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BACKGROUND
Field

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

information through a speech codec (in-band) in a communication network.



a result, nuch research and devel opnent has gone into conpression

techni ques, especially in the area of speech coding. A comon speech
conpr essiwO 20ppiAPHAGUS IS a "vocoder” and is al so interchramgsamopseied er r ed
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speech sanpl es and produces col l ections %of data bits known as "speech

packets". Several standardized vocoding algorithnms exist in support of the
di fferent dlegenintion phRelatedArton syst ens which require speech conmuni cation
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communication systems. The 3" Generation Partnership Project is another example
standardization organization which specifies the GSM (Global System for Mobile
Communications), UMTS (Universal Mobile Telecommunications System), HSDPA
(High-Speed Downlink Packet Access), HSUPA (High-Speed Uplink Packet Access),
HSPA+ (High-Speed Packet Access Evolution), and LTE (Long Term Evolution). The
VoIP (Voice over Internet Protocol) is an example protocol used in the communication
systems defined in 3GPP and 3GPP2, as well as others. Examples of vocoders
employed in such communication systems and protocols include ITU-T G.729
(International Telecommunications Union), AMR (Adaptive Multi-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 systems in
support of the demand for instant and ubiquitous connectivity.  Users of today’s
communication systems transfer speech, video, text messages, and other data to stay
connected. New applications being developed tend to outpace the evolution of the

networks and may require upgrades to the communication system modulation schemes

and protocols. In some remote geographical arcas only speech services may be



support is mandated in the communi cati on network, such as Enmergency 9 11
(E91 1) or in-vehicle energency call (eCall). In these energency

appl i cat iwo 2e00amIpi4es, fast data transfer is a priority par/usetsaleaays
realistic especially when advanced data services are not available at the
user termnal. Previous techni ques have 4;S)r ovided solutions to transmt data
t hrough a speech codec, but these solutions are only able to support |ow
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speech charBeteriZfi es" i'nefUde rapi dly changing single frequency "tone"

si gnal s or [000] Thengedtt tcofipeestive culgniims dfemsiteh dlys mobbsbeadReD ditise ar e
unable to efficiently and effectively encode such signals. %0007]
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decoder to synthesize an estimate of the input speech. The parameter sets available to
the vocoder to encode the signals are tuned to best model speech characterized by
voiced periodic segments as well as unvoiced segments which have noise-like
characteristics. Signals which do not contain periodic or noise-like characteristics are
not effectively encoded by the vocoder and may result in severe distortion at the
decoded output in some cases. Examples of signals which do not exhibit speech
characteristics include rapidly changing single frequency “tone” signals or dual tone
multiple frequency “DTMF” signals. Most vocoders are unable to efficiently and
effectively encode such signals.

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

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



The Iimted paraneters are insufficient to effectively nodel the tone
signals. The ability of the vocoders to nodel the tones is further degraded
when at t ewpt2oevgi4paaci ncrease t hetransm ssion data rate bycthsegoiogssbhe t ones
qui ckly. This affects the detection accggacy and results in the need to add
conpl ex schenes to mnimze the data errors which in turn further reduces
the overall data rate of the communication system Therefore, a need arises
to effici eftanymishian efatecrievey whenging e tenmsaduifpugith affede fhe datsstion a
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Enbodi ment s_di scl osed herein address th ove stated needs by using an
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through a $B&&CH JCRHBSuNi¢LBARLWdIkone enbodi ment, a nmethod of sending

non-speech information through a speech codec conprises processing a
plurality dﬂﬂﬂ&}up’tﬂcoxﬁmgy sy mowild heoa@aotjtgc@lsatoppmvaia taly 10fprcb\re|ds$yspm1m der

si gnal s, sha t he ural.it f firs ul se sign roduce a.
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shaped firs&u@#kse signals with a speech codec. [0011] In another

enbodi ment, an apparatus conprises a processor configured to process a
plurality of input data synbols to produce a plurality of first pulse
signals, a shaper configured to shape the plurality of first pulse signals
to produce a plurality of shaped fl%ﬁ} ﬁm&ﬁgrsignals, and a speech codec
configured to encode the plurality o aped first pul se signals to produce
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first pul seasd glvabs, toreiddbdy H@hsnsibaid R@eivb@oRlsPécthiihforbtidd ﬂﬁ@ugmd §Re&ll gnal s
to produce a plurality of shaped first pul se signals, and neans for

encodi ng t §eéd¥haped first pulse signals with a speech codec. [0013] In
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speech cod rvses eneratln se uence t
noi se-1 i ke speech codec comprises processing a plurahty of 1nput data syrnbols to produce a

plurality of first pulse signals, shaping the plurality of first pulse signals to produce a
plurality of shaped first pulse signals, and encoding the plurality of shaped first pulse
signals with a speech codec.

[0011] In another embodiment, an apparatus comprises a processor configured to
process a plurality of input data symbols to produce a plurality of first pulse signals, a
shaper configured to shape the plurality of first pulse signals to produce a plurality of
shaped first pulse signals, and a speech codec configured to encode the plurality of
shaped first pulse signals to produce a speech packet.

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

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

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

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



characteristics and is robust to speech frane errors, and sending the
predet er m ned sequence through a speech codec. [0014] I n another

enbodi merwQ 2009/1ap3ar at us conpri ses a generator confi gur @dTiUS2@peMe6400 € a
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t ospeech frame errors, and a speech codec configured to process the
predeterm ned sequence to produce a speech packet. [0015] In another
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timng offset based on the synchronization signal, and an extractor

conf i gur ed ofiscte brsedc Pnnts preEbrondzatian esiseddeddi extrasing eibo deen-siseelledatpack et
based on the,ti,mng of fset..[0018] |n _ another,e di nent, an apparatus
conpri ses ﬁ%&’ﬁg&‘fd&gﬂ}ee{i:eeclgé?dn‘éocgéecfp&%%%%ﬁ%goglt\l}%g{% %%%ket, means for
filtering 1@ 7eeanstevatinditmenask gipatdtd tondprivgs e he@blicz abnfifured @nateivs
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enbedded i - ; - i.q f - 9] |
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synchronization 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 system comprises transmitting
a start signal from a destination terminal, discontinuing transmission of the start signal
upon detection of a first received signal, transmitting a NACK signal from the
destination terminal, discontinuing transmission of the NACK signal upon detection of a
successfully received source terminal data message, transmitting a ACK signal from the
destination terminal, and discontinuing transmission of the ACK signal after a
predetermined number of the ACK signals have been transmitted.

[0020] In another embodiment, an apparatus comprises a processor, memory in
electronic communication with the processor, instructions stored in the memory, the
instructions being capable of executing the steps of transmitting a start signal from a
destination terminal, discontinuing transmission of the start signal upon detection of a
first received signal, transmitting a NACK signal from the destination terminal,

discontinuing transmission of the NACK signal upon detection of a successfully



destination termnal, and discontinuing transm ssion of the ACK signal
after a predeterm ned nunber of the ACK signals have been transmtted.
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sour ce t er mumbkr cfatha AGHS siggeds hiveebesmittahsmigged ACK signal from the
destination term nal, and di scontinuing transm ssion of the ACK signa

after a pr S T estingi ﬁH&Pa’élﬁe%hé‘nA@RP%?t@‘ﬁa% hefPRIrBBE FPURS rﬁeml@al

[0021] I n aaathRGiofMIAcH "B NestiRRiAPRERAMMSiH Ah GRAIHCbAfNRAHES CsRiM nal

t ransm ssi ons f‘rom a desti1 nat ion term nal in an | n-_bar]d conmuni cat’i on
syst em conppinpascsnmpeans fbotransnatiswg 4 starigignak tramt a degmatiorf teomiral,destnisrfat i on

term nal, f i tinuipg transm ssi f the.start si.gnal.
et ect on drocanyits TEEaRRnOb T SREH Do S Reriah Shi T S AR gnal
from the desdah§abi ARnb@tHhRal NACRNSghA froinS ARNHEMMhich tERISN SRdafH BF the

NACK signal upon detection of a successfully received source term nal data
message, neiagentinmng rtegnsmission nef eheAAGK grigmal f wpom defectiws of rlasiensssfelbni nal |
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froma source term nal in an_in-band conmunicati on system conpri ses
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request signal, transmiting a user data segnent“from the source term nal
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[0023] In another embodiment, an apparatus comprises a processor, memory in
electronic communication with the processor, instructions stored in the memory, the
instructions being capable of executing the steps of 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.

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

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



of the request signal, transmtting a user data segnent fromthe source
termnal using a first nodul ati on schene, and di sconti nui ng transm ssion of
t he user weataosagient upon detection of a first recei ve®C3iuspa@/04440024] | n
anot her enbodi nent, an apparatus for controlling source term nal

transm ssions froma source termnal in®%n in-band comunication system
conpri ses neans for detecting a request signal at the source term nal

means for trsdniignal depma thy glestinstipy deinypals %@ﬁamtlwwr@m%@ﬁ ©é theppichal

upon det ecti,am Gl NELLRAUSES 3l 0AvedBARA, [N NIABSILHRR AR untiP 2

segnment fro e source termnal using a st atron sc
f or di scontfionuitieg déstiaasen ssmaral,ofratshetting er uskatdats egpment froponhddégimbii@n of a

first received signal. [0025] |In another ephodinent, a nethod o
control | i ndCTBIRA! B Bt %%‘%‘ﬁatt%?é%s? 15?9‘5%“@%‘%@?%@0# thsrhehal i n

an in-band dﬁf%”ﬁ%k&%ﬁ%ioﬁl'aet%}{é&%‘?ac&@@ﬁdé@évédﬁ%@d’ﬁ ttinga send signal from
Ss

the destination"termnal, discontinuing trans ion of the send signal

upon det ect/P@6] df @nothar sembadimicwie dars iagpahiust eamemscs t 4 mgoessyrnaheroeryzat i on
signal fromthe destination termnal, transmtting a user data se t from
the dest| nalFERE G CAEPIG A B PReRBa TGRS SRETe™ SR eRedontt nui ng
transm ssi Qﬁhtﬁ%tiérﬁ%éﬁﬁ{éapﬁ@l‘é%f%ﬁgdmiﬂg thPQBp et ehishPiinfha Rnd SiANNTERGR ved
signal. [0026] | n another enbodi nent, an apparatus conprises a processor,

menory in eegortionitgmigindifdontiniion twinsmissing ot sxdaiignal nperr detestimsofst or ed
in the ”Em%{ré’t’reéeﬁ‘veeg' Nan! LEII%%' Q5. PEL ”r%h%’ apable Of . GxSEuld (?e%t'ﬁar%%ns[%r%gﬁalm
s%gria 1S‘ro %?my eS%InaPIOI% %ermna, d ontl g

transmtting a Sen m I'sC nui h

transm ssi eanchittitea sesrdiatd gaalentiffomm tetdeainaten efrména ukiag arfaeemvedasognal ,
transmtting a synchronization signal fromthe destination term nal,
transnitti fghanyused digeptinErgERpSMRIBEMR Ohdcdeser idatt SCeMehierPAMEStCHON Y &

first nodulatdqn.Se and di scontinuing transm ssion of the user data
segnent upggédggt %%?‘%gﬁ?%]?a'a second received signal. [0027] In another

enbodi nment ,[062Y] dppatahars chidodmaomit,r ainl iapparbtusli forrc icomnalinglabidirtetamaim dasd ons
froma destinatjon termnal jn.an in-band comruni catjon system cor;pri ses
s biigh g

means for t“jragﬁ_gmlﬂl? "2 el stéjaling) teprpigal thedes tP Utné‘?aﬁpﬁaq teﬁ‘hans
for di scon_tcbglg%,igﬁg; th&é AL SHsARE 2 kbR S8R FRInYRRl diRRRioH8LRfhdI ORe s 18y T T St

recei ved sign means for transmtting a synchronization signal fromthe

dest i nat i ondiscentmunad {ramsmsassorf of the send signal upon detection of a first received signal,
means for transmitting a synchronization signal from the destination terminal, means for
transmitting a user data segment from the destination terminal using a first modulation
scheme, and means for discontinuing transmission of the user data segment upon
detection of a second received signal.
[0028] In another embodiment, a system for communicating data over an in-band
communication system from a vehicle containing an in-vehicle system (IVS) to a public
safety answering point (PSAP) comprises one or more sensors located in the IVS for
providing IVS sensor data, an IVS transmitter located in the IVS for transmitting the
I'VS 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 IVS

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



transmtting a user data segnent fromthe destination termnal using a
first nodul ati on schenme, and neans for discontinuing transm ssion of the
user dat aweegoverap34sapon detection of a second received siPgmaiS200000:28) | n
anot her enbodi nent, a system for communi cating data over an in-band

communi cation systemfroma vehicle cont’ai ni ng an in-vehicle system (I1VS)

to a public safety answeri ng BOi nt (PSAP). corrgri Ses one Or nore sensors
| ocat ed i n M$eAgeYSVRGRINIRGTP AP HECAXPS compEshs RSAP dgigctoydpr dosstipg thaekVs

| ocated in I 1 LEd e data, jver
| ocated in Sgﬁgrﬁ%ﬁo osrlélﬁag(r;%ﬁwv#}r?gﬂgﬁé% Y];gxg e%?g?ﬂ%gdtag,@? Iggglﬁéﬁ%tﬁg%b{t er
| ocat ed i n delmedEHSAR: tlar IVS anspaget dndgpe®iding anreatided 8V R, ma@sadeyS/heede ither

| ocated in the IVS for receiving t PSAP co nd dat a;.  wherein the |IVS
transmitt eﬁsgé’nﬁﬁap%gteaﬁowgwés% PBERHES APIGICr (167 REpe e the HS¢S

sensor dat a,aRgnAr gAY Cainﬂgpr%ﬂuéi%{épalr@%%@g @omﬁﬁndli MReREQL ES PRAD BFocBEBFE8S! NI

the 1VS nessage and produci ng a urality of 1VS shaped pul se signals, an
| VS speech peorcetieg tHeoPSARcadimand hresdayS aghgpedugmy s eplgialtyabs PAAR gvapetlici ng

VS ded si gpal VS hroni zat | tor f ti

1VS synchr GHIY S14T3h- & PSAL) SPEGHEneAdea" Ercerlin 1S BSAP Bt PyS: SEndlh &l i ng

a sequence pddue¥s aSPSAPre(ﬂGJ)@e@téi%l{hl,Sd Bﬂﬁg%grﬁé}fﬂoﬁiymsﬁ%%%r w@gé@raﬁﬁgr@ PSAP
or

recei ver conprises a PSAP detec for defecting the |IVS synchronization
si gnal and BSAddsendigonizaeaPsigpdlc ahlag, PSAPSKRsaenseniialcorfof drangaxbagl &t i ng

the I'VS nes an duci.ng .a .recei ved | : wherein the .PSAP
e et | R RRRee B OAD SRS AR ST B AP PSR WISLEED SR IE

command dat®Sanetiradtpring & RBARcteaortvrdiciRap@ge, PSAPSARhpSOLRDa GlgrDr
processi ng the PSAP command nessage and gr oducl r:]gﬁa plurality of PSAP
d¥dedentagipl

shaped pul $8d $refsing angl Visspymcsilags apd én derdegodueimeshp Pdhed
pul se sign i; NI Lgnal, a PSAP synchroni zation
gener at or o%s%gggﬁéﬁﬁgélggﬁgﬁg sydnﬁjglgﬁf%gsg |é'on signal, and a PSAP transmt
controller for transmtting a sequence of PSAP synchroni zation signals and
PSAP command nessages; wherein the IVS receiver conprises an |VS detector

[ag, and an’1 v denoculiibr BESCRIRSIORGF e RN <305 ana ™
produci ng ?0(;269(]: Ql"ih\éeacsipeFétSsAa!l:;ldrr‘Elg sa?‘c%ﬁdan??é\%itaggss (o:fRIthF;Telmqb\éd%:ler-lrcsH%es[g%\e/\!i II\Il(earSein
will become more readily apparent by reference to the following detailed description
when taken in conjunction with the accompanying drawings wherein:
[0030] FIG. 1 is a diagram of an embodiment of source and destination terminals which
use an in-band modem to transmit data through a speech codec in a wireless
communication network.
[0031] FIG. 2 is a diagram of an embodiment of a transmit data modem used in an in-
band communication system.
[0032] FIG. 3A is a diagram of an embodiment of a synchronization signal generator.
[0033] FIG. 3B is a diagram of another embodiment of a synchronization signal
generator.
[0034] FIG. 3C is a diagram of yet another embodiment of a synchronization signal
generator.
[0035] FIG. 4 is a diagram of an embodiment of a synchronization burst generator.
[0036] FIG. 5 is a diagram of an embodiment of a synchronization burst sequence.
[0037] FIG. 6A is a diagram of an embodiment of a synchronization preamble

sequence.



[ 0029] The aspects and the attendant advantages of the enbodi nents

descri bed herein will becone nore readily apparent by reference to the

f ol | owi ngwaeb@vil4gskédescri pti on when taken in conjuncti oRCRIUSROOIE6400
acconpanyi ng draw ngs wherein: [0030] Fiﬁ 1 is a diagram of an enbodi nent
of source and destination termnals whi use an in-band nodemto transmt
dat a through a speech codec in a wireless communi cation network. [0031]

FIG 2is 0%%5&9@%% afiagrmbel drerbasimgntaf apyRehrogzationyeandla sedrense an

i nband co jcat i - 0] 3A is a diagramof an enbodi nment
of a synchm}%){ﬂflIgoglté%ﬁageﬁg%g&rge{é%e%ﬁ%@%&[ 0033] FIG 3B is a diagram of

anot her ent)e@INENG. OA ia agyraghoDakyahiraizasiog patangea es@tlotion pxP3dWhért @e 3C i s

a di agram of yet anot her odi ment of a_synchroni zation signal generator.
[0035] FI GPrem %%%W&%ﬁon&ve&mrﬁ%ﬂ%ﬁewggﬁ%chroni zation bur st

generat or. (hRPHEGFYE s 3 %§plﬁoﬂé AH A atiBR p‘?{gﬁﬁﬁé Gﬁrﬁéla@én &Jtﬁﬁét?&gére hZation

burst sequence. [0037] FI 6A Is” a diagram of an enbodi nent
synchr oni z ar¢aorblprseanipriscdeitpieneenddood8incEbdqued®si s a di agram of an

enbodi nent nghr.oni,zat i nb). i.th. - i
Fererence JOMIERICENEODYGR BT o Ao RS S PP O o O.
preambl e cqpo4] FGORBOK! PWiagthiBI 6T drdehcP! @Vl Berlt SofCREPRIE@HzRfon message
non- over |l apped reference sequences. [0040] FIG 7B is a graph of a

synchr oni z&elingt. preanbl e correl ati on output where the preanble is conprised

of overl ap I repce seguences. . [0041] El G  8A i.s a di agram of an

erbod ment 1073 HEE ER3S A BAFY o et wtuiHeatodim S s o BB 0 8% agr am
of anot her femiedi ment of a synchroni zati on nmessage format. [0043] FIG 8C
is a diagram of ﬁet anot her enbodi nent of a synchroni zati on message format.

[0044] FI G104 §1G. dissdiaghenrolan cataodaners af 2 Frnunit dafp sipssagg dematessage
fsgrngﬁ? 6ni[ gg@iﬂéﬂ. Il:*gﬁ“d 1805 iasdiggﬂhlagf AN Ao &R E’&H{)os?tfe s@ngﬂg}?&ﬂi&neand
transmit data message format.
[0046] FIG. 11A is a graph of the power spectral density of an in-band pulse based
signal versus frequency.
[0047] FIG. 11B is a graph of the power spectral density of an in-band tone based signal
versus frequency.
[0048] FIG. 12 is a diagram of an embodiment of a data modulator using sparse pulses.
[0049] FIG. 13 is a diagram of an embodiment of a sparse pulse data symbol
representation.
[0050] FIG. 14A is a diagram of an embodiment of a shaped pulse placement within a
modulation frame using a wraparound technique.
[0051] FIG. 14B is a diagram of an embodiment of a shaped pulse placement within a
modulation frame for a typical example in the art.
[0052] FIG. 15A is a diagram of an embodiment of a synchronization signal detector
and receiver controller.
[0053] FIG. 15B is a diagram of another embodiment of a synchronization signal
detector and receiver controller.
[0054] FIG. 16 is a diagram of an embodiment of a synchronization burst detector.
[0055] FIG. 17A is a diagram of an embodiment of a synchronization preamble
detector.
[0056] FIG. 17B is a diagram of another embodiment of a synchronization preamble

detector.



transmt data message format. [0046] FIG 11A is a graph of the power
spectral density of an in-band pul se based signal versus frequency. [0047]
FIG 11B Wwe2009gragh of the power spectral density of anPCmAisacd/ot@ne based
signal versus frequency. [0048] FIG 12 s a diagram of an enbodi ment of a
dat a nodul at or using sparse pul ses. [00}119] FIG 13 is a diagramof an
enbodi nent of a sparse pul se data synbol representation. [Q050] FIG 14A is
a di agr am 90 Fésbddrntsne 6@%@9&%@@1 eﬁ%h%’éfnﬁ!taeér?eﬁt’n‘%}{ﬁf@m??ﬁloa AefgeiPat i on
frame using ﬁtme@paround technique. [0051] FIG 14B is a diagram of an
enbodi nent of a shaped pul se pl acenent within a nodul ation frane for a

typi cal ex3ofis} FIG. tIRe iart diag@6baf akdther d&hBodiment df agiyachrohizatiore détoctbnment
of a synchroni zation signal detector and receiver controller. [0053] FIG
15B is a d.ca@ﬁr%l?ﬁrof anot her enbodi nent of a synchroni zation signal detector

and recei vgphoRPHIGOLd Rla dik FIRBF aﬁleﬁbo&l@lén%oﬁa fgc@ig%%ﬁhg% gﬂstgtnbOd' ment of a

synchroni zat1 on burst detector. [0055] FIG 17A is a ram of
enbodi ment [80604 FGNn20 rson mgtanonf meah@llmedeofea:t@mve [daG56pddr @GedliiBniis- a

di agr am of ther errbtodl nment of a synchronization preanbl e detector.[0057]
FIG 18a |§’alé HEHGHEH A" A Bhbodi ment of a synchroni zation detector

control | er.[0dd1938G. 21 f2a cﬂlﬁg}aﬂn%f%n@hﬁ)gaﬁﬁen%fﬁmﬁtmcl@aﬁ&%bﬁ@%ﬂ@fys@n

synchroni zatl on detector controller. [0059] FIG 19 is a diagram of an
enmbodi nent (08624 Fleceé? ve atdipgrag @ﬂjﬂyg pdm{emoeé]annn@raczgn io$ the drtageawnsbf an

embodi ment s(e)(ﬁie%l %’gl?sn&ﬁecgagaa (rimdt?h ul"rslrlgéjgesr%m% I nb {:c oy ﬁal QR4 s St em

[0061] FIG I'agram of an e nvelceerrer enc
call syst erﬁata[l@gﬁﬂl]se Ed:cfﬁené’eZtra@nﬁtt@h whﬁmﬁﬁk@ﬂa%’@@éld@iﬁﬂﬁmﬁéml@ﬁ tbﬂﬂhﬁz{laCtl on

of the data request = . o )
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
terminal, with the interaction initiated by the source terminal.
[0065] FIG. 24A is a diagram of an embodiment of an interaction of a bi-directional
data request sequence and data response sequence transmitted on both the downlink and
uplink.
[0066] FIG. 24B is a diagram of another embodiment of an interaction of a bi-
directional data request sequence and data response sequence transmitted on both the
downlink and uplink.
[0067] FIG. 25 is a diagram of an embodiment of a user data packet format where the
length of the user data length is less than the transmit packet size.
[0068] FIG. 26 is a diagram of an embodiment of a user data packet format where the
length of the user data length is greater than the transmit packet size.
[0069] FIG. 27A is a diagram of an embodiment of an interaction of the transmit data
request sequence and transmit data response sequence, wherein the user data length is

greater than the transmit packet size.



sequence transmtted on a downlink in a destination comrunication term na
and the data response sequence transmtted on an uplink in a source
conmruni cawoDano%@eirbnal , with the interaction initiated pgTtuseood®sdspmat i on
termnal. [0063] FIG 23Ais a diagran13£ an enbodi ment of an interaction
of the data request sequence transmtted“on a downlink in a destination
communi cation termnal and the data response sequence transmtted on an

uplink in d0&BILE. édRmtinidirram et eeethemembodiment afti infragtiae of dhe rasMiat ed
by the s ourGe r%@l[e@l %ﬂb%necle %g? ﬁ]an@ligdat‘g %&gbﬁseasegﬁé?l%,%e?%i%lelg@ﬁs}%? Eiatg g%}lv%ﬂ{ ment

of an interaction o a request sequence transm on a Ink in
a desti nat iiogreatomimnitleatdnomittpackdtsak. and t he data response sequence
transmtted on an uplink in a source co nication termnal, wi.th the

i nter act i on0YHl Gt @acby %ﬁéagé%ﬁrq;feyqteam%wm gB3Y ¢ & PaAchien 8%&h%gram
of an enmbodi,genk i féguésws@d;ﬁﬁ&é il Rénﬁliphatg'résgg%héeo bRt @nERAVBR yser

sequence and data response sequence transmtted on both the downlink and
upl i nk. [ OGle®]letiGis gddBer thamthditmgsmrmpetkeariat.her enbodi nent of an

interactio i,-di rectional data reqguest seguence.and data re nse
sequence ¢ naakTiCed7BhishchER douh S GETPRR. o Sberaehed SHERYS
di agram of t@RsRrRe FERst QbquRnéS 8id HadstniPask espbRSRiquiite! ¥htReh tengkh of
the user data length is less than the transnmt packet size. [0068] FIG 26

i s a di agr dstadengihisgrpaiel themthedfangmiipeekedsize packet fornmat where the | ength
of the user data length is greater than the transmt packet size. [0069]
FIG 27A is a diagramof an enbodi nent of an interaction of the transmt
data request sequence and transmt data response sequence, wherein the user
data length is greater than t BETAADED DESEGRHBTIONze. [0070] FIG 27B is a
di agram of anot her enbodi nent of an interaction of the transmt data

request seqoEmgEFIENd Elﬁcﬂﬁbsﬁﬁtenﬁ%ﬁﬁné’tﬁscﬂ‘oﬁlsﬁl-EﬁﬁlU@ﬁngnMﬁﬁ&itiBnt%ﬁeﬁﬁ@d’ dat a

| ength is greater than the transmt packet size. [0071] FIG 27Cis a

di agr am of Might eveHepcipdvdhivehtvistesapourer sramel &0 of he prareq tgrsimat 10t a

et SCBIAR AR LRI, LRI SRR OMLALIG sy o2
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 normally functions as a voice communication device.

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

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



[0072] FIG 27D is a diagramof still another enbodi ment of an interaction
of the transmt data request sequence and transmt data response sequence,
wherei n tWe 20&0er93at a | ength is greater than the transmPCTABCMONIGIEE.
DETAI LED DESCRI PTION [0073] FIG 1 ShO\rﬁ an enbodi rent of an in-band data
communi cati on system as m ght be inple fted within a wirel ess source
term nal 100. The source term nal 100 comruni cates with the destination
ternminal 60UZHBHBYJIPM Hoe sonfrbiiTauRdlod bR GorENEiGHPN WSt | Restipgmenso0,
and comuniy6aih oflCAONR! 18 Wcodet ATRER Ao HAP ke ELESR, FATMHPILAL T on
systens inctude cellu tel ep%one syste operating 1n accordance wth

G obal Systseunct arrniibli ke ré€prwuand atanemit (GSMata Tvier d  Capasata tcoomupdtatines shi p

Proj ect Universal bil e Tel ecomruni cati on System (3GPP UMIS), Third.
Gener at i on “PEMCher! ﬁinﬁnﬁp%ﬁcgéﬁtazwc%aaatadvlfg @ﬁswmﬁf‘enﬁ&@ggéa@s@ﬂg@

COMA) ,  Ti ”Elé@al“fér‘n?,%%éﬂ@&%&”ﬁﬁ%a Q- LighaA skl s SSuléelD- HEDOVA)
and Worl dwi de Interoperability for Mcrowave Access (W st andards. One
ski |l | ed i nmdssagardatapunfdrmagongnbuzl inteahe phise peshonsgefede deseilikbegnakbr €har may

be caual | BRI 4 iERS, % 2 ML SRLIGR, RISLGM T fges
conbi nati Ofale?éndﬁr%k‘;ﬂ AR ingiidid GRE OskesIBE ﬁm@peecmmainc@tah%ﬁa%fbﬁéw and

other infrastructure suitable for establishing a comunication |ink between
t he sour ce t¢ épnyarathcl 00swae ddsinin at sigral tveiiph wan beodfcchuely estgaogiideby the

comuni cati,on channel 03 may hot . be wi r el sdink., The source .t erm nal
o0 oy o RSB Boretfider TR aftarcio At OEIEEE > Thi Mcodbdhah RSyl 103,

The t r ansnittanfagebantdaZ00vdrahdredhunRbii@s]inls eBeSpeet ttdsaugd iaforvedser
but is also capable of routing non-speech _data through the vocoder in
response t ¢ Quilleulst IHIgPerEoNs et the moisedikeotigrad. febiahlendgtecgipntdegends on

communi cat iré’&)vgﬁt Jh tigﬁ?%&f fid ééﬁ?s{%ﬁ PEGAR Jg "%ﬁé‘s%e'éét? U%ctﬂ%evg&ﬁqgﬁqes% 21"0

advant ageous si nce | nat e need for the source termn
request andid thanseuitertihdctdetirg the én-band epasnhatsorc anproddteratinaing/ nchanizetion The

non-speech data.is formatted i nto nmessages. The nessage data, still in
di gi t al foﬂﬁna% FORALd: ?I}?Pgecgb}ﬁéﬁ%é-?qdﬁ’éngbFPaﬁlec MsSIof %fﬁmgwa%eed

Fﬁles ﬁg o l—h I%ia%g 512 i%)gﬁtglg@t s_?;%{heéi'lch PR @RoritiBH EdntioNAd AL §€ rRAShitEPRS Of

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 S215 disables the
voice path through mux 220 and enables the transmit data path. The input data S200 is
pre-processed by the data message formatter 210 and output as Tx Message S220 to the
Tx Data Modem 230. Input data S200 may include user interface (Ul) information, user

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



noi se-l1i ke signal is encoded by the vocoder. The vocoder is not configured
differently depending on whether the input is user speech or non-speech
data so 1WOI280%dY3=At ageous t o convert the message data iPoraisaomiogedad whi ch
can be effectively encoded by the transgission paranmeter set allocated to
t he vocoder. The encoded noise-like sig Al is transmtted in-band over the
communi cation |link. Because the transmitted information is built in the
pul se posi thigde detat Aa rample-qfiaeaitahlg date messagefprreaties 2 8 tnchules eisaney ton

recovery of tLm e | - e :
boun\d/ar %/es .Ca‘%{c])ﬁ}'fi %[mt ﬁ%eﬁﬁeic I I\?Ce?équ%g%g? e‘%:ht%lh%ge%lhtz bﬁ%qggﬁg?@égﬁ% ?glg\é%é,ma
pr edet er m metchnsyinstohdniffeatcotons iigplimdns cigen@nab eebdanpdsueh e telakidbyutdinetic

vocoder prior to the transm ssjon of message data. A protocol sequepce of
synchr oni zé@neahfeqee%t@b‘}l,‘ébn%}l §riii’éf§ he ipuindaiit ¢ dh 1 Ex dAGuMOdrial Paib) o

detection apghJRMPAN RLdee5290 t% *Elﬁta”&%%eﬁ ASEHa 238 Alich 'fsero'h?e‘a%i’o%r%h h$073]

Referring to the transmt baseband 2 the signal 1 nput audio S210 i1s

i nput to tR&01e theophode capatlcaddd.o Onnptite dutptessossicilis camgldate thesfosrerpath

t hrough the nmux 220 in(tiﬁ?thx?]t vocgﬂgr encoder 270 where conpressed voi ced
packets ar &4 endrardlcd Rt By &2%udi o i nput processor typically incl udes

circuitry yeoromMert fheuitinbexsh8edlock Midyran @ tHetlBl d4th 8idabma30 sRowh @nal
conditioner to shape the digital signal such as a | owpass filter. Exanples

of suitabl &ledodBirse pigoledeayt broseltpbexet ilb digncpiirqugd met Rdontg theflardatte

st andar ds: F VHH - B, Ko, 1S- 54,
AVR, G 723.@“&“&%%&1’7 gz%nccﬁ%gg&l @%?‘@g %ﬁ%@%ﬁhﬁﬁw \S)\l?,“l‘?
EVRC- VB, VMR-r¥gniee tiachffeinendotdeindZcotsitiioh 08 sitahls eSypackatS245 oMuie
transmtter 295 and antenna 296 and the voice packets are transntted over

t he communiQUS24% BHain¥odsht S23Homg beQuinat qaior T data §33% Foraxampkes SBRC nay
bas, Comm . Ly am Y
The dat -t outazds af BUSER (LT AN 1K B B 2 e B O O O

enabl es t héS248 anesrhict sediadrace paiioh to Fhempleputx YaidaOB28R 51 witlp merpOac$Btledtnby t he

data nessage formatter 0.a ut put as Tx Message S220 to the Tx Data
Modem 230. %FWP e@l%hix @@W&%ﬁ%&f&%ﬁlﬁ%‘[ﬂ interface (U) information,

" or Mt ol ey SO her Bur T apl b o AR SPE up RO SO SRR L e
formatter 24@ivinglterdesalci $xnehtanyzation cégnels! angereqmcbda‘@pemdolbydimmgrfed Ullmjagcy
check ( CRC)tragisr%lﬁtegi ?n-tbggd haptg lélltncgI ?ﬁeadatep In gringa%on is built in the pulse positions of the
noise-like signal. FIG. 3A shows a suitable example block diagram of the Sync
Generator 240 shown in FIG. 2. Three signals may be multiplexed in time through mux
247 onto the Sync Out S245 signal; Sync Burst S241, Wakeup Out S236, and Sync
Preamble Out S242. It should be recognized that different orders and combinations of
Sync Burst S241, Wakeup Out S236, and Sync Preamble Out S242 may be output onto
Sync Out S245. For example, FIG. 3B shows a Sync Generator 240 comprised of
Wakeup Out S236 and Sync Preamble Out S242 where Wakeup 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 Sync Preamble Out S242.
[0079] Referring back to FIG. 3A, Sync Burst S241 is used to establish coarse timing
at the receiver and is comprised of at least one sinusoidal frequency signal having a
predetermined sampling rate, sequence, and duration and is generated by Sync Burst
250 shown in FIG. 4. Sinusoidal Frequencyl 251 represents binary data +1 and
Frequency2 252 represents binary data -1. Examples of suitable signals include

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



retransm ssion buffer nmenory, inplenment error control coding such as hybrid
automatic repeat-request (HARQ, and interleave the input data. The Tx data
nodem 230wWoanwerdde Tx Message S220 to data signal Tx DaraTIR3@omni4oh i s
routed t hrough nmux 220 to the vocoder erfgrgder 270. Once the data

transm ssion is conplete the voice path y be re-enabl ed through nmux 220.
[0077] FIG 2 is a suitable exanple block di agéam of the Tx data npdem 230

shown i n Floge Smusqiﬁale%grsql@ﬁéﬁéSHngyl%Hﬁmﬂd pRakedor tetqther simpeidghsigndd. 259
tothe T S i y t . T
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may be out put to Tx data $230. For .exanple, Sync Qut S245 may be sent
prior to eéﬁwl%em Wi gsgggu@&f)ge%%@mm%&, &m&a@m@ aHy §u B¥Gent

once prior Eidi’st%e%%@ﬂgeeﬁﬁ X Mgl QU coa@ 37 (VR 7RO FREAS. SiEfM cabRt-veen
each Tx Mdd Cut 35 data segnent. [0078] nc Qut S245 1s a

synchr oni zaymbol, $rguancylsSidusoad esvethiti ahSynaBngt 8241, rendrfec eachi Ry syrebati nal .
Synchr oni z%ii on_Si g§al S ple regui red to establish timng for the
transni tt ed THBRIT BUPA 88t he data information is built in the pul se

posi tions ¢hogo)RAQtiAE bk FIGNIA; SKACPr3MLENOWE S24B W §RA1tE BN Bndl OCK
di agram of the Sync Generator 240 shown in FIG 2. Three signals may be

mul ti pl exedsanple pasd) Among# thuxeceizr aid & onerSyhel apredsamingidglat patSync
Burst S241, \Wke t S$236, and .S Pre | e t «S242, | houl. d
recogni zed kpﬂ‘g{l gfft%rrgn 1V%lrrde?‘s Sgnagﬁ%oe al%%g ioof?éIl gf" n(‘SylargaréBirsestle %Zﬁ%&

Wakeup Qut pRaRfermaied dydpatBieanBlte Ptdambld 8cqmyicd24 Duligt i FIG. SXNCTRUt
S245. For example, FIG 3B shows a Sync Generator 240 conprised of Wakeup
Qut S236 afemBgyitc mieanhis| waamnce 3427 graeratedudreeAncaigratiozswvergl PHeodserfta pri or

t h S t Edovel
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Referring back to FIG 3A, Sync st S241 |s used to establish coarse
timng at CABPPYEPIRMOL dCqUEnes mdri CBEFSEiHt h&nawegéﬁa ohe?h fifsoi dwmabois

ey S, 0 ST R SATIL e 2. BN i
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 correlation
properties, and improved detection characteristics. The advantages result in a preamble
which is 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



250 shown in FIG 4. Sinusoidal Frequency 1 251 represents binary data + 1
and Frequency2 252 represents binary data -1. Exanples of suitable signals
i ncl ude cwosbem9iswequency sinusoids in the voice band, PETAIS2@9/03RB0Hz ,

540Hz, and 512Hz forone sinusoidal si gnﬂ5 and 558Hz, 1035Hz, and 724Hz for
the other sinusoidal signal. The Sync Burst Sequence 253 determ nes which
frequency signal is nultiplexed through nmux 254. The informati on seguence
nodul at ed @B DeRkS EnbR ot lrpprdoeqraposih givne Mseangte spiydgrcgddb. The

" | ot . ' . '
255 1 5 1 e Beoerbeab 0o FapEof BiRcheRkioR qEths PR SaRiilg "oty BEOREERS
Frequency In&irtedsseizohents ob tiqpubn-oncrypped Ronglosi&? picantoid séqrenea@dsh.- ' Tisy nbol

Frequency2 Sinusoid js output. [0080] Referri back to FIG. 3A,. Sync
Proanbl & QOSI83a ForslafigR ey ég{]ablqléh lgl%er%@gm thes sedslatiomohgha N he

recei ver angdy|chcCoAPhiR atb t{f«l’feeacfoﬁéa‘%%fté%irsg%ﬂl%ﬁts deba RahdiRE R4XANh Abid

receiver. A suitable exanple of a Sync eanbl e Qut 'S242 predeterm ned data
pattern i s tiBynudde sacthineoSdguencevaihppsh composite RirGmBlA. scfinnce 24pbsi The

preanbl e sequence 245 j nerated b ncat.enati.ng seve riods of a
P eator anadrefine et Bl el Bt Zr T hoe S AR B SRl 1 o
the PN S?Q%ﬁ&%@d%&%n&ﬁdﬁaﬂehBM@b&ﬂ%p&fE&hﬁ&ﬁ@éﬂ%ﬁﬁ&?@@ﬁ&ﬂ&@mmﬂyZﬂﬂF]@he s
synbols in the conposite preanbl e sequence 245 represent binary data + 1

and the ' - 7TAsyhoinorcepelabempedli HHSy ceragsponding mnan hEpctoidt whinkesefemphe
I nser ts 2810V, ols‘{%d.c%%@rgpaltf%ﬁ be?lti otl s ohvgs glal’}lg nl%tltuEié o?fa ]ér%%nﬁ) I}Iels eﬁ%ﬁgw Ghe .Th' S
provi des terrp ra} gl stance t?e ween the data %.)I s to coun% 1)’/0!’ sSneari ng

affects causedithye bhenchanclpgaks)t | FIGr 7Bhabas tsevdrsit ingin @freldtidngeaky)eotiwhi ch
tends to spread the energy of the data bit over several bit tinme intervals.

[0081] The PRFIEYF BRANSEaHES @ MsEds dbminon cpireAtior Peaks batyisen ficarspeaksdPhg
concat enat ?ﬁet E)géﬂlg 2d Uonthobhk %gﬂ@gga?%% R QMRE! mquaggg? R

versions o sequence prov antages inre transm ssi on
time, inpraeuedaton rpehlatlidd6, poropeotdies,to amdoffsaprafvedPNlehmpldsofiom the first

pocch 11 aRBFariSReLPb T DT, STon2) MagnBie: PAGRPRGITHEYPN Getmdif o,

I he Seq e e ooy Ay o7 anat Rl of (TR Coteaen g8l g °

the total tl0hé forethaiovedappod praantié shavireincBHpoEB resufis enlvb & lsedptentions of
the preamble main correlation peaks when compared to the non-overlapped minor peak
1015 example shown in FIG. 7A.
[0084] As shown in FIG. 7B, five major peaks are generated when correlating PN
sequence 242 with the composite sync preamble sequence 245. The pattern shown (1
negative peak, 3 positive peaks, and 1 negative peak) allows for determining the frame
timing based on any 3 detected peaks and the corresponding temporal distances between
the peaks. The combination of 3 detected peaks with the corresponding temporal
distance is always unique. A similar depiction of the correlation peak pattern is shown
in Table 1, where the correlation peaks are referenced by a ‘-* for a negative peak and a
‘+’ for a positive peak. The technique of using a unique correlation peak pattern is
advantageous for in-band systems since the unique pattern compensates for possible
speech frame losses, for example, due to poor channel conditions. Losing a speech
frame may result in losing a correlation peak as well. By having a unique pattern of
correlation peaks separated by predetermined temporal distances, a receiver can reliably
detect the sync preamble even with lost speech frames which result in lost correlation
peaks. Several examples are shown in Table 2 for the combinations of 3 detected peaks

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



245.

t he overl apped sync preanbl e,

[0083] To illustrate the inprovenents in the correlation properties of
FIG 7A and FIG 7B show a conpari son between

t he corr evatznevi4ef46PN sequence 242 with a non-overl appe@Crarsp@wiot@opr eanbl e

sequence 245b,
the overl apped conposite sync preanble

7A shows the

the minor ®BHuePatter8ef pedt
st%gwﬁ %@Egﬁh@%a&yﬁ]
S orre

non-overl a
1010 result

shown in FIG 6B and the%z

mai n correl ati on peaks, both

RAE3

romt f1ron

quence 245,

positive and negative,
hogndl derap@ral distenges rbetvw@ﬁﬁlilenp%&kEX#repletlﬁe Table
gﬁéaﬁﬁ %gﬁl%%&e 18,

sequence

2R

g

f9R:

tht

P

orrel ation of PN sequence 242 with
shown in FIG 6A FIG
as well

as

eak
rst

i nverted segitevith afe frbdeteranaaivdisthaqpedw caongos Ipbzd( PEeamgit«e? sed)BemndabR4bb.

The positiv

correlatioﬁ“@ﬁ‘PW&LPNM§€Hu§nce’
%rgd%?enwfﬂeﬁhdlﬁ‘fﬁﬁ&s %t\%@l H&tg&&?

reanbl e sequence 2

PN sequenc
conposi te

rre ati on peaks 11, 101

The ne

0 1013,
éﬁ@ew ihe dian¢asrase dlaf ?’I“ét érfame

Sgﬁ@tz' oy af vﬂh'ﬂ@ EXQh

tive peak 1014 results fromthe

re ul

t from

%3%@©%§H{s of
v ar hapRes

correl ati orprezﬂeteu’lhnmeﬁrdlstaqnehctevezﬁﬁemttd pedde3 sed SndSa hvanples 1 sz gmehtcadf t he

non- over |l ap

ed ¢

correlatloﬁaﬁg‘%ﬁz9

first DOSI&&%@n&@ﬂ&&ﬁ&héGﬁma%é%m&%ﬂ&mi
(173 rd the magni tude of the main peaks

osite

gpiluc g

ShdIHG s G

245D
ofifuiRg Mgy bs

In El

correl at i onnppigpstterppamd lpr@é¢t@ﬁrmeechﬁatan@gatlll\ﬁeplyas wel | as the ninor
correl ation peaks between the main peaks for the overl apped conposite sync

preanbl e seq

uence 245. In FIG 7B,

t h@ablenbr correl ati on peak 1016,

corresponding to an offset of 3 PN sanples fromthe first positive

magni t ude of
correl ation

conpared to
[0084] As sh
PN sequence
shown ( 1 ne
det er mi ni ng
correspondin

correlation peak 1011 shows a nagoiitelstionoPeakiWia@berat ely 3 (1/5* thq
the main peaks). The smaller magnitude of the m nor
peak 1016 for the oVerTappgg preanpge showy in FI[G 7B r
in less fal se detections of the|preanblle main ¢correl ati on pedks wher
me Ton- overtapped [T nor_ pggk toIS|exanpt g _stowr i i G
oGoriehationG. 7B, Péalvp naj or [peaks afe generated when corr
Zﬁ2vmath the conpos|te syn¢ preanble sequence 243. The [
U@ypeak 3 positive peaks, and|1l negat/i ve peak) alld
he frame timng based on anY 3 detected peaks and the
g tenporal distances bet wd@Rle 2
Correlation Peak Number
1 2 3 4 5
Detected Example 1 + + -
Correlation | Example 2 + + -
Peaks Example 3 + + -
Example 4 + + +
ExampleS |- + -
Example 6 | - + -
Example 7 | - + +
Example 8 | - + -
Example 9 | - + +
Example 10 | - + +

mai n

q%%%§¢eipﬁpﬁhfﬁae

hQV d 2 cFRE Hrdnitd BoRfda ABD A kRt Y S
FIG 7B shows severa

esults

TA.
el ating
attern
ws for



t he peaks. The conbination of 3 detected peaks with the correspondi ng
tenporal distance is always unique. A simlar depiction of the correlation
peak pat tworzoesgi4sdewn in Tabl e 1, where the correl ati onPpEAIS300Q/086400
referenced by a '-' for a negative peak1 nd a '+ for a positive peak. The
techni que of using a unique correlation geak pattern is advantageous for

i n-band systens since the unique pattern conpensates for possible speech
frame | osses, for exanple, due to poor channel conditions. Losing a speech
frame may result in losing a correlation peak as well. By having a unique
pattern of [8Q8S énstskdledpe dhcsars eplhrespgrizhihapa diféarent wirgratble sqgponcel reglilgnances,

a receiver .can.rel i abl etect . the sync,preanble i L t ,speech
frames. whi df raBieb? RS Rk e o BLERTR EONF A e AR 1 PSR oo

in Tabl e 2kt Ohe skdaBiimaid H0sil0his3 ré@gatiaBatRealkiplcl ddrich@iopdichie pittdrds peaks
are lost in each exanple). Each entry in Table 2, represents auni que
pattern of Mywaksuspddotiderivy dlifferritt epseadionplempdesnon fienspelalaorn@igpndits. A1 n
Table 2 sh t e r -

resul ting %%%pﬁg<§§%ﬁ§$ﬁﬁﬁ§&gﬁﬁmﬁg%$%@5§g&g§§§§g%g@?ﬁgﬁm rs?géggﬁﬁglﬁken
each peak. pexlapgtees stbvanth Babla 3Talheiid sl quesawtt frempatick e framd timing
however the distances are different. Exanple 2 has two predeterm ned.

di st ances BRAWRGATHE Rt extopRakrreVigY 4, Haymg ol S gasefuntoms i
predet er m Rach il xbANRFSIBBMRE B RELR HaRtRePloriAfflions oo RAMRE Seilas 2 and
3 each represent” a unique pattern fromwhich the frane timng nmay be
derived. | tmeskapelfdrnipes oemodulatzedschbats.t he det ect ed peaks may extend across
frame boundaries, but that the unique patterns and predeterm ned di stances
still apply. Table 1 Table 2[0085] Ongapké3led in the art will recognize
that a different preanble sequence resulting in a different correl ation

peak pattern to that shown in F| GorrdbatigidPaN&mbery be used. One gkilled
inthe art will also recognize that nultiple correlation peak patterlns nmay
be used to identify different opgrariomg nmodefzor transm U ijng ormat|i on
bits. An exanple of an alternate correlation peak pattern is [shown iln Tabl e
3. The correfatton pcd.k pd.ttcl 1] rovwr—rm—fFabtrer—S—martrarrs—a—Tont gte pattern
from whi ch t h€ofretattont i m ngPealy| be derilved, as|described previ ously.| Havi ng
multiple coryrelatjion peak pattefns is advantageous forn identi|fying

di fferent trpReHIEY er configurafjions aff the regeiver, |such ag nessage
formats or duration Schemes.

[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



Table 3 [0086] Referring again to FIG 3A Wkeup Qut S236 is used to
trigger the vocoder encoder 270 to wake up froma sleep state, |ow

t ransm sswonroevat4es4st at e, or di sconti nuous transm ssi on PCANTS2000hkaop Cut
S236 may al so be used to prohibit the vocoder encoder 270 fromentering the
sl eep, low transm ssion, or discontinuous transm ssion state. Wakeup Qut
S236 is generated by V\akeup Cenerat or 256. Wakeup signal s are advant ageous
when t r ans 280 iihg sighalramprged af BwHEHNywidd é}g@aml%eqchﬁlgélﬁbhi@n%ﬁyeepa
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signal of constant frequency in the voice band ch as
first exanphadulatioe sWiidoeip signal prohibits the vocoder encoder 270 from

t t I t tate. hi t
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signals with each signal identifying a specific data nodul ati on schene, for
exanpl e 5000% ahdTsprad repr¢sont the Herptons arftn@owhisignet isrrasmitcdodseame 2. |1 n

this second ?1}%{)% ra}lgee f%\a'fg%ups a()gﬂﬂ)l m?llilgeco (fi§ gn# %It) 918%%6 rgléﬁsegond527o

from enter| ng e sl OW ra 1 s sSecon

the recei vetnotsesedahgld rons ndohippeitd \dgoau poﬁlltszas geighal S436nd @om@eERdd foy 4 he
data nodul ati on schene. [0087]. _An exanple of a conposite Sync Qut S245

signal is doHatiplergst “éaéfaulbp% ptand| s Pregrnele Bts 2@2@18% my KEGPBBanbl e
Qut 5242 a%vﬁh?f‘f‘a Tglg %2%@%{5 %Pdljo 236hs | lﬁptlnzgfz,aal‘le;gg]?@:\lq.gttrahgﬁlttg&”?&I{ ons

in tinme each S|gna is tran n exanpl e o l'e range for Tsbh
i s 120- 140 eramplesef andsitabid rdige o 70200 16340l ndBsosvdds addoThyeris edrfi) e of

5, COMost e BUne, QU 8245, 0L s e sorbrissd f 2l 1) exed, vekeun
702 r epr esepl iRl eWRBE Dl SR sohe Bub 8981, it dhnasiidieduc 24 ém%gﬂrml e
of a suitable range for Twl is |'i'seconds and Tsp is
shown in FIG. 8C. Twu 711, Tspl 721 st 701, Tsp2 722 represent the duratlons n
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 pulse-position modulation (PPM) with special
modulation pulse shapes. This modulation technique results in low distortion when
encoded and decoded by different types of vocoders. Additionally, this technique
results in good autocorrelation properties and can be casily detected by a receiver
matched to the waveform. Further, the shaped pulses do not have a tonal structure;
instead the signals appear noise-like in the frequency spectrum domain as well as retain
a noise-like audible characteristic. An example of the power spectral density of a signal
based on shaped pulses is shown in FIG. 11A. As can be seen in FIG. 11A, the power
spectral density displays a noise-like characteristic over the in-band frequency range
(constant energy over the frequency range). Conversely, an example of the power
spectral density of a signal with a tonal structure is shown in FIG. 11B, where the data

is represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As



m | liseconds. Another exanple of a conposite Sync Qut S245 signal is one
conprised of a nultiplexed Wakeup Qut S236, Sync Burst S241, and Sync

Pr eanbl e wWot2089242348s shown in FIG 8C Tvvu 711, Tspl 72PCTNsSR003O1G400MSp2 722
represent the durations in tinme each &g@ is transmtted. An exanple of a
suitable range for Twu is 20 - 80 m|lisSeconds, Tspl is 40-200
mlliseconds, Tsb is 120-140 mlliseconds, and Tsp2 is 40- 200

m | 1i secondan bpcﬁ@ee}n ﬁé@erliBnglebmykertS@eeraedegsnyad@ﬂaﬁabsweéx@ﬁﬁlgéllféﬁantrx Mbd
Qut S235 | osition
nmodul at i on%?%lgﬁlpogw th ggg%{:d?%?q%p%'uﬁa |%(Eﬁiéj{ E?{egﬁ%%leeg %hqlﬁl S rmglu ation

t echni que 1@@89)t sFiGh ]JZQWaﬂI|esample|bdmkvd1@1amn1fokﬂ@kﬂodnmaiét36cthdwbyn #iGS er ent

types of vqcoders Addltlo ly, this technique results jn good
aut ocorr el gt i E‘ C 3R Pilss @Hﬂra&i @ep@éigpqsyplﬁéqsegqrg‘gp ing [ MY elX mat ched
to the waveiQkm. $10LRRS fls*%galo%l*ﬁ%{?%d%!n%ﬁ%n&'%eﬂ%e PaNESRa eﬁePQ:@é stpeyct ure;

instead the sig als app se-like 1n the frequency spectrum domain as
wel | as r ettlad pulsesntoi @eate |thee51gnai|fbt bettsh admgearuiabtyl . thArvoeodenpheodsf. tthe povver

spectral den of Si | based on,shape | ses.is,.shown in.FE

o be. seen EFEmR O g e Supr A1 JaRb ity TSRS R FEYEEL | | ke
char act eri sftCm@¥RAtidh Pfain@s RanGr{tiaaEeNC YW HIAAGR ch GAHS hdiul LBR M IMOVEr the
frequency range). Conversely, an exanple of the power spectral den5|ty of a

signal wi t musbebaBlimstinyancas &, his- showdrd deffedrelapye (hide anaduéatigatfzams

represented b tone f teI 400 00Hz. .an 1000Hz.
Ascan be 33’8 nXﬁiarIiy (=i cﬁﬁgnﬂﬁ%@o‘%rﬁm’?fosﬁg@c” %eyp (gzsp af/xsampé%lt of

signifi cantpue@elsgm?/ Biort A& ddhokang ?rLeguqmleyrxrmgeg@sndnefdrﬁfaaoﬁ BRQUGHCI es
and its harnonics 0089] FIG 12 is an exanple block diagram of the

Mbdul at or mtémﬁwi\/lpd]ulﬁtpe%i arcThePPSp 49 SiémPl'JB s\eth@@ﬁr@smndrngzt%lsml@mmes
pul ses correspondi.n Lpput Tx Mess iLn | s osi
Fg pOFlltIOQ% %ccolggi1 llp ]fe\o Bgmg%%cgl sHa5 8. é)urc'sg ﬁlgayg etli;o fe aé)ecti

nodul at i on PAR Ses create the

si gnal for poRiitetragdetin)gr gupl Thy syrﬁbdmﬁl KQE@Gﬁﬁe BO eqleentcd byWnc gl 2@, exanpl e
of a Sparse Pulse is shown in FIG 13. The time axis is divided into
nodul at i on distiagedgws withir the modvRationframewbere i swEsChBdis BEMbH oftide, a

number of Hl'flﬁﬁlcbé‘sée‘i’iﬂ&?sfoir O t%?ﬁdulatlon fTratlH"e* Lndr ﬁled%idl{;@ftah% afabtﬁ o the

nodul ati on frame boundar entify potential tions a basic
pul se p(t) rep%egenethmvetdaﬂrﬁghm poBafitat position t is denoted as p(t-
fa). The Tx_Message 82% %nfor tion bits
[0090] An"example of a suitable pulse posmon mapping is shown in Table 4. In this
example, the modulator maps a 4-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, 7y is 4 milliseconds resulting in 32 possible
positions for an 8KHz sample rate. The pulses are separated by 4 time instances
resulting in the assignment of 16 different pulse position and polarity combinations.
In this example, the effective data rate is 4 bits per symbol in a 4 millisecond period

or 1000 bits/second.

Table 4

Symbol

decimal | binary Pulse

0 0000 | p(n-0)

1 0001 | p(n-4)
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[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, Ty is 2 milliseconds resulting in a 16 possible positions for

an 8KHz sample rate.

The pulses are separated by 4 time instances resulting in the

assignment of 8 different pulse position and polarity combinations. In this example, the

effective data rate is 3 bits per symbol in a 2 millisecond period or 1500 bits/second.
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[0092] To increase robustness in poor channel conditions, the Modulator 235 may

increase the duration of the modulation frame 7Ty 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

pulse position and polarity combinations.

However, in this example, the separation

between time instances is increased by a factor of 2 from the previous example,

resulting in 8 different pulse position and polarity combinations. In a suitable example,

the Modulator 235 may switch between different pulse position maps or modulation

frame durations depending on a feedback signal indicating channel conditions or

transmission success. For example, the Modulator 235 may start transmitting using 7y

of 2 milliseconds then switch to 73+ of 4 milliseconds if the channel conditions are

determined to be poor.



zeros prior to the first nonzero el enent of the pul se determ nes the exact
position of the pulse within the frame. r(n) = 0 0 0 40 -200 560 -991
-1400 7638026@0AY34636 - 1400 -991 560 -200 40 0 0 0 0 O ECU/UB29044300 O ]It
shoul d be recogni zed that the transfor nkgray be shortened or | engthened for
different variants of nodul ation fame stzes. [0096] FIG 14A is an exanple
of the placenent of a pulse within a nodulation frane to generate a

parti cul ar [RM3] JojiRcrenss rabintioss WHA cartyh ypeaders, thefyladulatop23%may changedhe
represented,: PO - P1 e - ts
o non 2o ) e SRR G MND RS Eteriarl CADTAEHEICSES SHAH AUSEROGIE™ < an
exanpl e of nhdppirteyipish@kn imfhbleent t thsrexampteh ehcanddulitor flafs a 4Bt syaniallpse i s
positioned at offset 7 within ulation frame TMF( 1) 1003, and the "tail"
bor ti on of MesIgeRdEes bt D) i FRErrexe ﬁ%&ﬂ“étoi(FcSlFP posiiRn froE(hq Rule 1004
by 4 sanpl §RafcRfnk) Bidhe %mf@r% Iemirpdebath 98, 17,388 diYilechldsh@Qmtin
extending into the next nodulation frame TMF( 1+1) 1004 as shown I n I'—%G
14B woul d rnesult passiblenpasiteynsifort an RKélzAf emphcmtd. f Thbenipall aféses mnyst &3 1 ftome f r ane

TMF( | +1 iti [ f the first 4 I f TVE( | +1),
since an ol aog AR Smefsbt g pathGRToufihe b RSTanipabat oune:
techni que SamBrchiiildoshibantpBlata) borSRRRIAS Wceih HaMt doftave ext ended
into the next nodul ation frame, TM-(H+1l) 1004, are placed at the beginning

of the current nodul ation franme, TM( 1,)}1l§03. The sanples (P9 - P12) are
wrapped around to the beginning of TM-( I) at sanples 0 - 3. Using a

wr apar ound techni que for thegeneratiomof—=a nodutation al phabet elim nates
t he cases where the shaped pllyebadanpl es |[extend into the next nodul ation
frame. The w aparound technijque i s advantjageous since |it results in reduced
i ntersynbol interference thatd woul.d . occur| Rlset he shaped pul se sanples in
t he ecimal | binary

0 000 p(n-1)

1 001 p(n-5)

2 010 p(n-9)

3 011 p(n-13)

4 100 -p(n-13)

5 101 -p(n-9)

6 110 -p(n-5)

7 111 -p(n-1)

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

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



present franme extend into the next frame and overlap with the shaped pul se
sanples in the next frane. One skilled in the art would recogni ze that the
wr apar ourmoreempigae coul d be used for any pul se positi @eaTius2edem46eul at i on
frame which would result in sanples extgnding in the next nodul ation frane.
For exanple, a pul se positioned at of fséf 8 within nodul ation frane TME( 1)
1003 woul d waparound sanples (P8 - P12). [0097] Another exanple of a
suitabl e P@l@éﬁe%a?ﬂmeézbaﬁ diffgrenbeqmbinaiernstaf dnetaadrprgipinatc Bry Easedim

r(n) -p(n - sanpl e anplitude transformsignal is of
the formr nﬁ)t‘&v_éb‘{]d&?‘%g%@t%&’gté‘%ooo 0000000000000000O0O0O
0 000 0 QU Ah ¢xdntHdO8T a Anmdtiie PuBx Shppee 239 ia agoottrabbé colihs eaiSiiapeof 239
is a linear, prediction synthesis filter. The response of an exanple
recursi ve IBEC%WPnthesis filter is defined by its inpulse response 10 h(n)
=d(n) a h(n - ) 2=1 and coefficients: a(i) = {-6312, 5677, -2377, 1234,
-2418, 3519, -2839, 1927, -629, 96}/4096, i = 1,. .., 10. Linear prediction
filters are well known in the art. The residual signal r(n) is first
created by the input synbols according to the pul se mappi ng tabl es above.
The actual nodul atijon pul se shape then results fromfiltering the nodul ated
signal r(n) with h(p) 9] One skilled in the art wiljg recognize that

t he techni ques descr'é%d herein nay be equaIIy applied to different pul se

shapes and transforqB [Tz?aj ___] tl——j WT?__T +’R
i sin COS T 4ﬂ

I"(t)z f
sin{ﬂ%(l—ﬂ) +4ﬂ%cos{7r%(1+ﬂ)}

A

A

ﬂTi 1—(4/3%] ]

, otherwise

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

time instance.

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

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

-991 560  -200 40



and the nodul ati on schenes applied to these waveforns may al so vary.

Mor eover, the pul se shapes nay use conpletely uncorrelated (or orthogonal)
wavef or mrewoaoeepeasent di fferent synbols. In addition t@Cpalsasootoyesod t he
shaped pul se, anplitude of the shaped pgése may al so be used to carry
information. [00100] Referring again to“FIG 2, Miute Qut S240 is a signal
used to separate the Tx nessage transm ssions and IS enerat ed by the

Miting Genét ghoskd %@CO&HZ@%QW% trgpsarng magy 1) seOEew&dg engthopcpderdiorsot
signal co Tx Mod Qut S235 and Mute Qut S240 is
shown in FrE aggi g‘t‘" ?“%ﬁ“@c?%gz Tnu2 733, Td2 734, Tnu3 735, Td3 736,
and Trnu4d 730096 HIEsdaA tshem ckanmpld @ithe practhom ofagiulssiwitdh aisodul@isnfranied. An

exanpl e of aswtableranefor T and Tnu4 i.s 10-60
mi 111 secondd SAGATds Perkigator esmgglﬁatm"@wqtsew s 148y anBYials

operation @Me&g%dﬁ%plﬂirh 1§§§1W§a§ Ph rmhe@%E@Eé E@Y@é’@%s%e%n-

sui tabl e nuting genérator sequence may be an all-zero seq ence signal or a
si nusoi dal ztregemagy of ir@nahowmotheerresais abinglex il é4Bfls an sx?gnalle ofigkd to

separate the T tran n own .i n. FI xanpl e,
he. Vakeup G SIBETERGRAN TAHE & nih PIGakAle T isRs R agrEns it

transm ssi @Rodfatibn sk Y(n SEEUB, afdehesSidil Riftibof M g@[s% e%ehhs ¢ @nicke t hat
di fferent conbinations of the Sync Preanmble Qut S24 Mut e Qut S240, and Tx

Mod Qut S23%odwiasiopdrasepubin(y Odcy. 4 Fomplex it €13k Mydplen frospmedilation G 10
may be pre t S Rferrln
t oyFI G pl, Cffa%e%%%& i/@%eéwgmﬁdm%%gngﬁ na uéat%oo% ngg ggi‘@%'g cegpacnket g

fromthe vigcwie. 1UB wouldudbdt i Be@SEAbol ibttifct@calit theCc@pabbgnls fRUkdmg t he
decoded packets through a data dempdul ator. Because the non- speech data was

converted tlor@dide pPsikencs gnany aﬁdheeuﬁé%d%aarﬁg o 9 s der(ngt ).t fheee an
t tt f. ; dat
ransmtter,, rg (t)f ?a?ﬁilé’se&/?_ﬁl gglgrg d)é &é ﬁﬁélf ih e B Bfo%ﬁhy e@ﬁﬁg & shidien dat a

W th mnlmal ortion s are cotlnual oredfor
an in-band isWIGhridAi, 2k toohsangeaivhidnf waulslylmvh raxmnzled iiga thé gaaﬂ mbdulﬁmmd

dat a dempaditorniid’ dObaen MHCACE BaPRNEnSGToNGIHTEY THYY* RS EagsS. The

rocSage, SIS TRASRSheAn ok ) o 1l RLEPSE AR A

denodul at i samples 0 — 3. Using a wraparound technique for the generation of a modulation
alphabet climinates 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
offset 8 within modulation frame Twmr(n) 1003 would wraparound samples (P8 — P12).

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

of the form:
r(n)- p(n—1)

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



t he non-speech data. [00102] Voice packets are received over the

communi cati on channel 502 in the receiver 495 and input to the vocoder
decoder 380 20#verie34decoded voice i s generated then rout egCrhrseagh4dshe de- mux
320 to the audi o out processor and speaé r 315 generating output audio
S310. [00103] Once a synchronization signal is detected in Vocoder Decoder
Qut put S370 by the Sync Detector 350, the Rx De-Mix Control S360 signal
switches to the Rx daté&™ath ilnm20A@ Rx De- Mix 326000rhe2Q@toder packets are
decoded by the vocoder decoder 390 and routed by the Rx De-Mix 320 to the
Rx Timing 380 then the Rx data nddem 830. Ohe ®x data is denodul ated by the
Rx data nodem 330 and forwarded to the data nessage defornmatter 301 where
out put data S300 is nmade avail abl@® toOt he @ser Oor interfaced

equi pnent . [ 00104] An exanple of a suitable data nessage deformatter 301
includes circuitry to deinterl eave the Rx (Message S320 data, i nplenent
error control decoding such as hybrid automatic repeat-request (HARQ, and
cal cul ate and check the cyclic rggundgncy ghecly (CRC) bits. Suitable output
data S300 may include user interface (U) information, user
position/location information, tigre spanpsy eqy pnment sensor information,
or other suitable data. [00105] FIG 15A is a suitable exanple block

di agram of the Sync Detector and fReceiyver ntroller 350 shown in FIG 1.

Si gnal Vocoder Decoder Qutput S370 is input to the Sync Burst Detector 360
and the Sync Preanbl e Detector 381. The Sync E@ st Detector 360 detects the
transmtted Sync Burst signal in“the Vocoder oder Qutput S370 and

generates t urst. sync ind S351. The nc eanbl e Detector 351 detects
Phe L ranemi 0] As&,oﬁter@ﬁ@apﬂmogx adwtaélﬁé’ﬂgae ﬁﬁp?r Vo doser PEeister saifpit  s370
and genera&ﬂénPﬁﬁénggnﬁyQﬁw&ﬁgﬁﬁmﬁ§5§nu§%&m@ts%gykﬁk BNACisi gRxd $354s and

Preanbl e sync i ndex 53 are input to the Sync ector Controller “370. The
Sync Det ectimpulSoraspaiscer 370 gener ates out put signals Rx De-Mix Contro

S360 whi ch routes the Vocoder Decoder Qutput S370 to the data path S326 or

the audi o path S325, Audio Miute Control 65 whi ch enabl es or disables the

out put audi o signal S310, and Tiﬁﬁh§5@ﬁﬁ_ #8850 whi ch provides bit timng

information to the Rx Timing 380 to =

and coefficients: a(i) = {-6312, 5677, -2377, 1234, -2418, 3519, -2839, 1927, -629,
96}1/4096, i =1,..., 10. Linear prediction filters are well known in the art. The residual
signal (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 S240 is a signal used to separate the
Tx message transmissions and is generated by the Muting Generator 255. An example
of a suitable composite Tx Data S230 signal comprised of a multiplexed Tx Mod Out
S235 and Mute Out S240 is shown in FIG. 9. Tmul 731, Td1 732, Tmu2 733, Td2
734, Tmu3 735, Td3 736, and Tmu4 737 represent the durations in time each signal is

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



align the Rx Data S326 for denodul ation. [00106] Anot her exanple of a
suitable Sync Detector 350 is shown in FIG 15B. Signal Vocoder Decoder

Qut put S3¥0 20®/14pg36t to the Menory 352 and the Sync Preachlus20onectvor 351.
The Menory 352 is used to store the Iatg t Vocoder Decoder Qutput S370
sanpl es which includes the received Wakeup Qut signal. A suitable exanple
of the Menory 352 is a First-In-First-Qut éFI FO . or Random Access Menory
(RAM) . The 08ynidlipeendsismd Tods ddgownd3bd3 e 380330 rHlliseeands ik rtgnabpprrabanb| e

Qut signal i : I ogler p 0 , s, t . S305
i gnal & gnd) ARE N RGeS DR g ber S TEErHE P IR AR,
Sync Det ectgoncr@lont¢qukh@r m3y Be am hid-z&pneqidgice signal dwandimsbldal fr83qi@nge nignat es

t he Modul atj on Search S307 signal ich is used to_access the Menpry 352,
find the rétOiRREauEe G aRle of g Basen SSPPrf‘tﬁéhqiTﬁirﬂ%*S@ef%aéltm@%? Bnd
eval uate t g, VRGO, $h I lexiBpd el Wak&ptO&: $3388igal %H&'%gﬁé pRQnp3ed 1 n
the transm ssion. The resulting detected m)gul atron type 1s output fromthe
Menory 352 g SYApreredonachytpasBdB®n ofHEx BladcODe$23 0OnContledin te @B70ilhl so

generates out put si ) - Mux Copt.r S360 i I t \ocader
Decoder outpiities Jo e e soRih i ob Hecha® HicmiPl o S Myl e o
S365 whi ch ,gaakINed Out I238RLE Be bhgIRUPPHE]. aREH Ramb BB MAIOut 289 id FIGNY

O fset S350 which provides bit timng information to Rx Timng 380 to align
t he Rx Dat d0sp6ba pecadedrandifalomed by Nee@rit SA40.exanpl e of a suitable Sync
Burst Detector 360 is shown in FIG 16. Signal Vocoder Decoder Qutput S370
is input to the Power cal culator 361. Exanples of a suitable Power

cal cul at or 6GEIVERUde an input squaring function or absol ute val ue

function cal cul ated on the in%ut signal. The Vocoder Decoder Qutput S370
signal is AP®OY nput Rederrng e Flmds hesceaenbagpland 400 nosmadly royses dkeofgd t he

| n-phase andi Guadial HEe BOTRANRRIS.Pud S RLENGE bEI RAMENEKaH BYSRlifl 1n363

and Frequency nusol t o generate downcdnverte gnal” conptnents at
frequency @kkodeThgacketxethr@gl outaputdsmadelatoow Basaisé itht etomekpbycht Hatal Whs 365

to elimnate the high frequenc I'tiplier products in the m xed output. An
exanpl e t_r&ﬁ%\feéﬁedftenacf%ﬁﬂ%ﬁ nliepd heodierbadi Tacoger o ersﬁ%senltkﬁert@e c =
0.0554, ai r&eiier@%otoderis BbIT to LAy Bode IOd4 withh@idiRaNiiiodeorof ThOphase
and quadrature outputs of the LPF 365y are cal cul ated by the Magnitude 366

and decoded packets are continually monitored for an in-band synchronization signal. If a

synchronization signal is found, the frame timing is recovered and the decoded packet
data is routed to a data demodulator. The decoded packet data is demodulated into
messages. The messages are deformatted and output. A protocol sequence comprising
synchronization, control, and messages ensures reliable detection and demodulation of
the non-speech data.

[00102] Voice packets are received over the communication channel 502 in the
receiver 495 and input to the vocoder decoder 390 where decoded voice is generated
then routed through the de-mux 320 to the audio out processor and speaker 315
generating output audio S310.

[00103] Once a synchronization signal is detected in Vocoder Decoder Output
S370 by the Sync Detector 350, the Rx De-Mux Control S360 signal switches to the Rx
data path in the Rx De-Mux 320. The vocoder packets are decoded by the vocoder
decoder 390 and routed by the Rx De-Mux 320 to the Rx Timing 380 then the Rx data
modem 330. The Rx data is demodulated by the Rx data modem 330 and forwarded to
the data message deformatter 301 where output data S300 is made available to the user

or interfaced equipment.



summed in the Adder 367. The output of the Adder 367 is input to the

Mat ched Filter 368 which is a nmatched to the transmtted Sync Burst
Sequence.whbedgeB4bi | ters are well known in the art. Thecoaispew/oads0e he

Mat ched Filter 368 is searched for the Xi mum peak in the Max Search 369.
Once the maximumis found in the Max Search 369, the index corresponding to
the time offset of the maximumis output in signal Burst sync index S351.

[00108] An [80dp| e ofAtacxempiand asudphle datagnpspes dodoraattsr 3BMciudesEHERHY n
FIG 17A $i i : d
Filter 368 SalmerQROHRIR ESARCRT: SWuha SRk REBE SBREH pdif S S01°

Fi | t er 368 hgbti¢pubutomatitierepeatpoquesn (HIRQYBX abdacadduld69 amdi clieck edrec hvgslid or

t he maxi num peak. ce the maxi mum.is found jn the Max Search 369, the

i ndex corr é%cgwﬂmwgc{%k (HBCY i orriaBle Q}Fplttrflé‘tarré_g‘?%}?’yi@d&ﬁ? BER" Piriefeanbl e
sync i ndex §§)5§rfo&%%g?hse%’15gsﬁﬁwl%ﬁ%' iﬁlfdi’ﬂlaﬁoﬁ Uﬂi&é‘%‘ta&‘ner %%gi?ﬁf%ﬁmélﬁor_

Detector 351 71s shown 1n FI 17B. Signal Vocoder Deco put S370 is
processed byfotrthgidni, bt ether suitgbleplath52. A suitabl e exanple of the filter in

step 452 i arse f] r. . Wwth. coefficients based o hg band- pass

i1 bered i ApEIOE™ oo gks a8h il &f e asrt M Bt he R B elf ing o,
has a fini RuLIFBUCSEIFIRS BFOSPoWh! HOKMGE. 61 Wisidhab ORo&fr OB dE0OLIPuEISSNd $s Set
to zero andresults in a reduction in the conputational conplexity based on

fewer requiirmd tonthe Sysici Burst Baectop 36heng roSnselermblerdgectgpdilseThe Syer s are
wel | knoun 4 U5 a6d aed Bedhem it hlifed KUACE QULRHE iy SQAEAGINL AL he
neg ? Slncli eaf%s C nat c a

. I
maxi nmum pOSIutI ve an altl ve corre ron’p n expecteed

pattern basrip@rsIoandegatiaus BOBupASvhE ViRlcg BI5¢] arlicoByerdsatibRt Béegor For
exanpl e, 5 peaks should be found in step 453 based on Sync Preanble
Sequence 2451 dgtestssthe itipasipidtat Syae Pressigdn Qup gignsl Bdhe dospdarDeoder Priput

pseudor and i H‘SIQ 4 ne J : e nging to
correl ati o?gym@%hat e(elg%szﬁ?e \%gsyé? gl}l&g?s%t%ﬁ'e %%hélé%}@%ﬁ%ﬁﬁjﬁ&&l %?% g%f?t abl e
exanpl e, t recanybic sget extorS38Band thplut o thet Syreabtte@op €akigollear 3M0deThd Syokec! ar e
that the sync preanbl etected. In ste

detect ed | DR BEMEETI T 0aEsTory OYiPHF BakeRs Dl @gt,rmffﬁéﬁﬂe?zvlﬁﬁ%c

boen detect o B o a L T o o e P2, o

of 5 peaks Ahlic MuteCohtrolh$36Sxplich edalpest oredisnbldsftha ontpubrudiy sighalp®Hils and not
Timing Offset S350 which provides bit timing information to the Rx Timing 380 to
align the Rx Data S326 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 used 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 S305 signal.
Signals Modulation Type S306 and SyncFlag S305 are input to the Sync Detector
Controller 370. The Sync Detector Controller 370 generates the Modulation Search
S307 signal which is used to access the Memory 352, find the received Wakeup Out
signal based on the Timing Offset S350, and evaluate the Wakeup Out Signal to
determine the type of modulation used in the transmission. The resulting detected
modulation type is output from the Memory 352 as Modulation Type S306. The Sync
Detector Controller 370 also generates output signals Rx De-Mux Control S360 which

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



detected then control passes to step 454, where the tenporal distance
bet ween the positive peaks found in step 453 is conpared agai nst the
expect ed wosv@mae346 PeakDi st TI. The PeakDi st Tl is set toPob@/us2d0anetsoon of
t he period of the PN sequence 242 since %i |tering the received preanble
agai nst PN sequence 242 should yield a ¢ nporal distance between the
correl ation peaks which is equal to sone nultiple of the period. |If the

t enporal di(ngAEI3 ek ﬁnth@ Qs slkisabloy ghauure apélofséﬁﬁlﬁHSfiWa B’éd Wi @f&etf ange
of PeakDi e e d;

t hr eshol dsﬁggﬂArrlg% B?ﬁhiéts\étﬁt gg@l&s éﬁﬁllutta ﬂgsl?’gr%g% gk(lgg)a%@sth% IS paI us or
m nus 2 sarSBIZéfordEh&)dE?bakﬂrrpTl is a function of the anpl | tudes of the

previ ous pe f ound. In a abI e npl e, the Pea set such that
the peaks f@‘EWJ in stHpSHEY ﬁéwtaéfﬁf Pule WS5Pﬁﬁept9a5é hr%’rnem i 15
factor of Z;iandviREIARYR888 (9&?!& Sl id 1H9€t t@lQﬁé PB&}Er @a?f&ﬁﬁ@h b fEJ;JH%plE‘@X' mm

peak anplitude observed up t hat poi nt. el ther the positive peak
t enpor al diog taamtéalc [Rewkr calcidatep 3@Bm0brdetamen1atmnuam®fuohtankon abseluepvalss

Lhe meant T undion EaRulaG BF i bPIRReR o T ViRt te PaklEr bRtul 5280 SPabtoher,

the negati vgongak t8Makért fHEForR3B26NREK AGs ARINRY B hBhephakdnPeakdamie 1 n
step 457. A suitable range for PeakDi stT2 is gl us or mnus 2 sanples.

PeakDi st T2 cp@pgmnt& @f tpéerandeubisgiangy dtinushis hap @ddd?requﬁvew&l@é@fd 3ed sz and
t he PeakAnmpT2 |s a.f | ifudes, of r

peaks foun&mﬁqﬂe ﬁ%%%dS&gHPE (nwgﬁzﬁqﬁﬂoggy(%y 2%%3“c EOWP

454 and t herpRsi pasyﬁltp@ak)yaH@LPF 3@8 t¢ bigalnatoths hih fbpesdy ﬁltnlelpnaq&bdw@s peak
tenporal distance check in step 456 and the negative peak anplltude check

i n st ep457 HEednixpd AuRUEy AB Faapledtanpicr fungtipyo %ﬁultﬁblfeLPEﬁ@i igpf gcform:
indicating the preamble sync has been detected. |f either the negative peak
tenporal distance check in step %5 orlnegafwwgzbeak anplitude check in
step 457 fails then the sync i nHie&t of fipg' 43 set False in step 458,

i ndi cating the preanble sync has not been 'detected. It should be recogni zed

t hat dlffer nblntlons e,ste achi eye, t

result. For” ﬁeaﬁpd(g()?é‘af’éc A3t helhaj O?P?{‘i‘péﬁ?s&%x{tit}e H@%n]glfderﬂ:{}f}nbe
done after phhe RASjdatiMEIrBRBtputhsiCke OPFSIEBRSC 4Rduiand Wohe MARHLH 3601a8xanpl e
of a swtable Sync Detector Controller 370 is shown in FIG™ 18a. Step 407

i s the ent sympwidin thyAdées 36dntThel aueputwifitehAdddrt36g1 s zpsit tchdierdatshgd Bilier er s
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 S353.

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

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



and configures the initial state of the receiver. In step 406, the sync
search type is checked indicating whether the sync signal is being searched
in the Rwoab@/ap34Rx audi o path. Step 372 is entered if PChasSBdooawdd© pat h
is being searched for sync. Using Burst @ync i ndex S351, the nmaxi num sync
burst and index are searched over a numB&r of processing frames, NI in
step 372. Step 373 determnes if the maxi mum sync burst and |ndex sear ched
in step 372CyyHEsBsaareduetions §F (he compatitionsls eomplexitybassdaiopl Evor auiied abl e

sear ch decisjQ 1%% g‘gee& AL SLER: A3 gtp%rs(gfm{epsea&% ?1" kn%%m”[ﬁ){h L In s&% ) and

(Urax sync - where smacnmex 1S € maxi mum o e sync ound
over the N4B3nhedﬂesmngnﬁnasa&dxﬁh&Bthsnmhﬁnmqumbuﬁgmdma@@ﬁVé@anﬂhm@shold,

ismax is the max m sync burst index, Sync is the nunber roceSS|ng
frames s earpéﬂ@d"vlélgg npgteyan §X%Fcreét Ry prseel 98 thi nEFAGVE Sl rP@SWs fegclaign 5

sync bur st ggﬁq ARtarc@UNELr SO urstprl 5 fp%a na%%ﬁi B@%uﬁc?u?fsf%B 4435 paRd 6$§%@ar0h

is restarted. If a sync u control passes to step 374 where
si gnal AudiPocavitile Sopenal 246363 p@l@m@ﬁdtsedomrcﬂppn@ugntp toreclatuahi ovigatthe f r om

bei ng out put on the speake In ste g Pr nbl e, sync i ndex

Do v moiselREdPuS RERE Ty FoebbiRa2 AP A 2 nit GRS e
processi ng chrélﬁ’%n WiYR thStn@ Brtir &er6l6h 8F %Wséqheﬁ&@ﬂ%h H@H‘ta%)(é‘@xaﬂ{ﬁ@fi@é e and
i ndex searched in step 375 passes a successful search criterion. An exanple

of a sui t alsyec detegtehshoatd Bnaat spstt2epdatsp in ardst epdFrgeitlat dhe syme mreambleds | - a
) )2+ dtgﬁecteﬁ[z I)n ste Q&FQhe rn%el$ HP%@X de Gec%‘gielsrrc%)l(lht n(aflf t hg %%,{1[' Cog u{ :t S

found over ces§|ng rares alln

t he maxi mumpesfs ish@tewédouhén afsyhbéndiedtoh @dg fis IsteTrud36@ step aymClﬂdh@tﬂ?g glgbl e
Det ector 351, P(i sml i is the maxi rum power input to the Max Search 369
in the SyndT®i ?Smtl’@éfo@ffn duerted: M@lt%%wmlgyﬁ&nwmr@y of ﬁ%?é‘)% defestets . 1f a

sync preanhl i 0 i i 406
v the. aom Sy ot 8 Beak OURRY' Apieh 3R SRt CORID, | T PIRAGH G Heh® 2 WED 1)
Control S3 @@telc&dgﬁﬁte rcahteel passsst & stBF 815do wahwtrd die tem;iolmzl <thania:t betpati tha

De- Mux 320. Control is then passed to st 377 where n i fset
S350 15 calPeuius BERkS Anmdyn pé‘%gfls ORI At q%aeféffc’f %é&an%:l’eﬁiqﬁﬁ%n is

of the for 'TheTI"élkDEktﬁ fis&dt tﬁ(‘tfe 4 F8Xion NSO Geridd Jof SROPN) schubndeme Ligp@Xx )
where izmax 1's the index at the maxi num of the output of the matched filter

368 i n thefiltering the received preamble against PN sequence 242 should yield a temporal
distance between the correlation peaks which is equal to some multiple of the period. If
the temporal distance between the positive peaks is found to be within a range of
PeakDistT1, the positive peaks amplitudes are then checked against a threshold
PeakAmpT1 in step 455. A suitable range for PeakDistT1 is plus or minus 2 samples.
The PeakAmpT1 is a function of the amplitudes of the previous peaks found. In a
suitable example, the PeakAmpT1 is set such that the peaks found in step 453 do not
differ in amplitude by more than a factor of 3 and the average peak amplitude does not
exceed half the maximum peak amplitude observed up to that point. If either the
positive peak temporal distance check in step 454 or the amplitude check in step 455
fails then the negative peak temporal distance is checked in step 456. If the negative
peak temporal distance is within a range of PeakDistT2 then the negative peak
amplitudes are checked against a threshold PeakAmpT?2 in step 457. A suitable range
for PeakDistT2 is plus or minus 2 samples. PeakDistT2 is set to be a function of the
period of the PN sequence 242 and the PeakAmpT2 is set to be a function of the
amplitudes of the previous peaks found. If either the positive peak temporal distance
check in step 454 and the positive peak amplitude check in step 455 or the negative

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



Sync Preanbl e Detector 351 over one frane, Sync is the nunber of processing
frames searched, sanp is the nunber of sanples in one frame, and kmax is

t he phasewof2oed@ozsaxi num of the out put of the matched fiPCrars2888444n0t he
Sync Preanbl e Detector 351 over one fragﬁ. Control is then passed to step
418 where the Rx Mbdem 330 is enabled via signal Rx Mbdem Enable S354, then
finally passed back to step 406 and the search is restarted. Step 372a is
entered if 4hearuheme ayirainpicrer Pag igscs d srecietert 410, thnsﬁwemglﬁ SYyR73a,

3752, and H108.LHAGLLON INGURANR A% tERSUERpoAT i O G 456 o

respectivel difference bein e au mut ed
and the De-ereq)emk)ampmutie lehdakamstp 4éadfadis tlenRke d;atcanmhetnr flagisSynEalSear ch

Type checked in s [00111] Anqt her exanpl e of a sui abI e
Sync Det ect”?)ﬁte@ﬂﬁ% rlB@lP@fngé epreé%ifoﬂm AS Tqtdeen ggjected ol S Sy be rcpgnie
poi nt i n t hey CRFLEH &%ErsV‘A?deébrﬁB?h&doﬁk 'o%‘%l%e Et@%s %‘i“%&hﬁe%’fﬁe%ﬁm%%l?o%f 9‘” es

the initial state of the receiver. In step 4 he sync search type is
checked i naxemplendetodtiop tler mpjoeitys peuks si sfomi6 of Ibeyhgd@eaarftchdtt posittvh@eddx dat a

or Rx audio t Contr ol n passes to step 411 where the Preanbl e
Det ect or 3%@)%50}}‘&?8695@%%%&% 412 checks the signal SyncFlag S305,

i ndi cating 0015&’) C Preanblagn dﬁ@§f@§ﬁf&bfe®5ﬂfé DHORA CANFJIEFB70 Is sAywh ePEdGedl y

checki ng for yncFI ag S3 a total of Ntinmes. A suitable value for Nis
1 (that is 18@n|S§rep14Q7r edhbrrirypeiat trethewontiellar veoel imtr@ltmbﬂi)e m@momielffers

Desti nati on, ;condgl?rles 990 natnqdéate %ﬁ tllleh gc\)]%{ C%géﬁegnld?ialthe TiC se IC én?s

preanbl e i $7% 50h I'S gen ate r event

the audio maédkeﬂﬁmdmgmemﬂrﬂmsyho sighel 1§b6@§%éarct&d@ﬁ&he®(d%dﬂm@dm rol
S360 is then generated in step 378 to. switch fromthe Rx audio path to the

Rx data patPathi iSter KA1k apered ¢ ?lRéfI audio patl s b%%%éf‘cﬁ“ﬂ@dit)%ﬁ’n87ﬂs\m€e5\é“§| gnal
Timng Ofsel; § §9 sh 1Cﬁ1'e%!£ dﬁ%lﬁﬁﬁ”&?ﬁdﬁ p Séé'a}cﬁ% Svdi Mt beet
e et ul se

calculation’is o form osition
+PeakDi st arm&iésdus@ﬁ’ames iNoInini s$epa37t2I 13: SOLER mamlﬁesafrﬂtehf:ammsnt dywe baot eed at i on
peak to a fi reference ti i nst ance, be. a ositive or gative

val ue. Peak e§t SERteled dn 54N @agseaﬁcewseﬁ e@ﬁa%h FGn: | W EHRIE aff.aon
peak and n%g@éule/ea%rdeelsﬁﬁmﬁe&ﬁﬁk ste?rsmsmpdh@f&ha suitable first

reference tinme instance may be a certain sanple position relative to the

current received speech fr AIe. Ag% eandeecarrpgg, of _R s
cal cul ation Smax max = Lsmax = Nsyne — N guard

le table Timng O fset
Wwhere Sy max 18 the maximum of the sync bursts found over the N1 processing frames,
Thgp 1s the sync burst detection threshold, isue 1S the maximum sync burst index, Ngync 18
the number of processing frames searched and Ngua 15 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 S365 is generated to prevent the audio path from being output on the speaker.
In step 375 using Preamble sync index S353, 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 '(Sma.xmax/P(ismax))z +CZ ,22 ) = ThPD

max max

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

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

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

smax

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



is of the form Timng Ofset =Pul sePosition PulsePosition is a tine

di stance fromthe negative correlation peak to a second reference tine

i nst ance,wandowmy34dbe a positive or negative val ue. An eramfiSecvf4@osui t abl e
second reference tine instance may be a,certain sanple position relative to
the current received speech franme. Cont ?g is then passed to step 414 where
the Modul ation Type is determ ned via signal Mdul ati on Search S307 by

sear chi ng iltha sy NMsawblp ismot fpung lrpusf@aéﬂéf sANHOH isprpssad; kask ip stea @ﬁ@nfiéktf‘el ved

wher et he. A TBaer 1000 & 83 Si e I it Seh s PRERAR SRR SRt ] 1
denodul at i @anaeteerie stepedl8i to Fitdibrdethe Rxaddte pSf&Syﬁ Ds-Miet M(m Gedtrolnisshap 418

by the Mdul ati on Type 836|npu si gha CotrQI is fi ypassed ack to
step 406 am@S¥Hdo SR WBoTE S tTémegélt)ngt P4 15 §aléﬁlta&¢5 prexpmBlerst dat a

path is bEIsﬂgatﬁ@@{rﬁlBg@)fng{Caﬁé{ﬂgnongggpﬁle%&fh@ and 412a function the sane as

steps 411, and 412 respectively; the nmain difference being that the audio

path is not nuted and.t he S Audip to Rx data
when the Sync Sear chc% é@’&kﬁ%&waﬁ st¥p 4%)6]%a )I%R%’f a7t shoul d be
recogni zed that  diff ord rs and c nations.of the st Chl eve
the sane r &dT et 1R Fram Il PRt 10 SRR OB Hwi ¢ ch
step 378 ”@ﬂlnp?re%m@@éte‘é’totrhﬁ@%v@lf In?ecfraﬁ@ NSDI? IOURI RInhbes YR proteldtd frfes
[00112] FIG 19 is a suitable exanple di agram of Rx Tim ng 380 shown

in FIG 1. SEretrehddx Meimriis ¢he380mbey Qfs@dllﬂftﬁ ml @Iganfralme, astblats e phaaq:r@f Blindar y

in the data out code 90 ,so.th i 0 n the

rt it a oo duiaBE ofuhe Dubif of QRO fgened TRES IR UR e HRER TR Ss

wher e sevelpgbr SRIMPIRS @61Rrot iPthesl passid trdibL4 BBk ¢ife RE l\ﬁ&tfefxﬁs30318 tnaed ude

first-in-first-out (FIFO nenory or random access nenory ; daphThe sanpl es
@

from t he Buid ggnaddx Mfoéemrﬁp@blet Sdhdewdimaly passpé pagk @526 ¢ perscliel ay
i s applied;t %s%gﬂgg“sk es qé’Lf’&%f ﬁ’lfﬁi X gﬁghﬁgﬁgﬁ%e& LSRR OSt%E o

Ti m ng of fse I"ay ~ap I|ed|n ari a

Del ay 382 13a3a, be731ny375umaﬁdi 337f6aSﬁiﬂib1l1@S thd QBMZ EdsOstess Bfm BTRn¥I5iad 376L. The
del ayed signal is_ output. as Adj usted Rx Data S330.[00113] FIG. 20 is a
sui t abl e eXeRpftEehl: dekmaingyifatshes betl%thwha&%w@a@elmnsmu GRA DX 1.

Two si gnal §q ahiQwieh Tkt RRIARME o Kk GAeTe/nth AP é}}h% Sggﬁcﬂslty‘fag cﬁ%ﬂ:k@@h@s‘cep 406
is Rx Data.
[00111] Another example of a suitable Sync Detector Controller 370 is shown in
FIG. 18b. Step 407 is the entry point in the controller which initializes the memory
buffers and configures the initial state of the receiver. In step 406, the sync search type
is checked indicating whether the sync signal is being searched in the Rx data or Rx
audio path. Control then passes to step 411 where the Preamble Detector 351 is
enabled. Step 412 checks the signal SyncFlag S305, indicating a Sync Preamble has
been found, then confirms it by repeatedly checking for a SyncFlag S305 a total of N
times. A suitable value for N is 1 (that is; only 1 preamble detected without
confirmation) for the Destination Terminal 600 and 3 for the Source Terminal 100. If a
sync preamble is found, signal Audio Mute Control S365 is generated to prevent the
audio path from being output to the speaker. Signal Rx De-Mux Control S360 is then
generated in step 378 to switch from the Rx audio path to the Rx data path in De-Mux
320. Control is then passed to step 377 where signal Timing Offset S350 is calculated.
An example of a suitable Timing Offset calculation is of the form:

Timing Offset = PulsePosition + PeakDistance



S330 i nput signal through Rx Data Mbdem De-nux 331; De-Mux Mute S332, and
De- Mux Rx Data S333. De-Mux nmute S332 is a separation or nuting period

whi ch nmaywexheri4babween successi ve recei ved nessages an@Crassgemiopgaed from
the Adjusted Rx Data S330 signal if the §eparati on or muting signal has
been applied at the transmtter. De- MisSRx Data S333 is the received

nmodul at ed nmessage signal input to the Denodul ator 335. The Denodul ator 335
denodul at esDW%@Wlée’éilS\/@a@“ﬁe(@@é@@ framdhpesighc sprelatiompsakne nlfstsefewnt Dat a
S330. The - L L.O : m ned
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transmt data nodul ato Anot her exanpl e a suitable denodul ator 1s a

mat ched fi lis efrtheformel at or mat ched to a bandpass filtered version of the

pul se applied by the transmt data ul ato ere the bandpass filter

represents the transm ssion chafd&t &2’?@&7%@1@%\0@{%‘5 channel . SYSTEM [ 00114]

FIG 21 is an exanpl e use case of tge Sélstem and net hods di ECl osed herein.
il
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(eCall) SY?ét%anc@tiﬁ%hanﬂaﬁcé, %h%@ﬁ ng%dsﬁi&h&%#%ﬁv@@aﬁsciﬁﬁ%&m@%w t wo

vehi cl es. O her suitable exanple ehicle incident 950 include multiple
vehi cl e aceidelt secondgifercuehiint enstack deayt he & cergliresanghle pbgtibh atlativierte thsi ngl e

vehi cl e engi ne mal functi on or other situations,where,the vehicl.e )
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incident 950 or may be | ocated on the user hinself. The |l n-Vehicle System
951 may be atenpedatesthiedd posetigiowhete theredeivgld WokcupeQut sibeal shevldi by stored.
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conprised o Uplin atfons' ¢ 0

comruni cat iRxslogfamnablcH384. Aht demesilatici scatha ubddainRH Svden Braplcs3saecei ved
by the In-Vehicle Systemthrough the comunicati ons channel or ma¥ be
aut omat i c GetcHRHGd IR ptegetSr it B8 Mpdylpgon AyreR3e4 @put signal. Control is Tinally

passed back to step 406 and the search is restarted. Step 411a is entered if the Rx data
path is being searched for sync. Steps 411a, and 412a function the same as steps 411,
and 412 respectively; the main difference being that the audio path is not muted and the
De-Mux is not switch from Rx Audio to Rx data when the Sync Search Type checked in
step 406 is Rx Data. It should be recognized that different orders and combinations of
the steps will achieve the same result. For example, steps Mute Audio Path 374 and the
path switch step 378 may be swapped with no effect on the overall sync detection.

[00112] FIG. 19 is a suitable example block diagram of Rx Timing 380 shown in
FIG. 1. The Rx Timing 380 is used to align the modulation frame boundary in the data
output from the vocoder decoder 390 so that demodulation in the Rx data modem 330
can occur. Signal Rx Data S326 is input to Buffer 381 where several samples are
stored. Suitable examples of Buffer 381 include first-in-first-out (FIFO) memory or
random access memory (RAM). The samples from the Buffer 381 are input to the
Variable Delay 382 where a time delay is applied to align the modulation frame
boundary corresponding to the Timing offset S350 control signal. A suitable delay
applied in Variable Delay 382 may be any number of samples from zero to the frame

size - 1. The delayed signal is output as Adjusted Rx Data S330.



System A wireless tower 955 receives the transm ssion fromthe In-Vehicle
SystenB51 and interfaces to a wireline network conprised of a wireline

upl i nk 9680an@/MpI4el i ne downl i nk 961. A suitabl e exanpl eCofusacosion@bess
tower 955 is a cellular tel ephone connuglcatlons tower conprised of
antennas, transceivers, and backhaul |prrent all well-known in the art,
for i nterfaC| ng&to the wireless uplink 501 and downlink 502. The wireline
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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 wvehicle 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 malfunctions or the user is in need of assistance. The
In-Vehicle System (IVS) 951 is located in one or more of the vehicles involved in the
vehicle incident 950 or may be located on the user himself. The In-Vehicle System 951
may be comprised of the source terminal 100 described herein. The In-Vehicle System
951 communicates over a wireless channel which may be comprised of an uplink
communications channel 501 and downlink communications channel 502. A request for
data transmission may be received by the In-Vehicle System through the
communications channel or may be automatic or manually generated at the In-Vehicle

System. A wireless tower 955 receives the transmission from the In-Vehicle System



"MSD' nessage 812 to the Destination Term nal 600. A suitable exanple of
data conprising the MSD nessage 812 includes sensor or user data formatted
by a dat avoes®agessbor matter 210. At tine t2 852 the Destcmatsany/od@pnom nal
600, having received the sync nessage 8%% fromthe Source Term nal 100,
begins transmtting a negative acknow edgenent or "NACK' nessage 803 to the
Source Term naI 100. TheDestination Term nal 600 continues to transmt an
al ternatind3 yarvéi weerfagay to paKelipg asiguk somniked (ofj & vaipbise spligk| 962 ardi ves

the M5D rmesy ci‘o%wﬁﬁﬂ%”%élhe SQUf it E%@hga%fn%ﬁggeﬁssw ?bﬂis‘% X2 lﬁmof

successfully recerving t nessage es verifying a cyc
r edundancy tdbgoke penimuniedionn tbher MMMS@@ ent8dnas, Abndceiverst 3and@ %ckltahb

Destinati on Term nal avi.ng, successful |y recejved the
begi ns t r afgHPPERh! awe‘g%fl%\vﬂéfl %Pf‘g afstyteﬁs igsifaging tad Lﬁ‘a@@%’@?k o pxand
message 8045whiifk SOYT Chhe @fr@ﬁ&aﬁetgv@ﬁ( niﬁbéri%&éseﬂgpé Ph@hé §5‘1@tyt Res Ve BSiHAge

812 multiple tinmes (813, 814) until recel ves nmessage 804. In a
sui t abl e exBBpPERI60, fwhdre e&atgeney TIEfolrmatmln tml(smatetdebsptls ItneV@edd Stylsemvﬁl
nmessage nore than 8 t

h tt di f d
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i ncludes increasing the duration of the nodul ation frame TMF while
mai nt ai ni ngoanywisfiantbehvashehe di-Vichieke Sm@rarﬂﬁésanésthelé’slbhq? ettty Aaviveurd y. At

time t4 851>0Enqe96§04§r ?I'%r 15@6?516%%61@ the nrl]t%}“cﬂgn rda se(aescrl eclil 11%" f‘?lsésa e 804

fromthe Destination FSESNHTT NUESH Fanshl SSton
nmessage 8l4ectionsa suitable exanple, a retransmi ssion is requested by the
Destination Term nal 600 via transmtting the start pessages 802 again

after a prd®@IStni nedIurBels apfcrappke ivigragitpediagom phihe &y@ébfog@ﬁ&lorbgfm% he
Desti nati Oﬁaﬁe{rgﬂsﬂﬁ siGPequl [399%1@&\354 Gthe2§éulcé TRRRHAE 106 %ATPHE bggttﬁa ' 0”

di agram of the synchroni Zhti on an transn ssion sequences t ween
Sour ce Ter rlicnainall 6@0.a hdthhma(alaqﬂds,lthaljphnk Teanshissiono&uedoa 810i & iaamegd Hﬁ}he

The. Upl i nk 11 Bstnofianiichle ol Pevnfik ixpioanianon pisects S3ba hyhs ho
Source_Ter afighisdBR o Lfic RlCRu I AhAEAS. ot RODANRIRS ThEnBOUERP (J3het nal
100 Transmit baseband 200 to the Tx audi o path S225. At tinme t 851a, the
Sour ce Ter fonak TekdDimbhfO gud Uplaﬂs"ﬁnansrbasebamhez@f{)SI(blstth@trmxsmiailen pﬁt h
S230 and sync and data messages from the Source Terminal 100 to the Destination Terminal 600.
The Downlink Transmission sequence 800 is initiated at time t0 850 by the Destination
Terminal 600 with a sync sequence 801. Suitable examples of the sync sequence 801
are those described in FIG. 8A, FIG. 8B, and FIG. 8C. Following the sync sequence
801, the Destination Terminal 600 transmits a “Start” message 802 to command the
Source Terminal 100 to begin transmitting its Uplink Transmission 810 sequence. The
Destination Terminal 600 continues to transmit an alternating sync 801 and “Start”
message 802 and waits for a response from the Source Terminal 100. At time t1 851 the
Source Terminal 100, having received the “Start” message 802 from the Destination
Terminal 600, begins transmitting its own sync sequence 811. Suitable examples of the
sync sequence 811 are those described in FIG. 8A, FIG. 8B, and FIG. 8C. Following
the sync sequence 811, the Source Terminal 100 transmits a minimum set of data or
“MSD” message 812 to the Destination Terminal 600. A suitable example of data
comprising the MSD message 812 includes sensor or user data formatted by a data
message formatter 210. At time t2 852 the Destination Terminal 600, having received

the sync message 811 from the Source Terminal 100, begins transmitting a negative

acknowledgement or “NACK” message 803 to the Source Terminal 100. The



begins transmtting its sync sequence 811 followed by the MSD nessage 812.
At tinme t2 852a the Destination Term nal 600, having received the sync
nmessage WO 2heomvidie Source Term nal 100, begi ns transmPCTiUsGo0R046400
alternating sync 801 and "NACK" nessage,803 to the Source Term nal 100. The
Destinati on Term nal 600 continues to transmit an al ternati ng sync 801 and
"NACK" nessage 803 until it successfully receives the MSD nessage fromthe
Sour ce Ter M%HPatippglerminal 68 contigry to ttRasE an; PigEnasiag TeraBRhrnEODAMEVI ng

successful | n
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transm ssion of the MSD message 814. [00117] 23B 1's anot her exanpl e
i nteracti omadsaegr zbﬁglmﬁ ttanemgying linoaltcradtingnsya d8tatad tackmsvicdsi on “@ddlénces

bet ween t he Sour T m pal and Destj nati on Te m 600. hi s
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the transm ssion, the Source Term nal 100 transmits an alternating sync 811

and " SEND" emelagef tB®§oaltcetTemmta® IQG@trsemms tojspid thel MEB1message Mwse thaat§ on
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852b t he S@dususemlieﬁlmlmbchéﬁ@adéiﬁﬂﬁbmgyrcl&f:‘ﬁllak@q) g@eﬂ SHar A'sunass agenBOaf f rom
the Destination Termi nal 600, transmts a sync sequence 811 foll owed by an
MBD nessagé B fobustHaodWaqmedhes ITepdesnarieanns the duphen o8 tipsmpdylpgon
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Source Term nal 100, transmt sp%n ?ternatlng sync nessage
803 to the psoususty. Teﬁrtmlmalt418m that Sduroe TteﬁnﬁEMhOOt]lmi@s&dehfaditha T&H(ﬁ nal

600, havi g, SUCSISIULLY, L BSENES Lhe MO escate, L ansm s, 0l Lgpat  no
ey e
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Source Ter r1111 A er otQOAC?Ie’d n}ers]seélggse §(M fhve Ibeen sent by the Destination Terminal 600.

[00116] FIG. 23A is another example interaction diagram of the synchronization

and data transmission sequences between the Source Terminal 100 and the Destination

Terminal 600. In this case, the Uplink Transmission sequence 810 is initiated by the

Source Terminal 100. The Uplink Transmission sequence 810 is initiated at time t0

850a by the Source Terminal 100 with Voice data 815 by configuring the Source

Terminal 100 Transmit baseband 200 to the Tx audio path S225. At time t1 851a, the

Source Terminal 100 configures Transmit baseband 200 to the Tx data path S230 and

begins transmitting its sync sequence 811 followed by the MSD message 812. At time

t2 852a the Destination Terminal 600, having received the sync message 811 from the

Source Terminal 100, begins transmitting an alternating sync 801 and “NACK”

message 803 to the Source Terminal 100. The Destination Terminal 600 continues to

transmit an alternating sync 801 and “NACK” message 803 until it successfully receives

the MSD message from the Source Terminal 100. At time t3 853, the Destination

Terminal 600, having successfully received the MSD message 813, begins transmitting

an alternating sync 801 and acknowledge or “ACK” message 804. The Source

Terminal 100 may attempt to send the MSD message 812 multiple times until it receives



Term nal 600. In this case, data is requested and transmtted by both the
Source Term nal 100 and the Destination Term nal 600 on the Uplink and
Downl i nk wesp@ctsd3sel y i n support of bidirectional data PCcarusaedi@n0 The
Downl i nk Transm ssi on sequence 800 is iE'ti ated at tine t0 850 by the
Destination Term nal 600 with alternati Z sync sequence 801 and "Start"
nmessage 802. At tinme t | 851 the Source Term nal 100, having received the

"Start" nmedagdCEOmessegn $e vhesain sagh effemmd ifarifferspioredurdingy versis nd\t t i ng
.t . . L ’ > BN
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di scontinues its data trans sion. At tineth , Dest 1 nat1 on
Ter mi nal 60@rmmah60f.t & tms edstethndiplmy Eypngnisequenpen@08Hhds TEEND byeksage

805 i ndi caty n requ tg trapspmt data on.the downlink. At ti. tp 856,
the Sour oo SPURR, TR EBQ Dl R GEL S gt e it Riq2ageihie i s

with an al t@naltibs, GY YoufkRApeRaRl 488 tARthitShbliternMMiSagR HI0indASHENDE t 7
857, the Destination Term nal 600, upon detecting the "Start" nessage 816,

responds wintdssageBPicatsunm Eh820BoAL tigd dvid bbthe d2astin8®s. Toxmingl 6801 BavEE8, t he
Sour ce Terni nal 0 smts |ternatin n uence.811 and ' NACK"
ressage 517 0N v paeead A A B bl oG SRR BRI A g el

Desti nati oRydesm mal “$af; mieeige 802 C M tadimé KBS BFbukeT Satifia a 00ehavimnal 100
sends an alternating sync sequence 811 and "ACK"' nessage 818. At tine tlO
860 t he DedtqeHaditbe Tertninrapacsdt®2 FemithyDegstigrd cipiwal gl trappydng sy g
fromthe S T i i i 1 §S4 : LIS 8R6. One
ki 11 ed 1 nopanes FLERRWA Y BRITHAMER 12 JHD SEuARIS Tk, 20 |
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bet ween t hosend §ARSATEARAaIOT0E, NEACRHR Itk BE4R N e YRstifdtion] PAMIR ¢0bGhavidB 15 a
anot her exanpl e interaction diagram of the synchronization and data
t ransmi ssi enceeduibnuesivhé theeMiS D mess8geirteasmgs an pHErnadid symd 801 and “ACK”
message 804. Upon receiving the “ACK” message 804 from the Destination Terminal
600, the Source Terminal 100 discontinues transmission of the MSD message.
[00118] FIG. 24A is an example interaction diagram of the synchronization and
data transmission sequences between the Source Terminal 100 and the Destination
Terminal 600. In this case, data is requested and transmitted by both the Source
Terminal 100 and the Destination Terminal 600 on the Uplink and Downlink
respectively in support of bidirectional data transmission. The Downlink Transmission
sequence 800 is initiated at time t0 850 by the Destination Terminal 600 with alternating
sync sequence 801 and “Start” message 802. At time t1 851 the Source Terminal 100,
having received the “Start” message 802 from the Destination Terminal 600, begins
transmitting its sync sequence 811 followed by data 812. At time t2 852, The
Destination Terminal 600 transmits an alternating sync 801 and “NACK” message 803
until it successfully receives the data 812 from the Source Terminal 100, upon which
then the Destination Terminal 600 sends an alternating sync sequence 801 and “ACK”
message 804. At time t4 854 the Source Terminal 100, having received the “ACK”
message 804 from the Destination Terminal 600 discontinues its data transmission. At

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



the Destination Term nal 600, wherein data is requested and transmtted by
both the Source Terminal 100 and the Destination Term nal 600 on the Uplink
and Downlwokooespiet i vel y. The di fference between the i rCeEnsesonsioof FI G
24B and FI G 24A occurs at t3 853. In tgés exanple, an alternating sync 801
and "SEND' nessage 805 is transm’tted by®°t he Destination Term nal 600
instead of an alternating sync and "ACK" nessage. In this exanple, the
"SEND" nes$BféSEOD smevasc BBS inratinge raquest tosrapusit idak onherdwnlinkl 400 has
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packet | engt then t he Iast segnent contains a pad. In the exanple of FIG
t he US%PWGHPlaal?dsu into two segments. The first user data segment
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precedi ng I'ength indicator 910. The second user data segnent
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I's smaller ehﬁ%stgnra 10;[1 r"l%?r%ma 69&1 3 hgrem gata is requested and transmitted by both the
Source Terminal 100 and the Destination Terminal 600 on the Uplink and Downlink
respectively. The difference between the interactions of FIG. 24B and FIG. 24A
occurs at t3 853. In this example, an alternating sync 801 and “SEND” message 805 is
transmitted by the Destination Terminal 600 instead of an alternating sync and “ACK”
message. In this example, the “SEND” message 805 serves to indicate that the
Destination Terminal 600 has successfully received the Source Terminal 100 data 812,
and results in the Source Terminal 100 discontinuing its data transmission at t4 854.
The “SEND” message also indicates a request from the Destination Terminal 600 to
send data on the Downlink.
[00120] FIG. 25 is an example diagram of the composition of a transmit data
packet whereby the length of the user data is less than the transmit data packet length.
The user data segment 900 is assembled into the transmit data packet 806 or 812 along
with a preceding length indicator 910 and a following sequence of pad bits 911 which
served to fill out the data to the end of transmit data packet. A suitable example for the

length indicator 910 is a 1 to 3 byte value indicating the length of the user data segment
900. A suitable example of the transmit data packet length 806 or 812 may be 100 —



| ength a pad 911 is used to fill out the data to the end of the transmt
data packet. [00122] FIG 27A is an exanple interaction diagramof the
transm t wetawwgsest sequence and transmt data responPETASUEME&N0 Wher ei n
the user data length is greater than thS transmt packet size. Initiated by
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the first transmit data packet 806 or 812 comprised of a length indicator 910 and first
user data segment 901 is transmitted by the responding terminal. At time t21 871, since
the responding terminal has not yet received the ACK message, it begins transmitting
the user data again in a second attempt 903. At time t22 872, the responding terminal,
having received the ACK message, discontinues transmission of the first data packet
806 or 812. At time t23 873, the requesting terminal, after evaluating the length
indicator 910 to determine how many segments are expected, requests the next transmit
data packet 806 or 812 by transmitting start messages to the responding terminal. At
time t24 874, the responding terminal, having received the start message from the
requesting terminal, begins transmitting the next transmit data packet 806 or 812
comprised of a next user data segment 902 and pad 911 (in this example the next
transmit data packet is the last data packet). At time t25 875, the responding terminal,
having received the ACK message, discontinues its data transmission. One skilled in
the art will recognize that the interactions described herein are symmetric whereby the

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



termnal. At tine t31 881, the responding termnal, having received the ACK
nmessage, discontinues the transm ssion of the first data packet then
i mredi at eV 2b@gidpBiet ransmtting the next transnmt data patkseoB0&400 812

separated only by a sync sequence. At t| t32 882, the requesting
term nal, having received the sync sequ ce, begins transmtting NACK
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[00124] FIG. 27C is yet another example interaction diagram of the transmit data

request sequence and transmit data response sequence, wherein the user data length is

greater than the transmit packet size. In this example, after the 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.



maintain timng at the responding term nal such that it would not need to
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[00127] In the interaction diagrams disclosed herein, there may be error
conditions which should be responded to and handled in a predetermined manner. The
following sections provide examples on the error condition handling corresponding to
the interaction diagrams disclosed herein. In each example, the error condition is stated
along with the corresponding response description. One skilled in the art will recognize
that the error handling described herein may be equally applied to the source or
destination terminal in both unidirectional and bidirectional embodiments.
[00128] An example error condition occurs when the Source Terminal does not
detect a transmitted sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of sync
preambles have been detected.
[00129] Another example error condition occurs when the Source Terminal
incorrectly detects a sync preamble. In an example response, the Source Terminal
delays the transmission of the MSD message until a predetermined number of detected
sync preambles yield the same sample offset.
[00130] Another example error condition occurs when the Source Terminal
falsely detects a sync preamble although there was none actually transmitted. In an

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



[ 00131] Anot her exanple error condition occurs when the Destination

Term nal does not detect a transmtted sync preanble. In an exanple
response,woheodDgsisonat i on Term nal does not start decodiPag/ush@oNBDomessage,
but continues transmtting START msssaggg so as to trigger the Source
Terminal to reinitiate the MSD transm ssfon after a predeterm ned nunber of
START nessages is received (including the sync preanble sequence). [00132]
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no response since the probability of this happening is very low. The Destination
Terminal does not start monitoring its received signal until it expects a sync preamble
from the Source Terminal.

[00134] Another example error condition occurs when the Source Terminal
misinterprets a START message as a NACK message. In an example response, if the
MSD transmission has not started, the Source Terminal delays the MSD transmission
until it receives a START message. In another example response, if the MSD
transmission is ongoing, the Source Terminal delays the reinitialization of the
transmission.

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

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



In still another exanple response, if the previous nessage has been
interpreted as an ACK, the Source Terminal term nates the MSD transm ssion
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if the previous nessage has been interpreted as a NACK nessage, the Source
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previ ous nessage as aﬁ SO been err oneousP'y etec ed) as an nmessage, t he

Sour ce Ter nhd@dnsiagsidneiyichding STRER Moldsdap@ism ssi on al t hough the Destination
Term nal has not yet received the MSD correctly. The probability of this
event is | d01¥bweverAnatheri¢xagpes cHoE ronditige gyt HAER oS TRAUIEG FicT ]
reinitiate f. SMSSH i.n.b I r S i { ages.
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t he Source .Term nal uld not abort the transm ssian of additional
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nmessages are interpreted as START messages, the Source Term nal may

reinitiate thhollvBing masegd ssiod anotherehClakheyuriche ADKstsiigiadrednIn 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



Term nal would stop transmtting nessages. The Source Term nal woul d
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sendi ng ST T LSskQn, the Source
Ter m nal nég);ud;%ﬁ;t%g%gg%t%s wn%dﬁﬁ?%%@ﬁ?%#?%%@?%one to noi se and
ot her chann@d14di st or tAmotiser ck@ipk2rrohrvohdiéon exeanp méheartho Destoradoh iTermmat ur s

when the Destinatiop Term nal ca eval uate the wakeup sj.gnal correctly.
In an exanpt @I}%bg%tﬁd%éﬁ‘é} th@ﬂf%ﬂﬁléﬂtﬁ@%%ﬁ%ﬂ h9%F i ALY BHB UG on Keup
signal del el MioRld AP anbhp HRORSERoLOS ﬂr@&&erﬁﬁﬁed‘ﬁﬁrﬁﬁ’ér)of;l’é%ﬂcﬁhéﬁn

node for the first trial of ating the MSD data. For an

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 evaluate the wakeup signal correctly. In an example response, 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 set of a predetermined number of received redundancy versions of the MSD data,
the Destination Terminal may use the robust modulation mode to demodulate the data.
[00143] Thus, disclosed herein is an apparatus and method of reliably and
efficiently transmitting data in-band through a speech codec in a wireless
communication system. Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits, and
symbols that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

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



ot her set of a predeterm ned nunber of received redundancy versions of the
MSD data, the Destination Term nal may use the robust nodul ati on node to
denmodul atwoth@/dat4a. [ 00143] Thus, disclosed herein is aoTaspavatasso and
met hod of reliably and efficiently trana tting data i n-band through a
speech codec in a wireless communi cation’system Those of skill in the art
woul d understand that information and signals nay be represented using any
of a vari etyimsrilyis ?eémémf At BEN Y| OFIraEniGHPn: WEisA dfedescitbid ©gbpes miat a,

| nst ruct | 0%%hpgf?&ﬂ€8 11'1 ’B‘Zugc{ Rk g&ﬂmuﬁlcgﬁéﬂ §yste% fat AOBxSY gﬁ% Op%[gtﬁa E)mey be

referenced t ove descri ption ‘may be represent t ages,
currents, ebeot rmnbz@raexzurdessa:hamel rragnetl c fiel ds or particles, optical
fields or ticles, n rrbln n thereof. Al so, thouhthe

enbod rent 06T desc g @% sl iWou G A T TR i

system th %%@aﬁ Hidde! de@ﬁan I EEs, TRY a%‘%nﬁﬂﬂ e ?9 dEé%rl‘BEéf' ‘ﬁ{ chicPaftw iRt R

communi cat i systens that are fixed (nhon-por do not involve a
wi rel ess clarhodimentO0itdldiedTinwsie rody bkiinplewsuted afsmledwmcam:rdweneabanpmat t he

various illustrative | |cal bl d CII‘ t hm. st eps
oscribed PHTEBRnAL: rosrP R tse e Sehotl miie WiRETsebEy inRerhefdliyoct

I npl enent eghaAfyL¢ 8d ESRSre h%r@ﬂ@ﬁ@ustﬁﬁﬂ@%rﬁﬁo&%fst BRCRs, ASdutQNBiraati ans of
both. To clearly illustrate this interchangeability of hardware and

sof t war e, \swpis b hacndesarided wbovsoggnoradisitie terps of Keelr fupetidnalty. dYhathdrtsush and

steps have D scri Vv nerally in ms, of their lity.
Whet her suc,f uﬁcﬁ ona%ﬁer%?@e(?agﬁgﬁ%% 8L a Waarlr?tlvdvae %ngruo E &mg@%%nds

upon the pappln@ubﬁranaﬂpélg@a@mmmmnldﬁsd on tiOOSrilak it | SRIDSE sk tigamsthgy
overall system Skilled artisans ma%/ npl ement the described functionality
i n varyi ng iRalpgenptheedeseribeds fupetigngh Yalﬂ?p‘fq%lﬁg iveRYS Tileachrartiquias) apREFAIDN; on

deci si ons %ﬁ]p%{lcﬂl fenEﬁta!nBP%@%@F%hoﬁd ARl g];‘p tgc?QsaEatukﬁ'h f(fegl Capﬁbﬁﬁope

of the present 1nvention e vari ous ustrativ cks,
nodul es, anik mopeufﬂlSpMSmrmmldonn connecti on vvlth t he enbodi nent s

di scl osed enent ed iLth a ener ose
processor, Tg& 8. t al ﬁg’ﬁg Sp‘m?}@éaé’éﬁ 0%1%\%&;00& 5 6%14 IHHS g@%ﬁ”ﬁ?@

i ntegrat ed cBhicetbh wWithShOemtRdirh&ld dREBEATER! a0 BE ?mﬁlreﬁfé}{te(i FoP?%}fo%ecPt her
programuabl e | ogi c device, discrete gate or trarsistor logic crete

har dwar e co‘rtt:koaegﬁnsral qurmyy oedskoratai digitelheigedf padesisgn€dSPo quenpicatiothe

functions degc?ttlc 1ne[egrated 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 be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
¢.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more 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



herein. A general purpose processor may be a m croprocessor, but in the
alternative, the processor may be any conventional processor, controller,

m cr ocontwol2b@r1493 st ate nmachi ne. A processor nmay al soPo@/tUscpbswant ed as a
conbi nati on of conputing devices, e.g., é conbi nation of a DSP and a

m croprocessor, a plurality of nicroproé SsSOors, one Oor nobre m Croprocessors
in conjunction with a DSP core, or any other such configuration. [00146]
The steps @ndhdemerimsdiug) gay reskin 1H@§eﬁ=9rl§e&1 the aliemABY tsrpragesporiand the
enbodi nent %m& hardware, in a

sof tware n%tg e%g@%gﬁgﬂ%§ﬂgg?¥%§§§gor gh&g?gfigﬁ$k%?%%%lon of the two. A
sof t war e njoad4g] may rTdsievibns BRANHipeombY thd Haslossie smbydimRaM isgnevigied EPROV
menory, EEP menory eq ers, hard disk, a renovable di sk, a_ CDROM or
any ot her ﬁm &Pysnea%oélg%ﬂh@ﬁmm%%vsﬁ kS fe s £he AresesrigyetioR d MaRPHS
coupled to rﬁ&@ﬁ@a&f&ﬁﬁog@i"eséé&ﬁﬂo&%n@rv&lﬁ%%%édlﬁﬁﬂ) Ef%ﬁﬂtd by JaféLm theam and
wite information to, the storage medi um g al ternative, the storage
medi um nmay abe thmgﬂgnaprlnaphhdeﬁmaddmso mayTheeanptiod eselbracmbodimests ovithget
medi um may resj.de.in I n al.ternati rocessor. and t

Ctor age medF Ui RO BB AT res B ERBRE RNt Spr s TSGR PaptHcds not
[00147] Thenteh®\iteBe ligeRartd B PbdAiméMesithivath@siabueikRe 8 BB ded the Rt ded
to enabl e any person skilled in the art to make or use the present

i nvent i on. swenc cousistaniovith tetnrioaplesgnd mevd featigs diselosed lir¢in. be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other enbodinents w t hout departing fromthe
spirit or scope of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osed herein. WHAT IS CLAIMED IS: 1. A nethod of synchroni zi ng

non- speech frames through a speech codec conprising: generating a
predet er mi ned sequence that has noise-like characteristics and is robust to
speech frane errors; and sending the predeterm ned sequence through a
speech codec, wherein the predeterm ned sequence is used as frane

synchroni zation for the non-speech franes,



wherein the start of the non-speech frane boundaries are not dependent on
the start of the speech codec franme boundaries. 2. The nethod of claiml
wher ei n tweo 2pesidesser m ned sequence is a function of a pPeudseeEadadmNOi se
sequence. 3. The nethod of claim?2 wherg' n the function is conprised of
concatenating a plurality of pseudorand noi se sequences. 4. The net hod of
claim2 wherein the function is conprised of concatenating a plurality of
pseudor and AT 22 CdeJMEPdS: with a plurality of overl apped and added
pseudor andom noi se sequences. 5. The nmethod of claim 1l wherein each sanple
of the predeterm ned sequence is separated by at |east one sanple of val ue
bi nary 0. 8§. . ai | I t 0 e pseudorandom
noi se sequghcégg ?tg&l{ Q@&@éﬁﬁﬁhiﬁe%pﬁﬁmﬁ thgﬁ%%r% S%g Clﬁlrc{o éér.' conpri si ng
generating a vakgigngi gnal prior to the predeterm ned sequence to prohibit
a vocoder encoder elenent fromentering an inactive state. 8. The method of
cl ai m 7 wher ei n &R RNSISEERAFd pedugncs;thydss aalﬁe-ilk@ Rharaderisfigeaibidhod of

claim 7 wherein 151% { G d'hv =d 3t & .ia%da di sconti nuous transni ssi on state.
10. The net hod 5% cfaoir%% vﬁaerelél%l ts’he inactive state is the | owest

transm ssi on r atsending thepe¢detfrminedssaqucnse thnoughtaegpeechlcodée,menory storing a
conput er programthat, when executed, causes a conputer to performthe acts
of : generating a preddtEs éﬁe‘geéﬁﬂléﬁlﬁgeseﬂ%%e F‘?alége&% ame s Iép%ﬁ‘?lpzﬁaéilefleri stics
and is robust tgySheachshec@RBaficE0rs; and sending the predetermn ned
sequence through a speech codec, wherein the predeterm ned sequence is used
as frame synchroni zatwhsreif dre stdreointbe nepepashh framedounddiss eionathe start of

t he non-speech fra boundarj es .are not depepdent on,the start of the
speech ¢ 08 ec fr élﬁ%er%glatnodgg? 8t§1% of Al specch &odRé Hrarnetboundarles.

2. The method of claim 1 wherein the predetermined sequence is a function of a

pseudorandom noise sequence.

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

plurality of pseudorandom noise sequences.

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

added pseudorandom noise sequences.

5. The method of claim 1 wherein each sample of the predetermined sequence is

separated by at least one sample of value binary 0.

6. The method of claim 3 wherein at least one of the pseudorandom noise sequences

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

inactive state.

8. The method of claim 7 wherein the wakeup signal is a sinusoidal signal.



12. An apparatus conprising: a generator configured to generate a
predet er m ned sequence that has noi selike characteristics and is robust to
speech freioeoermesss; and a speech codec configured to pPOTAS2000/0€6400
predet er mi ned sequence to produce a speﬁgh packet, wherein the
predet erm ned sequence is used as frame 'synchroni zation for the non-speech
frames, wherein the start of the non-speech frane boundaries are not
dependent on the start of the speech codec franme boundaries. 13. The
apparatus of ¢ al,Mld MR, EEASLRE YRER SEJVERGR, g%\%ﬁsrﬁi‘éﬂ%' on of a
pseudor andom noi se sequence. 14 The appar atus of claimt erern the
function is caagprised of concatenating a plurality of pseudorandom noi se
sequences. 15. The apparatus of claim 13 wherein the function is conprised
of concatenating a plurality of pseudorandom noi se sequences with a

plurality qp pNemtaBR®H AN 7addedn lﬁ?e%&’él?fv%@%@éqﬁ@ﬁ’é RH SEASARERn rE- The

apparatus of claim 12 wherein each sanple of the predeterm ned sequence is
separ at ed by mta deeaftraromessgaurptee. of val ue binary 0. 17. The apparatus of
claim 14 wherein at | east one of the pseudorandom noi se sequences is
inverted. 18. The apparatus of claim 12, wherein the generator is further

confi gur ed 1410 IRRRILAF RoBnd\RKEHPutSH l%gﬂanpﬂhhe wheR ck&t@tdal eARELS Fimadesequence
to prohibit a vocoder encoder elemenf fromentering an inactive state. 19.

The appar at ustogferiormitia a®s effier ei n t he wakeup signal is a sinusoidal signal.

20. The apparatus_of .cl ai m wh in. the inactive,. I.s..a di nti nuous
ransm so on ot S0 Fhi IR Flelr St RO CURE Pl T WEERT Ve
state is the | owslsist forsposdhi BehOarédisadi N a set of transm ssion rates. 22.
An apparatus conpri.sing: neans for generatin%>a predet ermi ned sequence t hat
has noi se-1i ke sendingthe predetermined sequence through a speech codec,

wherein the predetermined sequence is used as frame synchronization

for the non-speech frames,
wherein the start of the non-speech frame boundaries are not

dependent on the start of the speech codec frame boundaries.

12. An apparatus comprising:

a generator configured to generate a predetermined sequence that has noise-
like characteristics and is robust to speech frame errors; and
a speech codec configured to process the predetermined sequence to produce
a speech packet,

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

wherein the start of the non-speech frame boundaries are not

dependent on the start of the speech codec frame boundaries.

13. The apparatus of claim 12 wherein the predetermined sequence is a function of a

pseudorandom noise sequence.

14. The apparatus of claim 13 wherein the function is comprised of concatenating a

plurality of pseudorandom noise sequences.



characteristics and is robust to speech frane errors; and neans for sending
t he predeterm ned sequence through a speech codec, wherein the

pr edet er mvoedossgegsence i s used as frane synchroni zati onPCoUSRIDE/0mE@NG Speech
frames, wherein the start of the non-spggch frame boundaries are not
dependent on the start of the speech codéc franme boundaries. 23. The
apparatus of claim22 wherein the predeterm ned sequence is a function of a

pseudor anddf Rk apasdgefirdamold whgseindhpBmngtiensisspmprsshefxengHenasing at he
function is ¢ i ' 4k al | - m noi se
sequences. 251.91{1{-[)‘][111:?5 g%bsgfrl%(%%g%gﬁ ﬁég?éa%é%g?geegh%gﬁ ﬂ%ﬁ%HQ?ﬁﬁgﬁl r?aigg&)corrpri sed
of concat enat adigd psqidoraabomynotk speeudesr andom noi se sequences with a
plurality of overlapped and added pseudorandom noi se sequences. 26. The
apparatus of claim 22 wherein each sanple of the predeterm ned sequence is
separated Qy ffe é@ﬁ?&ftusocﬁ%laﬁﬁnﬂl $hQEinab & I88F dhe PredRermileg s@(ﬁ%&@fsus of
claim 24 wherein at | east one of the pseudorandom nol se sequences IS
i nverted. 28.scphmtaidyyaat dtagsorefsagipki ohvaie baeey i n t he neans for generating
is further configured to generate a wakeup signal prior to the
predet ermi ned sequence to prohibit a vocoder encoder elenment fromentering
an i nactive7stid &hpadius offtGaiRPRAGAERS) Aflcht 8hddABe PoatsiaRddhBowakeup si gnal
is a sinusoidal signal. 30. The apparatus of claim 28 wherein the inactive
state is a di segoendehisonsertedansmi ssion state. 31. The apparatus of claim 28
wherein the inactive state is the |l owest transmssion rate in a set of
transm ssi on rates.

18. The apparatus of claim 12, wherein the generator is further configured to

generate a wakeup signal prior to the predetermined sequence to prohibit a

vocoder encoder element from entering an inactive state.

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

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

transmission state.

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

rate in a set of transmission rates.

22. An apparatus comprising:
means for generating a predetermined sequence that has noise-like
characteristics and is robust to speech frame errors; and
means for sending the predetermined sequence through a speech codec,
wherein the predetermined sequence is used as frame synchronization
for the non-speech frames,
wherein the start of the non-speech frame boundaries are not

dependent on the start of the speech codec frame boundaries.

23. The apparatus of claim 22 wherein the predetermined sequence is a function of a

pseudorandom noise sequence.
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24. The apparatus of claim 23 wherein the function is comprised of concatenating a

plurality of pseudorandom noise sequences.

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

added pseudorandom noise sequences.

26. The apparatus of claim 22 wherein each sample of the predetermined sequence is

separated by at least one sample of value binary 0.

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

sequences is inverted.

28. The apparatus of claim 22, wherein the means for generating is further
configured to generate a wakeup signal prior to the predetermined sequence to
prohibit a vocoder encoder element from entering an inactive state.

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

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

transmission state.

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

rate in a set of transmission rates.



