 13 sopapationep ufigg perrebwhigh may
Tnu3 735, Td3istRfweddcddiMbe 3divECRESESR anl IR HRD &e'ﬂd'ﬁét%ﬁ? @)Cctkzl
signal is transmtted. An exanple of a suitable range for Tiu , T2,
Trru3, and Tida0 pignalgf theagp@ion dringimgsime! rasceTagplicd THthe tangmifdd De-
300- 320 mi | |y} NQr . ' 00- 640 m.llisecon

or robust OBraEran SER IR TE AR Rl AR allp shSpERORRutor
sequence nay3be Tan Rdohodnbitwr 3B6qleandelath gradecavedmsssags Mifetalatib BHY aOaY
signal . Another,suitable e l e, of a.signal used to separate the Tx

nessage t raﬁléer’r‘?@g#%gxi@%ﬁg% |er el’ﬁ"(adati%?ﬁfﬁl ?f?l weR g ?‘%?J“f%‘@n frame
Wakeup Qut $3afiasi dp@imiasd b?ﬂﬂé 1B aaiinoe3$d indH? d@fh@&ﬁﬂ%ﬂﬁ@ﬁ@ indicator

transm ssion of Tx Mod Qut S235. One skilled in the art w

recogni ze t HEEMENEY dyetbe BERHPHasPo RFentEller B0 Spnéstpmingp| detaosignatomdse

Mite Qut S24Q.i¢ T I ' "
exanpl 6 T o L S Seres it da SRl 8 R ko Rietef s Rsiog, an
Mit e Qut S24RBamPECER YVERDIOGNOLReS és # maghed fikerGorrtlatar meatehed ¢o wléallowed
baseband 40 r Qu co Qi.ce packets fromthe vocaqd

to an audi ogﬁg%c@%%‘f ﬁﬁu{rlgfaélgg nsglﬁ%a%hég? eap@fe%r ]fyu?“lentéantswg cia&g@@gﬁ{or‘
packet s t hr dugtheacxtatde déawditibét demodBReaUS @ nidiched diltes peatiordaitahsias a

converted tQ a noise-ljke si | and encqded by the vocoder at the
raner £ er buptaasy Efard eih FERs alRC rEIEER tho turma B s it shes tire
data with mbahdpass filtes trdsteB the ThasHBGAdaRASKE S ralcneaRti nual |y
nmonitored for an in-band synchronization signal. If a synchronization
signal is found, the frame timng is recovered and the decoded packet
data is routed to a data denodul ator. The decoded packet data is
denodul at ed gygfeMessages. The nessages are deformatted and output. A
prot ocol sequence conprising synchronization, control, and nmessages
ensures reliighhg det egigo gﬁmy j f =

[ 00102] Voi céagég&et S g% %lle?;iﬂlved ovelrug’% %%@gg%%ﬁeg??%ﬁﬁgﬁfgg%gﬁ@%eg
in the receihgwm. 438¢ glipgrinm penresenistahypicek oxvorple of dite n-Bh@ larvbmergency call
decoded voi j rategd: . it he. dc-muux 0 to, the
audi o out p(rfgcc%lzss ré}g'nglk g%é(g g&%ﬁ@%ﬁ%é&%ﬁ%%ano%%b&dﬁt %?eo%%ggfghwgs‘
100103] Once (Mhsysucthrle rexamples Hors vgndt inddede96@ tirdudenm\ibipted echidde aodéént,

Qut put S370 by, the. Sync. ector 35 he. Rx.De- Mux .Contr ol 60,

Sl gnal owi £ GBS YRGS, ASigBnh ety aERCle 1o st e YARISC 396 TR B
packet s ar e ofiRe sidedohywlidiethéaeRdRMAIRGOHRE 08 3R 188ds OAH8 df Biistahge. Rihe
De- Mux 320 to.the Rx Tim.ng 380 then the Rx data nodem 330. The

. : 330. Rx
data i s demdRiiCBIEENSIFT HE SRS bt Iacatwstiernns 3w masel of Bievighigld velveddn the
dat a nmessageckiefk @hdidnt §50 %pﬁ‘la%ﬁ[eoﬁétlt@&lgtpﬂlte @ tim 30 %He%n-%ﬂﬁle%@@fc%le

to the user or interfaced equip .
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



28 [00104] An exanpl e of a suitable data nessage deformatter 301
includes circuitry to deinterleave the Rx Message S320 dat a,

i npl enment ¢ Rt rol decodi ng such as hybrid automatj .
repeat-req‘gfe)g?dg?%%ﬁ%), and cal cul ate and check the cyclljicgﬁ}séo alr(l)"(‘}%%ﬁcy
check (CRC) bits. Suitable output data $300 may include user
interface (U) information, user position/location information, tine
stanps, equidpirent isenBars fond ovirdine aniwook coipetedsof wabirdindalpdink 962 and

[00105]FIG 15A is a i | e, ex | e bl ock di agram of the Sync

Det ect or and" Iﬁ@&%id\‘?gpﬁ&:??folff‘e?’%%% e§ﬁ8&7ﬁ 9f e l’f‘ﬁ@ﬁ’si Tovwgrotng s\ colldpr
Decoder Qut peléphSad Qoinguhidptidnst towkN Cordyred BT ltenBed, @GhQlcivaR0 a8 $atiiiGul
Sync Preanble Detector 351. The Sync Burst Detector 360 detects the
transmitt ed cayiRRCHy AL tvedlrigiewm indhe ag. fps deadicime roterviciesp vpligs #01 arnd
gener at es t g BusiSEoBY ife | 2B32drk § Pr I X
detects the t8 rans ms?ztsegﬁ%ywn%ﬁéer eanblrke 1%1{@5/6?3%& ﬁﬁ)ﬁpt%{; %@g%’%;ng%&m
Decoder CQut SE3ARB3NY, ahdregrmezace snfPresdiob |tengyiticd by diex IS8 88cle Siygtoml 351

Burst sync i 3 nec index..S3 are.input to the
Syne. Dot ect ST AFAAEAARE shRATRL R RS PEET T B St P Ry ne Bt
gener at es o@bPpuhaysibgnadispied Def- Max d€onitical tHRER1 VEBI0C st Obde Serdel®  The
Vocodcr Decaoder OjttEFijt S370 %10 tQ;e dg%glﬁfath S326 or_the audio path
325, Audi o “REHTETEHTHY RiTeoss B Wi Vehicknanteds 98} apd depfubdicSatetn dpuerng
audi o si gnalpom3 80 i@actokipiibitg (rcS@E iN3RGNWMEGEraRE WEGBId B the folbRthe
information to the Rx Timng 380 to align the Data S326 for
denodul at i ofCPBD106] Anot her exanpl e of a suitable Sync Detector 350
i's shown inflies) 15B. gfet o3l Mo ﬂgﬁ t 7Q 1S nput t
t he Menory :£>52 a]nd @h‘eﬁl;Sync Spf%éefgiel ge %get%e)cglt%%r %ﬂo{'%% nﬁ%ro {QIZ%EI? almg
used to st odetatipasingsios tselinogiebetPewo ther Siutep TernB84 0l Wanpl e Didxtiadtion

i ncludes th i mad . t .si [ ., sui t.abl e example.of .th
ooy 350 el d0BE IASERD A B BB TSR e AR iy by
(RAM . The 8ynDeftinedsrbTeriatie60®r 1o lDaetlakt TranhaistibRnsdiché£@0®Y BC the

Preanbl e Qut signal in the Vocoder Decoder Qutput. S370 and out puts
t he SyncFl aéragﬁ?g%“% aﬂél'r?c g?cba%ffism‘l\?ﬁ%ﬁ‘}f’ E%ﬁhcrg’ﬁ@ms%% Tarengy o0-foa ghe

S305 are i ngiirck TelnkiBal 00GnDARLOHIHk TAMiNidEleqddRe STHE &&ﬂﬁnbﬂﬁis%t&f
Controller 370 generates the Mdul ati on Search 'S307 signal which is

used to accé¥¥ dHdaengssagesgom the Bepredberpirad L0t tha Restmation Teimgned (600,
based on th DRA : t I

to determ nghtg-he tg%grg@%nggﬁ?gﬁugﬁ%u@ég‘i %ﬁ?}t‘af[?%ieﬂ?i Fn\aéﬁg%ggg%. ]§‘!"Isﬂ{emlon
resul ting ddemuinddifodtl asywmrseyygpee B81. obtipbte dxaoplcs bé thdsyne yeq@biRcea81

Modul at i on 306. .. The C olle 70. al so gener at es
out put  Si gng%/egﬁ%? %gcr'lbﬁg( l%(?'r %&@S%é%r\hﬁ%ﬁi(ﬁ‘o%éeg Oﬁ(ﬂ’ém@él??d%'g? sequence
Decoder Qut o1, B3 TRstimtibhcetaihal HEE it he“udi mcpaih 8022 bemMHEthe
29 Control 3365 3is/ni ch %ﬂ@b' s.or disabl es tpe out put .audi o si gnal
S310, and TPARE Leree d 0%k beajn iranmiings ity Belipl Trapsmisyign SHY eianeice orTheo
Rx Tim ng 38RstMitidd MeAnnBL6H cdiinesSR2RadsMit ALIRGHAIAL QHc SEQ%QZJS%”

exanpl e of a suitable Sync Burst Detector 360 is shown'in FIG 16.
Si gnal Voco&®ssaged¥ard vaits gera rsepposq o g foutas HomainpolMdr Adinuill 86 bthe

361, Bxanpl 85yl el At BaliBYHoofRh G Al BRLabI§bY 480 thel HRHbation

squaring function or ab_sol’ute unction he™ I np
si gnal . The Twioziod é00 Degod dranuittpgtitsS370sys¢ gruabnce$1al Soitdbhpertamiptes ot Her

functions 3 (€. 1b48 | ti.pli.ed b i Ns e gyadrat ur e
conponent s gif%m\rlgg téz:r%((:aen%:le1 Er e & Sﬁ“@?%‘&?&?’ggf’ gé‘g‘hﬁrﬁngﬂ&ugﬁcﬁhowmg
Si nusoi d 2 8fdkyho sgmbescald, devBuody et 300 hahssiemPenenfut &t of data or
frequency OF The m xer. 362 oubputs .are low pass filtered by the LPF
365 to elimtate THEES %‘f% AP SRR BRRPatien dprinadro08r oduttabls Axathrle nf daig
out put. An @@ﬁﬂm.% fneanshHemedsWC 81 D hcRided s@idbl &bh&r WRE BRRatled 1f 2 Uhe
form H11R(Z) c 1+ alz-L +a,z-2

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



1+ brz-1 +b,z- 2 where ¢ = 0.0554, pal --=2, az =1, 121 = -1.9742,
172 --- 0.9744. The magni tude of in-phase and quadraWe outputs of
the LPF 3603068 gul ated by the Magnitude 366 and surp@ﬂj' ,
Adder 367. The output of the Adder 367 is input to the 5’*{@3}“%1%?‘{ er
368 which is a matched to the transmittaad Sync Burst Sequence.
Matched filters are well known in the art. The output of the Mtched
Filter 368 iBessmaiosednihel 6Gthentaxdsnumapaak ah nltthetiddsynS8a1 ahd SEACK”
Once the maxi mumis.,found.in the Max Search t he i

cor r espondi _r%es?a@et@g tr ltosluf’%eésffulclﬁ I © |]§§§ 1§53k Bgfé‘ioﬁ“ thegFpyyree
Burst sync imeemalSBil. Al Q0k0R] Aam@kasiduecifuBy sstchvaly e MRD ReRabse
Detector 351 is, shown in FIG 17A Signal Vocoder Decoder Qutput 5370
i s processeddydes Feriyeharlisrqduadangs sheghiperommed patthe MED messpge 20 cAt
Preanbl e Sequeneegsihg. WsGRaRn FHdriela 366, RHRL SudcSsshllSNrebaPKE ¢

Max Search 369 which .seear ches for the maxi rrun%e%lg. S%z]ge B%ﬂe&ﬁk%ﬁ
i s found i nnmdseaghhkesSeairelsn8B0g anheltimatiog wyoe r&8d poddidkgovisdgher tAGK”

of fset of t i 1 M~ i I nc, i nd .

200306] anot A AT S SR erla LGP BaM oL L IHRP mespegesi2

shown in Fl GulipB.tinkisg883, 8% adel iDecadar thOUtATK” Dddfist S0P Oaes seichbhy
the filter in stlep.f452 A s_:lji t abl ﬁpﬁxagtgl e of thg %er in step 452

i s a sparse F{iTRIEr T R% ROwesef rrinal 1L afigranty o sendiae B nipasege morg dea d

i mpul se 1 es pigks eviRkcik REcHSYREnTPrie arhitecNeRYRNRE ey PerSBAS 8 @witthds8b NAsrd
finite-inpul se-response structure with sone of ‘the coefficients set

to zero and "oBgt medyistion scheme ideyitied by rhg Wakeve sieppiizdat Aowieble example of
conpl exity has, § =X [0) ; il ; .
oot of ent o s 208t ARLICHBALICRE (FHLCBLEEmMEHE didbRBr AR Bocyation
the filter dwputisi svigkeameindanihgra tcaestandxinmibrer pd's titnke viastamats nasg desicried
correlation whi, ¢ h. expect at.t based on t w .
negative ané’p‘%géél?{yi vé?g%]grﬂée{g%f(% %elg © gggr@g%lcgfﬁ?ﬁg\(ln%ig%ﬂeg?tﬁ% 6‘& S
shoul d be f oumshgt 804 fiem b Bebhrmeidn TarnSyslBoPrdeeehiReSeguansn24%he MSD
positive peaks cor, [§S ondi ng{}éto correlation with the pg{fﬁdor andom
noi se (PN) SWtHEAS&424% 2 it Regap's et HRMIESSIBY 1p deqyi6Her AY thepDestination
correl ati on Tetrhinal 660 iviy ak@diter ik QRO netge LIS QEHENEFRr 24freddtBnfined
sui tabl e exanple, the sync detector should find at '|east 2 peaks in
order to dedMEPE AfhaC Haessiase S04 baysibeen seat nethe Pegitnatiom Termanpl 480 t he
nunber of pegigeret eckRY. 4 (o] | QL -
det ect ed, tﬁen apsync ﬁdi:*z\a}%olrrl %g%ﬁﬁl ldslgﬁe?afggﬁegﬁa%lta)sﬁt(gghﬁ%%!éﬁmh%mn
i ndi cati ng tahé dpie drandrhissisty sequéness bewnperdibt Soted Ternigali 10fbind tiexBegtinatianf
a majority K S, ad ted i U f 5 .peaks whic tch.th
expect ed paﬁ{eggﬁ% fOTD :Itnﬁgljs ocrg?ef 3%}1 o ﬁlﬁlt‘é(a rgn%ng?sho& Seﬂ'é‘ntn&?élgalf‘ ﬁ%ﬁatggh¥ ths
passes to stSeprcd3erminhel®). t Tke UplipbMadnsahissioancqucaed 8RR nhRtddasitinie/®
peaks found j te 3 is_ conpared against the _expected distance,
PeakDi st Tl . S7ib b F%@F?&éf{"@@éﬁg t‘?f%b&%écef‘éi’ﬁ%ls‘f% Yo‘f"“%ﬁ‘ém}ﬁeﬁ’ieo%mé‘fe
the PN sequenregingdR0SThagEnif bdskBdnld 290 th el BCAlUE R 522D e1iAgR] BSia, BN
sequence 242 should yield a tenporal distance between the correl ation

peaks whi ch Siogrcg JgeEninglol 6o genfigyrasiTspnsmaf basehang 2P sythe [Tk derepatie §Ht aid
di stance be : [P} § Rt n

PeakDl St 1. phe el iBAZE YD RETAE: BB LAURG b AR e 12 AR e
t hreshol d PéaRMmptTi¢ Dentirstiop T48BN2l00uhavay eceianigthe Syprc Pesakddi 8itl Tiorh the

plus or mn L es..khe PeakAnpTl.is a f.unct.i on of e e ”
anmpl i t udes g?’ u’t%ﬁzﬁ%)@égba?olt?-sg’ g’é%égkt aorﬂgrﬁu g r‘imaa%ma%lg%lsé{n%@ﬂp?@, NagK
PeakAr’rFTl idSne'gﬁige $08 o Ei&aiout‘ci&e}? gpmileb flti(D umﬁkdba;ﬁﬁh@m Tathich) Gﬂgkoﬂinhéﬁfo
in anplitude nore than a tor. o and the _average pea .
2ol T ude. dGBBTHBE SIEEEORE ReicrobR Rt FHATHE Mopue SRABH L eecob b eeiveip
to that poi mie MSD @ickdags foRe tROSdrée TerBa 10ONPAS Bncdb HsBNAR BLGEKidN

step 454 or the anplitude check in step 455 fails then the negative
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



[ 00110] An exanple of a suitable Sync Detector Controller 370 is shown
in FIG 18a. Step 407 is the entry point in the controller which

initializegobhR pRppry buffers and configures the initi
the receiver. In step 406, the sync search type is cheg%lerdﬁ dﬁca§| ng

whet her the sync signal is being search&d in the Rx data or Rx audio
path. Step 372 is entered if the Rx audio path is being searched for
sync. Usi ngtiButATKSyresapn 88k v885din codheatrarpt tuanddiersnt badusdanan dedsivdexAt

373 et er m NB F P5E 08 SRR e B 0 B e i A e S T

372 passes ®cstiacies Thiind 600 dRcetint&tiaaimisAon BXAIMSD akssaossli4 abl e
search deci s@ﬂn criterion in step 373 is of the form (In%ay max a'
ThsB) and (il&HEAL NsyRIG-NGal apotipreampledntcragtiondiagras afiths Hhchmeizatiic

bursts foungdn®¥gk tllaﬁk‘?mwwrp&ﬂﬁﬁl%@é BwEdPE Sourd S @m']lﬁaltlrf)@ agé{ e J?é’s'ﬁﬁétmn
detection threshold, is"Bo, is the nmaxi numsync burst in 'S

t he nunber Jdrrmpndciddsilnghis casvethedddinkiaansamesiongpequaics 1% ib atlem@by the
period in p%8ﬁt%§sf'eﬂmglﬂ%l i3/ dlntst}l«%gd 8t ’mfl& 11? Hé %510'{: Zdra{iecal h(rg]lil% Ogrﬁtg) s}%e

passed back to ste e searc isTres
is found, cuanmmksupas}me&)m@ Berafinad 140 wiaﬂﬂhﬁtssangﬂatnaﬁh@s@cl\ﬂman@o‘ma

S365 is generated é reve&gﬁ(i!ge audi o %%Hi mbel ng..out tﬂﬁn the
speaker. |nT§t%sC § g ﬁglinﬁé b ST S%"Q%“O“t ioffnagingc
preanbl e anekdeReE ¥cHBNID ﬁl@ﬁs@%@wﬂ)ﬂﬁﬁ tiee SurdRererRinaPIOVS @SS oh b AR SIng
N2. Step 376 det erm nes i f the maxi num syé%reanbl e and i ndex

sear ched i nS¥tePlang “ghsls aacssngg $92 o Sdrtims brhe poures Terminadd 08yxheviize

of a suitab by £l t
Con (v SR L SO S0, DGR, BRLOR, LS B,

of the synct Swwﬁiﬂcfamjﬂ@k/br arg NESD\Imegiagea 8E5torthe Deatimesion dermaingd 600, axte

scaling fac mym of it out put s . of e mat ched
VM | ap 1 i3 853%%%?%‘). 10 haifedf, BV r%‘feévﬁdééi%synﬁgﬁfsraé? s} o
passed backtlteoScmtcerireeﬂa@ﬁaanm tfammsam@ﬂtemsm@syxarso&dmd FNATKSYMessage 803

preanble is f nal x Co 8360 js enerat din step
et i & i e Bt o Bo: A e BB, o Bcstaity Bl Splrmsving
passed t0 st@ReBRAyWBRIRISHORBD Hedh gy tlglgrﬁ%tdnsﬁégldhffg srﬁicfsoll ahedachr
exarrple of a suitable Timng O fset calculation is of form

Ti ni ng Of f s8tessagy 804. 7 Hpan recpiyigdhe anpKy messege 804 fippthy Hméraéom Jaaning
the index akgo hge ﬂ‘:@%&%ﬁlfalid@dz%ﬁ@ﬁﬁesQ%n%n%amﬂqqsb'$és§%ge368 in

the Sync Preanbl e Detector 351 over one frame, Arsync Is t
of processi iPHiBlanes EKarkdAeid an/ﬁaampleustetahieommngrem oszthesamphmmzatmnomﬂ

frame, and f .the f th t put, of . the

mat ched fil tlg1 %t?%aé'éﬁ B ?hs %éﬁecs TRat P;ax%)e o 11(?]§v§1|Ld GRS Hgten
Control is ﬂ‘hmnnqﬂa&(medlm 0h1stce$m, 438 Wneq&stcheanﬂxu%ﬁlﬁf&f&%ﬂbb@ b adued
via signal S35 t.hen fina passed ck to, step 406
and the sea?é’ﬁmflg Hh‘ft"ﬁgtgﬁ %’tt@ﬁ 19y @gerﬁ%g tﬁ? Itjﬂé‘ka‘%d dagvgnlink
path is bei Rgp&taclghedufpdft of YilirectRI@PEatB AR misbaa, Th%mnlﬁmr%%ﬁﬁsmn
function the sane as steps 372, 373, 375, and 376 respectively;, the

mai n di f f er 8en95&0A s inHmicdrhma (B39 yths Desingden hermanel A00iwithalteeatingx
I's not sw tehhofde %@n&(fiﬁuﬁido St e HH-B09N 80 ke 1 R4 G SR TINRE 100,

checked in step
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



[ 00111] Anot her exanpl e of a suitable Sync Detector Controller 370 is
shown in FIG 18b. Step 407 is the entry point in the controller

whi ch i ni tyal e nenory buffers and configures th 1 te
of the rec‘gla\%g%ﬁ%%&step 406, the sync search type is ?ﬁer@{?té?f@){)“%(ﬁ

i ndi cating whether the sync signal is b& ng searched in the Rx data
or Rx audio path. Control then passes to step 411 where the Preanble
Det ect or 35#nd §SENBBIMsagSt8@§ iddieatogectegudshe samymal deBy no Iﬂlea@v&ﬂﬁﬁ At

i ndi cating S been und f| g

repeat edl y ?ﬁéey%cﬁgé %Etgao ﬁ%‘@f‘l@gﬁ%d“t 8%13‘?%& F%ﬁ@s mﬁgsage 805,
sui tabl e vakespoddarwith iuns alicrﬁitimgtsyhcsscqaéﬁcy 811 pheaghle n@tgiagstsed wittthet7
confiumat i 03)5 f ! the Destination Termnal 600 and 3 for the Source
Ter mi nal ¢ Deginption Teamppled00s upesy dicctive ghai Staamssses 81Garppads
S365 is gen%ﬁtae nk QeREFLHM Pohew@wg%aambb Ink AR 185¢) tﬁytsau&etﬂnﬁﬂaa
speaker. Si De- Mux Contr ol O is then generated in step 3

to switch f B%ttan@mwala@amatgm syncegimacRB1Y and “@{aﬁ(EK’f memgmﬂ?aml 1t
Control is FM}'? 9
cal cul at ed. %@g’gﬁﬁéﬁ%gm%% e gﬁaﬁ'é I'e Flf% 12!::591 %)f)dtl on%l:;hs81
the form Titimenty 8§ et ScurdeuTseRes i M0 axends F%.madxlﬁMmQ(:sgnc 8Ajuence 811 and
Pul sePositiq i sfance, fr OSi.ti e corr i 0 eak
Lo atirst rare dReeedt H: TASRER LY AT RefRBton tHatrifo i et o
val ue. PeakhestAMCemeSsage $19 o itisd Se@ DeEWRE 10d MiScaaBfid: itdBsmission of its
correlation peak and negative correlation Peak An exampl e of a

sui tabl e fi e 808s Ongskidled inipe pri stk seeaemas thakthy intepetionp, desspdeherein are
position r els?ttnh%ﬁqcta%dtnlfh? AN by eEsdoed RpesaN1d0 A kﬁ&gw Ble art will
exanpl e of a suitable Timng Offset calculation is o tsh

Ti m ng Of f s@iso=eregnizePisl thcosynPuicqedposi Blagnmessage, INAGK dinsssages emnflr AFK
the negativ r

and may be S pag fgeea o B ehE o dERAAP AT ARG hOR bR G e
second ref erdewnbnletandmphnlst ance may be a certain sanple position
relative to urrepf.re ved speec h frame. Control |s t hen passed
to step 414 [@é]@? t he i% Uf%l Bn ryROTCE QRATERe HugrecHoy Lliggryp of the
Modul at i on  ggathednia86H alty d:8€ aimsHikihnl s8qidieesNRRIY tDZoudde Berminal 100 and
pr edet er m ned BOSI ti.on_where the received V\akeu%dmt signal shoul d be

stored. ConthoPestinatiofehermyad 890 wharwpdala & rRrssEdtnd tRESNBEE hy3meh ithe

enabl ed vi a T PRIy
used in Rx I\S/’}))glgﬁ]splgﬁg%hl E@S%@gﬁg‘ r%gﬁigirtﬁlnﬁgég%{nﬁ E@egﬁ418 h}mﬁﬁ@ BV

Modul at i on TsapectS86 Theuiffatgndictweonthe onterastlcﬁnsn@ﬂ FIG. p&%@dd FAEk 248
step 406 andcbhieaSSasnl fu SILAIL ST ae 00 nf YD il 0

data path is béing séarc sync
t he sane as tshepiscd bi thcaDestiddidnrBEspaat 6&4Einytpad JSIiEammcmadng farcemd ACK”
bei ng that the audi

ath is not and the -I\/Uxisnts
From R AudTOSEE i Tulis SHReY HE Sl Sdisette e e ddicato iy e
406 is Rx Daietindtion Tahingl 408 HaScRIBIELE rbidteddhd EQRENTaliflR 190 And 812,
conbi nati ons of the_ steps will achieve the sane result. For exanple,

steps Mite Aaénr%%ummt@ﬁuéﬁ?dﬁm@abaw disgprtmmingtislaty Bansayssisn ik $9dd
with no effegf ‘S@Ntd”emé’sﬁ%ea%h&o ﬁﬁﬁ&%teg%t Eﬁ"%ﬁéﬁgﬁ%{éz[ 0 PedlifhiGh E‘Jeiggﬂn?_i @Q[Ohté)

sui t abl e exanpl e bl ock ram of shown 1 n
Rx Ti mi ng 38end &atageiic Dowaliplgn t he m)dul ation frane boundary in the

dat a out put t he o] e Lo 39 0 in.t
RA dat a rmdﬁr’rghg'gl) canﬁggbgf.s %l‘ é}gagﬁ)l%{?ia%raﬁl 2%66 Oggj rr?ﬁ%‘ht raﬁu‘ﬁ‘t ‘ﬂ%
381 where seuétcalwvhs@hpllesleagtie of therneet. daGuistiadltieanetka rphsagt d)efta ﬁw‘kﬁﬂm@&l
include first-in-fjrst-out . FO ( random access no,
(R The. SsPesdllsabiir 0Bt farmags e e fiatin Cpo eRayals Gpfts alone
Del ay 382 whattea prebédig; RAgEYndiSaténliad atfalié’sbing@ecﬁdéﬁcémhhﬂﬁﬂs mlfvﬂ@dﬁe
boundary corr esg)ondl ng to the Timng offset S350 control signal.
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 §12 may be 100 —



SYSTEM [00114]FIG 21 is an exanpl e use case of the system and

met hods di scl osed herein. The diagramrepresents a typical exanple of
the in-vekygheogiRigency call (eCall) system A vehiclgdichdehieq

is shown as an accident between two vehicles. Qher suitable exanple
for vehicle incident 950 include nultipl® vehicle accident, single
vehi cl e accident, single vehicle flat tire, single vehicle engine

mal f uncti on200 byttheh smteﬁuleaathpg offped kitst 14 mc&inda:thebmadyf“ohoikh@n@n@ﬁkimédie

user is in neged of .assi stan The i cl stem S)
| ocated in 8?’1%‘ Bvﬂ@rr%mgplz? thsbad, 8§¥ﬁ: g%ﬁ‘y ﬂ&%ﬁ*ﬂ% “Value
i nci dent 95Qr dly bRYorlEriscd 684 BaltcBilof iy SET andi 0B @hifies. The | n- Vehicl e

System 951 n’(?(ﬁ be conprised, of the source term nal 100 descri bed
herei n. The [{H2Veni c1 El®y34 sninsempbnfiggiratkdicqpamosition ppdegsmit data

channel whi gheaBwHBRLE QRPY d cati N
501 and dow% l'i nk con%nﬁgéa‘étnlg%n%p@egﬁﬁﬂém%g% F%%%Hﬁleg{e t%lﬂﬁjlg it FACket

transmi ssi ofengty The vseclata g ibgphtt fngo mltw@ﬂcgmemsmemtﬁhw f&m@cgmhia plus

conmmuni cat i t gner at ed at

the I veni arac /el AR B3 HRER GE N TA AL BERRA R,
from t he | naMedquellte tlﬁymamt dV@pBﬂ&QYeﬂlétﬁB&i&E@MddS&@@Qﬁc@éﬁﬁﬁé@eﬁ&u&@h of
and interfa es to g V\% Eﬂ‘ tvvorl&{corrprlsed of a w r(ﬁl:lne upl i nk

362 and i r O FESHOAAF B rotalen B ECRARpIHeiBt 2 B Indiebmleh
955 is a C6|F1IGI 26, thehepHanRes QPRI Gt @RSt OWBE MHQNRE! &8 s@fment 901 is
antennas, transceivers, and backhaul equi prent, all well-known in the

art, for inf¥eRREHngto @ettFPélswtr@t*’e%CkﬁbW er 532 alene wolwA preRedHnD lengihe
wireline ne‘iﬂ’é@d’a&r'gﬂiber’ﬁlﬁ%éontd%s@r Mb Eég‘fmﬁ?ﬁ? %y d H@eﬁgl tfﬁtﬂsrgjst fa

960, where energency information transmtte
951 may be packst §&donBiL, godtbeedusa ti wamanttlsamﬂcrt tﬁ‘:@dthe'l'ﬁml‘;lﬁub:latacpacket

Saf ety Ans ng i 9 0 d of destinati

t er m nal V\gn escéD I(ab92%1 Lgs(rg%?(ﬁml gﬁetﬁ%é(??ﬁ ec%lrfl (%Iﬁ[!?eo%%%gﬁia Aac et

| n-Vehi cl e §yHE2Im 951FHRAQ7AhB aRukirsle Saémétwnkﬁsgmﬁlolﬂ@eﬁmn&hu 6@ reuest
accorrpl i shed using the interaction di aﬁrams descr%{bed in the

fol l owing s&RFRs2ndJHPIBIt ERi@ responsesseq cné%a‘ﬁlbclr‘émt Biendeta deneth Breatse

of the synchianheairsait Aokt daballifiAOSH &8iseh @eﬁu %%%et}@&%@t%ﬂg feRfinal
Source Term.,nal 100 and the Destinati on Tern nal In th

exanpl e, t h& BT Hie deralinhiraymbniosdi§llende wiok r@mmsmna?(l@datbynq 3@ 870,
Desti nati onykef Qﬁsm@o&ta Do RO g1 cghgﬂgéra'o(ﬁf]sa{t ﬁggtﬁ)e%%&%lﬁoan'fﬁst

the transm ssion of sync and data nessa stination
Termi nal 600serdatatsegrSmy PEE iTeansingted bjz@lib rasmbntiimg tegplinahk ATdme 1 893 dmce

sequence 81 ansm of syngc ta nessages. fromt.
Source Ter mgnrg: ]1% ptfggmgt mal%esg Ay |r%°¥hmf% }ﬁg fﬁﬁageThgo %Maflwgmg
Transmi ssi orthquu@ﬁa:ega&ﬁ& a sccbm dticaipe 0Bt At tine 121885 GhdiyspgoReing terminal,

Desti nation,Term nal nc,. se uence 801. .Suitable e Ies
ot he ey me nddnn itedae Ak mi Bt G ST eT Fpmrisian HARS e doBbicki
FI G 8C. FoRbewrri2! hat sitRctIsesnse @Heele%géstmé hermbea! biat LaNadsy md Pelngth
600 transmits a "Start" nmessage 802 to conmand the Source Term nal

100 to begi diGaE I (9 Aetgmuing qypmawscgrrarn&wesgmﬁcmm@@tqd@met trapigit
Dest i nat| on r. c

503 ana o SR RLRRB0EHOSEOBY LAHESIG LRI EE B SIAENRART A
Ter mi nal 100meAR4t§7He the rﬁsﬁmdmgeteSomabélaﬂ‘ ieg rrcevated 1106 stdnfamessggd’ ¢osi thed

the "Start e fr tination Term na 0 i NS
transmitti ng&ﬁ? &fﬁg te%g%%lc bg aégﬁagse%@inf UTRETESBY A1 BgdkSEE%é’rch
sequence 81tompset! hﬂ%nﬁb&&ﬁ;éﬁ bz&ﬁl segmd:?it @ﬂz%d ;Eld@llS@n R Gxirhfle tBECnext
Followi ng the s %Eﬁ equence 8 t he g(io e.Termnpal 100 transmts a
i ni mum cet TOFTRNYE BB Fe th' {615 &2 TRLY it HnoRIme (Gl
600. A suit ablifg exarpd %@Acﬁ%@ss@wmse&mﬁgest1&%&%@9&11{5%%%6 Gdskilled in

i ncl udes sensor or user data formatted by a data nessage formatter
the art will recognize that the interactions déscribed herein are symmetric whereby the

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



37 the "ACK" nessage 804, wherein each attenpt is a different
redundancy version. At tine t4 854 the Source Term nal 100, having
recei ved t g 20z srESSage 804 fromthe Destination Terga ﬁﬂgggﬁ, 00
di sconti nues transm ssion of the MSD nessage 814. [0011 G é IS
anot her exanpl e interaction di agram of #he synchroni zati on and data
transm ssi on sequences between the Source Terminal 100 and the

Dest i nat i on Deetimsitina[Te80@al 400, tOnesskdkden thehat Will alak rébogmzaihssihomser data

sequence 810 is_ initiated by the. Source Teyrmn 100. Instead of
transmitti né“a\y&i’%%margﬁgano Ottﬁgsﬂﬁﬁ?tﬁﬁa%tsies{qglﬂ gize the transnission,
the Source TeomBpal 1B0G! 2ANSIThAcshoakxahplerii@iacich SpRmBaflthanchnsiiNata
nmessage 805 at tinme tO 850b. At tinme tl 851b the Destination Term nal
600, havi ng TFREE TSN Eh R ISR et EatGaPOBes SqapEiFct WReran Hhe aser daty lepgth is
100,  transmgt&cd thadthShM@Mit IRy §5e SQkh@RLmpt Aer thEBRS 3dRsnBPdata Mlcket
time t2 852b the Source Termnal 100, having received the "Start
message 802 %06 embihis pauasicdatis ShrtTaesisgsaltragloticd by fhenequesingsignpinal, the

sequence 81 . g 0 i nat i

Termnat og S Snife Bl BRGEAIRIS B ohOab BBy BRI, vy cre
recei ved t heespymtngressmgieba8ddlor reotivinp eheSOUK aresTage fionathe 1@{hestinpaasiimdl S
an alternati nq .sync 8101 and " l\klACK rresg_gge 803 to the Source Terni nhal
100. At ti e (S SEFBOICY S PR RIeTBIA 75 1PA BB STRL Pifysages to initiate
successf ul | yranasigdisedf thhesubblquem saagait dafaamiskittsneadt Skt esmahd RGpSHUIRG
801 and "ACK' nessage 804. Upon receiving the "ACK' nessage 804 from
t he Desti nat§'8Wererhiimgt3 68¥ thatesropding Ermurhitaung 1501ved dRoMeK mpstage,

transni ssi ogi@fndnles YRD FRSHAGEn JOVLLSLE! Bita & SRR SXANRME _begins

interaction diagramof the synchronization and data transm ssi
sequences bémrnawingtiee Subirewsniedatd preket B06 onfit? sehara®d onlyrivta sync sequence.

Term nal 600, I §aqCase A LS T t smtte y..bot h
t he Source et rtirrﬁengl %O@n?qﬁﬁéﬁ%géﬂlﬁgﬁ% g’h&%g%}ngeﬁla{hggwga (E)er%]uglhcg’ bggms
Upl i nk and Dewshittivig ¥ &EKantssageb yntilrit sppeintly ofcelvedihe @@hénanddta gatkat 806

transm ssi on. e wnl | ransmn ssi o equence. 800 is initiate t
L1 0T 850 ST En A A R AT R R he e S RO LG g Paen it g s B0d S
sequence 80B12nde reguadting t¥RSSAPEgiBO Gansittihh MR ACK BSsbadehe ATAMLBS 884,
Term nal 100, having received the "Start” nmessage 802 fromthe

Dest i nat i on FiefesRoRdIng dtouinab aaying receixersihe tiGlnmessese digoontinusy (repwaisganof

fol I owed by yelafa @k Aataacild: §86 §:%1852, The Destination Term nal 600
transmts an alternating sync 801 and "NACK' nessage 803 until it

successf ul | y0412dki vesFihie Tdat yeempthier omnpheinBSoastioe difigram ofdhe 1@BMitdatn
whi ch t hen i be Destinal Lon, J8rm Bal 000 sends, An.ALLEral DG MG i

sequence 80 nessage out ce
Term nal 10@reahmvhiangha eosimitgecitdn eizd. Alikhis reaspige B0 he ffira mahdneit data packet

Dest i nat i i,nal 600 di ti its dat, i ssion. At. t]
5 855, 1 ho SBBET BRAES BATSHE T SIerG00SSea e ok At BT G T
sequence 80Lubs3@uenn ransphibldata Baka@e30806r BT iaatiitBfhafcall® Shitted by the

transmt data on_the downlink. At tine t6 856, the Source Term nal
100 upon det@Pprdigg teHBinalgEREs oicedinige tgosCK raesprss dompihe fequgsting terminal,

al ternating 13}Re REAMNENER. @i.fes%%téﬁ%ﬁﬁf HoesR? 1396nB #@art élée%s{g%éﬁetot ifiitiate

857, the Destination Termn ) upon detecting the nmessage
816, respondgnypisdion ok thedragsmiida@epagiter 806 (oF SR drobythdatspodiing temmirtal ner

t8 858, the ] m . S an ternati \/ .
sequence 81 Lot FOGRAL Rkt b ANSR I @peel SLARE LIRS opeping
t he data 806erfnimun HakhemgDestivedahe ACKT etecpdapaldiOftinuap iz twikaRsiah of thegiko
859 the Source Terninal. 100.sends .an alternating sync sequence 8
and " AGK:  mSBAERB R R Dren T B Tl o e e B
havi ng receigtgdegaied MK by MRSHAGRUSES. At amd Be s@p,maeng_a&d&smly e8Qved
di scontinues transm ssion of its data 806. One skilled in the art
the fransmit 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.



WD 2009/ 149346PCT/ US2009/ 046400 39 200 bytes. A suitable exanple of
pad bits 911 include the binary "0" value. One skilled in the art

W || recogpbagolilpls t he pad bits 911 may be conprised ]

"1" value or may be conprised of a pattern of binary " %pré[%goo%ﬁ%@/
val ues. [00121]FIG 26 is an exanple di4gramof the conposition of a
transmt data packet whereby the length of the user data is greater
than the tr&HHaPk dat BIpaZHeis btdhgtdiberfhempkentedation RQrans of el trarisniito
mul tiple se nts such that the first segnment plus the. | ength

"ndi cat or 1 SuaRrETend e il S8 rSPRE Rt b A Lt et tramt
segnents ar ¢ equ@t tiaa thberdhs@ngacket daded PBEGKEID ligngtdierdafe toh@icUs@ple
data is not .an integer rmktip e of the transmt data(gacket | engt h,

l :
then the | astCegiitehiteredsiarhg BloadB- | 1 thhexampimpl BlGr27D, the tee samat
user data i 8325882 betivEnOht WUSESH &{Tﬁnalﬂl}ﬁ(flﬂéﬁéhe YsiShe %@%t%seg%fﬁ?%%ggﬁl
W

is assenbled into the transmt ggta packet 806 or 812 along w
precedi ng | @A end itheaNA&Kofor gho nexfhscrsdato aekmest POY it elinsiogadnThEoRlpssto
assenbl ed i : : ] 64,01 se,the
cogment 15 CrayERnE SRR bbb ARIEL IR L B rB e G RGN
used to fil to thatequbsindadreinadsyneaeqrdceof the transnmit data packet.

[00122]FI G 2LA 1S an.ex | e interaction diagramof the transmt
data r equesl[‘?os@g]luenceog%ggﬁerdgﬁsﬂ?ﬁ ‘ir{ asvd r?cé’%lﬁ% that g Geranding (HBmals nay
the user datatol@n@ill irsnsefiedbr pidkeRl SubCedub@NedTithe FRGK QhtaShRet without

Initiated by the St agt messages of the reﬂu,esti ng termnal in either
the downl i nKaRSHHEE RS FE SSAEFNET SPREMQIp| IR ikis CprBeB Y SALEED is o0t PRGPe
t20 870, theribi fthet 5RANS HhisndAlifa RACKR 30808 812, 8ld GOIPE S8 O

| ength i ndi ggt or 9160 "and f.isr st gggjr% data segment 9018(|5H5) {ran rr{ft%(éK
by the resp&aiage therrpipaading Arminafeutopetiglly trappmise thehwibsegopunidianppcket
term nal has,; . recei yved . : S oo | iLns tr mtting
t he user dat%V émglga%éﬁallngeaa%!snébo%gpglflﬁg*;ﬁ%ogﬁg%ﬁtuﬁ ?frgrgqf%fn g?%?a%t% eng{ﬁ
respondi ng trelicuian @10 chneld ialsg beecesnriadd ik ofEK dae ssagets i sdbioh it the Sirst
transm ssion of the first data packet 806 or 812. At tinme t23 873,
the request Pﬂ%’ termnal, after evaluating the length indicator 910 to
determi ne hoWINBNY SEQMEHY Sntdfbi@X RRGHSE: HRIAS herd)eHReX tndy" 3BSHdr
data packet 806.or 812 by transmtting start nessages to the

respondi ng €GN Which shppigeberrospopded 10 ppd handdgslin @i miedotesmined ananneraviteg
recei ved theypkaid sdtBSHALEVILE QRARNIE &S ol Roh ditfhal; lsPShdi
transmtting the énﬁe_xt _tran‘gm:t da@a packet 806 or 81285% p(?r?ésslgﬁdg%g Fy
next user déednisEgiendiagens disdlopuichetsin. Ini qach biaspd almpdreor chisdithexis stated
transmt da : I Jpacket) ~ At .tine t25 87 t he
reapondi ng. {orbeidihe il ARt URERY qubbuliel R et Riniseea™
its data tr énsihssiron hafdliag sddsérited honcit heayaibt ogudlly agsiedniozéctdatcctdre

interactiong described herein are symmetric.whereby the requesting
and res!oond!%ﬁb nfltécfnr}flf?&? 1@@}[}881%??%5}58 af’ﬂgi’l%&tfoélép%@?%rﬁ%ﬂmloo or the
40 Desti nat [e128jer mi nah ce&fple G6r sdiditlothclctvs tWikn akd SWhrké T@nSRal does not
recogni ze tHat the user data may span nore than two transmt data

packet's 806Y8fClgl HansppBAb Sy REcarpbip | it hexaTalc essanpice thenberen Mrmpinal
di agram of yheyd fRnNsMkhissiah 3 RANESS n%@&'é? kil ﬁrbqecfe{e?rﬂﬁl% tanl%Elaof gyme

response sequence, wherein the user datalength'is greater than tie
transmt paekembigh have bepn déigciedexanpl e, after the first transmt data

packet 806 2 1S S i rf..pes transmited t.h
request i ng Ee()rlr%nginal , ‘f&ﬁéghl%u%%gﬁ%ée%fé{ ?8%%{{71‘?% %g%t?g i br sé%?? g%“@’.‘ig
ar e aut onat ircairtotlyt dasessmh tsyed plepmblee  fresiperathpig repondenale Baged Temmninal
receiving t ACK nessage fr requesti termnal. In thi

ol et haSPagtie BTG e o e MR BEAES e Fforafhsi o ofeected
initiate trapRPr&sibdn yofid tReast bsesbeMtett ransm t data packet 806 or
812 fromt h({aﬂorlgspondi ng termnal. At tine t31 881, the responding

0] 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.



request sequence and transmt data response sequence, wherein the
user data length is greater than the transmt packet size. In this
exanmpl e, aLbH8hpofilidsd 1 rst transmt data packet 806 or S%T}Ifiztf?@fﬂkh@.&f ed
via Start nessages transmitted by the requesting termnal, the
subsequent transnmit data packets 806 or4B812 are automatically
transmtted by the responding term nal based on receiving the ACK
message f r oifht Heurceqlersitnahgvausl mlyatriggémtht M SDexanspissiontifie predgiestinalg
term nal does_not transmt Start . nmes es to initiate transm ssion of
the transm CUAr" JREREE Sus B grtil 30 B ehe spilh ol By R i nal nor
does the re@mEsij ng tandth&radxainpRNaTor icoMidifh BRISAGRS. thADktimioh 4394l

the respondi,ng term nal, having receiv t he ACK nessage, o
di 'scont | nuedofHat dPlsrcrawmedopme ﬁéeam%festfnﬂ %aﬁla”@kréﬁm% fhe Destination

i mredi at el y TReginfAiSdoes ARt ddcBding NR MSHImdsERR STt Lotlahas PAGKELinS9PART
812 separated only by a sync sequence. At tine t42 892, having
successf ul | ynosEEes spead t@ Higeet tha Saince damzngde knitigo thedylSB1mnsmiseion after a
requesting e i @lfg i

respondi ng g‘{dﬁeﬁg#e(fggﬁe‘l?%e@?ﬂe égs gésggrgéé%d?ﬁ ‘3“?‘2“2’@%51?‘.% ggp}egﬁble
transm ssi osegEndehe transmt data packet 806 or 812. 41 [00125]FI G
270 is still her ex le interaction.diagramof the transmt data
request seq&%‘ﬂ?g and spgtﬁgrrﬁxfamaéﬁefotregg’b‘gﬁglbogcélﬁgu‘gﬁ%@e @‘Féttn?;’@ihﬂntTIFfEmnaE
user data | ¢n@tibctiysdegsctad §mc iphambld)eintahanrafiple repokR] the IDStindtibS TeAd@al
is an alternate t%pt he_eéangl e interaction diagramshown in FIG 27B.
In the exangF%?dB%t regeived MSD lata inpreregtlyy typugheyt Phredppdapgerersipgs. Based

requesting GLarsk NAlorAG IBABYAafOlhd b@stfnia{ia{g gﬂéﬁﬁhaldﬁlﬁy?‘_r&ﬁ&g%n&l%ﬁ@gD

and the NACK for the next user data segment 2 1s elim nat

hel ps t o naitiensanipsien by segdiag STAR Treeysessd tade Sevmt Reatmisalch that it

woul d not n res oni t . i er ni . s .
sequence. [ G0I28F cne: SRFRREHeARIe i abpdi B B ko i Bl Temina
respondi ng tfgsaly debgs rayncautontgt nktladuel tharamasméncdatiallp dakstiged. There is

subsequent to the first ta ket withqut transmttin e nc .
sequence sePgrFtRIPSe PRCE &ﬁ% pﬁcg’ggllﬁ'ﬁhtgwéé}ﬁ ABRGYEN Be Ve @gnhhhSnﬁét’B?t?%‘r
to the firstTehhianisddel ndadtat pReKeInBROreotivélldgna R itpQRcACEMY 'Efwmme
ACK nessages the responding termnal automatically transmts the
subsequent é’é’%thﬁété‘Rré?TW’%‘H%ut sending a sync. One skilled in the art
woul d al so neEaANi 2€ hAghe? ek £RAL RrioP ARG Rlhs COMnd 4R S8rBE Terminal
transmtted with other data segnents in addition to the first one.
[00127] I n t Wasinstiseta ot GR Omegraaess diNstlibsendsager & an cxdveme raspgnshelf the
error CO”d' %I‘a}%ﬁ’liggqjﬁ RQ uIllq s&?teﬁ,etﬁg Q4 r%g "Itegmﬁglddegaa@%ee g/lqﬂtrgnsmi sjon
pr edet er mi ned nmanner . e ¥ ol 1°ow Ng "Secti ons provi g exanples on the
error condi tunthithewrdiveng SDAREsmossdgng Ihoartoter | axbapictasgmsdi dHgthanelSD
di scl osed herein. .l n .each exanpl t he err.or ndi tjion . s stated

2l ong wi th CHEESTOLIEEOHS 10s SOHLE dEQuptlofrgh. thendeitiiafraa; of e
art wll receegahizgot.hat the error handling descri bed herein may be
equal ly applied_to the source or destination termnal in both )
uni di rect i oh®¥13ghd bi PpEet FEIRRIC 0D FOREHPS . OCPU IPACeRBHIPT d cERingl
condi tion oGghHRHRER ITRDUMEGE: 1ERIATE noG8: N a@'eiae@he fesponse, if the
transmtted sync preanble. In an exanple response, the our co

Term nal deMy3 trahsnisyiembasi ot plericd fthe haurgSTrrmensd sgpercanny IWCGK message. In
predeterm n pr.eaah] efec Cs .
[00125] Anot Rap ey SyEl sFRseERRERRIES MBtRL GRATEACE e previous
Term nal i nowosssages haye dedreintespreted yneSPARAMMs@age] In o amtaTRk@mple s@paise,

t he Source Term nal del ays the m ssi on ,of, t he D ssage,. unti
L oaet or i aE P oSt Rt N R e e o R e g Hold
sanpl e of f sehd td-AGhEHAMEDafanBETRh 6 tRY fiekt mefAd {51200 iRepEt&d hamdthe

Source Term nal. . . ,
In still another example response, if the previous message has been interpreted as an

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



fal sely detects a sync preanbl e although there was none actual ly
transmtted. In an exanple response, the Source Term nal ignores the

fal sely daygeswdsssync preanbles. 42 The Source Ter m nalerwRbdodo Ry
trigger the MSD transnmission if a predeterm ned nunber of detected

sync preanbles yield the sane sanpl e of4kset estimate. [00131] Anot her
exanpl e error condition occurs when the Destination Term nal does not
detect a tr arebabitityedf thiy aeenp isdawbhaveven ifihdessanpirethe Bsptinatien Terranal may

Desti nation . . ' t but
cont i nucs. t ARG AH AQERA0Led B LalEATCIR, IR, IDRITRRANE, b
Term nal to[0aB6f ti at Andthe dMihfle ansnicesdition aktes wehepr tdef@rred fiedninal
nunber of START nessa LS receive Lacl udi ng_the syn reanbl e,
Coquence) . THBISITSnoNAG BeaRer i B ToRT diers B tealie Bimons hamele
Dest i nat | on NPIHY thadl is Me@bretsl by adSTARIS ddesS MO hidfeCafiP lctiect! Bn 3 MSD
exanpl e response, .the_Destination Term nal decodes the received MSD

data i ncor r SERISHM ol ARATRCT SRPMPle dETHABTTe § SPEPSSPONSCRBESEEEnthetwe all
i ncorrect |y ;faoRuathdatahT hggs%%%%ﬁ%t%éeqﬁe §64r0 Egﬁmﬂa}{mﬁ&ﬁiﬂéﬁb aLiihie

MSD transm ssion by sending ssages to the Source Termnal.

[ 00133] Anot HerMé&Ranfbk destinadion domaineli voruld ceiuxpeaptienartdneodbd &4l mediviog the
Term nal fal d Ccl.S.& sync.pr.eanhl |l tho t her e, was, none
aotualty tr o B8 i 1€ o RATR. B AR By, IR BB ety
thi s happenidegded dutey the [[matinative Toesinahahy eecquderti BalrcdTesnindtto stigitiate

nmonitoring i.ts recei.ved signal LI it expects a sync preanble from
t he Source Jf}'ézrtl;ﬁ“ﬁ%s.m’[‘gbi%l ]n,&rﬁglt}ﬁg#mﬁ%‘?éﬁﬁl e error condition occurs

when the Soggms7iTer M AAbthéd Sidntd RESE TordiBIA\RBEE SSIREC R SSEurMNACKminal
message. In an exanple response, if the MSD transm ssion has not

started, th&iSpgmEds TAhanessegcatisan AEKVBESStgcanBmnsgiepmlurespansetif the
recelves a ﬁ?ﬁfé’l}s fIRe%§%thas'%eﬁﬂ%@?&ecﬁé@%pé@%@%ﬁ&@%% itld s&te Mehinal
g, el ays th

transm ssion i s ongol the Source Term na _ e
reinitializanos aof ATe messagenils giadirer ek @018 5¢spochdrthepaniphemessags has

condi tion OBEH! ﬁtcvr\f)}gtréd tasl? & @&%@Sgﬁr@, t. g %lource Terminal waits for anothcr ACK. If
the following message is not another ACK, the current ACK is ignored. In yet another
example response, if the previous message has also been erroncously detected as an
ACK message, the Source Terminal may terminate the MSD transmission although the
Destination Terminal has not yet received the MSD correctly. The probability of this
event is low, however, if it does occur, the Destination Terminal may reinitiate the
transmission again by sending a request with START mcessages.
[00138] Another example error condition occurs when the Source Terminal
misinterprets an ACK message as a START message. In an example response, the
Source Terminal would not abort the transmission of additional redundancy 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 continne transmitting redundancy versions until the ACK



m sinterprets a START nessage as an ACK nessage. In an exanple
response, if the MSD transm ssion has not started, the Source

Term nal gHesBa4aBRy ACK nessage. |n another exarrpl e I eRARS® iR
Source Term nal ignores the ACK if the Zg%ew ous nessages have been
interpreted as a START nessage. In yet ot her exanpl e response, if
t he previous nessages were NACK nessages, the Source Term nal puts
itsel f on holessagerdatcedqitatest ewrace I\B[Bntuablnsﬁlies@@m'naﬁdn Térenimpd xwould stop

nessage i s Lnte d In sti ano anpl e
response, i ﬁj aﬁ%lel{t%%e%l?;suée% rre?g%éou 55 glﬁl?i BYeéj%ué'@ya eteéﬁpnﬁd@t e
Sour ce Ter niDeatinatien Mcrrainelsist fe [ovige trdiraﬁﬁtml§ syﬁm fremeo BRD usky itsclih eherdby
probability of this event i.s.low, however, if it does occur, the
Dest i nat i onSPRPIRE FLEHEPSPLSIReE at e t he transm ssi on agai n by sendi ng
a request Width4§TART ARSHAISEm IO QLIP1ONAEAE ocRNTPAE 81~ Mur&OMdirkihan
occurs when the Source Termi nal msinterprets a NACK nessage as a
START nessagdeictmifesahapeaipptivcd epyasds varckpllel elnNaCkxample Psponse, if the
i nterpret ed 8384 w e@%%ﬂﬁﬁ HAYE AN Yn L84 RCL Tgﬂnﬁah?oﬁgg to count the
transnission. 'R anot fer exanpl e resgonse, a series o nmessages
t hat are al uniehtlde pn@ls@s dst SAHRT lm&sazg'ghtimmfao@tauthen tif ¢heSowgsseges were
Ter m nal transm ter |n|t|at Destination, JTerm nal
woul d ot - eSBerEt i e S e Tt Bio e HEE: AL HFRG: Btedon e
realizing t hmmt by reqebet meshkdeys deit oclptte daktzer Basiedniied REmb&CAT Unediable

decoded data, the Destl ation ‘Fggrm nal may request.the Source
Terni nal t o TCST38FY 1E5F1%° 'ﬁeés‘lsr‘g H'$83e5Hh WBEF @éﬂ&?%ﬁ‘t@*ﬁ&ﬁﬂb%@%‘%{@é&‘mn

[ 00137] Anot e bn SR ERABpI8 I anQ:OHQhé IRBLARCRESVIBRsh AR aRONMEK messages
Termnal msinterprets a CK nmessage as an ACK nessage. In an

exanpl e r esPbASE mpspageRdhe Peytoligminsd suy éevssthpsesages er preted as a
START r’ressa?r@ 41?9 Soﬂfx&ﬁer-r rfﬁh@aérrdr Ddifich 9&%1‘%@@ %%gt%auln[? Terminal
anot her exanpl e response, € previous nessa as bee

interpreted isamlahlem@&embssagﬁmmddd\@ﬁtﬂue@a fi’casemmlher\cmmsl dmortmnmthem

anor ed. | 1noyRIPERGPRE SRAnppaPPRelsoeRt | prediEpiel pihe T cediiene

al so been ew&@mguﬁabde;ahﬁﬁﬁleTﬂeIﬂﬁncaﬁnAﬁl{equtﬁgeSout'd@eT§ﬁﬂﬂia¢Qefﬁﬁi’aﬁﬁ frl
may term nate t he. I\/SD tr%nsm ssion altho%%h t he Destination Term nal

has not yet TPBYRFSIIOY FRAGMED TURT areteges TR FONENPY tregsmissionnthe Japist
i's low, howavghinallthay ﬁsqu@ﬁ)bﬁﬁ%ﬁdu cﬂewpﬁaﬁ% R preRe hSIIReNAl offRY channel
reinitiate the transm ssion again by sending a request with START
nmessages. [@G"mm\not her exanpl e error condl t| on occurs when the

2gu;§:ngftram (gg:oo SZI nﬁ\ﬁ&mgour c@ rerm na vvou(f ?G%T@ xﬁg?é‘g%mluﬂm
t ransm ssi onamibt addliatd tho alakepdignd beroyecher Bi amnxamplctrb@oﬁ@l),f tisd Dics@indtioa

usual abort .condition.is the reception of a pred rmmned nu of
ACK. measaged S iRk, b8 RES Rutrel giiee Bl FRED R, L CBEPES T o
nessages, t RernBOLmeeulditsnninoad fcﬁ&ye mdt idli At R riobel afipDihe 'MSBNdagsS | Pt any

Eventual |y, the Degtl irilegtl on, T§ woul d stop transmttin g
messages. TRECSHIP SiTRRPd fH ‘H‘)é%}@ﬁ‘t"&‘érqdyﬂ@@ﬂéf’??ﬁl%s ¢iHhe MYy data,

Desti nat i on ylehaif@lon 12rMMal QARG thd RBSMHdihiRGoSMBE: t%&@fﬁ%ul@t@‘i’her fset
itself, thereby stopping further transm ssions. [001391Anot her

exanpl e err &P01d3ndi t | Bhuse clesglosediersin five aSappeietuT eandi nvathomcsf‘ retieblp rasds
an ACK messg 1@1?1 t%%{ﬁgs QE -in- le'n@”t gﬁrplle & O0sfee nr{] S?hlgeigs%

Term nal wou tinue t nsmtting re unaancy erS|ons u
ACK cornrnumcatlon 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 thercof. Also, though the embodiments are described



44 messages are detected correctly. Eventually, the Destination

Term nal would stop transmtting nessages. The Source Term nal woul d
event ual | w@eb@nisiee that the Destination Term nal is pethRB&96H46400
transmtting sync franes and reset itself, thereby stopping further
transm ssi ons. [00140] Anot her exanpl e effor condition occurs when the
Source Term nal determ nes that a received nessage is unreliable. In
an exanpl e Péﬁ\@t‘)h’sle tennfs aftrewirelessi somunureesdiay evstem.chsHaRIberbeshyeuss maye
e et B EbpIfRR LA e A Bbnbl i M S LR BB SROE Brcitiordibflo®
| ower wei ghtin ac e nessages-were received w

reliable deﬂemnﬁin&iivmwzr&has@hsﬁquent tr| gger of an event based on

t he count of i ved,.mess S, W re a lar redet er m ned.
nunber of umdelﬁgﬁbl e ‘?Sa(ggg‘ e%‘e‘flg/etﬁg@%rwseci‘aﬁe %‘Fé SEHES ! %F%ﬁve
recei ved W tdpi@l bRbkpldduRet @fctitd)ahd @Rorithih S8Rt REEriRY AR ERSPIAS the
if the unreli abI e recei ved, nessages_  are NACK nmessages or ACK

messages, t REPLYERE dfsslogeth Apreimaay aﬁeﬁl@lcmﬁ@c%s 5%%@10 p@réwf] wqﬁer
exanpl e err QracRRdbt i:GRLRGEMSoMVBSHR, %% i@k RN kIEY

unabl e to detect the Ctransmtst(ed V5D ug to r%f(;'li)ssegogh];gtrgbr c ga?l)ﬁhe

di st or t i ons handwaggnandxeaftpiers, verpendesiraate e:mmmlesrﬁ:ﬂmkg, modudesc oda!its, and
predetermn 0 Sion 0 Trmn
oy 1 equest ¢ Rat s et terE SRR ekl 17 i 4 o RRRBRIE Syl
sendi ng STARMctiessiagés implemtited raei nrdvwat ed cioﬁaa&miq&nm updm&leSpamaﬂar

Ter m nal se.t he robust duI at or ich is less prone to .noise

and ot her c%@'ﬁﬁé ionyind; dssien sRes m{%fﬁ%ﬁ’ﬁ%‘f rOVER, ﬁﬁf*@geglflﬁ?‘} OIS BN
occurs when itplembisthé dadckibed Agtfdiadly BaRRGA %ﬁd Rl ﬁkﬁtlmeﬁiﬁﬁhcatlon
si gnal correctly In an exanpl e, response % e Destination Term_nal

consi ders t REt gk BteBewian deisions i*h?ﬁdt}m‘h? indgsprstedia caiBESaispaEe framt
(or normal) ymgd eagfit rgg%q{em(,?{m;lhe first trial of denodulating the
MSD data. For an set of a predeterm ned nunber of received

r edundancy \W,i}léﬁbns oThEt Yesionpiblugizative lagienl bbska, matiles) afié pmmialdemyedjme
t he robust d | dat

di scl osed hggﬁ}%néédsgg%n% gt%éoad Iﬂgnqgﬁ dggct% od " bf" aP’ “%’?35“ célnch or pcrsﬂjrimd
ef fici ent |y withamshérbi p@pd:a:t proc¢ysdranddighslotigin prepeee (DSBYem ifplidation
Wi rel ess communt catlo ste se_of, skill the art I

under st and tSPf?ﬂ 1 Rt ¥169P1t%¥€?gan§1ﬂ§ %@alﬁgla[’]@ﬁﬁées @‘ﬁ*}yezﬁ)%nﬁ" o
of a vari et yr@farfihiflereplc HOGR)OKiOGEES A8 dort RGNSV ESsic, FafscieaiBliRare
data, instructions, comands, I nfornatl on, signals, bits, and synbols
that may be CPEP@IeEHcBHAhFSURIABION thereofadrsizacdis perfosm Ba fwrgjiopedescribed
repr esent ed i Ok LARER pufbHld 20l Sepr H:G U LATBABRL GOUBYES (: IREHIE the
fields or particles, particle or an I'nation
t hereof Al s@rocph‘agugmﬁyt h@ aeyrbmdvmnnfsl reecsshess contindldr, mErchmmtdter,l 9r Btlatc
terns of a | es |cat| ede cri.bed. t ech

may be appl :%dﬁﬁltng &P ﬁgg@l};‘ﬂ; de t éﬁememﬁflndlbéa H“E Is?fcr%lptuﬁ "Wllceb
fixed (non-pqtading)ination dﬁarﬁ)ﬂP arﬂMMﬁapaoo&BSi)ﬁlaqﬂﬁraﬁﬂaifnﬁbroprocessors one
[00144] Those of skil.l would further. appreci ]_1) t the variou

i Ilustrative | 'GEiccAI“BPEERET™S nifd GPERRCTER r Wi t% &O5% gBF iFHnPia¢Te gch
descri bed i Rog@apRRhi On Wi th the enbodi ments d| scl osed herein may be
i npl emented as el ectronic hardware, conputer software, or

conbi nat i ond0Y6hot h. Tho stepeaf ?ymth%gt plgpathph Hesciibrde e prangiani Wit he
of har dwareeamgdeemsvegc@osemeewsa | JeUsthoRifedV. CATROREAArc %Q%ﬁwm
nmodul es, circuits, and steps have been descri above genérally in
terms of t h@nqdufelmcutcmby iatprocevipst drein ascmhbifiationtdf shabvwa. 3A issftware module

i mpl emrent ed r re QU softvvar epends t he Mr
appl i cation a gec%;/\%’n constrar sﬁlsgrp se%ryb;iwﬂe overal f‘hg? dRmory:
Skilled art |m’mmmoqulrmms ltahemde&crémbeiﬂ»lefdimaﬂmmmyrdn@ OHIRE Yoring
ways for eaclf'n tpartlc lar a ation, but sug nmpl enent aﬁlon
storage me ium kno n mt e art. A storage me 1um is coupie 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



connection wth the enbodi nents disclosed herein nay be inpl enented
or performed with a general purpose processor, a digital signal
processor w&Shb1480e appl i cati on specific integrated ci rpgyidsddldde 2
field programmabl e gate array (FPGA) or other progranmable |ogic
device, discrete gate or transistor Iog?@, di screte hardware
conponents, or any conbi nation thereof designed to performthe

functi ons déseHiclstosageancsiim may gesiderinlan puil g dadhpiltpowsisethaprpcdseorand the
i Cr 0T 0C S Sfafuge Mthidnfirk oo Bl b HRA KB mp bl Y AGES Qi DE any
conventi onal processor, tontroller, mcrocontrolTcr,; or state

machi ne. A pdd@ssor Teypab®os descrippdrent titcedisdsscd cobothimratsi ©profided to
conputi ng devi.ces, e.(. conbination of a DSP and a m croprocessor,
2 plural |ty BPGE G5rok eRUET & et dp MRecorier Bppoets Gy atioR. Vanous
conj unct i on mwdifitaioddSE tERE embedimanty vall e e RpgR&t:it@uiodd si@led in the art,
[ 00146] The steps of a nethod or. al gorithm described in connection
with the enﬂaﬁfmfl@'iconrwpgcgéfaﬁ%#Wan bsa@ppksddaiodyr gmpedimpeys without
har dwar e, i r & p e - :
ol nat | 0N e B i PTG B2 Hreso o b ot
fl ash nmenor ynteiREMgRMinijed BRIV rslinents shEFRREN MDY i beregirdddghs widest
hard di sk, } r ot her form.aof storage
nediun1knomgm#ﬁq?%%Q%§Fﬂhiﬁgggpgggg%%aﬁﬁﬁ%%én%5ﬁ%(ga?ﬁ%e?he processor
such the processor can read information from and wite information
to, the storage nedium In the alternative, the storage nmedi um may be
integral to the processor. The processor 46 and the storage nedi um
may reside in an ASIC. In the alternative, the processor and the
storage nedium may resi de as discrete conponents in a user term nal

[ 00147] The previous description of the disclosed enbodi nents is
provided to enable any person skilled in the art to nake or use the
present invention. Various nodifications to these enbodi nents will be
readily apparent to those skilled in the art, and the generic

princi ples defined herein may be applied to other enbodi nents w thout
departing fromthe spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the enbodi nents
shown herein but is to be accorded the w dest scope consistent with
the principles and novel features disclosed herein. 47 Cains

1. A nmethod of synchronizing a plurality of non-speech franmes through
a speech codec by a source termnal, the nmethod conpri sing:
generating a predeterm ned sequence using a plurality of pseudorandom
noi se sequences, wherein the predeterm ned sequence has noise-like
characteristics and wherein the predeterm ned sequence conprises bit
patterns for use in generating con-el ation peaks that provide the
predet ermi ned sequence with a robustness to speech franme errors; and
sendi ng the predeterm ned sequence through a speech codec,



wherein the predeterm ned sequence is used as frame synchroni zation
for the non-speech franes, whepein the start of the non-speech
frame boundaries of the non-speech franes is dependent at |east on a
distance froma tinme offset within the predeterm ned sequence to a
reference time instance. 2. The nmethod of claim1l wherein the
predeterm ned sequence is a function of at |east one of the plurality
of pseudorandom noi se sequences. Claim8. The nethod of claim2
wherein the function is conprised of concatenating the plurality of
pseudor andom noi se sequences. 4. The nmethod of claim 2 wherein
the function ils conpk Mstwdor sypeleenicngts paralifeofiarsiepehy frames through a

pseudor agpkaah QA6 ySERDUERABE WAL the@ndthdd @minki®f: overl apped and added
pseudor andom noi se. seque 5. The nethqod of clajm1 wherein

data bits of ﬁﬁ%efﬂi%%ﬁ’é?d%{%alegé&awé using & BYERY of pesudarandemshoisme
sanpl e ofequahess, b)vlrwﬂ.‘ly e predetermificd Foguoiet lted adisclild rﬂlﬁfa%ﬂﬁtﬁjsnarﬁi

t
The et nadesit &fe PERERRRE R BRGT A GeRT il et eenegpine
prior tocomdamleﬁ@ﬁtkerthﬁt Mlé@mc@t@mmdomqbeHwamloamoimstrem:md@teech

el ement LM LRLELLAY an i nactive state. 48 8. The net hod of
claim?7 wherein fhe vvakeugﬁn gnal is a sinusoidal signal. 9.
The net hod of Sedagihe pileicamined sequenasthrauehar speechi epdec, di scont i nuous

transm ssion sthaten the Fredetéﬁmn@@@ed@hl%)gs edCdsafrithd s%@ﬁ‘(ﬁhihtfoﬂefor the
i nactive state jP the owest transm ssion rate in a Set

t r ansni s8POAPTAE §4mes, 11. A nmenory storing a corrputer program
that, when exeditadthecsars of the iwargpatdr frime petifdaries bheheakinsspeéch frames

is dependent at least on a distance from a time offset within the predetermined sequence
to a reference time instance.

2. The method of claim 1 wherein the predetermined sequence is a
function of at least one of the plurality of pseudorandom noise sequences.

3. The method of claim 2 wherein the function is comprised of

concatenating the plurality of pseudorandom noise sequences.

4. The method of claim 2 wherein the function is comprised of
concatenating the plurality of pseudorandom noise sequences with a plurality of
overlapped and added pseudorandom noise sequences.

5. The method of claim 1 wherein data bits of the predetermined sequence
are separated by at least one sample of value binary 0.

6. The method of claim 3 wherein at least one of the pseudorandom noise
sequernces is inverted.

7. The method of claim 1 further comprising generating a wakeup signal
prior to the predetermined sequence to prohibit a vocoder encoder element from
entering an inactive state,



generating a predeterm ned sequence using a plurality of pseudorandom
noi se sequences, wherein the predeterggned sequence has noise-like
characteristics and wherein the predeterm ned sequence conprises bit
patterns for use in generating correl ation peaks that provide the
predet ermi ned sequence with a robustness to speech franme errors; and
sendi ng the predeterm ned sequence through a speech codec,

wher ei n t he pBedet erlifenodthed pfedleian i7s whewth dis: fwakew signalhisoaishatoidal
for a plyfghity of non-speech frames, wherein the start of the
non- speech franme boundaries of the non-speech franmes is dependent at

| east on a distance froma tine offset wwthin the predeterm ned

sequence to aoref er meanéthd® off REIANT Svherein the hctitsBRPRM AlilSontinnous

conpri si rtlx%g o atfi%enerator configured to generate a predeten-nined
sequence TGRSR pPral ity of pseudorandom noi se sequences, wherein

the predeterm ned sequence has noise-like characteristics and wherein

h d hRed ' bj . |
Genctating cot Pl at i of BEREd DRt dubeih o, Pt SR oh "telsaret

Wi th a rgpispisues ratoingpise ohtrinsanssi@riatesss;  and a speech codec
configured to process the predeterm ned sequence to produce a speech
packet, wherein the predeterm ned sequence is used as frane

synchroni zati b f or “aMSMHESIONRE ¢ Coramug pEesinT thahwhen executpfheaases a

t he st ar tomputeh® RePrERRELN:s §ff ane boundari es of the non-speech franes
i s dependent at | east on di stance froma ti ffset within the.

pr edet en- ni neE2YHENL 8F Stegn}n@aéf"é‘?ﬁ?ée HFRe 3 ﬁglfaiﬁtr‘éé psgpgorandom nojsg

The appasafuescesf wdieadim the mhésteintinddaeqreacetias nidiedilse ghgaceristis aand

sequenced tcret thEBIcRRRIRY LABeRL Canbies b DTS, B R B eeting,
i s conpr Feweatyin pesle shas paevidrythetmsedsitermanedt sequéncp setida reindmessioi speech
sequence$ame errors; ad®- 1he apparatus of claim 13 wherein the function
is conprised of conqc}at enating the plurality of pseudorandom noise
sequences wi t AR e grodetergined sequeassiaEPughd@ saefdFopeudor andom noi se

sequences. wherein the predetermined sequence is used as frame synchronization for a

plurality of non-speech frames,
wherein the start of the non-speech frame boundaries of the non-speech frames
is dependent at least on a distance from a time offset within the predetermined sequence

to a reference time instance.

12. An apparatus comprising:

a generator configured to generate a predetermined sequence using a plurality of
pseudorandom noise sequences, wherein the predetermined sequence has noise-like
characteristics and wherein the predetermined sequence comprises bit patterns for use in
generating correlation peaks that provide the predetermined sequence with a robustness
to speech frame errors; and

a speech codec configured to process the predetermined sequence to produce a
speech packet,

wherein the predetermined sequence is used as frame synchronization for a
plurality of non-speech frames,

wherein the start of the non-speech frame boundaries of the non-speech frames
is dependent at least on a distance from a time offset within the predetermined sequence
to a reference time instance.



16. The apparatus of claim 12 wherein data bits of the predeterm ned
sequence are separated by at |east onggsanple of value binary O

17. The apparatus of claim 14 wherein at | east one of the

pseudor andom noi se sequences i s inverted. 18. The apparatus of
claim12, wherein the generator is further configured to generate a
wakeup signal prior to the predeterm ned sequence to prohibit a
vocoder encoder elenent fromentering an inactive state.

The appar at us 19f cl am@ AR &f aa@hgrz;@i;neg@ %g@g{?e&@hﬁeﬂ&gg&ede'
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rate in a set qf tr m ssi t A ar at us
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a pl ur al icoycatdnapsgethdphaniiyrof pe¢isiershegmaniesequdnessei n t he

predet erm ned sequence has noise-like characteristics and wherein the
predet er mi ned sequence conprises bit patterns for use in generating
con-el ati on péaks tHar prrovatae of hdaipr ddetderdimdie Saggionces wompriged of
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predet er mi ned sequence through a speech co
pr edet er IV FeAPPEe gitbaftded ipseusiorandgm W%q‘ﬁﬁ@hrom zation for a
plurality of non- speech franes, wherein the start of t he

non- speech fr boundari es of no eech fra endent. a
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claim 22 wherein the predeternined sequence is a function of at |east

one of the plurality of pseudorandom noi se sequences.
17. The apparatus of claim 14 wherein at least one of the pseudorandom

noise sequences is inverted.

18. The apparatus of claim 12, wherein the generator is further configured
to generate a wakeup signal prior to the predetermined sequence to prohibit a vocoder
encoder element from entering an inactive state.

19. The apparatus of claim 18 wherein the wakeup signal is a sinusoidal
signal.

20. The apparatus of claim 18 wherein the inactive state is a discontinuous
transmission state.

21. The apparatus of claim 18 wherein the inactive state is the lowest

transmission rate in a set of transmission rates.

22. An apparatus comprising:

means for generating a predetermined sequence using a plurality of
pseudorandom noise sequences, wherein the predetermined sequence has noise-like
characteristics and wherein the predetermined sequence comprises bit patterns for use in
generating con-elation peaks that provide the predetermined sequence with a robustness
to speech frame errors; and



24. The apparatus of claim 23 wherein the function is conprised of
concatenating the plurality of pseudos@ndom noi se sequences.

25. The apparatus of claim 23 wherein the function is conprised of
concatenating the plurality of pseudorandom noi se sequences with a
plurality of overlapped and added pseudorandom noi se sequences.

26. The apparatus of claim 22 wherein data bits of the predeterm ned

sequence are P8y Br sendng e rralstamygd ssaupprethsrusha speedhi aodeg 0.

27. The appar afhdtei®fthe peddetedAinet edegiidhcdtis |88 tas O fsyhidh€onization for a
pseudor anﬂ{%ﬂl noi.se se%ﬁﬁgpes is inverted. 28. The apparat us of
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si nusoi d& a sifgmeade time instanc®@0. The apparatus of claim 28 wherein the
inactive state is a discontinuous transm ssion state. 31. The
apparatus of claim 28 wherein the inactive state is the | owest ]
transnissi on Pate i Ahg Perragp qf dagmi2dsybsreingthe predetermined sequence is a

function of at least one of the plurality of pseudorandom noise sequences.

24. The apparatus of claim 23 wherein the function is comprised of
concatenating the plurality of pseudorandom noise sequences.

25. The apparatus of claim 23 wherein the function is comprised of
concatenating the plurality of pseudorandom noise sequences with a plurality of

overlapped and added pseudorandom noise sequences.

26. The apparatus of claim 22 wherein data bits of the predetermined

sequence are separated by at least one sample of value binary 0.

27. The apparatus of claim 24 wherein at least one of the pseudorandom

noise sequences is inverted.

28. The apparatus of claim 22, wherein the means for generating is further
configured to generate a wakeup signal prior to the predetermined sequence to prohibit

a vocoder encoder clement from entering an inactive state.

29. The apparatus of claim 28 wherein the wakeup signal is a sinusoidal
signal.

30. The apparatus of claim 28 wherein the inactive state is a discontinuous

transmission state.

31, The apparatus of claim 28 wherein the inactive state is the lowest

transmission rate in a set of transmission rates.



