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Field [00031 The present disclosure generally relates to data

transm ssion over a speech channel. Mre specifically, the disclosure
relates t I i ng non-speech information through ec
(i n-band) qyﬁzg@??ﬁ;%m cation network. 3 Description of%jolgg(tﬁ)glg“%}%?

[ 00041 Transni ssion of speech has beeh a mainstay in conmunications
systens since the advent of the fixed Iine tel ephone and w rel ess
radi o. Advances in comuni cRELAAFENPPEAEATEORS ch and desi gn have
noved the industry toward digital based systenms. One benefit of a
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pr ot ocol REUR e di P2,
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comuni ¢ avEDWORISS e iBviag ditprdyobadkst Noc DSEM6U5Uﬁ[EdGoﬁéi9rently herewith,
(I'nternati onal ﬁl ecaommuni cati ons Uni.on dageél ve Mi|ti-rate
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Opt i ons 3sy@&EM0)AN1b00M@erﬁ orgrt i SRABARD | MGDIEV NBOK gpalrAof
today's conmuni cation systcns in @ ort of the demand for instant

and ubi qUi PMHSUREMBENYY i tQVERer PIGHTABdayVIRELEHuni CAMMIINIGASTIONs
transf er SPERORKY 48An LR IEOSA9E R0 @@ﬁz@haeheﬁ%ﬂc&&nﬁﬁ Rrewith,
connect ed. New appf i cat%ons ing devel oped t d to out pace t the
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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 mBACHOGBOUNDoONly enabl e speech
services on their conmuni cati ons device due to econom c reasons. In
sone courltieldes, public services support is nmandated in the

comuni cati on network, such as Energency 911 (E911) or in-vehicle
ener genc 060 IThe gfadeh) distnsitrh asecrele rgens yo apil raamision exanl ;:chf ast
data transfer rior but, not ys . realistic es, eC|aII
advanced ¢ %3?%Iseﬁ?r§e§pcﬁﬁgg%t tﬂgvziillslcg)ﬁ?ré é‘i[atf%etoug%qsn’tl@g% As bodt!
Previ ous ihRehfticuRsufiay Spcpétoaddéedn-Satd)lin ®BEmmenit4RASERorilat a 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 mnimagobhRdale errors which in turn further redugRg shfRoplasal |
data rate of the comrunication system Therefore, a need arises to

efficiently and effectively transmit data through a speech codec in a
comuni cati on network. [0008] Accordingly it would be advantageous to
provi de ddescriptiovetRegtetleyrtfor transnitting and receiving information
t hrough a speech codec in a conmunications network. SUMVARY [ 0009]
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non- spee h . 8 [ negati.ng.a
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t hrough a.speech _codec. .[0014] | e ' , ,an _appar.at us
conpr i seg(Eﬁgl@g%PéVorﬁ%tB{W? ur é"ﬁpt gﬂmgt ?\gﬁp\?‘;&w@lﬁfl%“ 8ktiknce
that has deging@ridatike sPRERACTRE RSt GERraA08 FaBnéreily Trob@ is Gnéheeshnipiame
errors, and a speech codec¢ configured to process the Spredetern‘i ned
sequence YBHHGaNE osaazalh Whighk grecities 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-rate 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



[ 0015] In anot her enbodi nent, an apparatus conprises neans for
generating a predeterm ned sequence that has noise-Ilike

char act er isghi is robust to speech franme errors, f
sendi ng th‘gbﬁf‘%&l@é‘jt%g?m ned sequence through a speech cogjgc{ iog 466]4(%Irn
anot her enbodi ment, a method of obtai%ing non-speech data enbedded in
a vocoder packet conprises receiving and decodi ng the vocoder packet,
filteringpvetwladdooded hocotlenfrsaoitate supbott far sgvwobadoddtz ativars sn ghal

is detecte cal culating a timng offset based.pon the synchronization
signal . andeBxr r AIETHG DRSS A S SROR o8 Rl ST HESuaR dRi
vocoder paaitainidadseddaicctdie tbicobmogniofidasels. OdIE] countrias) GubBE scrvices
enbodi nent, an. a ratus _conprises . a receiver configured to receive
and_ decodubBoTy IS IBHERH Hb B COMUCRTE TSNS SiEhGtl HESGREY 811 (G 1) or

decoded ViaGRHRI dRaskaty ual (e'(?aﬁ?.s}fﬂﬁgﬂ’e%?ﬁe}gé&@a Rl edatrpd8 fict e a
cal cul ator configured to calculate a ti migg of}foset based on the
synchr onitaslichis airipaify butantialaigyeseeligictcarccieBnivhgn pdneas dag seadecs are
non- spee : i d C . haseqd .. e
i g of Fer RPOREREReL rbitf CIRARGE, HORRISE BACKRN RGN LIS
means f ortranepéidaiartgroapll a dpcxoblicodpcabuaobod aplupacket onlyedirstof sapport low

filterin he, decoded, vocoder ..packgt .until a synchroni zati on si gnal
|5 det ecrtl ErdRRtR ot RERE R g Pl tng ot L DR b ath
synchr oni spadchGignsl wifted voddet. neans for extracting the non-speech data
enmbedded IQ‘?\@ decoded vocoder ]%gcket based on the timng offset
[0019] | 0%t clhe, soarmiio armRsREsions algptithay EPLeRisdobY i Hgpt SwGPdess ek nal
transm ssixgNgsif MR HEER? It8&hi@8s tETMARAlthd Mufln | RcRaRd:CRIFUR}CAL | on
system conprises transmitting a start signal froma destination

t erm nal ,PaHRESHt | A AYS tof aprsrmeiers ospisronih dnduder funstiemsadf digital filter

det ect | OfkoBfficnlsl Edis, LEFELNA diohhi9RAwn 4 AR thn DG 2500 T O

t he destination rm na nti nul ng ansni Ssion o he
si gnal upbn pdetettrs edichf mastselewgs sfatthl the rigmei specthsagnat ehdrectedistias idat a

message, transmtting a ACK signal fromthe destinatiqgn term ngl, and

i scont | TG Hnbfelidsh sPeqife Aek PEPREr SEdar 4ol i Spmeray

nunber ofdetdder ACK8icginakS chiivfe bEOB ififuaBsdsth.t The p{R020] sekavansibey

enbodi nent, an agparatus conprises a processor, nennrg_in el ectronic
[

communi caf'f SRCECL P FHEPriT 88aYF 219 REEY (2 PFEIROL dpesgh icharHer#pEnbr v,
the i nst rygededop&idarl ReprRRARL ewaf a%x%ﬁ}bﬁdeﬂgség&%nét SRRh Ohavk! AGSATiEd | NO
a start signal froma destination termnal, discontinuing

t r ansmi ssdhaicisfistiche Ségnalst whithy danougswipinl perewlic omnase-likef dhareterigiveiaved
signal, t Lk L I r t.; nat i ternm nal

i Scont i i narpsehE a@aREE B H0Bhac) TR R bR LR aF e
successf ulckgded 7outpt envsethescagesc e Bxempics alf st whisk algenott exhiistmidcbéing a
ACK signal from.the destination term.nal, and discantinuing,

£ anm o BB dnoliR P i Fieak Bl ik, Fabef rPrea KUAbEY ot e
ACK si gnahsitipRvecduegdsy tDEREN sigrath. ML Ibcddersaotingble aghggéigmat andn
appar at us {?or,é\ﬁ)nt rol I'i nﬁ; soyrce termnal transm ssions froma

dest i nat i GR° W‘Wﬁf“'ﬁ”ﬁ &8'4'h- band communi cation system conpri ses
means f orpobdANSMskiking s tdfdughi SNRkedh! QIR BRIy ReftfEdT B aks
means for discontinuing transm'ssion of the start signal upon

det ect i orfraspmiting daig “incpails exhesdig thel datarisaneprpanted intaont ot Mo sperfiCK
signal fr td nati e m , di sconti.nuin
tranam soaor L APEERRER VAR (SPRAR, LR R dl e, o
recei ved meaistaminted rindqnencisdat-ahineths agesch nfieaasndyobantdr anmeptebdnt re datACK
signal fromthe, desti ion tern na n ns for discontinui.

NS ARERRL i e S R R R R A S
ACK si gnait highay gatheess, tig ansnavld e o GO23bodets @RFIGNA in@Rd OFbtdIRNt Thed
nmet hod of cocPt rolling source termnal transm ssions froma source

vocoders are designed to model speech signals using a limited number of parameters,
The limited parameters are insufficient to effectively model the tone signals. The ability

of the vocoders to model the tones is further degraded when attempting to increase the



WO 2009/ 149349PCT/ US2009/ 046405 8 a send signal fromthe destination
termnal, discontinuing transm ssion of the send signal upon

det ecti on 9§ 2ghof1idsed received signal, transmtting a sypghicadbgakdson
signal fromthe destination termnal, transmtting a user gata
segnent fromthe destination termnalSusing a first nodul ation
schene, and di scontinuing transm ssion of the user data segnment upon
det ect i orrapfmasise chtdrate bgi shedgisg ghaltonds 026dly.| nTlancfhes thohetctient ,

an apparat us._conpri ses .a processor,, nenpry .in el ectr.onic

communi cabFBRMIHETHR eBcaEEdP 20d SOmplRs s &F B e the Hat fuiog y,
the i nst rudth omsuefuigcC eqdatdsethofovertiCidth n@ct dfethst @psn@ficatib@ngstemt i ng
a send signal fromthe destipation term nal, discontinuing

transmi ssiTGFFTeF £ RESkEis & gisientlp gRd geRbelvornsmitaday thiqueh et gcodd
signal , thansialhbimRandasyNedMeni zati on signal fromthe destination
termnal, transmtting a user data segnment fromthe destination

t ermi nal [0898hghegofdingst itnpauldabs eAvanigeons, toap@vidic siompravgdngystem for
transm ssj : . ecty f

Fecer ved gnalnd B 3AY AR RAE Mol EUP el I A el R RENs
control | imgvdrkdi recti onal data transm ssions froma destination
termnal in an in-band comuni cati on system conprises neans for
transmtting a send signal fromthe destination term nal, mnmeans for
di scontinuing transm ssion of the send signal upon detection of a
first received signal, nmeans for SUMIMARN i ng a synchroni zation
signal fromthe destination termnal, neans for transmtting a user
dat a segnem9] fBrtbadidheitddistlbrdthetsin hédredsthd abtBicnght@l fidetls by n@dplaatih-on
schene, gnd, neans for,glyscontinui ng transm ssjon of the user dat
segnent [PBH MREEBAP FIiRDT ARSI @B AGeE drYeecsh gHamation duayeh hsnerth her
enbodi menfyde@ system for conmuni cati ng data over an in-band

comuni cati on _system from a vehicle contai ning an in-vehicle system
(1VS) to [B0HHn|cee sathedimenh sivietheg ¢foichding poaRpeesh npformsetipnotheough aror e

Cranom U0 earad TR Rd ToaOf Mt SOBICSME bR EbdRag o

a PSAP r ederhgrofl fostatdss signatshehapiBARhE pluralige ef fiish guish eighdlStsprodore a

data, a PSAP.transmtter |located in the PSAP for transmitti PSAP
command dXAi PR Bl g alsn Pa TR d b Podarsd fS o
PSAP conmsidlsdaitted spabroedec. t he | VS transmitter conprises an |VS
nessage f @Pﬁéter for %@r. tting the [VS sensor data and producjing an
| VS nressalg TR apgthst sewedigient oin gp CHPPETE 4 PEOCRESS orfieyy O
produci ngyrgeeld BRI oPinphiMiS HARRA RUrS@ice laPhahBy o Mirdi YRlsS RERAD a
encoder for encoding the |VS shaped pul se signal s”and producing an

| VS encoddapasicgrizguredhie shys by mihilonioz drst oulsgeisarlatoprotiore yphealist phg

anem {0 o Soateneg r Ty SRR Padd SophARSIN SRR U Ul

messages;shogedriastpulsh eigPS8AR predekcvapeschppakeses a PSAP det ector for

detectin I VS .synchroni zation signal and produci ng a.PSAP sync
rag. o PROF4b AR 2 ARHE oh Akt A Ry P B 08 Mt et
pr oduci ngfanpue deth ¥RdbibtoRe&Rg a;phwhied of First BRisPHSARIY, hiBsfot ERping the
conpri ses a PSAP nessage .formatter for formatting the PSAP command
data and BWaHWSE 5%?@%&!3@3&% ure aPlyality piphpgsd dirggudss pienplsy and
processi Ngednb GorRRARIGAIBRG.TBSEANE SadisRlidG0% R4l ural ity of PSAP
shaped pul se signals,” a PSAP speech encoder for encodi ng the PSAP

shaped puf8B31dn grahes eabadigrent g anatlpdpf pEmbrasizegea-Peephdlamey tpsgh a
synchr oni We . gener at i . P anj zat i.on;.
o nal - aph B Rkt LAl BRRCE AP e uRE A ATk e
PSAP synacihrrenterstics and S golalss taspbeBiSARMe onmen chndessdige she wedetednmngche
| VS receiver copprises_an IVGS detector for detecting the PSAP

sequence thfough aspeech codec.

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

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



[0034] FIG 3Cis a diagram of yet another enbodi nent of a
synchroni zation signal generator. [0035] FIG 4 is a diagramof an

embodi mentywgho@ 396 hr oni zati on burst generator. [0036],5) &2005, %6803
di agram of an embodi ment of a synchronization burst sequence f

FIG 6A is a diagramof an enbodi nenté of a synchroni zation pr eanbl e
sequence. 10 [0038] FIG 6B is a diagramof an enbodi nent of a
synchr onispatchofiape eantsl end e sEacke codldchcandiguisy en | mpeisn gha efedetendieed

sequences, aph of a synchronization preanble
correl atlsg em?%]ﬁro%sfiép?eﬁipﬁ(gtanbl e is conprised of non-overlapped

r ef er encq08EUN@RSher | ﬁM}m&t Gan 7&ppatatid  g6apiscOf méans Y fog NgadiaBag i ON
preanbl e correl ati.on out put where EQ preanbl e is.conprised of
over | appalcqeyraing Sequsa ?fé’é‘%nmf‘?) ?LThanC@“StS% and is108YSh & SH9Fay fraape

enbodi Mendroed, ard &%ﬂ%ffé%h&ﬁg tt@'}ré&?@&%ﬁ&@d fQuiRt thib 08424, eEdh%od&B is a
di agr am of anot her enbodi ment of a synchroni zati on” nessage fornat.

[ 0043] FIl@P1eddnjagothergimakpdinsngia pethod 96 phigininentrodipaeaht dagf crabedded in a

synchroni r L [ [ f.:

crbodi mene oy PRI TOARL g Mbing 308 Beedthl 00 Bodhef RS Ty e

di agr am ofecadedembodir peeket oftila syociposidien signelhis deeatad, icaloulatitls b tiatisgyi t
dat a nessage, f.or t 0046], FI.G .11A i raph of the power sp ctral
density o%gghba b 3R dH P, hrﬁﬁlg%tk?nslslﬁﬂit a\l}g ?@?th‘}ge(ﬂ}%?eﬁgg}'.sl’f[eﬁg

FI G 11B dnshedd@riaphe @toddae/op:mepaoﬁa&ﬁwdain tefsidgyofRét. an i n-band tone
based si fﬂ)} vers enc [0048] FIG 12 is a di agram of an
enbodi me% er‘i‘ﬁ’@éi‘%f’cn ran@QPaﬁ@m%Efé{?&féebﬁF@é‘é’er obgord M eeeiys | s

a di agr amyQf I I
MnQ deé‘(EHeeﬁ%QédE?PEcl@f aeﬁll%gQB@%rgﬁil%?E}gn&g%gdﬁorc%dﬁr pagket

;ﬁgggzegtn%:égngmwmﬂm detagierl | acraicokrtdrreanieured tegcadculatep dinoegd

techni qQUesfgset 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 embodiment, an apparatus comprises means for rcceiving and
decoding a vocoder packet, means for filtering the decoded vocoder packet until a
synchromzation signal is detected, means for calculating a timing offset 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 systcm 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 mumber of the ACK signals have been transmitted.
[0020] In another embodiment, an apparatus comprises a processor, memory in
electromic 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



[0051] FIG 14B is a diagram of an enbodi ment of a shaped pul se
pl acement w thina nodul ation frane for a typical exanple in the art.

[0052] Fl o iRbyiksss di agram of an embodi ment of a synepiRRGSHIcPR
signal detector and receiver controller. [0053] FIG 15B is a di agram

of anot her enbodi nent of a synchroni Zation signal detector and
receiver controller. [0054] FIG 16 is a diagram of an enbodi nent of
a synchr oedcratisowrcd torminall ddte otesrage, [tO0FBiftiTg GACK7Agiad framdiha gesuimaiddn an

enbodi ment_of ,a_synchroni zatj on prea d ctor.. [0056] EI.G .17B is

b agr st ARCURB AR AR08 S, enSER U8 D g mind

det ect or .numbdr $f0BSALCKHighalsIaac b&naradimigedm of an enbodi nent of a

synchroni ﬁ&t}é?n detector_controller. [0058] FIG 18b is a diagram of
[

anot her d hreffiothsr  embQHRRRto A, SPPBH YO8t SPIERHE SPMIEE | tefmisl)

FIG 19 itgnandiissy #onPfa aBstREharie@iialofn an ' RARKY Ccdniihlichtiafl] Hata -
[0060] FIG 20 is a diagramof an enbodi nent of a receive data nodem
used i n FAMPHSSARLNE MrrHATPBEIRDA sBYsigs Tpoopsddstimtion torminad, meatis dgfr am
of an e ' : sdo= vehi : / - | G
22 T3 o QraoEnghuBRiBt® M i SRR el idn S B loc Q7 Ghodl
request sequerfoe tianamgmet & SJACK aigodwirbinnthei desanaties t temainalpmeans for

communi cation.term nal .and t d esponse sequence transnt on
b R s e R Lo Qe et L R A
i ni tiat ededeywedhoude sdrinftal e niedsage Nabans [fOO0GI3smitify 2 23 isindl flbaglam

of an enbodi nent of ap interactiqn of the data request seguence
Cr ansmi { tERATHOR B AR TIEANSSIOHASETNIAYE HEEBRIRN BF A K SEFAI ARFT and

the data JQsRAMHA AMBAE thd AR bR AR RN tdidnliftka. i N a source
comuni cation termnal, with the interaction initiated by the source

t er mi nal .[09220)&a pngehes, engiggdiment,zz dickigd eimcotralin srarcecatyudil teansmistionm
interacti f a1 eq g . Lt e . i in
a destinati o(r%t %otg%ru%ﬁ@g%li %‘an§ ]ran&ﬁng&g%guﬁ%@g%’g%tg&r%gg)glﬁ%eg%é%hg%e
transm t tregheemnsigmal wp lthenkouree @irsioel; trenspottimgnd satchonizhéemsipad! , from tthe t he

interaction initiated by the sQurce te njnell 00?5 FIG 24Ais a
di agr am SPYER "SHEE iuﬂ%‘h%{wc‘)‘fmﬁr? i @ﬂ'é‘?f’% PIgRE oG 2 st el saemat a
request gemniemesesdnc daimndl e6NONSEe Ha0uRAGRIbA aRkehé,t edi aisdaptiduitde

downl i nk tand _ug)_l i nk. . _ .
ransmission of the user data segment upon detection of a first received signal,
[0023] In another embodiment, an apparatus comprises a processor, memory in
electronic communication with the processor, instructions stored in the memory, the
mstructions 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 transmitting a user data segment from the source terminal using a first
modulation scheme, and means for discontinuing transmission of the user data segment
upon detection of a first received signal,
[6025] In another embodiment, a method of controlling bidirectional data transmissions

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



[0066] FIG 24B is a diagram of another enbodi nent of an interaction
of a bidirectional data request sequence and data response sequence
transmtt the downlink and uplink. [0067] FI i )

di agram oﬁggg%egﬁb%gii ment of a user data packet format V?kclgﬁgzs{o%/gﬂms

| ength of the user data length is less than the transmt packet size.
[0068] FIG 26 is a diagram of an enbodi nent of a user data packet
format whesadt dignad drogt theoflestihgionsiermidalt discenungi Sargméaioaroft thaneide

transmt packet size..[0Q69 | G.. 27A i 5 a diagram of an .enbodi nent
of “an | neBR b EPUhIGFeteh Qi BHCH AP A e ST Sa A SHUBOHANOD e ¢
dat a r espRis ehs eeHianas, tewhBhieininligindSe sl alaty $e@RGhNEbS 16 fRiRAtid an
the transmt packet size. 12 [0070] FIG  27B is a diagram of another
embodi nerfroyreldningf Srsherqdylatien seheric; prdhdispantiguing tiaagysden sbfaiser
and U1 ansiid o0k 62 BABSAnSEHUGRAS. DB Sk L e user data length is
greater than The transmt packet size. 100711 FIG 27C is a diagram
of yet arl882drin eariotft mamltoduficnan ai napprratys i oympiscs he ptacesssiyi memertya in
request seguence - I ta r onse. sequence,. ereint

Lsar dat SERE oG BRE ik B8 Poce NP ISR O SRET n EE e’ o

FI G 27D ihsruaticisdgirgeapibls bf blecaingt the stepdfactinem@tingd sad signbefrad tthen
of the trdansn‘i.t dat a [?}g%est sequence and_transmt data response

sequence, “SHHEER FIIHE PRIHTE ralsEHSRion Of theasepd sigppldipop Hateptiomndd ¢
packet size: redddollstdal), RESERTE l hdhehiRliof bighal krodR¥Re Aa@iReGh RNt

of an in-band, data conmuni cation s%;t em as m ght be inplenented
wi thin a tanFelieaga s daie seement diom Peolestiprions stinwal wséiend Aest mpdglation

conmmuni ¢ ast:ﬁéné’,"iahﬁ' dﬁs@ﬁrgglggl%' tﬁeﬁﬁ%ﬁn%%gﬁ %@qﬂ@ggeﬂ g%tg 6%@%% Q\?oﬁ €cction of a

comuni cati on channel net wor omuni cat 1 on
channel 5e@nmdEs@mstienef suitable wirel ess comunication systens

i ncl ude l,ar ph -Syste operat i in.accordance.with

G 'obal sy Eh oot PRBEIREEN TR PBR AL CoRRRCIRER Sl e
Par t ner shtgasiissipec tfrobniav e dssihatMabidrinke lie caminiindat dromuSysioa My @&PP
UMTS), Third Generati.on Partnershi g@%ﬁfﬁ] ect 2 Code Division Miultjple

pl
Access (FCPPESEIRIYS foF THBSALH SR Hreghthg detpadonseyniarlomems o5 pl e
Access ( TdkcotiMig tralghiddn dwhdenl PI@?EP{%&%@&E&W of ffirsMr&@Q@@yi%nal
e

Access (W MAX) standards. One skilled in the art w_ recogni ze t hat
t he t echringfideordeseniitBes wasuprizatiey sisaaldgmafhieylegmstiongrmisalamepns-foand
data co L : | 2) PN : i el .
The. conmub Sary g F uey e B3l AP aRlur MK M BRe nbliangl
and/ or swicharhd, rpdemedns nientdisconimuing tatsnossenl ohke ased detaheagment upon

infrastru .e itable for establishing a communication |ink between
t he sourcagege;é{é(r)nn‘iéynaaﬁegﬁr@%e%ﬁ‘ffd&%?ﬁnati on term nal 600. For exanple,

conmmuni cg0028] Iahanthet chb3dimmyt, nOtyshen domtdrRmesisatingnata Beer s®Uf-Gend
term nal 100 normal Lﬁ% fupction S a voice co i cation d)evi ce
‘ W[%a’ly

TRANSM TTRRITGEAEPD $HEEM HAMSHCPIClL08BHNRE Y00 18Il PmbIR S 2 public

speech t haRuglnsdveHAE QO RE (PUE) doSnpRk&reaR a8 sBfsofsOMtAODiInNARTEREELH

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

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



13 originating fromthe source term nal or the comrunication network.
Rout i ng non-speech data through the vocoder is advantageous since it
el i m nat esyghgongash for the source termnal to request papfishdodhsmst
the data over a separate communi cations channel. The non-speec da ta
is formatted i nto nessages. The nessa&ge data, still in digital form
is converted into a noise-like signal conprised of shaped pul ses. The
message dmetsaagieufvdremafm therPSAP ﬂnuctiwr comprisdsheP JAR decqasivt ti@etsmgfthdm

noi se-1ike gi The noi se- ke Si i s _encode e ,VoCco

The vocoddr i @iation Siiel Sh St Pect SNaP, Viedharnis ol GREEHERT dh

i nput i s demLHulsHREHE IWS m@s’sagd)@rﬁi:brodﬁﬁlﬁg 5Qc¢civoldSIVc$dma£SE@€g®ﬂu:501ﬁ @hc

convert the nessage data iinto a _signal which can be effecti veldy
encoded BYATh&ARTRASNTABPEHS faPafttt BFssast Rymebealediorpating the "

The encodggiiS@ind ke p3bBRAl a%gﬁq@e&%hﬁ@%ésghggaaobw rctciessor for

communi cation |ink. Because the transmtted i nformation i s built in
t he pul seorgrssiing esPEiP chamand secssagk end ipgericingrae pluzdite ol B4t sh@ncd

depends r i
spocch cotbE SHRLELY pStp shlEch Lol B ohodfuB ACEEAE ShEk KBl Beldlfund,
i n- band tpr@dlsmgssi’fm,’ cacoe@sigh®y aPRAH sgycheduizinba gbnevatorsiog tga:heratfng a
generate encoded .by t he vocod ior to the trapsm ssion of
nessage g??%d %F%Y%‘EB’? signaly EH'@ 2’%8‘@%/ AERPBH PATPOH, 1 oFBIHING fy
nessages skgueht@HSPEAR Sfhch@nRAGM Sorlad dndlHIA Fl@in@Aidonesaa s, 0eRaeln gt | on
of the nan-speech data at the receiver. [0075] Referring to_ the

transmit N2JEERAYR comprises ga L¥p glsigrtor Ffﬁlﬁetea%ﬂ @e $24d svachropigatiopsignpl

m cropho i r

i 220 T O L B R A R e e
ar e genermaseages mdsupdughice mgeived Phpbimepragsessor typical ly i ncI udes
circuitry to convert the input signal into a digital signal and a
signal conditioner to shape the digital signal such as a | ow pass
filter. Exanples of suitable vocoders include those described by the
follow ng reference sBRAGADESCRIBWORN OGSMHHRRAGBINGSR, EVRC, EVRC-B
SW, QCELP13K, 1S-54, AMR, 0.723.1, 0.728, 0.729, 0.729.1, 0.729a,
0.718, O.[ve»®] ﬂheAWM&ndeﬂ&nt\dNﬂn‘%@m dhihe cobodierenasnizeatted 2ZQin

suppl i es vai.ce packets t he transmtter d ant 96 .and t he
vorbe packl &RaRE bR Feebfty pBrih 39 Fleieodh it B0 BR ERIR gouBion
[0076] A wiegussh id eonjdatien W[taﬂ&rﬂcmmyﬂﬁgyirdﬁengsﬁﬂfﬁekaﬁ -ed by the source
t er m nal thr§ ghésJ]e co n| c onsm?etwork The data transm.t
r equest 480301 G ab Sediparam b PE ebediHER! SORJFF A deasmgtign pramals vdich he
transmt data pabdhd E@)@e&l”wttraﬂﬁhﬁ d%?ao%b@hpﬁesﬂ%&ﬁ%é&%dmb)é iglegat a

nmessage formatter 210 and output as Tx Message S220 to the Tx Data
Modem ZSGOTWHWU%F%WQZOO may include user interface (U1)

informati @651 Y58 2 ROP Hl%%gm Ade?laettﬂb%H éﬁi Bf Eﬁsﬁﬂt’ :{té FB§ a%g%sm an in-

equi prrent se sor 1 nfornation, or ot h sw ta exanpl e
of a sui thabd eordeacatM$asjanfornatter 210 includes circuitry to

| cul at I d CRC th t
Gt o o S0P FAPFRNChi o B PORRRINGTT SOl 00 BB o
codi ng syeBRFIOY LR d autigidhi f ipedteniRdiest FHARRIchrandtibmtsaémheave

the input data. The Tx data npdem 230 converts Tx Message 8220 to
data si gri&P<T¥R™-Dat a 8230 which is routed through nux 220 to the

vocodcr qpeRMeiG276.is Qf}ﬁé‘grérﬂ%f%ﬁ Andih @SB haP of 8 s@vﬁéﬁ%rﬁ&ﬁoh@?gnﬁp' ce
path may be re-enabl ed through 'nmux 220. [0077] FIG is a suitable

exanpl e HEBYRIOH; agram of the Tx data nodem 230 shown in FIG 1. Three

signal s i, dat a
2230 out JPSIFIEE BhEREH ol i SRkl 8GR Bt h gl dE, ¢

S235. It [QOHﬂIFdGbétsraebamam pégh ¢rhladdirdédft ba @nthmnd%@lamﬂs@cmmmanat i ons
of si gnal[ﬁﬁﬂ %Goét 824561a&4¥'1¥ne0 z;[n gr%%gdlm%r}d 1;]_ a synch%rjlitzatii)’ozn?)?)rean%l

s¢quence,



[0083] To illustrate the inprovenents in the correlation properties
of the overl apped sync preanble, FIG 7A and FIG 7B show a

conpari so en,d he correlation of PN sequence 242 wj )
non- over | 3?’)%2%“\6@%{)%9 te preanbl e sequence 245b, shom%ﬁmé?o(oflagéosand
the correl ati on of PN sequence 242 wilbh the overl apped conposite sync
preanbl e sequence 245, shown in FIG 6A. FIG 7A shows the main
correl at i{0088)¢aks6B ot diagrasiof by embadimaegdtisyschraszaneh breambleBequenaor
correl ati on peaks | ocat egegbetween the 16 nain peaks for the

non- over | ~QGHYELIE TEEEGAGE SHENI e sequence 245b. The negati ve
peak 10100088 WHIGSTANONptdpE of QrshBdRSHiRMoR frdal® I PN r&UUL RESULFEerditid
the first inverted segnent of the non-overl apped conposite preanble
sequence reasiple Fisamprssdiof pen-evirlegpat (eisFense sRayeee% 1, 1012, 1013,
resul t frgmgiheceas ek gialp%fgfs iR R PHERGR: &felfoh BuflewhdE &%
concat enat ed segnents oOf PN sequence 242 which nmake up the mddle
secti on gfrcanfide senmprisad|odppetippahieirsince sqgueandl e sequence 245b. The
negative results fr e, rel at | f .. seguence
2w ¢ DEE EE IR b LU RRRI G TS Soid T o BN s o
preanbl e [984P)HiGe §B4iS dilagrabd & anAbertdmebodinmant of or sy@kbhi@mtiquemkssigels,
corresponfdi ng to an offset of 3 sanples fromthe first positive
correl at i'8f"Peak 1011 shows a magnitude of approximately 5 (1/3rd the
magni t udgoed3)tile. BRIiNa BRAKE of Yok otk SARWENSCYELE 8YncHRInTaGS Mmedsagd on
peaks, both positive and negative, as well as the mnor correlatrion
peaks bet@EeH- t he mai n peaks for the overl apped conposite sync

pr eanbl e e . : ] : i k 1016,
correspon[gleﬂgq?g' %%Aagﬁésrgehtl@g& %J%Ndlégﬁrrg egfg #spg%aﬁfll)el@%s? st Hg%‘si tive
correl at i[004Fdak. 1014 a shayem aof ragembaderend fof sppmeposiasgichrodizptidrbedd t he
magni tudeﬁa%gm}traaetanai ng&aks . The smal |l er magni tude of the m nor
correl ation pe K10T8%8F OF "Fhe overl apped preanble shown in FIG 78
resul ts i[04 I8GT al Sds dedrgtt H0MS polvet bgecpaleduibibyeofrat -baidr gilat bosd
peaks when an;E;ar %d to the non-overl apped m nor peak 1015 exanpl e
shown i n $'@& VOFRS HSGBB%Y- As shown in FIG 78, five nmjor peaks are
gener at eoMBFIGOT mis@tg{m I heSRREE BifeBtrd 4Rn Nyt ah NELHAMRRYabR sSHAC
preanbl e sequence 245. The pattern shown (1 negative peak, 3 positive
peaks, an‘(ffsllsﬁfé@‘ﬂlpre peak) allows for determning the franme timng

based on e Epﬁg ]ﬂgg: i

di st ances[ﬁEﬁ]%é#?ﬁéﬁ% a sglsal' e (?tg ?n(r%lgftlg g%&)g{@%@%&gﬁg%ﬁ%gg Sess'vvi th
t he corr dépdidilag Beispardibgransoane ecnlpdahewys anipgee. pulses dati | ymbol
depicti on, orfe énpa% gorrel ation peak pattern is shown in Table 1, where
the correlAttoOn Peaks are referenced by a - for a negative peak and
a 'l for[0asqaaaGt ik ipealsgrathe’ dnaghibdidipet of a Wisdpdd) palse platiitent within a
correlation peak pattern is advantageous for in-band systens since

t he uni qu&° ‘fttoérf'WdﬁE@ﬁsWafﬁ%mF@rte%G%‘Fbl e speech frame | osses, for
exanpl e, @us11tRAGPIM iCHABRGM SAAdntToaSent bPS kitPed poIRE f&Ferhdn@ WRh Y
result in losing a correlation peak as well. By having a uni que
pat t er n oPo@dgtiod|fmcdhr paics! wepalcde & 4y predet ermi ned t enpor al

di st ances regeih yer: 3 i : ith
ost spocahIAGE1EL: ERMaE bR o tmdG R b R PR A B AL SYER
exanpl es adecshewortlldabl e 2 for the conbi nati ons of 3 detected
peaks in ter 2 peaks are | ost i ach exanple). .Each entry
o Tabl o BUSHEG,IoH, §% B55% 3 Soufl rhlpdRER SLIR o AIRE T

di st ancesddpgtorandrdebioeeakslierExanple | in Table 2 shows detected
peaks 3, 5 (peaks | apd 2 were lost), resulti in the pattern
Ch o+ 0 vﬁ%ﬁgﬁ@ bé @&?@%ﬁl Aot TSRO %m@éﬁqn@awqﬁéﬁﬁ?wﬁszam es 2
and 3 in pasd1id. abaoisshomadhe PRLA Stbodimeht 2f NAWRNEIiZaA6n drshlces

are diffec{ent. Exanpl e 2 has two predeterm ned di stances between
ctector,

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

detector.
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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 embodiment of a synchronization detector
controller.

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

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

[0061] FIG. 21 is a diagram of an embodiment of an in-vehicle emergency call system.
[0062] FIG. 22 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 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.

[0064] FIG. 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
terminzal, with the interaction initiated by the source terminal.

[0065] FIG. 24A 1is a diagram of an embodiment of an interaction of a bi-directional
data request scquence and data response sequence transmitted on both the downlink and
uplink.

[0066] FIG. 24B is a diagram of another embodiment of an interaction of a bi-
dircctional data request scquence 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.
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{0070} FIG. 27/B 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
is greater than the transmit packet sizc.

[0071] F1G. 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 length 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 cmbodiment of an in-band data communication systcm as
might be implemented within a wireless source terminal 100. The source terminal 100
communicates with the destination terminal 609 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 (WiMAX) 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 normaily 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
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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 separatc 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 noisc-like signal. The
noise-like signal is encoded by the vocoder. The vocoder is not configured differently
depending on whether the input 1s 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 messages 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 S210 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 conditioner 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, QCELPI13K, 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 §215 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 $200 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 8220 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
S230 output signal; Sync Out S245, Mute Out 8240, and Tx Mod Out §235. It should
be recognized that different orders and combinations of signals Sync Out 8245, Mute
Out 5240, and Tx Mod Out S235 may be output onto Tx data $230. For example, Sync
Out S245 may be sent prior to each Tx Mod Out 5235 data segment. Or, Sync Qut
5245 may be sent once prior to a complete Tx Mod Out $235 with mute Out $240 sent
between each Tx Mod Out S235 data segment.

[0078} Sync Out S245 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 8241, Wakeup Out $236, and Sync
Prcamble Out S242. 1t should be recognized that different orders and combinations of
Sync Burst 8241, Wakeup Out 8236, and Sync Preamble Out $242 may be output onto
Sync Out 8245. For example, FIG. 3B shows a Sync Generator 240 comprised of
Wakcup Out 8236 and Sync Preamble Out §242 where Wakcup Out S236 may be sent
prior to each Sync Preamble Out S242.  Alternatively, FIG. 3C shows a Sync
Generator 240 comprised of Sync Burst S241 and Sync Preamble Out S242 where Sync
Burst S241 may be sent prior to each Syne Preamble Out $242.

[0079] Referring back to FIG. 3A, Sync Burst 8241 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
Frequency? 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 properties. 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 cach ‘-* symbol,
Frequency? Sinusoid s 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 $242
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 example inscrts 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 previously described construction of the sync preamble using concatenated
periods of a PN sequence with overlapped segments of inverted versions of the PN
sequence provides advantages in reduced transmission time, improved corrclation
properties, and improved detection characteristics. The advantages result in a preamble
which 1s robust to speech frame transmission errors.

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

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

both positive and negative, as well as the minor correlation peaks located between the
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{0085] One skilled in the art will recognize that a different preamble sequence resulting
in a different correlation peak pattern to that shown in FIG. 7B and Table T may be
used. One skilled in the art will also recognize that multiple correlation peak patterns
may be used to identify different operational modes or transmit information bits. An
example of an alternate correlation peak pattern is shown in Table 3. The correlation
peak pattern shown in Table 3 maintains a unique pattern from which the frame timing
may be derived, as described previously. Having multiple correlation peak patterns is
advantageous for identifying different transmitter configurations at the receiver, such as

message formats or modulation schemes.

Table 3
Correlation Peak Number
1 2 3 4 5
Correlation Peak + i ) B +
Polarity

[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 S236 may also be used to prohibit the vocoder encoder
270 from entering the sleep, low transmission, or discontinuous transmission state.
Wakeup Out S236 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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5236 1s 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 sccond cxample, 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 8245 signal is one comprised of a
multiplexed Sync Burst S241 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 S245 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 40-200
milliseconds. Another example of a composite Sync Out 5245 signal is one comprised
of a multiplexed Wakcup Out 8236, Sync Burst $241, and Sync Prcamble Qut 8242 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, Tspl 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 pulsc-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 properties and can be casily detected by a rceciver
matched to the waveform. Further, the shaped pulses do not have a tonal structure;
instead the signals appear noise-like in the frequency spectrum domain as well as retain
a noise-like audible characteristic. An example of the power spectral density of a signal
based on shaped pulses is shown in FIG. 11A. As can be seen in FIG. 11A, the power
spectral density displays a noise-like characteristic over the in-band frequency range
(constant energy over the frequency range). Conversely, an example of the power
spectral density of a signal with a tonal structure is shown in FIG. 11B, where the data

is represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As
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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 cxample block diagram of the Modulator 235 shown in FIG.
2. The Sparse Pulse Generator 238 produces pulses corresponding to input Tx
Message §220 using pulse position modulation and then the Pulse Shaper 239 shapes
the pulscs 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 Ty Within each such modulation frame, a
number of time instances #y, ¢ ,..., fm.) 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 #; is denoted as p(r— #;). 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(z). The symbols may therefore be represented by one 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 each modulation frame. FEach
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 puise 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(n-0)

1 0001 | p(r-4)
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time instances resulting the a(@ﬁbgnrre(n}g of 8 different pulse
position and polarity conbi"nati dns. | A% exanpl ¢, the effective
data rate is 3 bits per synbol—Ha—a2ymtH+seeend-—peri od or 1500
8i)tls/second. 22 Table 5 Hgnbol |Rlise |dgei/onl binaty 0 000 p(n) 1

4 0100 | p(n-i6)

5 0101 | p(n-20)

6 0110 | p(n-24)

7 0111 | p(n-28)

8 1000 | -p(n-28)

9 1001 | -pn-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, Tyr 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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Table 5
Symbol
decimal | binary | TU1s¢
0 000 pin)
1 001 pin-4)
2 010 pn-8)
3 011 pn-12)
4 100 -p(n-12}
5 101 -p(n-8)
6 110 -p(r-4)
7 111 -p(n)

[0092] To increase robustness in poor channel conditions, the Modulator 235 may
increase the duration of the modulation frame T4 while maintaining a constant number
of time instances f, ¢ ,..., tm1. 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 Ty of 4 milliseconds resulting in 32 possible
positions for an 8KHz sample rate. As in the previous example, if the pulses are
separated by 4 time instances, the mapping results in the assignment of 16 different
puise position and polarity combinations. However, in this ecxample, the scparation
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 channel conditions are

determined to be poor.
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positions for an 8KHz sanple ratie. Thel initial offget is set to 1
time instance and the pul ses are Qsﬂ%par at@eﬁ by 4 tine instances
resulting in the assignment’ of 8 f f e )pul se pgsition and
pol arity conbi nati ons as $hewdsip-the-table Table {6 Synbol Pul se
deci mal binary 1 001 p(n-5)

2 010 p(n-9)

3 011 p(n-13)

4 100 -pin-13)

5 101 -p(n-9)

6 110 -p(n-3)

7 111 -p(n-1)

[0094] It should be recognized that reducing the number of separation time instances
would result in an increased number of bits per symbol and thus higher data rates. For
example, if Tyr is 4 milliscconds 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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also be recognized that different combinations of Ty and sample rate may be used to
achieve a desired effective bit rate.
[0095] An cxamplce of a suitable Pulsc Shaper 239 is a root-raised cosinc transform of

the form:

l—ﬁ+i’§~,
T

oD 025

Sin|:7£’:~§w(l - ﬂ)} + 4ﬁ-{i-cos[ﬂ%(1 + ,B)}

£ 5

rtli(ot]]

where B is the roll-off factor, 1/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 element of the pulse determines the exact position of the

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

-091 560 -200 40
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recogni zed that reduci ng the nunber of separation tinme instances

woul d resukb 2bdd/ad349 NCreased number of bits per synbol pghfishéhdBicaos
hi gher data rates. For exanple, if THF is 4 nmilliseconds the

resul ting nunber of possible p03|t|oﬁ§ for an 8K Hz sanple rate is 32
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achl eve, 9,desLLed, sligchi e DL et | 009c) o0 exappl oy of sl (301 o
represented by 13 samples shown as PO — P12 where cach sample represents the non-
zcro clements of r{n) shown in the previous example. FIG. 14B is an cxamplc of the
typical implementation in the art. In FIG. 14B, a pulse is positioned at offset 7 within
modulation frame Tyr(n) 1003, and the “tail” portion of the pulse extends into the next
modulation frame Typ(n+1) 1004 by 4 samples (P9 — P12). Samples from modulation
frame Twmr(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 Tye(nt1), 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, Tmp(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 Tyir(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 Typ(n) 1003 would wraparound samples (P8 — P12).
[0097] Another example of a suitable Pulse Shaper 239 is an amplitude transform signal

of the form:
r(n)- p(n—1)

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



r(t) 416 it- / fl Li, + 2 sin-ItR" 2° 127R, \ 4,0 sin 71" -t (1
-16') + 4fl-t cos g [ T, T, O
WO 2009/149349 PCT/US2009/046405

26
r(n) = [ -2000 0 6000 -2000
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

10
h(n)y=8(n)+ Za,.h(n —i)

i=1

and coefficients: a(f) = {-6312, 5677, -2377, 1234, -2418, 3519, -2839, 1927, -629,
963/4096, 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 A(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.

[00100] Referring again to FIG. 2, Mute Out §240 is a signal used to separate the
Tx message transmissions and is generated by the Muting Generator 255, An example
of a suitable composite Tx Data S230 signal comprised of a multiplexed Tx Mod Out
S235 and Mute Out S240 is shown in FIG. 9. Tmul 731, Td1 732, Tmu2 733, Td2
734, Tmu3 735, Td3 736, and Tmu4 737 represent the durations in time each signal is

transmitted. An example of a suitable range for Tmul, Tmu2, Tmu3, and Tmud is 10-
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60 milliseconds and Td1, Td2, and Td3 is 300-320 milliseconds for normal operation
and 600-640 milliseconds for robust operation. Examples of a suitable muting
gencerator sequence may be an all-zero sequence signal or a sinusoidal frequency signal.
Another suitable example of a signal used to separate the Tx message transmissions is
shown in FIG, 10. In this example, the Wakeup Out 8236 signal and Sync Preamble
Out 8242 preeede cach transmission of Tx Mod Out S235. One skilled in the art will
recognize that different combinations of the Sync Preamble Out 8242, Mute Out S240,
and Tx Mod Out S235 may be equally applied. For example Tx Mod Out $235 in FIG.
19 may be preceded and followed by Mute Out S240.

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 1s 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-specch 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 S310.

[00103] Once a synchronization signal is detected in Vocoder Decoder Qutput
S370 by the Sync Detector 350, the Rx De-Mux Controi 8360 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.



where 13 is the roll-off factor, lit is the maxi num synbol rate, and
t is the sanpling tinme instance. For the previous exanple with 32
possi bl e pubaeoposidi ons (tinme instances), the foll ow pgriusznsdeiom
generates the root raised cosine pulgg shape where the nunber of
zeros prior to the first nonzero clenent of the pul se determ nes the

exact position of the pulse within the frame, r(n) = -200 7636 -991 0
0 0 [0 5d801boo 56¢ 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 S300 may include user interface
(UD) 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 8370 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 8370 and generates the Burst sync index 8351. The Sync Preamble Detector
351 detects the transmitted Sync Preamble Out signal in the Vocoder Decoder Qutput
S370 and generates Preamble sync index 8353. 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 signais Rx De-Mux Control S360 which
routes the Vocoder Decoder Output S370 to the data path S326 or the audio path S325,
Audio Mute Control 8365 which enables or disables the output audio signal S310, and
Timing Offset S350 which provides bit timing information to the Rx Timing 380 to
align the Rx Data §326 for demodulation.

[00106] Another example of a suitable Sync Detector 350 is shown in FIG. 15B.
Signal Vocoder Decoder Output S370 is input to the Memory 352 and the Sync
Preamble Detector 351. The Memory 352 is uscd to store the latest Vocoder Decoder
Output S370 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 Preamble Out
signal in the Vocoder Decoder Output S370 and outputs the SyncFlag $305 signal.
Signals Modulation Type S306 and SyncFlag S305 are input to the Sync Detector
Controller 370. The Sync Detector Controller 370 generates the Modulation Search
§307 signal which is used to access the Memory 352, find the received Wakeup Out
signal based on the Timing Offset S350, and evaluate the Wakeup Out Signal to
determine the type of modulation used in the transmission. The resulting detected
modulation type is output from the Memory 352 as Modulation Type S306. The Sync
Detector Controller 370 also generates output signals Rx De-Mux Control S360 which
routes the Vocoder Decoder Output S370 to the data path or the audio path, Audio Mute
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Control 8365 which enables or disables the output audio signal 8310, 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 1 363 and Frequency Sinusoid 2 364 to
generate downconverted signal components at frequency 0Hz. The mixer 362 outputs
are low pass filtered by the LPF 3685 to eliminate the high frequency multiplier products
in the mixed output. An example transfer function of a suitable LPF 365 is of the form:

l+az ! +a,z7?

H (z)=c- 3
e (2) i+b1241 +b,z7"

where ¢ = 0.0554, a1 =2, a» =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 S370 is processed by the Matched Filter 368
which is matched to the Sync Preamble Sequence. The Matched 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 S370 is processed by the filter in step 452.
A suitable example of the filter in step 452 is a sparse filter with cocfficients based on
the band-pass filtered impulse response of the Sync Preamble Sequence. A sparse filter

has a fimte-impulse-response structure with some of the coefficients set to zero and
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- 2000 00Qfe temporal distance between the positive peaks is found to be w1th1n a range of
PeakDistT1, the positive peaks amplitudes are then checked against a threshold
PeakAmpT1 in step 455. A suitable range for PeakDistT1 is plus or minus 2 samples.
The PcakAmpTl 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
cxceed half the maximum peak amplitude observed 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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Thsy is the sync burst detection threshold, igu. is the maximum sync burst index, Ny, is
the number of processing frames searched and Nyu 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 gencrated to prevent the audio path from being output on the speaker,
In step 375 using Preamble sync index 8353, 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 ( mmmak/P(Ismax)) +Cy )> Thep

m:t.( miax

where Spax mar 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

5 oax

) is the maximom power input to the

Max Search 369 in the Sync Burst Detector 360 at the maximum sync burst index, fyqy.
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[00114] FIG. 21 is an example use case of the system and methods disclosed
herein. The diagram represents a typical example of the in-vehicle emergency call
(eCall) system. A vehicle incident 950 is shown as an accident between two vehicles.
Other suitable examples for vehicle incident 950 include multiple vehicle accident,
single vehicle accident, single vehicle flat tire, single vehicle engine malfunction or
other situations where the vehicle maifunctions or the user is in need of assistance. The
In-Vehicle Systemn (IVS) 951 1s located in one or more of the vehicles involved in the
vehicle incident 950 or may be located on the user himself. The In-Vehicle System 951
may be comprised of the source terminal 100 described herein. The In-Vehicle System
951 communicates over a wireless channel which may be comprised of an uplink
communications channel 501 and downlink communications channel 502. A request for
data transmission may Dbe received by the In-Vehicle System through the
communications channel or may be automatic or manually generated at the In-Vehicle

System. A wireless tower 955 receives the transmission from the In-Vehicle System
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acknowledgement or “NACK” message 803 to the Source Terminal 100. The
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i ncreasi el 900, atd @0 @fe tﬂkheupmymhm@sm ¥BenbAlgto iéhhlltﬁtcd by the

mai nt ai ni ng a const ant nunber o i me I nstances as describ
previ ousl%puerqmmgl 100.g dnptea of Sonsaidingevonienddta 00 0he Hdinkrig mt@@teutlwsd

the ' a%%?s@g? ﬁgﬁéﬁrcg qqe}ntﬁﬁail:@? il'arﬁ%ftéjgn Pl rHab{ﬂg'sgr?cOQu]dedc UpNrues

transm ssion o nmessage a sw
ret ransmmssae 805 atemme@tssﬂbby&ttthﬂae De83libnae |Ilmt1riﬁaommmnnﬁ(m]0yharmg

2o LIS, 8, SR RS e A UL LBl B

Ter m nal §00801 MULIGIK! foessd@P8025 ANGMEET smbaﬂmplsauﬂcetz%fraﬁﬁnm Bavagy am
of the synchronization and data transm ssion sequences between the

Sour ce TEFeRLYR4 the O¥fadnmesssae BRE fripmdhs Bisstination Aemipt$00) ansmits 2 ¥k
the Upli ”Qégﬂ'ern@@ﬁﬂ &m'o%d %?%EN?!% rekChok 15 Eﬁeaﬁ@;@lnmbntﬂ%ﬁgyso‘(ﬁ At

Ter m nal 0. The ransm ssi on sequence 8 Isinitiated at
time tO 85@@t3b‘3,53bh1@ Bmmn@t@nfﬁzrmnahﬁﬂﬁlbmm tekeivis @esmrae% 83y from

configuri r T X
audi o pattﬁggégg §g\%€ﬁr%ﬁ’tt?£n§%k %@heﬁagﬂg;gghc ?@f%ﬂﬁﬁx&é omégsﬁ%?g?ﬁ es
Transm t tbabeBande Z6Gniha) WAe £x tidatida §54b hth8 ZREHnidn Hegningl 600, having
transmttin nc e 811 foll owed b e MBD pessage 2.
a e vsedssily bl FERS Gh e i g Ao ey et 0 AT
sync nesspgeagd1gn4f rtgj@ntrs@lﬁﬂyﬂféeﬂﬁ{ TinB3hec 1600, frdi@ S BestihaaMdhindD an
alternathr;gg sync 80 CK" nessage 803 to_the Source Term nal

100. The s‘thFﬁafm‘éﬁel‘l’@?%‘%I‘i‘SB@‘G‘”E%ﬁ“ﬁH@%‘O‘E 8f the AR hmessage-
al ternatipgync 8ecanga [ INGOK rr]ﬁebtféﬁl@eg@ct@% bffhte sw&%ﬁa&w Luyd

receives the MSD nessage fromt Source Term | : time t3
853, t he doéstriamsatissom Tespericns beGEOn thmﬁpwge s’ﬁsmnmslsilﬂﬂ Iayd rtl@,ec&estmdtlmme

MSD ness eging,.t spl,tt] : 8
acknow eggcgmgrgais ﬁg@K%rr@Isssé%g’ g%%l.lé ?‘%@ our ce #@%&rhggdaﬂ r]ilj’(t)h % §5Lﬁ% errpt
to send tTemiED 108s saf ahd MestidtionpTerntinate600u i thei Uph&lceamdeﬁ)oﬁ/ﬁhmhe

" ACK" rressa e.804, wher ach atterrpt is. a di ent undanc
versi on. REEHRD g8t piuTaslefu Gl Seto ThEDGTRIHT THBRTERA ne
"ACK" nmesgaee Sl & nanattde tia@ssﬁ)lmaby% D'@ﬁmtmaITcﬁﬂiaaioaoseﬁfhtaueﬂﬁﬁng

transm ssion of the MSD nmessage 814. [00117]FI G 23B is anothe

exanpl e | WRGPHBERGHOagr dToMmopseec 8¢ncht BWPi]a%bWeéﬁ‘Hmﬁgtegnmal 100,
transm ssi.Qmp SRUIRICHS %@&ms&ségaeso‘é%&w @e@ﬁd&ﬁ{z n $Q0niR0ds00 Segins

Destination Termnal 600. In this case, Transm ssi on
sequence @IOMitEng rilst $yac edquppce 131 Jolowed ‘bercmtanélu 100t tioves 2 882,0Fhe

transmtt gﬁ

t he Sour cllg g%ﬁ)ﬁﬁﬁ gﬁﬁf‘%%rgrﬁﬁnﬁ EL gﬁéﬂg%tﬁl gr‘ﬂg% ?%g%d; ﬁmté%l ang E@ E@{D

message 8@bil attsutcasrﬁuﬁpre&sﬁ}bs thAtdata $i2 from 8l Botrbe TRedA4] 180, wpon Telich nal

600, havi ive | t SS 05 fromthe Sour Ter.m nal

700, 1 r aridih 1€ Thtiinot e PRt g Al P eaats S AR
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



synchroni zati on and data transm ssi on sequences between the Source
Term nal 100 and the Destination Term nal 600, wherein data is
requested and transmtted by both the Source Term nal 100 and the
Dest i nat i OO T¥PA9%B# 600 on the Uplink and Downl i nk re8g&@E200046405The
difference between the interactions @ FIG 24B and FIG 24A occurs
at t3 853. In this exanple, an alternating sync 801 and " SEND'
nmessage Lansn tt by ti.nati Term nal, 600 instcad of
an alter %g.?i %gN?y%%é%ggﬁg éaﬂgéﬁa,l Céﬁ\g&gs&% ‘.JASP?P {rgﬁgﬂeéaganﬁ éi,le &‘Wénhn%El\‘l%'
nessage &k seB&stht Sdundt TatendlhEI0 e BDesdtingathe GISENDY mMmeedagd @05,has

successful | ecei ved the, Source Termpnal 100 data 812, .and results
e SOt TE T A TG R BE S FHINIg 1t o SHAL drrsn SIPedtal +4
854. The g58END DBSSBE TeathB®! 600 upet 8Seding RV ST MRk 81Ha8dpbhdt | ON
Term nal 600 to send data on the Downlink. %00120 FIG 25 is an
exanpl e diithgt s seauene Hdndlored bn dae 886+ 4RSI Sabithe PasretTewnarleby
the | engtigoQfantdifts Ys %ﬁcﬂgﬂ@gn%ﬁlgg%aﬁcnw%ﬁ1taﬁ§ O ARG IBE B1PARKE Gt

| engt h. The user data segne I's assenbled into thetransmt data
packet 868cwssig@l2reativssghovidets Hoprac ddi Pestinetapt Ferimiil ©80,0up08 Mhicnet a
foll ow ng. se 0, d-.bi t. which served to fill out e data
to the oo BREeriq AR T e Tt b R s Blob Gk St alpBe gt
i ndi cat oA’ insssapcl8180 At fyié €l (vedoude iDestiraddn Merniihe d0@Ngvingofecditiel

user data segnent 900. ui table ex | e he transm t data packet
| engt h 80k d’?_ggﬁwﬁ%&? B o the Sejcoy 2o éiﬂcoélﬂp‘feélﬂﬁaés%lﬁ%%? of
pad bits @&IgoeNOnedRillden D AANYII T8ogNiaé HRt thOMReRkidnk @6kchibed REeidkte
will recognize that the pad bits 91Jg. na

. pa be co‘iH)rl sed of the binar
"1" val usYBmefrenganaydipppitisied by thaSpuea émir@f 1Y} fapgyskilied in the argwill
val ues. [QQ1211ELG 126 4i.S Legdiag) f i f 10 f a
{ranom ¢ "5t S bacel o 505 FREPensP P Ahe WACR GSrues hRCR.
t han t he ntassags may cdelt de Pkt or diftgrdnt schiwenags betwdat tho@0Gnswiteplonthe nt o
multiple se nts, such that the first segnent plus the length
i ndi cat ord%?vgﬂg[ﬁﬁgjlupﬁggt he transmt data packet |ength and subsequent
segnent s [a@E9gqual FIG. t B t isans midotighat axpasiketntbragiphh. didgrathhefusier
data is not an.inte el nultiple.of the transmt data packet I&ggtC{L
then t he SYBFOUBGRRARY Eeftrarsmissipnyatencey hemeeea impiaccof ermrng! 19band he
user dat apd BesBlatibn TBIENAIVEV0S QUBRMY 8ata THRhdstelt adS®insfidicd HesEme 901
is assenbled into the transmt data packet 806 or 812 along with a

pr ecedi ngmesgkaminatil @hewt thy jdestimionskassing! 68k en da HpiiwgmnPogolink s

assenbl e%ép@&%hbeﬁhadﬁ% ﬁced@&@eeﬂ%ﬁghte&%or&rofg%ﬁ; Qz[lﬂ aﬁscfﬁg;?gzat he

segnent is small"er than the transmt data packet [ength a pa 11 is
used to factirs et SSRe Indthisacxamptenen elbanaing tshee §¢cand SENE trecspepe 1885 is

[00122] FI.G. 27A.i s .an.exanpl e.inte ion di agram of. the transm.t.
atar equelrRlGyE RSN ponae B bREhERL Atk Hnente “Rnarty

t he user matael engtilis icxagpleatier “SEND” thasdgeagEndrv@ank éidicaicz that the
Initiated by the Start ssages of the requesting termnal in ejther
the dovnBeH fog el ?rﬁ] HB QU SRThe %&wg?nﬂ“s@?wﬂ_lﬁﬁé?’faaﬁl tine
t20 870, hQedulis 4 tHe! NS TerfRtad 100GKbnBHRGOks &2 uaRMssicrest afgsa.

| ength indicator 910 and first user data segnent 901 is transmtted

by the reBBorrdiNRy messarmalpo insicatds mereapept pm theiDstinatign Teawpeh ot p

t erm nal jielo) hdugsgkved the ACK nessage, it begins transmtting
t he user Sggtfg a%%?‘% ioﬁﬁa second attenpt 903. At tine t22 872, the

r espondi 180128t mi nalFIGha¥iingn cewely dehgtdne oACK regwsigen of iastcamtitnlaes

transm ssion.of the first, dat.a packet.806 or 812. At. tinme t23 873,

the T equatrrong esphiubTen ot U BOEHR Y BB Brgth iSRRG, o

det er mi neTHeQMeHMY scELIGMEINSs assemBp @ad B, trangl @alaDaties S0€ 5t S17 Angi t

dat a packet, 806 or. 812 by transmtting.start nessages to.the )

r espondi Mt %Plfﬁc?fg\lilg Eéﬂgt?ltlp at?rzgl](’saﬁﬂ,a ‘foﬁ%‘”‘r’@sgﬁ‘&ﬂ?&}i’%@fsﬁaér'?ﬁsgéll Whelyi ng
served to fill out the data to the end of transmit data packet. A suitable example for the
length indicator 910 is a 1 to 3 byte value indicating the length of the user data segment

900. A suitable example of the transmit data packet length 806 or 812 may be 100 -



[00124] FI G 27C is yet another exanple interaction diagramof the
transmt data request sequence and transmt data response seguence,
wherein the user data length is greater than the transmt packet
size. |In tWP30BAAIM e, after the first transnmt data pXERES280646H5
812 is requested via Start nmessages gpansnmitted by the requesting
term nal, the subsequent transmt data packets 806 or 812 are

aut omat i I ransm hy. t ndin erm nal..based-on .
recei vi ng%k) #&e&&%@b@%‘%& reo(ﬁq%%égggglu%g ?%%e;b erm r?alv.ai%fj'notrl Fns'kslned
exanpl e, ihlie aregilestogairetieat nhaysdd e @1 raly be rcampritdl obtlariinargSsagds: t o
initiate trangm ssiaon of. the transmt, data, packet 806 or 812 fromthe
r espondi R THHCARPTIRO" 4GHLTD AEVRLY LS g CAPRT nal transm t NACK

nmessages.[off21i me 4d, 8815 ah RRarkAS PRGN Gf HRr Erildkitio Y 1aNGarsBGedaed
t he ACK nessage, discontinues the transm ssion of the first data

packet t Hagkqt ivhearbat fae Jengdy phéhe negn slatat 18 | givpter HBam ghet transaisits Pakel
packet 80 F , L 92,
havi ng sugiat Ty r RN Pl o Bl IS KRR B sk S Bmeh i e
request i rife teogiinditattragcms! ta tha swbamit dea pivbeASg ek adesua@scandrite

respondi ng_termnal . receives t A sages, .. iI.t _di scontinues
trano s oo rl Rt b RERAE AR A MBI 85 s a5 Eer g Enls of
27D i s stthé {ra,r&mintdméI peekar’[ﬁigj&l,itlgﬁnﬁhﬁta‘sﬂ Lpmehtaghtains @fpadi_h\l:lh the amﬂp'lf] oflat a
request sequence and trapnsm.t . data response_seguence, erein the
user dat a'? I?’ﬁn’ﬂt ﬁ‘ei ‘*E‘ergﬁaﬂé%fseﬁr{w’]hf i B &egnetfys nf e %@EW@{ daip sgement 301 3%
is an al tRsAMI&l o e nexaPUfa i gatied Aki QNS AGk mit%h@\ffeciecﬂn%:llgégtk273-
In the exanple of FIG 27D, the'tinme gap at t32 882 between the
request i ngdicepid il TGicoprds suey datpoeement 02 s pssergbled dnte ahossensav dadD3
and the NACK: g8k dr B 2NGH bddSRE AL n%e‘ﬁgﬂieé}ﬁau%{)ﬁuah%?eeghédﬁhﬂﬁt {;]agg pft(%[@{ s

hel ps to‘maintain tining at the responding term na
woul d notlemgtled pad9tlas ysedhe GHionetht dath ethe egliekthe trgnsiet dutaygdcksty nc

sequence b P120] Ol el Lt YR e R e M
subsequenkqiddct Bed frinisatit dtad ecsp@sk etquondeh atitrelnr @O sBdrtdatanigngthes syer

sequence ﬁ_ep rator. In this C sequence. js sent, once, p[i or
to the fiftf&t the

ase the sy
the Frpam Pacasf_t%zepglewé&ed By TSRt th%%?ﬂu?sée%ﬁ??‘ﬁ@
ACK nessggeahdrife §QHIRRURENEEEB0P: (BRI TAShsYod 8RN aMihs tdohero,
subsequent data packet wi thout sending a sync. One skilled in the art

woul d al stBe fist dighinzie deth packst Pihat B2 eraired el 9 logdoinigatgr 810 pd first
transmtt | : ' It o] f.i .
[00127] 1 riopriihd AeBEAn RSP} e Lpail hitud Aol 81 OB
error contl tésporslinghieohinghipag ot pet reespuntie d A0 masdgh anbdgats transaitting
predet ermned nanner.. .The fol | ow ect.i.ons .prayide exanpl es an the
b ror cont rsAeaRaring seosny BibRRS A Th el sl e S S

d: scl os Edlahﬁllr’%aieﬁhivddnthemd emmgb,edisddnﬁrémrtfmsrﬁi@ﬁdﬁ bf @ ﬁlﬁt l&altt@.tp&ﬂ(et .
al ong with the_correspondin esponse descriptjon. One skilled in the
art will Y8c¥ghlZe Andpe 50 320 G rﬁ‘&ﬁ_&?‘?&w&“ﬂ@éL rﬁ?tﬁéa*fﬁgﬁi@gnthﬁgwﬁe
equal |y ap@ichigdo (00 idRmAREMES Rdnyd8 élﬂ@ﬁﬂ@@ﬁp&%mcgﬁ‘ésts' the RS Rransmit
uni di rectional and bidirectional ~enbodi nents. [00128] An exanple error
condi t i ordagcpaske! ¥een RIRDYIssEtITRAtAit Rgssageb hotespendieg tegmmal. At

transmtt r . - ex apm}k D¢ ,
rerm nal ity POS7RAETLEnaih (AR EXARG [ESRONHE: b ISP Hom e
pr edet ei meqedtirg tdyemabf bepynscirprseatitbg ke mavtetrbreent det qutied. 806 or 812

[ 00129] Anot her exanpl e, erroy..conditi oceur n the Sourc

orrt e "Rl EEE oneG fick e Bieh 8. 35 PR o S e et
t he Sgur q&an}@tt;ﬂamqinagﬁmi@?hs éisheathrpamm i tine %E lsuh,ethé/ﬁl@p_ ldcsmisrsga@h eniuflf i |
a predeternned nu r o etected sync pre es yie t he s; .
sanpl e of}faéflé]tg.fe‘f%‘tf’fls‘gj‘;&r%ﬁ@?sag% P%tl%ﬁeg gb %Etéﬁﬁ’i“%rfnéﬁmbc&)&f"s“k&ﬁ”iﬁl t he

the art will recognize that the interactions described herein are symmetric whereby the

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



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 detected sync preanbles. 42 The Source Term nal would only
trigger t ORI I4BHhsm ssion if a predeterni ned nunber PET/US0¥B60F
sync preanbles yield the same sanpl eypffset estimate. [00131] Anot her
exanpl e error condition occurs when the Destination Term nal does not
detect a 1 - a o exanpl e respon t he
Dest | nat 1P A e E gt B0 PP, in ol AR T 2PR e rmBPE RS Gy o it
cont i nuesndy spas moid thagtwSTARImiTdsiapgeetsBV6as 81D tri gger the Source
Ter m nal r.einitiate e MSD transm ssjon .after a det er m ned
nanber o082k e 6865 288 s Yot SR Ricrgtiong eme B e remie
sequence)requeQOskgednfd ahd 8 insafednpd fécsiﬁfrfs@ EeqweM@! (wh&Bina6E Uses dwhRaBndin s

e

Destination Term nal incorrect]y tects a sync preanble. In an
exanpl e reEYEAR, the Henspiisiarked sizd nloTtbis wikiiaple didten He dirst fransnaie 43ty perkrsD
data inc clahy it b 5 sabd ) s L@g}% | __
incorrec'fslroé%deslclzoés;e qg%&?vjaa?“t ksle D%lé%%?g?@%%%%fﬁhal ﬂr%ly r gﬁ?ﬁ%&%the
MBD t r anssabssgianh ttapsraie it gac8TARNes §8Y ese rutomhtcalyutrapemited nbn dlie

[ 00133] Angt h rror _conditio ccurs en,t he stinat.ign

t . exanmpl e e d
Term nal {FEPRAPS GBTabSed S iriaVine e AR eRs o thdruciiine Rinbel
act ual | y It rthis ssxbinb led the TidgUicBting toffina L dpBNSR tRinfae Stdre nesapabiol inftiateof
this happening .is yery |low. The Destjnation TJerm nal does not start
noni t or i ﬁﬁ‘“?‘?‘g‘q‘?‘é é’g ith%ﬂlb%?qﬁﬁ‘ﬁl Rt dafat Paé?g?fe%ﬂ‘;soraéﬁyﬁ@ ﬁﬁ"e KPP om
t he Sour agmigdiMaR@ine t OB 4 ARYREH g @AM, Da®hb QbcehRA it AOR n%gége,s
when the Source Terminal nisinterprets a START message as a NA

nessage. dissopinuex dhp| eansaispionsel e firsie dymIrackein Siens simmedittely hegins
started, s ] 1851 il

ecei ves SNSHARY GEnDELIMAT 1RPLAXS 085 MR DL AN SHE Uy ki
t ransmi ssitommé $32088hithg requéstinSdermoeal, Teavinignakeidal iy sytheequence, begins

reinitialjzation e transni,ssi on. 0135] Angt her ex le.e
R e S e b e N S e LY ey 1
message as 8aD. ACKNnTEISS 888, havihgancexdinpl RctiesPOBs@nsrhit dith @addobD806 or

transm ssj.Qn_has not startedq, the Source Termnal ignores. any ACK
message. 413, @ﬁ6?%%*%%5%{1@%@%8%@*“@&éh%ég:‘{@esvégg% n“éﬂl%é&ﬁé@ t he

ACK i1t hRe RESMIRESrTRES ROARg RRVICeDES D&dl@hﬁ:ﬁé&?@&i@@bnﬁﬁue@ tradd¥it¥sion of
nmessage. I n yet another exanpl e response, if the previous nessages

wer e NACKhoeansafeista napket 880,pc¥27er m nal puts itself on hold and
ot or protdy 2E An REERCIIH A ol BB SRR oAl b g
pr evi ous repsstageudnas atxk gansimt drtprespede agjuanccAGKreinhtbe Sswrdete [degtimisnal
term nat eg%catthet\han e Erermasnmsunga%l%ét gﬂe.efnrtgg%ggrgllﬂg; afE[:p fc first transmit data packet
806 or 812 is requested via Start messages transmitted by the requesting terminal, the
subsequent transmit data packets 806 or 812 are automatically transmitted by the
responding terminal based on receiving the ACK message from the requesting terminal.
In this example, the requesting terminal does not transmit Start messages to initiate
transmission of the transmit data packet 806 or 812 from the responding terminal nor
does the requesting terminal transmit NACK messages. At time t41 891, the responding
terminal, having received the ACK message, discontinues the transmission of the first
data packet then immediately begins transmitting the next transmit data packet 806 or
812 separated only by a sync sequence. At time t42 892, having successfully received
the transmit data packet 806 or 812, the requesting terminal begins transmitting the
ACK messages. Once the responding terminal receives the ACK messages, it

discontinues transmission of the transmit data packet 806 or 812,



43 probability of this event is |ow, however, if it does occur, the
Destination Termnal may reinitiate the transm ssion again by sending
a request with START nessages. [00136] Anot her exanple error condition
occurs wheROe#He/188¢ ce Termi nal msinterprets a NACK n®§34§a008/816405
START nessage. In an exanple responsg; a single NACK that is
interpreted as a START does not have any effect on the MSD

transm ssj In a h ex l.e sponse, - a series_ of ssages
t hat arcs[gﬁksi] nt er%‘(rfée;t g@d%%@&ﬂﬁi El%egxggl gesmﬁeé‘illc %)gudzaegr%lﬂle% gg%gg it

Ter m nal dataanguest dequicnto andiransmitabe redpendvBSEuchibe whekin thatibed datd eengtnal

woul d not. expect, this and would fail receiving the incom dat a
real i zi nd® R B HCoFHsEt] ch%tc%%fed Fg tﬁ};bls‘gsaé]dgl&ﬁnﬁt%éo B%CW& ly
decoded dafemhctibh@iaBRAT O IRFIGELTE.NB thERYarh§I8 B FIG! ID FR4ITEE gap at
Termnal to reinitiate the transm ssion by sendi ng START nessdges.

[ 00137] Aridt 8% belrspipthe requcsiingcisraingli HpKdeesstas fahds firffersgodate ecgment

Term nal g3SinRtRE RARHS 6 NAGKTRSF 398 s@%'n&ﬁ N ESFRRS: "hﬁ% ﬂ%}ps to
age has €

exanpl e response, if the previous ness as been interpre as a
START nessagein tithiag Sothe cespTaiting tearhinkigroh et &mpuAiCKOt mesistagesyndhtonize

anot her ex | e response,, if the previous nessage has been
interpreﬁ%gl“%gqlées rr%%%%%ces,eqﬁlge'Source Term gal wai ts for another
ACK. | L t{pe1%6p! | OWiO’mﬁ slmlsd;&gtﬂf: bS wolid Iamgtntte][tha@\ﬁﬂ@ reffoadia g tdreiial sARI ihs
ignored. In yet another, exanpl e response, i e.preyvi ous nmessage has
algso beer1'1”Té’r“?‘/"’tﬁlr‘i%I uﬂai}s'ﬂ‘ét‘gé‘"tnpé’&d%%‘* & bsﬁ@@“ﬁégs’;‘ eﬁ‘gf Btasaagket “FQ}%H’T nal
may ter mpatRitifenlEbhd ERNaHe$ehRRodl hhauohsd e Hrstdiatdq8 sdebitdal
has not yet recelved the MSD correctly. The probabil |qty of this event
is |ow Huigserthe jffrsti ttrageraid dsbacpacket BRSO pe 2 nden oworardpivizg theaphCK

reinitiat ST i I r 1
ressages. A ot o a S BT et OS] b
Sour ce TevitHouhlsending atsenqr €ne srileAGK thesgageuldsilse STARIzenbssadegtt n
an exanpl.e e Source. T | d not. abo

I es e .Term.n t.the
transnissi 1ﬁ§81$ﬂ£c&h{c% ag%oall’e VGO r%r%/h ?a/th?r\é@ L e H‘éacbgt'inqg st he
usual abaik. condition is the reception of a predeterm ned nunber of
ACK ness I f re supsequent nessages are jnterpreted as START
messages, W0HI Sour %_t#%rmeﬁ%mﬁa%féw@%%gt SR dRShi KsiCBA
Event ual | nditibgs R8sk siald BrclSondbd ) andQidhfles tOP pleti@BSihdd difther, The
messages. The Source Term nal would eventually determ ne that the

Dest i nat i fBROTBE #EHENs Provils Gxamyles op tatharTteondigon hardling gawespanding éxset
Itself, ttﬂgfn?aé(cﬁ%h%%ké}&% JM&Q&&;}%%@?@ B 1e13ﬁé99&§[9foﬁ&%9 £ stated

exanpl e error conditifon occurs our ¢ rmnal” msinterprets
an ACK nedawgeittathe gomAghkndies sagpase dascragiioax Anglskillcé spibase will eoBowr ce

Ter m nal ulkd cont. nue transmiting reduyndancy versions. until the
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transm Ss{c@R8 a transmitted sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of sync
preambles have been detected.
[00129] Another example error condition occurs when the Source Terminal
incorrectly detects a sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of detected
sync preambles yield the same sample offset.
{00130] Another example error condition occurs when the Source Terminal
falsely detects a sync preamble although there was none actually transmitted. In an

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



[ 00140] Anot her exanpl e error condition occurs when the Source

Term nal determnes that a received nmessage is unreliable. In an
exanpl e response, if the received nessages are START nessages, the
Sour ce TeM® pWP/1PdM | nues to count the unreliabl e mess&EYSHNY045h a
| ower weighting factor than if the rrg,?sages were received with a
reliable determnation. The subseque trigger of an event based on

t he coun recei.ved ness i r edet rm ne
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i npl emented as el ectronic hardware, conputer software, or
conbi nat i EHEMBFOBot h. To clearly illustrate this interchangeability
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In still another example response, if the previous message has been interpreted as an

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



46 and the storage nediummay reside in an ASIC. In the alternative,
the processor and the storage nedium may reside as discrete
conponents in a user termnal. [00147] The previous description of the
di scl osed E@BHEil#B# s i s provi ded to enabl e any per sonPSK{USPMER 4645t he
art to make or use the present invenjton. Various nodifications to

t hese enbodi ments w Il be readily appar ent to those skilled in the

art, and tgbabﬁﬁ}?ef t\ll/‘lm ¢ Erllt%: fiz gv%];'llfﬁ%og'se gl thmiyetsp atioﬁ) I%Jermmal almay,

ot her entfd? out epar Fng fromt
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in a vocoder packet including: receiving and decodi ng _the vocoder

packet byNACKr Bekds gpterpreted astg |StTé¥RT1g10%eoaéeweay festen packisD
until a %Ya%&ﬂ{sﬁaﬁz%'aﬁahal &aﬁ%ﬁlé &ﬁﬁﬁg %@lgmm I«an% spfhat E{% atl
Ing t €co

filtering 1 ncluding correl at VOoCO er t W t
predeternnmemaQEquﬁhﬁﬁTmamﬁgmﬁmeecmmeﬂsﬁthcahnmmmuummsngnahemamw

searching, f atter.n of forre atign peak t chroni zat i
sonal . rePS PROSk G FERLIbURI PSR dhRald Gl M R ER "
correlathmﬂmmﬁ@kﬁmnahﬁhnggmamyanﬁﬁﬁkﬂﬂcmaﬂkeRMm,mbameumwmhen@mwagted
pattern i lurali f negative osi_tive correlation
peaks; rF% ‘b‘gfiégf?ﬁ H?eﬁ‘ag‘i“f’atlfi’i‘e{‘ 1 sreﬁ’reéta‘$8g [‘) Kad cgnigrbReeditiihed
val ue; th@ghﬁgﬁ@kmqgS@mﬁh§gngR@&&§§%apased on the synchroni zation
signal by the processor; and extracting the non-speech data enbedded

in the dd8BERY vocddethen saimple bams deapdition eoaciisi hero fifes Spuky Famainal
pr OCessormmn]%eqarmea ﬁ%@koﬂle&%ig{ L@w K %%agé Nt Be LORJIE lr&%)hlgﬁg,l %ﬁ ce

i ncl udes app ng a sparse ter ose coeétfficrents are
response mévmllmemmsegbehm htmemtesle'quaémsea STARTThessaed, Hbtd Soﬁrce | Teirnmndl or
2, wherei.n the de gfnlnln numrbe

1
2 cant or rene vl ACKTEN0S dh hOfe SR foSioliE 8 BF ot B WSsace has
positive woif Exﬁ&r@tdt@imsmelaksxamdss@gmt;trast&jm&frdmgat wiigs foafi@hatAOR. peaks

mat chi ng tElQ ?ollec;\gveggcrgleegdg%aig tngtr dnnothaep gCK 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 messages.
[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 continue transmitting redundancy versions until the ACK



determining if the sumis greater than the predeterm ned val ue. 4.
The nethod of claim3 wherein the predeterm ned value is 80% of the
maxi mum nunber of positive correlation peaks and negative correl ation
peaks foufdORMWIEHE4%SyNnchroni zati on signal which neet tRETARYOHOHE0S
pattern. 5. The nethod of any one of ,glainms 1 to 4, wherein the
searching further includes: identifying a nunber of positive

det ermni
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sear chi ngidpdinkFindr Rahud@fonsi dentifying a nunber of negative
correlation peaks in the synchronization signal; det er mi ni ng
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calculating.the timng ,0of fset includes,addi the t. di st ance
ot ven. AMRLERE DL G WP A DRk ORRRAE et DRn il T HekBRE e o
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negative correl| ati.on peak. 8 The nethod of any one of clains 1 to
6, wher ei®AUHHY EEATAS) AETSRRFS (e rﬁwenagi%wgwereﬁ%}nae@gmaerd@ greliable

messages received versus if the messages were received with a reliable determination.
In another example response, if the unreliable received messages are NACK. messages
or ACK messages, the Source Terminal may ignore the messages.

[00141] Another example error condition occurs when the Destination Terminal
is unable to detect the transmitted MSD due to noise or other channel distortions, In an
cxample response, after attempting to decode a predetermined number of redundancy
versions, the Destination Terminal may request the Source Terminal reinitiate the
transmission by sending START messages. In the reinitiated transmission, the Source
Terminal may use the robust modulator, which is less prone to noise and other channel
distortions.

[00142] Another example error condition occurs when the Destination Terminal
cannot cvaluate the wakeup signal correctly. In an example responsc, if the Destination
Terminal considers the wakeup signal detection unreliable, it chooses the fast (or
normal) modulation mode for the first trial of demodulating the MSD data. For any
other sct of a predetermined number of received redundancy versions of the MSD data,
the Destination Terminal may use the robust modulation mode to demodulate the data.
[00143] Thus, disclosed herein is an apparatus and method of reliably and
efficiently transmitting data in-band through a speech codec in a wircless
communication system. Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits, and
symbols that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic ficlds or particles, optical fields or

particles, or any combination thereof. Also, though the embodiments are described



the tine distance between a negative correlation peak and a reference
time instance. 9. The nethod of any one of clains 1 to 8 wherein the
extracting includes: determ ning a denodul ati on franme boundary based
on the tinVvAgIBYN#Eét; determ ning a denodul ati on type BPEIEF2@H/046405

denodul ati on type indicator; determinpkng a data signal pul se position
usi ng the denodul ati on frame boundary and t he denodul ati on type; and

cal cul ating an. output data mhol bhased on the.data signal pul se

posi 11 on BBy §HicRHE of g ST T Bl BE e 1 s at R Ger B e
i ndi cat orbd gppRedovedet er-bandeldtasdogina@lnicatidd sysTEhe tha tabeofiked f(nd-portabkd or
wherein the predeterm ned signal is a sinusoidal signal. 12. The
met hod of %% Oéf%oﬁ'ﬁavm&‘tl@?ﬁhat“ -predetermned signal is stored in a

nenory at[0g1449si ti qpogebeRiiNedully flfher appredishe OfhsS fe- varkbds ifustrative
non-transitory nmenory storing a conputer programthat, when executed,
causes a leBf#Utlegks BOBEes srFAs hadzdgositign stepe desciibeginganagten dithgha
vocoder pagk@tm. : PR A=Y t:h , : : '
synchroni zat i%g?]cnéﬁ %lﬁ%?gc%is&?g% g%?’ eﬁg%ﬁiﬁg&g Fcﬁta\eé%?%gg){ilﬁgﬂqﬁ%ﬁcg %B&bhm?
corr el at i seffwetee olecotherhtivos o drotlpatk efleavly t Wustrayr elietistervhaegtalsibyuefice

d h ' ion.si |, d ' f ) f
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sear chi nostépd Gbudesh dedPibed above generally in terms of their functionality. Whether such

functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[00145] The various illustrative logical blocks, modules, and circuits described in
connection with the cmbodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may bc any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
or morc microprocessors in conjunction with a DSP core, or any other such
configuration.

[00146] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CDROM, or any other form
of storage medium known in the art. A storage medium is coupled to the processor such
the processor can read information from, and write information to, the storage medium,

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



identifying a nunber of correl ation peaks matching an expected
pattern, wherein the expected pattern is based on a plurality of
negative and positive correl ation peaks; and determning if the
nunber i s Woauva#23tthan a predeterm ned val ue; cal cul at iPEE/TUR2G00/04 615
of fset based on the synchroni zation gignal; and extracting the

non- speech dat a enbedded in the decoded vocoder packet based on the

timng off 14. A arat S. i nc rqQces receiver
that " Pecdrd ot sorabsmenRERY ShHSeR AsC Be BBRaRRIR piopfsn g e
filters thesgoaatied m@emasmi@e& cdﬂfﬁohént@m&)/t[&éﬂéﬁﬁlhﬂatl on signal is

det ect ed, @@HIEIH the filter |ncludez aorrelator to correlate the
decoded V8 r padKePrHN desEEaRel i AlstlodfrhadEments [ avide! fhe
synchr oni gtk %ﬁe&ﬁﬁl skilRQ%inahs 8RF GNRhkd Or ﬁ%ﬁ{e%@m Bt dn® WariBhs
correl ation P s in the synchronization signal, wherein the searcher
i ncl udes:modiricationgtopibeie qnd?@dtmemtSemﬂflmreacu@rﬂmpmymﬁg t@psnuhﬂﬂed inpthe art,
correl ati @g% ed
pattern |296§§§%§%§nggwura F@ﬁgf %’ %ﬁ p05| bggk%§PSéﬁ%§%on
peaks; arttd:pmmgédonsthmspmmrpaswpemf ftlw indetitien. rrmhungha presdne inveantaer is | |nst

greater than eter ed calcula or. t al.cul ate
g of PeRsBLETURE BB Skt Subrulera hitis 1o s SSro&d B s
extract orscb;lfeadonamtaﬁtaﬁtkSthaﬁfin@p@@ﬁﬂ batiFefmeedidaesc Melclie decoded
vocoder packet based on the tinmng offset. 15. The apparatus of
claim 14, wherein the correlator is a sparse filter whose
coefficients are the inpul se response of the predeterm ned sequence.
16. The apparatus of claim 14 or 15, wherein the peak sum conparat or
further:



cal cul ates a sum of a nunber of positive correlation peaks and a
nunber of negative correlation peaks matching the expected pattern;
and determnes if the sumis greater than the predeterm ned val ue.
17. The apparatus of claim 16 wherein the predeterm ned value is 80%
of the maxi mum nunber of positive corpel ation peaks and negative
correl ation peaks found in the synchroni zation signal which neet the
expected pattern. 50 18. The apparatus of any one of clains 14 to
17, wheraimsi he searcher further includes: a positive peak detector
to identify a nunber of positive correlation peaks in the

synchroni zati on signal; a positive peak time conparator to

det er mine i @A rhdigdiof oiaiting harpesch ditneatedidian posoldr pyeckeahdiwlirgt | on peaks
is within ach!ei(n‘?lt r%rcgdo%gnertneivrggql ;%&%?' and . a positive peak

anpl i tude cOITparal B S GNP PHEPBEEFi ve correl ation peaks
anpl i t ude i §ltgmedtealecadbdivpcadef packdt upil edptcbronizaiied siginl &slewetted byliBe prédessor,
appar a . e I ein t searcher further
hor ua e A ARl A Bedls bloded ok Sh bl S R B Il
cor r el deisprhypsiakionisignaljrad sepriblng dnia pattdroef cgirgjaimh peaks in the synghegddiianssignal,
peak tiiBrenQmRRL ALY inliQidletermne if the time distance between the
negative correlation peaks is within a second predeterm ned range,
and a negatdenidyipearmzhiepet conigletion gealamaiching aoexpested patane wherein e
negative Poé)g:ﬁét@é $a@Bn REAKS 0B ARl ur A nbh i G £ALEG Ve REHeIRioR g&@e&qm
predeterm ned threshol d. 20. The "apparatus of any one of clains 14
to 19, wherein t ferpaingif he Btrm!tehatgree% Ban anredsteppiaed Yaleng of f set

i ncl udes ancagdgighg b emagddridiBastd SELELRLRNEANEEMBRY (Re RORksE W&
correlation peak and a referen%ﬁ)eépiérre instance to the tine distance

bet ween t he “HBEE N0 spPeEeh Lig 4 R thgdpeeded gepqflsrpackeidiased on the giing
peak. offdtbyinep@ppaiat us of any one of clainms 14 to 19, wherein the
calculator that calculates the timng offset includes an adder to add
the tine distance between a negative correlation peak and a reference
ti me i Ast anthe m2Rod oFhkina ppak@inike @ircamyy i0ieleOippbhngi anpardeilicOwicke
wherein tfg,?cgell§sxa'trgtﬁctor Lne rocessagr _to: determne a

dermodul‘&tTon fr an%kl]bbglﬁﬁléfgéoglgeozéhge egﬁte'ilTHrée £'f uenr?ﬁ' of fset; determne a
denodul ati on type based on a denodul ati on type indicator;
3. The method of claim 1 or 2, wherein the determining if the number is greater than the
predetermined value includes:
calculating a sum of a number of positive correlation peaks and a number of negative correlation
peaks matching the expected pattern; and

determining if the sum is greater than the predetermined value.

4. The method of claim 3 wherein the predetermined value is 80% of the maximum number of
positive correlation peaks and negative correlation peaks found in the synchronization signal which meet

the expected pattern.

5. The method of any one of claims 1 to 4, wherein the searching further includes:
identifying a number of positive correlation peaks in the synchronization signal;
determining if the time distance between the positive correlation peaks is within a first

predetermined range; and
determining if the positive correlation peaks amplitude is greater than a first predetermined

threshold.



determ ne a data signal pulse position using the denodul ation frane
boundary and the denodul ati on type; and cal cul ate an out put data
synbol based on the data signal pulse position. 23. An apparatus

i ncludi ng: a processor; means for receiving and decodi ng a vocoder
packet; 51 means for filteringy§ he decoded vocoder packet
until a synchronization signal is detected, the neans for filtering
i ncludi ng neans for correlating the decoded vocoder packet with a
pr edet ér m nEkk mahpdemiany dne opdaas C e 4, Rbesyitieheatiizatiienisigral , and

means for searching far attern of correl ation peaks i.n the
synchronizaffgﬁygggﬁgﬁ?r§%§%1W%C %mﬁﬂgﬁng ?s¥%ﬁg@ﬁWﬁ%?gmL

i dentifies determivierif Gé tinodisehabbtonepbakegativa t-aldlaign peakex patihadecond
patter rel ] xpected pattern is based on a plurality of
negatidiﬁgﬁm%%g?égggfcorrelation peaks; and determ nes if the numnber
is greater tdiaminngif bedatgetiveicnedlativalperds amplaws if geata dlac bbabrdigedatetrhingdg
of f set yhaggg on the synchronization signal; and nmeans for
extracting the non-speech data enbedded in the decoded vocoder packet
based on the timng offset. 24. The apparatus of claim 23, wherein
the means fege 6QhddSlraly B8 PR €% @ wBRBLIR Lichib&l: (MRS5S, gigs@e‘ i%&de?ﬁd&g
are the inpul se resporise of the predeterm ned sequence. ) e

appar ath§dimsistgangs heivesn ppospiye coprelefien prak el arefgreaceftine insapcthitheginjegtistance

f urt hepetgadnflth<pkiatk dofrelafsd febl Ak @ ndeafWBoptla@onpdsiber of positive

correl ation peaks and a nunber of negative correl ation peaks matching
the expected pattern; and determne if the sumis greater than the

pr edet @r m negk M@hddest any2fe ofAmAP RS, ahetsin e Glo@hthg2R inhEsReNndiiRs adding
predetﬁrmin%d vahye i S 80% of t%e.naxinu nunber of positive

cor r el SENGY IFEARESRIEE" hRFAtE GeTLYIP Bk ap %mgﬁﬁﬁ%mF%ﬂﬁﬂan t he

synchroni zati on signal which neet the expected pattern
0. The method of any one of claims 1 to § wherein the extracting includes:
determining a demodulation frame boundary based on the timing offset;
determining a demodulation type based on a demodulation type indicator;
determining a data signal pulse position using the demodulation frame boundary and the
demodulation type; and

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

10. The method of claim 9 wherein the demodulation type indicator is a predetermined signal.
11. The method of claim 10 wherein the predetermined signal is a sinusoidal signal.
12. The method of claim 10 wherein the predetermined signal is stored in a memory at a position

determined by the timing offset.

13. A non-transitory memory storing a computer program that, when executed, causes a computer to
perform the acts of:

receiving and decoding a vocoder packet;

filtering the decoded vocoder packet until a synchronization signal is detected, the filtering
including correlating the decoded vocoder packet with a predetermined sequence to produce the
synchronization signal, and searching for a pattern of correlation peaks in the synchronization signal,

wherein the searching includes:
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a peak identifier for identifying a number of correlation peaks matching an expected
pattern, wherein the expected pattern is based on a plurality of negative and positive correlation
peaks; and

a peak sum comparator for determining if the number is greater than a predetermined
value;

a calculator that calculates a timing offset based on the synchronization signal; and
an extractor that extracts non-speech data embedded in the decoded vocoder packet based on the

timing offset.

15. The apparatus of claim 14, wherein the correlator is a sparse filter whose coefficients are the

impulse response of the predetermined sequence.

16. The apparatus of claim 14 or 15, wherein the peak sum comparator further;
calculates a sum of a number of positive correlation peaks and a number of negative correlation
peaks matching the expected pattern; and

determines if the sum is greater than the predetermined value.

17. The apparatus of claim 16 wherein the predetermined value is 80% of the maximum number of
positive correlation peaks and negative correlation peaks found in the synchronization signal which meet

the expected pattern.
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18. The apparatus of any one of claims 14 to 17, wherein the searcher further includes:

a positive peak detector to identify a number of positive correlation peaks in the synchronization
signal;

a positive peak time comparator to determine if the time distance between the positive correlation
peaks is within a first predetermined range; and

a positive peak amplitude comparator to determine if the positive correlation peaks amplitude is

greater than a first predetermined threshold.

19 The apparatus of any one of claims 14 to 17, wherein the searcher further includes:

a negative peak detector to identify a number of negative correlation peaks in the synchronization
signal;

a negative peak time comparator to determine if the time distance between the negative
correlation peaks is within a second predetermined range; and

a negative peak amplitude comparator to determine if the negative correlation peaks amplitude is

greater than a second predetermined threshold.

20. The apparatus of any one of claims 14 to 19, wherein the calculator that calculates the timing
offset includes an adder to add the time distance between a positive correlation peak and a reference time

instance to the time distance between the positive correlation peak and a negative correlation peak.

21. The apparatus of any one of claims 14 to 19, wherein the calculator that calculates the timing
offset includes an adder to add the time distance between a negative correlation peak and a reference time

instance.

22, The apparatus of any one of claims 14 to 21 wherein the extractor includes a processor to:
determine a demodulation frame boundary based on the timing offset;
determine a demodulation type based on a demodulation type indicator;
determine a data signal pulse position using the demodulation frame boundary and the
demodulation type; and

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

23. An apparatus including:
a processor;

means for receiving and decoding a vocoder packet;
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means for filtering the decoded vocoder packet until a synchronization signal is detected, the
means for filtering including means for correlating the decoded vocoder packet with a predetermined
sequence fo produce the synchronization signal, and means for searching for a pattern of correlation peaks
in the synchronization signal, wherein the means for searching:
identifies a number of correlation peaks matching an expected pattern, wherein the
expected pattern is based on a plurality of negative and positive correlation peaks; and
determines if the number is greater than a predetermined value;
means for calculating a timing offset based on the synchronization signal; and
means for extracting the non-speech data embedded in the decoded vocoder packet based on the

timing offset,

24, The apparatus of claim 23, wherein the means for correlating applies a sparse filter whose

coefficients are the impulse response of the predetermined sequence.

25. The apparatus of claim 23 or 24, wherein the means for searching is further configured to:
calculate a sum of a number of positive correlation peaks and a number of negative correlation
peaks matching the expected pattern; and

determine if the sum is greater than the predetermined value.

26. The apparatus of claim 25, wherein the predetermined value is 80% of the maximmum number of
positive correlation peaks and negative correlation peaks found in the synchronization signal which meet

the expected pattern.

27, The apparatus of any one of claims 23 to 26, wherein the means for searching further:
identiftes a number of positive correlation peaks in the synchronization signal;
determines if the time distance between the positive correlation peaks is within a first
predetermined range; and
determines if the positive correlation peaks amplitude is greater than a first predetermined

threshold.

28. The apparatus of any one of claims 23 to 26, wherein the means for searching further:
identifies a number of negative correlation peaks in the synchronization signal;
determines if the time distance between the negative correlation peaks is within a second

predetermined range; and
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determines if the negative correlation peaks amplitude is greater than a second predetermined
threshold.

29, The apparatus of any one of claims 23 to 28, wherein the means for calculating includes means
for adding the time distance between a positive correlation peak and a reference time instance to the time

distance between the positive correlation peak and a negative correlation peak.

30. The apparatus of any one of claims 23 to 28, wherein the means for calculating includes means

for adding the time distance between a negative correlation peak and a reference time instance.

31 The apparatus of any one of claims 23 to 30 wherein the means for extracting includes:
means for determining a demodulation frame boundary based on the timing offset;
means for determining a demodulation type based on a demodulation type indicator;
means for determining a data signal pulse position using the demodulation frame boundary and

the demodulation type; and

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



