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BACKGROUND
Field

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

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

The limited parameters are insufficient to effectively model the tone signals. The ability

of the vocoders to model the tones is further degraded when attempting to increase the
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[0012] In another embodiment, an apparatus comprises means for processing a plurality
of input data symbols to produce a plurality of first pulse signals, means for shaping the
plurality of first pulse signals to produce a plurality of shaped first pulse signals, and
means for encoding the shaped first pulse signals with a speech codec.

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

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

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

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

discontinuing transmission of the NACK signal upon detection of a successfully
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disconiinbagdtrewmissnort 2 | ba Np&e mignohpipps edeteptignsoff gr successfully
‘{ercgir\]é&n S(]g&rlcy gen%lﬁsa# %Bta ﬁés%y ael n{eagﬁoe} tga%§1tr1 él CK‘CK signal from the
ermnal, NnmMeans or d% I nul ng transnls %h

Sésahhtldii @naialpoea nib@h@fdrldi)@oﬂﬁmﬂné trﬁﬁ@frmﬁ@@tﬁbf/&ld ACK signal after
gnal, neans for transmtting a NACK signal fromthe

& equpﬁamn@@h npigpes qfghe Aﬁ%ﬁgﬂ%m&.b@%ﬁﬁmmrt%
do23p i %ﬁwy e‘?&botdﬂﬁerg"*&?h%e?ﬁcﬁﬁé‘% cdHRRMN; &%%‘Eée' QBRI Fansmissions

uccess recei ved source tern1na dat a nessage,
fremns sborcetteamaat it hmgn-dalCilosingmadatibn eysttinecomprises detecting a
destination term nal, and neans.f.or d|30ﬁntlnu|n

fSAU el 8h thsr Squees IeRIng] aismilfipg 2 synsprogiet Riggal from the
ernﬁfnaf Bforf\Ric&iodn& fe Q@dﬁ%stbﬁgﬂhltt&eﬁﬂﬁmnhé %duser datél segment

[0022] In anot her enbodi nent, hod of control
Sour dke t wumenarminAngsmgsh ofiest f modmlatl@to ucbeme.eranil néiscontlnulng

In an i.n-band co nication s em ecti.ng

b onic SR S T e ol R Mo S s ERGIE TEhthg

F02¥ NENra@BihgAtdnidbdhealant bggRrdthe Raipriess taehrdcestor,UpRory in
detection of the request signal, transmtting a user
dlaetsonie gramunfoation tHth teupreecssers msARtiQnsi figred inithgmemory, the

{Iﬁ%étﬁoﬁlk %glag %Q]ga{ﬁe ofae{}(gcﬁjt %C[gg%t e@%“é%tecglﬁgg?&qﬁl%%t 1gn% at a source

user Ion o

te@@Rial, @chnsingtiad a s{nﬂihl?éﬂlzdtlbna[ghhhﬁfbmethb eéliroe tdrmirh upon detection
g&ﬁﬂatus conprlses a processor, nenory in electronic
@ BAUCH SIFHLFARMitHRE Briseredaéb regment frPH’ctthP SPEce fgmpl using a

ﬁfkt 'h{lﬁuﬁ'ﬁﬂﬁ é’herﬁeh gndl B%E%Hﬁﬁlh%qt?atﬁﬁﬁégﬂ)nccﬁgﬁ@ h?er Qifa'[a segment upon
executing the stéps of detecting a request signal atf a
daectoa dferfirtradeivddrsagmairi tting a synchroni zati on signa

[({032] {nh eanso uerrC%rn %a{lr]nerlll?l alrjlpoarf)pgr%%u%(:tf]op ncontlrolling source terminal
transmissions from a source terminal in an in-band communication system comprises
means for detecting a request signal at the source terminal, means for transmitting a
synchronization signal from the source terminal upon detection of the request signal,
means for transmitting a user data segment from the source terminal using a first
modulation scheme, and means for discontinuing transmission of the user data segment
upon detection of a first received signal.

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

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



of the request signal, transmtting a user data

segnment fromthe source termnal using a first
wore@ali#3seon schene, and di sconti nui ng transm sBCDHS2909/046416

the user data segnent upon detection of a first

recei ved signal. [0024] In anOther enbodi nent, an

apparatus for controlling source term na
# rs5hd Henal Hieg theodeshinatinn, Eamingd.ndliseantinpingntrangpsgipg of the send

t £
ggﬁqﬂul eL{!ytoﬁchIe'té%ﬂ 36(1);{? tﬂ?s? g%ﬂépgges? I{EFmatth%rsﬁl%n Ss%?gllrnfaﬂlz@non signal
fromnthri ddstnm;l,loa &mmhlr arangattingn asusgndhtaf segmiehth osothecdestination
term pal. upop detection of the request. signal, means

fegninat Rpiag;d fiyshgnogulpgian sghgme. sa@&rfﬂ%ﬁonﬂwang {rasasipp Of the user
bith BLcRlnt USbMGeiorloh/ofh sORANIBL:RA speRee, and means

for discontinuing transm ssion of t e user data

H93akht anpihar detledinon, eh apifaratss coepeisesed piagastor, memory in

0025]. I n _anoth hod of .co
%\e&tf‘?ﬂ]é%tci’%lﬁﬁlfmcé nﬁbﬁ‘&nl?rgg?sé?{s “fs ﬁ%l%{lsd‘é%fte ﬁgtt}“% ﬁne%lory’ the
IBfrFdtdAk beihgaapile Bﬁ&@bcﬁ | &pls P Rrafi MBiH@AD £ QFRN JiSR$ from the
transmttinga send signal fromthe destination

destinftiag termingl oimcpmnw@g trarenypiers Phhegknd pignaleyngn detection of a
f fsg pe%ew%@ 81% Qle{rgl%ttﬁlﬁﬂlg r0£1§£1t1(§ne 1§ﬁa¥ ?%rrﬁis fth% Q%Ltinatlon terminal,

a sync i on Si

tesshiinalgi et @At se@(henttﬂf@ﬂ sllie ﬁéstlﬁglofm teaRihaldadite §€@standdulation
fromthe destination termnal using a first nodul ation
shRBReand AgcNBEBEL M ofndsi useh e¥a seemee ypea detection of a

gg%gdﬁgg?ggg%rﬁon detection of a second received

si gnal . [ n anot her enbodi nent, an appar at us
f92p) 11s emothepr embsdiowrnt, mempapparatuse| foct camiotling bidirectional data
conmmuni.cati.on w tg the rocessgr i nstructions stored

Vﬁnsiﬂﬁ%“‘?ﬂﬁngPV 8 haestination, dermyh B‘e|aHgmc bandp pempinication  system

b R ahdRor R BRIt 4 SRSl KBS e AEDRaBdIRAh k! ¥Rans for
the destination termnal, discontinuing transm ssion

discartiauBigrichnsingssmn afgbe sefalt Bgnal opontcwction of a fieg epaeictd signal,

SR AP oA O L5 M B o

framitthe dert daatst@edtefrdth miad désﬁhatg)nateﬁhﬁlsl udimgllfiadtiridtulation
scheme, and discontinuing transm ssion of the user

érélﬁales endreneans pen diwoetniing tensmissien ovfdtheerssi \dsgh scgment upon
8&9 [a%ggnbrgdgg&n%r&oé%% enbodi ment, an apparatus for

roI Irecti datatransmssmns froma

[;(mas] hathethelt embbdiadent,na apstem- foanebnoanmitatingataterover an in-band
system conpri ses_neans for transmtting a send SI% nal )
quawvmﬁ%tlwteﬁafm@rﬁ Yebihe ﬁ%t}taln}%éﬁénﬂsh10£ﬁ systspt (TN fage public

HIBTSEL A, 1RO 600l VPR, Ot byl e VS o
pmmhmg) IV g atnson dsfagaall VE rtomsiiteer desitédnant tho rIVlSefommai;rmttmg the
ng sensor (Iiata 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 schene, and neans

WO 2009dissont i nui ng transm ssion of the user dakEI/US2009/046416

segnent upon detection of a sgcond recei ved signal .
[0028] In another enbodi ment, “a system for
comruni cati ng data over_ an in-band conmuni cation

iesyagen: SRR thedht AR EcceRt acrrﬁlprhsgs arPSAP. detegter for dgteetang the IVS
| P

ity Rkl Gnd TrEAK A PEAP VRS M. o BSRb gtqmapduletor for

perovdudatingg ﬂhVSIV:Senssnagel ahd praducing>a trecinged t™MSe rnelssmga,t etlerein the

' hhe | VS for transmt:g nlﬂ t he IV? sensor, dat a,

s, copats  ifmAthdngssgms fmapterc &ty ‘H@la{tﬁl@ the PSAP
bRkl SAla 4Ad BroduchRAR PSAPSHh&d hRLahed al PSAPeprocessor for
PSAP for transmtting PSAP command data, an |V
pwcessingr the dtSa%le @ommatntiefntsa&ef and pmﬂepmgn@ phmdltP%FPSAP shaped

nmend dat ere IVStr ri ses an
PO RRRu SIS AP R Eoreifer fosnp ERE NS READ SRTRHIRER sTbhals and
?@Uﬁmﬁ@q HHAId Ufddagd a1nhlVe MEES §ﬁﬁhrcﬁ1|ﬂzah¥1$ gBh&HefeP $61 generating a
or processing the IVS rressa e and producin

a
BSﬁPaWIICilm@fzatle %mbedncbuﬂl Ad) diaasmsit camtrpﬂfe d@fe figpsmitting a
SRR PRGOS PUIGAG H08L e 2 Werein the
W&Wﬁiﬁt Zahpises gﬁﬂ@’lsaddﬁé’ct(frdbr demeaimt thePSAP $yMShronization signal
synchroni zation signal, and an IVS transmit controller

#st Podugiagan VSpyac deguaKkan bYS ﬁvsogl,%f@h fndepadubting the PSAP
et éssanﬂrb%tiggigeaa?@&%d e}fﬁ%ﬁgt %éwe PSAP recei ver

corrp I ses ‘a et ector cting the IVS
synchroni zati on signal and produci ng a PSAP sync fl ag,
a PSAP denodul ator for denodul ating the |IVS nessage
and producin ' X 1.0t he PSAP
transmtter %ﬁﬁf@%@#ﬁ@ig@ PW#E“IS for

for matél ng the PSAP conmand data and producing a

c Aasstiaged the P@%ﬂa’btr yraalagss elothe ﬁfl@@é%%d%ﬁebed herein
| y
@ﬁﬁﬁg oS Ragagap a0 Y RAUEh D PR Iy Inelacliicieripion
whcmdiikmgut mjmﬁm wlrthpha@aqwhmenﬁn@mam@nm%cinduci ng a
oded nal ,. a PSAP. s roni zat|i ner at or

a0, B G Pk ooty She<ers Gigal T cetgpnals which
FRABN t mARSl noBeRt fP!tha@EmftoRath " thi Gcéh IBEYENECL wircless
of PSAP synchroni zation signals and PSAP conmand
puBwagestionrtwverkn t he I VS recei ver conprises an |VS

ARG PGt SRS G elfodinght SREMRRI AR RRgH) P an in-

bad dbenmeitaionngstthe PSAP nessages and producing a

recei ved PSAP nessage. BRI EF DESCRI PTI ON OF THE
QA Ki€ss 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 described herein will becone nore readily
wWappanesse by reference to the foll owi ng det ai | BGI/US2009/046416

descri ption when taken in coni'ouncti on with the

acconpanyi ng drawi ngs wherein:” [0030] FIG 1 is a

di agram of an enbodi nent of source and desti nation

0033 REY SBRusiacHagra@ ofgnicmbedinecyrell e sy RAra zatigpipfcagil g sequence
mﬁ%gi&v@?@%@‘%c@ﬁ%f@%e'&néesw rel ess conmuni cation

net wor K. S a di agram of an enbodi nent
[f039] Fi@arsknid a gedpa ofedemchusettation areamblzactatrelation output where the

co i.cati on system 032] FIG 3A is a diagram of
Biy2¥Rde For 1566‘1’0%5‘0%39?{%‘&%%% 5{BIeBEF SAYFEFS-gener at or .

[Mﬁﬁhdﬁ! 1B i3Bglphdrd @&Eﬁ%&&ﬁ&ﬂﬁ%ﬁﬁﬂ&éﬁ?&%%ﬁ@tﬁﬁ véhere the

[
synchroni zation signal "generator. [0034] FIG 3Cis a
plicagb s odmyescdart ot érdappedrbdelicnenteqadnces. synchr oni zat i on

' erator. [0Q35] FI 4 is a diagram of an
BlERE P ChR harphat A krbafimste s SrehEREAT S e hee forma
[00A3PFICE! §B i9 o 8iapradi 3O2A6MMEF cABoGIARAH RNy RhroAization message
synchroni zati on burst sequence. [0037] FIG 6A is a

Hirmgt am of an embodi ment of a synchronization preanbl e

: 38],. F B.i [ i ITe.
BRSPS A BEPLabhGhob i hoeP R BHE! o PARHEED s
fermanver | appi ng reference sequences. [0039] FIG 7Ais

a graph of. a synchraqnization preanble correlation
Bl?géhgl%‘?elﬁé didpgarp og appmaodigcabids rasmilgata message format.

I - e 0 i S,
(WS CERS. PR°E A IoR PEBMERERT Rl o ehosfi Y hForition and
tarigmit datheressapbéorpraeanbl e i s conpri sed of overl apped
f e, sequences. 041] FIG B8A js .a diagram o n
BLFRE SR 5 Eent B b oneriedclsgut O ARt Drgbaghe based
bl vBBub fregudpdr am of anot her embodi ment of a
synchroni zation” message format. [0043] FIG 8Cis a

HI043} Bl .dflByiet gaapditdighe povbordpeatral derfsity of ymohbai tea basad signal
messgi?e format. [0044] FIG 9 is a diagramof an
EHBUAT A Yf a transnit data nessage format. [0045]

ﬁiO@S]hﬂiﬁ}l 19 i8 a diapen? BT & crdbo BRI MEdHa Mbd@aee UHAS kp#se pulses.
f 028] 1r310C?| %? t ils 02 (ﬁggram of an embodiment of a sparse pulse data symbol
representation.

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

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

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

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

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

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

detector.



transmt data nmessage format. [0046] FIG 1l1Ais a
graph of the power spectral density of an in-band
woegdsdsssed si gnal versus frequency. [0047] Re@/USA0BY/046416

is a graph of the power spectyral density of an in-band

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

a di agram of an enbodi nent of a data nodul ator using

H’&é?kglcpuﬂ 8eds ¢ ghagpmEpE, ang smbedigncst Lfr andrachipgization detector

eJhRdi.rent of a sparse pul se data symbol

repr esent ation. [0050] FIG 14A is a diagram of an

HIO58HF Nt 8tofs a didmpedipatosier pingdeeireett ofi 4 Bjmcheonization detector

m)dul ation frame using a waparound techni que. [0051]
BIMEOleUB i s a di agram of an enbodi nent of a shaped

le@ PERG 20808 ma Wirk BF fh EmPREHEAL dffér}eéeﬁ%@mfr%r adfuster.
ypi cal exanple |n the art. [0052] FIG 15A71 s a

£10&0} B 010 i dagredi afemtendfodameytrd harroedivadite maslegnesed in an in-

get ector an .rece[l ver controller. [0053] FIG 15B is a
RO S a8 HEF e nbodi ment of a synchr oni zat i on

gmmph@l X166 b Alagpdifl of %&hﬁ&ﬁn&ﬂﬂ'ﬁffa@lh%hw[@%éetﬁ%r @all system.
i s a diagram of an enbodi nent of a synchronization

H9631 FHet &L tsop dw[g@@s?]f n| @nbadimentsofzary rtégmatmrbof the data request
?ﬁ‘@%@%ﬂ %?t&%or? X%Wgﬁ)lgi( flg :nl %%tlg?&%%h@oﬁmﬁgﬁ%% te{mm}al and the

dats YEupbhenicgadico rtra@s@afmlcm gletploiloin. § 0B ¢4 cohh@unit@don srminal,
a.di agram of an enbodi ment of a synchr oni zati on

H’éthé]éft ’@Fer%‘é]l‘??ﬁlﬁﬂﬁ@ii by[“@ﬁ)%]mqfloﬁte%’éar s a di agram of

@MBFP (I] Fs'oeggg]% a%{l (0_:? aﬁléﬂﬁ)lsaﬁﬂl%é& g)g 'rag %n%?dtcﬁgﬁ QF the data request

elmhenmmsnmiedaorr eabmmnknman@sadqtmt e@mm{ufic8din tfrEnal and the
a di agram of an. eg‘oodl me of a receive data.

Eié?ﬁPBE%S Heng traRpRHis c%h‘?ﬁJHP {oth SQYFEE SAmMUBisgtign terminal,

%M%th@mﬂera&mﬁ i64Hi2QH B soRfecqghadiiment of an
i n-vehicl e energency call system [0062] FIG 22 is a

HI0adl Bl .023Bins endiagtemeof awdthemembedimact pHan dfiteragtoniaf ghe data
{e%ﬂgs%sstequence transmitted on a downlink in a destination communication terminal
and the data response sequence transmitted on an uplink in a source communication
terminal, with the interaction initiated by the source terminal.

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

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

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

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

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

greater than the transmit packet size.



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

w0 e@ng#3te ed on an uplink in a source conmuni CBET/UR2009/046416
termnal, with the interactiop initiated by the
destination termnal. [0063] G 23A is a diagram of
an_enbodi nent of an interaction of the data request

KWG0ERKE TBaksniliegiam ehanethis\oboAIMGN of agdaferaqtien ghthe transmit
SANTHRLGRES AR Sﬁd‘&%ﬁbi a Eégﬁo&@*sgqedeg%%%%ﬁﬁﬁ%ﬁ&%m length

transmtted on an uplink 1n a sour ni cation
iseyredterahan thie ttilandrhie packeesiact i on initi ated by the source

rnj : Q64] FIG 23B is a, diagram of another .
bibaZl Rena O dndienian Soicbanghet AR Sl fasiteraction of the

BEOMENERa LEARSMId LSS O dar AR daK rdsPorfie 488EdnBaTW R ein the user
communi cation termnal and the data response sequence

databengiht is @dcatan tizam thptramdmii packeswze ce conmuni cat i on

{581 FRr: 21one) MRea ShaTh R shiBFaer 4 MImSEER of e
eahedi MRAtre@fesfquit@raattMRBmaf dafa Rispstist @eh0al wkkdtia the user
request sequence and data response sequence

data fength is gecabm thytthe traesndbparketzaand upl i nk. [ 0066]

FIG 24B is a diagram of another enbodi nent of an
interaction of a b i directional data request sequence

and data response sequence transmtted on both the

downl i nk and upl i Nk DEDARAD BESCREPTHON di agram of an
enbodi nent of a user data packet format where the

[0a8f RIGS 1tstewysar chlBbd@nlcfNGF Ani i-HaB8 Sdath 8dmbdd@ication system as
transmt packet size. [0068] FIG 26 is a diagram of
ayghs ﬁ’Bd@ipF\?@PW‘teéifWléhll}@ewlf@lafﬁsasop}ﬁ?@ﬁ%mﬂ@rmt Tiseorroegrminal 100

. a |l ' .
LS L1 05 B b 8580 KA Sy
501 end 02 meettvodt 580, amt esraciuheati@f chdn@ct 56881S Hxtanpédsaof suitable

request sequence and transnit data response sequence, . .
WHElCst rFormRITIEoN oS MSe iR 1S §e]é‘ﬁératt%l|3pltq%1§n5§f5ﬁ‘éns operating in

Ecrc%ﬂ%m:é gﬁt@%ﬁbalséfs?e X QHobiit ConmiGhibaiod (@S{i\@j’, q’HlﬁI}ﬂI Generation

anot her odinent” of an interaction of the trans
Batreershey Begtct Smaweesat 8 odnld Teteapmmuniciaoa SygspdhSBP UMTS), Third

equence, wherein the yser data le .1, great a
e Latr e b JeCopo8htnion; Hultinig LSS HahiRma,
fmy abivanat RehcigBhadi tRAt Bfviadn | MLBIACIAQRsLOTHISCDMA), and
transmt data request sequence and transmt data

WaxlsondeInsergperalibity fah Migiowvayhéogessr(WadAX) eaedands. One skilled in
glreea%tt Wil }eggé]ni%eht%ag tlilgr‘gesc[ﬁin}qugsa 8eks%1;ibesd. k&ein 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 nent of an interaction of the transmt data
WO e@uas3sesequence and transnit data response SPCUERNEY/046416
wherei n the user data IengthEBs greater than the
transmt packet size. DETAIL DESCRI PTI ON [ 0073] FI G
1 shows an enbodi nent of an in-band data conmuni cati on
QUSRS EOM vt SHECT IpMERE OF dbc PRRURIGRtigR mefveyk. Routing non-
] nal r i -
AEE Bk ST 0, Weodt 8, RRURARLOR] Ttk ohBgs e gt or the
sduecac oermunl ctat rognest hadnehissnt0 thanridtaS02¢r aefepamnte B&Omunications

nd co ni cati on channel 503. .Exanpl es of suitable .
a?%néFles hec%?ﬁfﬁﬁﬁeg%fi?t&ﬁs QFeYatiRg RtA dneisRecs o Thg mpssage data, still in

HRHEPRRRES i$ ¥SHRIMEd QRET AhbRE-1ikB ﬁ%&%gﬁlﬁﬁ&gd}%f bha3b@BRlscs. The
System for Mbile Communication {GSM, Third
Gesrepatidtonnamatner sHiugt Priojthecpultgnpaseranalof Mobindisc-like signal. The

Tel uni.cat i t 3GPP S), Jhird, Ge t

PP CREY SHIY pebyieel 03 EEuetEE T IPORORR fpios REZREL! Arerenay

ﬂ@}ﬁﬁﬁ’@lﬁ G othelith@inkl isis@NspeYdHCoH mOdpscRodiRa 8 #ii$ h@RAntageous

Miul tiple Access (TD-SCDVR), and Worl dw de '

tneerspethabnessege far iMock olgaek whedesan panekfaxyvely encoded by the

ﬁ‘%&ﬂﬁ%ﬁ D ar%?lgte? lfsétl all%gatl 8t 'ﬂ?e Hdoq¥y l 'ﬁ"her g&c%ﬁ?& %Sisg-li]iﬁg ignal is
e eéﬁanues d&8cT I5ed" herei n may be equal Ty applleé

transafittédinbledid @t ehecommiiiiCaloh dihks YBdcaiket thatrateisted diformation
i nval ve a wirel ess. channel. The conmuni cati on network
sobrilt e | the #ylss RestivRhiohdhs daisefike signahgch#ie getection depends on

I?e\r%’#)%é;’g o %eeﬁﬂln%mﬁe Bﬁlggg%ﬁiti‘%@:t ag{élssglﬁédﬂkc%d@@ A2k Molndaries. To

tructure-suitable for es Ing a
gidntheindceaver onddteatingbkd weleandt thenssitudionea perdeicnalned BPnamehization

desti.nati on term nal 600. For exanple, conmmunicat.ion
@ﬁ%ﬂﬁé|ge%%fgteﬁaay[{]ﬁ&90% & we_rws@%f%wstgﬁ &ragypispign of message
&k MABlotd P s&gfeﬁ'_@é o sy Rohi-808n, 88nRolY 2hE %essatges is transmitted to

conmuni cati on devi ce. "TRANSM TTER [ 0074] The transm t

bagebaheble doteetermmald demodulagen ot nopepedchidhtacu te raceiver.

53 R e A0SRy S L R SRS 10 i

fhR GhiefpRbh JATRdUdRYinh oo ERCorSNIB 68 tiaféfdirB@thréight the mux 220 into
conmuni cati on network. Routing nonspeech data through
thsevogedadarcods 278 walra geanesssidneacddt paskethiapagensratee A suitable

. h u r- . e r 4 .
PRET AR 0850 5B ST, BREONEShn B0 STt o o
tigitalsgiged handad 8ighsl dopdithintech sipe thesgagesigndlhgich as a low-pass
message data, still in digital form is converted into

Hlteroilsemniqeeof shidabls vecodpisiladedegho giPeg ydbg follppdng reference

SR 84O AL TR e LT ML 1
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-1i ke signal is encoded by the vocoder. The

vocoder is not configured differently dependi ng on
wob@vhersse he i nput is user speech or non-speecPCTHHS20B 046416

it is advantageous to convert, the nessage data into a

signal which can be effectiveky encoded by the

transm ssion paraneter set allocated to the vocoder. .

THisbleriaid etin grAnaRIC Pf R suistbimdata message fasmatteicdl 0 inclydesgeircuitry to

C [ S :
PRI G RRubd Ay HRASHOECH Do NS APl e, provide
reviag@nissike beffgnatmoryeimplbmentcetoe contosl cdéperdsh arhybrid automatic

recovery of the timng of the pul ses relative tq the
EPEdTRILSY éEA%%@nsO%ﬁ‘a%W‘eéhep TP 43t halhcedai i Tgdom 230

deheat TROVERGed B2BRRAd4th ANsTl $% 4. SE3P LRSS R1rBhRE through mux
synchroni zation signal is generated and encoded by the

Yt todbe vpeador crapdeh27®. r @nenths dierirapfmmssios ag)eordplet. th@voice path
ﬁéobocql %Eqﬁﬁnce of synchroni zation, control, and

¥ 08 fesndPled thiigh M0 o ensure reliabl e detection
fud 70 e IQ A iak s@mbRS cxtalp1BIBcIS BRSRIM Sfthd TatdatdhBodem 230 shown in
receiver. [0075] Referring to the transmt baseband

PG, 1t Hdres grals mapbe nawtiblsxgbrotiing thigpgh mug 339eonto the Tx data

n u (04
S SRR TR B B RE BB AR, o 3084 Qup 5235, 1t shoutd
B eadgiiiz&Y thanidHfceert @Rdsre a68€ dombinadonpatigiads 8y Out S245, Mute
enerated. A suitable audio input processor_typically
Bﬁtﬁ%ﬁﬂbém@: Tk died Pyt BB XBAY B puipreontndutdaty Y3 Hopegaraple, Sync
t
GESPE nbangrerE BT CHARTL RRREOH] SPFS 0h8 SERER, OE Syne Ou
S243 mby be wav@uee priomol aickenpiltrodx Med €hit 192a5 Initht hate Out S240 sent

ol l owi n f erenc ndards: GSM FR, GSM HR,
W%Fﬁcgé{fa‘é,od%@ gaéﬂ/ﬁﬁgl%iﬁéLPlsK, IS 54, AMR,
@(ﬁégs%nc Oul X245Gs 72 YynGirddidation GeddO%ed Go’ ddablish timing at the
722.1, AVR-WB, EVRCG-WB, VMR-VB. "The vocoder encoder
zroivangpsiinasl. v iyoehrpaigitadrs sigoals ee recquirsdito tetabAgls tianag for the
nt enpa, 296 and the voice, pagkets are transmtted over
PR el e B BB B eyl AL AL SihgRitRhs of the
Adibalike ansal. SSFQ. BAY shtvd B duitable txbypldBlosPWigk@am of the Sync

termnal or through the comunications network. The

ganerator Ak showry I@dﬂéi:,tl e dgnsdomes be maltipdéxed ip 4 through mux
epables th ' a

LU SO sP BB S8 L, b REShse, s

PeasdieOhos M2 teshaild bareboguizpd thaagliffoteivkadagand2afbinations of
e Ix Data Modem 230. | nput data 0 may i ncl ude

tﬁglg.‘r Byt %H‘la&éalie@ )Oqt ﬁ%@r\a@fii%{ﬁ? P@gsaéfﬁ)le Out S242 may be output onto
§§’r§:i buP M%chft&r%&aﬁlﬂf&m i@sh&v&s"?é@b@%era@&uim prised of

sensor information, or othersuitab ata. An exanpl e
Wfakaus Out §R3eardbSpncnirssrable GarS2L tverer@ Woikeme Dud 8236 may be sent

SHSEI Lk BB T PP LS LRI s o sy
Generator 240 comprised of Sync Burst S241 and Sync Preamble Out S242 where Sync
Burst S241 may be sent prior to each Sync Preamble Out S242.

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

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



retransm ssion buffer nmenory, inplenment error control
codi ng such as hybrid automatic repeat-request (HARQ,

w4386 | eave the input data. The Tx data nORERUER09/046416

converts Tx Message S220 to dagta signal Tx Data S230

which is routed through nux 220 to the vocoder encoder

270., Once the data transm ssion is conplete the voice

pa ﬁnhwi% signal ah pb .t W8 etghantu k24 rpTor the pther singsoidal signal.

X! £530! T t

B S SBRE SeFARe g el SRR Hoch Bty gl & muliplescd

thubighphex 284.i he mferrmdn'toowgmdnme( middHlacdt antd the syxcldatiaation burst
23 ut put si Qut S245, NUte Qut S24 and

%9 %’og c @it vaby oo flutg lﬁlo‘gleprpg@g@h cxample o 'a suitable Sync

ﬁhfsfc %%ﬁ/u c@f2§§f1§ éﬁ@ﬁaﬁ&ﬂ’%bﬁ@w %%JIP‘? sﬁb&vH%SFI%}’.nS% P4t cach +

, and Tx may be out put
smnlml, Rreqm@ys,&tmsom oely‘qmmlneSynSyBurst@MlSZA@ foragachée-* symbol,
ent Tfﬁg’?% & each Tg( Mbd Qut S235 data segnent. O,
o §§13%1 )" BE" sent once prior to a conplete Tx

théomtefe bkt 13 MG 83 Uy BamBIRtORES 24261 B&E b datablish fine
Qut S2 dat a segrrent [0078] Sync Qut S245 is a

Epmolr FDdimos & |tlgqm|celmre@dtlé cempeibid effp piedvtagniaed dpfe pattern
Lﬁo%?ﬂ Vit d‘%} d %é@tw%gl A ?&&%P”' 8 b{%h of ! Q”é" rgaénble Out S242

require etra mtt

pﬂ'edaaﬁﬂmelcatiataspal&eﬁl tsr@ﬂdaltraamm%cﬂdqaém@mMSShbml in FIG. 6A. The
the pul se positions of the noise-like signal. FIG 3A
SQBREPIts NEeAnLle |S@qv@sa%ﬁft% wog@@kat%d hy rcﬁﬁ??’é@aflﬁé seyiel periods of a

R0 2 A SO RORML o S22 ot TR LRP AT Ea N BBl of he PN
S2bncei BRand aByineerBdnetsi@Rdfl the \RAK sxqoeiiaet 2482 3he ‘andymbols in the

Sync Preanbl Qut S242, 1t shoul .be recognj ze
PR T Bl S04 o A1 R B iBiTy SHiE “Hre %241 symbols

Mk vy 92361 . %‘ﬁth%}/ ﬁﬁtanee@(ﬁRIpfe 1@3’51"[5%%?02%%6 Qﬁlples between

out put ontd Sync Qu . For exanple shows
ﬁleﬁﬂtacblmféheaPNrsemccoiﬁms|p$@dd®ftemakt@bfils@ute Bﬂ%etaﬂnd data bits

@/ ?ﬁCOBIilt %Ir §1gleo'n »S E@V%%‘%%TBV\? El?eogfim ti%szfz l:t))er cqla ¥ac?erlst1cs of the

MdnEINARitN &ns tddptead3ke SMOWBoRAhSURNEG biRNSF @ivefal B Gime intervals.
conpri sed of Sync Burst S241 and Sync Preanbl e Qut

19821 Whepeviys CEiaershedsm&mwalyn 9é theeitnc pr¢agble gsiag chancatenated

%{b%épd’feaagwr eiqgéécéfs%ﬁﬁ oanq ned eg{ng@{s oernpe%Fela $69§15Jﬁ%65ﬁ5 the PN

ync i's Used sh coarse

gdqutie pecaley eddvantdgdss i asgurces ethrdmistonl eart itPpeoved correlation
si nusoi dal, .frequency signal havi.ng a predeterm ned

BWHeﬁ@nﬁé%f0V§é GEERAMI ChapptaisHsy U?P yhygntegesysrit Wy epreamble
BYicRU S b tS tspeech frame transmission errors.

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

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

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



250 shown in FIG 4. Sinusoidal Frequency 1 251
represents binary data + 1 and Frequency2 252

WO eppaessnd s binary data -1. Exanpl es of suitabP&r/Us2009/046416

signal s include constant frequency sinusoids in the

voi ce band, such as 395Hz, 54 , and 512Hz forone

si nusoi dal signal and 558Hz, 1035Hz, and 724Hz for the

BeHepeaks nfgs dhej apn-ovgiaped Taempayife SBifr Bfcably sieiengs345b.  The
. . ] . ) i '

R StERea LA SEXoR AN of BB ShalgEP S yin e

mivbded hegragm cdfr thiei zat-oamlappeds tomhaenidedpleembieesagutiregd4fib. The

autocorrel ati on properti exanpl e of a suitable
BYWEVBiPEElatey feffe oftaas 1922 KB 3garty fere@d@eofforr%%@pht)%the PN
SoRWel 22Kl itk the thiE@EoR@kdated se SHEROb S PITKEARGRCY421which make up

Sinusoid is output on Sync Burst S241, and for each
the' mglgdhd edctiofrad gthe mopvEilapredi ebnimmseltppeambl§ @GBGhce 245b.  The

Ref i k t El G ,3A, P Qut 2 i

(f S bOBOAR s Flom ot SamsBSn LRI Fratlpe A3 the second

eeREY @J%(n?éﬂﬂ of ﬁlecrﬂfﬁp&\iélﬁﬁp&ﬁ cotnfysRé 9%&5[{!9161 eueiddea245b. In FIG.
nown at the receiver. A suitable exanple of a

attern
Bnthe prisarrpereclmian 2l 1055 ceporcspardinsdiogat offyshot Sisamplss from the
. >e( c 4 0 in. F I d
R Do F8 Wol:- 0 REAHERC T A SnR1N Pheit e Bhvo ety 5 (13 the
saptialdnst thagnge\peila)). FG. otBs siifwasqstil toiardasation peaks, both
( PN), se;\]%uence 242 with an overl apped and added result
BesifyreangNcgegife At web apthgpingncariplaionggaksadhedvest the magppeaks for
.The ' +' | j co te .
{9, SEAMEREE cebonitt) Synct praBRO | Squefled 25ORPIIE. O78 the minor
tdreclation pyakbd0 B, revpregsedingbtonan yoftkat af -31 PNAsahples from the first

sui.tabl e exanple inserts zero val ued s | es bet wee

PH Hary™ m@) orak @?b@w&u@d@@gn@ﬂf SToRepyEEIely 3 (15" the
LRpRAIR! ofdhs hine ?ea@@}. Ve {halddtanlidSof RearmoH Borrdiion peak
"“shrearing" affects caused by the bandpass filter

thtr e ttley Detrlappedoprenmblecthanneh Kiki. G teswlthsintlosssiplse aldtections of
he ener of the data bit.over several, bit ti .

I er O o pertgiaoRsPbb gt ErpPREELS Insdigh-ovellEpped minor peak
eOIsséxakipld MowafintHIE. gXnc preanbl e usi ng concat enat ed

Feri ods of a PN sequence with overl apped segrrents of
0084} fe shownsinohlG.oTB1 e Prjeeperkn ec geasrhigesvhen correlating PN

t S _j e L ransni.ssi ' i Bpr

RO RO SRR SR RRb B bt B 24T gt Fhrem shown
adiatiae pedl, StposBive Posksadivdhtnaga s crpeskl dllows far petednilng the frame
which is robust to speech frane transm ssion errors.

[logEhased o ey § dpiFiAG Petke apltheergiemandingfempes fisifecs between
g]f% | &5 eTIRY BemBREANP ¢ X aBskEl g)eglf:s QithTe! & gdgiggﬁog temporal

ts in the sequence conpared to a non-over
gstagt o, alvinsrnelyued e seaisdrnigpichien bothel cotichation @gaki p&tbrd & shown

}nr fz‘?ﬁslrenlf wilgr% tﬁeo cncprlge?allt}o% If)egl?saar{rte) lreeferse%geude ‘tp}? 2(13 ‘-* 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, [0083] To illustrate the inprovenents in the
correlation properties of the overl apped sync

wee@ampidzss FIG 7A and FIG 7B show a conpari SBEIT/US2009/046416

between the correlation of PN _sequence 242 with a
non- over | apped conposite preanbl e sequence 245b, shown
in FIG 6B and the correlation of PN sequence 242 wt

h
HHgUQRE T hphReike anpEsginosal shatencey befsek ths dgalen céxapypde 1 in Table
' : I -/ ' (5 ] .
2 3000 bloip@hela, T g S0eatohind GBI FRENELZH B pattern -+
-heith @are peddatarmmep elddtanck beatced chat peakn Bxlaspids2 gelaks Table 2

for the non-overlapped co site sync preanble
gleqRme donEiy™ The ety &ﬁ&@%a%&erer%ﬁﬁﬁ%_ Frumple ehas two
HRUEBHAED Ui PhncE Bl el QRYULRGE &R 22 Wt TRRiId IEk&hple 3 has two

I nverted segnent of the non-overl apped conposite
predetatrhipcd drstranecseb@wsin defemtcdopsikt sl &.oSpdlixatiphes Ip@adosl 3 cach
1011, 1012, 1013, result.fromthe correlation of th
RS RER R T e P g0 E e ® Satich § should be
Rlco iz &e e Reedddetc ek ABKExteRd Lb®sidahkovR8iri@NbEAf that the
t he non-overl| apped conposi t'e preanbl e sequence 245bh.
Thaugpteriseadpsedetermanpdrdisances stilk apply-he correl ation of
the PN sequence 242 with the second inverted segnent
of the non-overl apped conpo¥able Ipr eanbl e sequence
245b. In FIG 7A, the m nor correl ati on peak 1015,
correspondi ng to an gf¢eeelationPesRMimwbed rom the first
positive correlation [peak 1011 shows a nmagni tude of
approximately 5 (1/3 [rd the pmgnitudeyof thegmain |5
peaks). FIG 7B shows several] main correl at|on peaks,
bgth positive and negative, ps welt [as the [nnor
cqrCairelatiom peaksPdabtjween the main peaks fof the
ovgllgpégred conposi te |sync preanbl e slequence| 245. In
FI|GO¥BY the minor cdrrelatipn peak |1016,
corresponding to an offset of 3 PN sanples fromthe
first positive correlation pak®21011 shows a magnitude
of approximately 3 (1/5* the magnitude of the main
peaks). The smal | er nmedhonrglasionfPeakNumbir correl ati on
peak 1016 for the over|l apped preanble shown in FIG 7B
results in | ess fal se [detectijohs of tBe preadbl e maisn
correl ati on peaks when conparjed to the non-overl apped
minor peak 10geafipgRnplle shown in FIGJ+7A [QQ84] Aq.
sHd¥tested 71 G 7B, five maj or [peaks afe generated when

Ccré(ﬁjr?ﬁli‘jﬂﬂ %%gﬂg%;oe 242 Wi T the [conposijte Syng _

prieanbl e seq The pattern shown ( 1 negati|ve

pedieak8 posi hﬁﬁ_ﬁ@g, ard—1 _'r_lcgati peak)—attowns N

fqr determgu ¥ rlame tinihg based on any 3

det ect ed peaks—anrd—the—correspondingrtenporal

di|st ances belt fwdipple 4 + + +
ExampleS |- + -
Example 6 | - + -
Example 7 | - + +
Example 8 | - + -
Example 9 | - + +
Example 10 | - + +




t he peaks. The conbination of 3 detected peaks with
the correspondi ng tenporal distance is always uni que.

woL®prad3ss depi ction of the correl ati on peak peCT/E82009/646416

shown in Table 1, where the cg{relation peaks are
referenced by a '-' for a negdtive peak and a '+ for

a positive peak. The techni que of using a unique

correl ation peak pattern is advantageous for in-band
systens since the uni que pattern conpensates for

Bﬁ@é] Phe skifeé ahthe rdatnwﬂll rgeeameze thefra dikiarepl preagile scaugnsoresulting
Fnheia Iar}?ererﬁoc%grlefaltlgﬂs gtlterlltq t tl%aR esﬁg s fnq %‘?& I’.ﬁxyanrde ”ﬂ&)le 1 may be
I'n® oS i Ag a correirs 8n pea wel'l . havi ng a
HRidgUBndstillar in BE aGtOrK/ﬂEérlﬁd t&ﬁgm@@ﬂ&t &ﬁﬂ@l@h@ﬁelﬁﬁon peak patterns
predeterntned tenporal distances, a receiver can

?@Vlbﬁﬂ‘rs? @‘eﬂ@@flfﬁ ﬁ@fe{;%m @P%ﬁaﬁﬁ%lf@o@@@ﬁ tignpigit| ipkopmation bits. An
SBERA o AR ARSI Gl BRH kol Pk B8 s GEMEPHA AR PRl Ecomrelation

pmktqjattam ghios/naf 131b<l:|re3 eciigeinp eak§juepattbra fpah t\x_éﬁafh th2 frame timing

ost ch exanpl e Each .entry Tabl e
by E@p@ 38 d&ﬁﬁﬂ @%Vé?t%sr nt‘)armgéa Hplgrf@ricigpPaik patterns is
Qd\%h?d@&ﬁ% @Pfd@%@lﬁgﬂﬁff@ﬁﬁk§%5ﬁﬁ@é@0‘ﬁﬁ%uﬂaﬂoﬂ_saeﬁ|tfr‘e Receiver, such as
shows “det ect ed aks 3, 4, and (peaks 1 and wer e
hms®g¢ﬁne@mknmmgmhmonhempamtern + + -' with one
predeterm ned di stance between each peak Exanpl es 2
and 3 in Table 2 al so show ThBlegattern '+ + -
however the distances are different. Exanple 7 has two
predet erm ned di st andegSorrelatieaPcdRMNGABS: Peak 2 and 4,
whi | e Exanpl e 3 has tjwo predeterm ned distances
bet ween detected peak 3 and py SO EXaipl €S 4 2 anﬁgd
each represent a uni que pattern from whi ch he fra
tipng—may be dertve o H—shpttd—berecognred—tihat
t heCaletladbrd peakBeakgy extend across| frame poundari es
byt that the unique patterns| and predeterm ped
di| HUMHIWs still apply. Table| 1 Tabl & 2[ 0085] One
skitTed iTnthe art Wil recognize that a different
preanbl e sequence resulting in a different correlation
peak pattern to that shown in FIG 7B and Table 1 may
986k Bdferirpeagdin td FAGI BAL Wéaleup (hitl§234lis msede trotyigigeethe vocoder

t hat i pl cor el at a tter.ns be, us

Rt F9 BRrkei o Sl 8P sBialohibhghisiof Finahier o fsccRinuous

trﬁ‘ﬁs‘ﬁﬁE%ﬂ Qike bWEﬁ(euﬁ'(Du@ X289 hRyafsoar 1Bbd &) 8hBit the vocoder encoder

correlation peak pattern is shown in Table 3. The

&Gt f@lﬂaten@ﬁngethk sgrgbt b teiRewssion, tratdtseommmuﬁtﬁanmlsaon state.
t ma

thg éf) i éfi{fg %;@pr él\”tvgeﬁ(sepé a(?%%efr/alitgn? Q%ﬁl i Wa{l%gup signals are

Wah%lgédds@ﬂldﬂetﬁiﬁsm&tlhg EIﬂBaﬂdea&dﬂmﬁg&gﬁﬂu&rﬁ @thich implement sleep,
identifying different transmtter configurations at
fligeontiga@ys Ensmif fupctions (Pd3agar PRATHA IS 2 dPW pFoiErIIsEYSSiom rate during

BAREBSice segments to minimize the startup delay which may occur in transitioning

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

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



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

S236 is used to trigger the vocoder encoder 270 to
woRMe/14935¢ rom a sl eep state, | ow transni ssi on PEE/ES2009/046416

state, or discontinuous transyj ssion state. Wakeup Qut

S236 may al so be used to prohibit the vocoder encoder

270 fromentering the sleep, |ow transm ssion,

AP 3% i5rit yiged @gmprl%r‘ﬁisqﬁ gulfigls %Itveit)’éial wwéwltmaclsegeal identifying a
%%@ﬁfca&ﬁg YRR UR L GRP et é?Janl%?eﬁs U d?@gm%h&ﬁﬂ&% gre?ne 1 and

vant ageous en transmitting tat
yetd & snoduil ationi seidreer@ntin shie emond iesgmple] ﬁmdUsketupasngmi prohibits

functl ro rate at. a | r transm ssi o }
fhsrec .eﬂéocre%(}{éq 0B P e YREN I LT IPRTHF $615: HB this sccond
&a%ﬁﬂlé‘ Rhd ?éc@b(zef"ﬁée@ B B sREGAH Waﬁeﬁﬂ @ﬁfsélgﬁaq 288 1§ M%thy the data
the 'voice I nactive state to the voice active state.

nRelapos sdmaics may al so be used to identify a

flﬁgl}féae“ s raa:CB%HtOé %%&ﬂgg&? {s eri(earggmphsed of a

ﬁ?&ﬂlﬁl’é&d@yna Eﬁ#ﬂt@hl an¥\8ked Pre@dﬂoleséﬁﬁSﬂmaéhobvﬁ 1R FIG. 8A. Tsb
si ngl e si nusoi dal signal of constant frequency in the

Vo end ‘bsnt)2 r@ﬂ@heréélgea@s&rzons i tipgi cgcht pigsel 1@ amgphitied.t Aa example
2
ol FesHRab% 9%% s@r t) %)1120 1'46 ﬁ’ﬁsegg dSeéis?]t%of%r is Z(p g@l(? grmhseconds.

ering t OM/ra

Anothtr exarmpleeof th eomgsﬁtev Sfmd anar 8243 kegnkt amcmet t@fprised of a
Wakeup Qut signal S236. A second exanpl e of a suitable

MakilpedlVabap Pyt §239 gnchiS yeoRprandy (o SR aspihewn in FIG. $B.
ﬁ’bvﬂuﬁ 'Qﬁll %@Iré@eﬁﬂh@%ﬁatﬁ)hgnr?lmﬂed@aﬂh' F%r' E% ﬁ&ns][mtted An

Specl da a no at1 on schene or exanp
axmhnplatofom sitbleerahganidr 8DWHzisf bO-60owllistconds anthehy & 40-200

this se exanpl e, .t he Wake signal. prohihits
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BRRReS stenaf o PR F e el 80 SpMedh BngecpolJfw is 20 - 50
Rﬁlﬁ@é’ﬂéh@s @gp1 ﬁWzmsmgh@wndsnTEd 2128440 TsiliséEnd8Nchd TRP? is 40-
702 represent the durations 1n tinme each signal is

20Qmélibacords: An exanple of a suitable range for Tsb is

ﬁﬁ’g?ﬁg{g&g}%ﬁ#ﬁc Ctg:;ﬁgl %% STI Seééglg%dgft 'F%%%ts 68‘9 § 51gnal
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or Tw is 1 |sec Tspis 4
results in good autocorrelation propertles and can be casily detected by a receiver

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

is represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As
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denoted as p(t- fa). The Tx Message S220 information

bits Table 4

Symbol

decimal | binary Pulse

0 0000 | p(n-0)

1 0001 | p(n-4)
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this example, the modulator maps a 3-bit symbol for each modulation frame. 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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di fferent conbinations of TMF and sanple rate may be
used to achieve a desired effective bit rate. [0095]

exanpl e of a SU|tabIe Pul se Shaper 239 is a
[0&8@1 Fau@@faa@ogq byEmess s P nehsnnelheondifiaps, the,iadylagor; 235 may

ﬁaag@ hle d‘ﬁ Jtloil%cftt mo&élgtcri)ﬂ ﬁaﬁlg ?ﬁ%ﬁlmlﬁtﬁm‘%a Eﬁ{sﬁnt number

is the sampling tinme instance. For t evi ous
eb‘(tmp Iumtamcbsh 132 postiiblThipitisequosirtdisgaplact mge temporal distance

IR MR CIE I EE e RN

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

determined to be poor.



zeros prior to the first nonzero el enent of the pul se
determ nes the exact position of the pulse within the

WO e@IE4936¢ Nn) [ O 0O 40 -200 560 -991 -1400 FEBES2009/046416
15000 7636 -1400 -991 560 -200,40 0 00O O0OO0OO0OO0OO0O
O 0O0T]It should be recogniz that the transform may
be shortened or |engthened for different variants of
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extending into the next nodul ation frame TM(

| +1)

1004 as shown in FIG 14B wphhder €sult in intersynbo

interference if the pulse sanples for frame TMF( | +1)
are positioned i nfany of the first—4 sanptes of frane
TMF( 1 +1), since adlyowell ap of |sanpl es woul d occur.
Alternatively, in|the "waparound" techni que shown in
FI G 14A, the ta'|d41ﬂ§L ? whi ¢RPuisoul d have |ext ended
into the next modulf&t V%ﬂ% TMF(H+1) 1004, are
pl aced at the begirtrring—pftheteurrent—mpdulati on
frame, TMF( I) 1003. The| sl ep-PP - P12) |are
wr apped around to|the begi nning of TMF( 1) at sanples
0 - 3. Using a waparoun@d techmi que for the|generation
of a nodul ation al phabet | 80} i n&t’ed) t he cases where
the shaped pul se sanples{extend into the next
nodul ation franme. | Fhe w apat out hni que i|s
advant ageous sinceEit resg ts |%ﬁggéuced intersynbol
i nterference that wottd—peecur—irf—the—shapedpul se
sanples in the 3 011 p(n-13)

4 100 -p(n-13)

5 101 -p(n-9)

6 110 -p(n-5)

7 111 -p(n-1)

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

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



present franme extend into the next frame and overl ap
with the shaped pul se sanples in the next frane. One
WGERI1e35¢ n the art woul d recogni ze that the WEPHR29091046416

techni que coul d be used for pulse position in the

nodul ati on franme which woul d sult in sanmpl es

extending in the next nodul atjion frame. For exanple

HEP Se reroenized Hied differenticombimtiong pf AymatdiSampls ﬁaﬁerra%be used to
I around sanmples (P8 - P12).

%%%%?ahﬁégg gﬁgg&gﬁgﬁggof a suitable Pul se Shaper 239

[9ah Aanphmplede 4 siatabfeoPuiscsBlgpat 289 ist heoot-oaisad eqsime transform of
- t) An exanple of a 32 sanple anplitude

thedpe®or m signal is of the formr(n) = [ -2000 0 6000

-200000000000000000O0OCODOOO0DOODOCODO

O 00O0] [0098] Another exanple of a suitable Pul se

Shaper 2389 is a linear prediction synthesis filter.

The response of an exanple recursive LPC synthesis

filter is defin Ed by its inmpul se response 10 h(n)

=d(n) a an - 2 1 and coefficients: a(i) ~{-6312,

5677, -23 1234, -2418 3519, -2839 1927, -629,

96}/4096 L%g ar iction fikters
are Mah*-§ﬁ£Eh+ K ;b Z@al sigrat—(n) is
first cre by th 4ﬂ pu ép cordi ng t 65t he

pul se mappi g, t abl es] above he actual nodul ation
pul se shmerztheﬁ—r/@)smct/%—ﬁms f—kklteﬁ)]vg t he nodul at ed
signal r(n)Lwlth h(n). [ 6099] dme skilled .é}%

w Il recognize that tec ]ques descri be ereln

may be equal ly app#+ed tdgp di f flerent pul se shapes and
transforps. The | ehgth ‘of The |waveforns

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

time instance.

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

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

-991 560  -200 40



and the nodul ati on schenes applied to these waveforns
may al so vary. Moreover, the pul se shapes nmay use

W@ ovpherssd y uncorrel ated (or orthogonal) wavefRPCTES1009/046416

represent different synbols.d%p addition to polarity
of the shaped pulse, anplitu of the shaped pul se may
al so be used to carry information. [00100] Referrin

Kghowdibs reqagnized thagthe epnsfospymay ge shasfegaapr lpsgthepyd for different
transm ssions and i s generated
§£ﬂ§¢§8§%ﬁ&ﬁ%ﬂ, f%é?%?%? 255. An exanple of a suitable
Ho9ppE1G 141X 1Da11 ax8aplo of itlgnalhconamp of spdlsef&mmln a modulation frame

| | d
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surp tekdmhants afnge) ShownTimthe pTavidis e?mzn@le alRtG. THB isi @1 $engde of the

E?ipHa’ gg@g%glita ndl TtglF ﬁ&r-rq&}g?}g gda é)H g%gogtmed at offset 7 within
Holhlaf&€ aashs TR (n) 1008 SindARE AN PBrticFM fSls@bxtdnds into the next
sui tabl e muti ng generator sequence may be an all-zero

gedulatier frgmg%hr(rbfrl)dﬂﬁﬁl B Sosagalest (tPQqu oy Ximpesl from modulation
I
ﬁ’ﬁlgl'é I:FE/IF@ ;ilggg gxtt%lrlg ﬁg mn@[g gh Oflesx% rﬁc'o d% on lﬁsa%l%':'f 1@(1%@}3 aer?H €35 shown

It FEG eX4BPV@ild trésaltViakiatepsyibol Sﬁ@ﬁet&h@ﬂﬁﬂ tharpdls&/sﬁﬁlples for frame
Preanbl e Qut . S242 precede each transm ssiqgn of Tx

Bur(nshiare pepdiaged |inemyi of theefiist ¢ sgnmlesy @%&@mezEMft(ﬁ*aD since an

Rl P Tmb B A o O i 5 (Lol Geifaue shown

apPlGeddA Fore taﬂanapipk:sT\xhlmdN@M hS236xfendddl Gto 11 ey rhedulation
te Qut .S240. RECEIVER

d
F%%%S?e @2&!6@@@ 8 ? at the ‘bepanning of Whe pugzens Apedulgsipn frame,
PQLERLO03. " EmpigGPIED 1\2&&%@@%@@&&@%& B@gu’ﬁﬁﬁé’gﬁw(n) at

to an audio processor, Is a capabl e of Toutin
sdmepldeboded paviget smlahfrromgh tghdigtie foe thed gératagion of a rnodulatlon

QT Ry iy B8R oo s Ty SE UG sEuls® Genhipro the next

loafiefibit tefime. t NEhe" @GGIa¥YRINdSte¢ QG lis Ia8vadRob® since it results in
effectively decode the data with mnimal distortion.

TRdECefenirtsnbsd drietsrease thed moukliagduy it &h@p@dpwl@ﬁ sggpples in the
é}%s&%rﬁ%ﬂ?@y epc(fg{d HJ[OZ@% Inf%;(]t f%rgg g}ld olférlag Wil ﬁgrs%g%{@lg?%]%aglples n

nal recover e

tlﬁcm:@le trapaclk®ic dallal insthe @t:tt@@‘hlﬂ @cdvgtiat ahdeh® d/mémtcﬁrnd technique
The decoded packet data .is.denpdul ated into nessa
qoed e ssq) é%r anePdet BPHEST & thintnogupen framepyicy c\muld result in

ENE8eid? Eﬂ ﬁienr% ] )élgk{ﬂma Zf?zﬁfleo NEoL %[%ﬁe@n% fﬂge 051t10ned at

nmessages ensures r etection an
offset 8 within modulation frame Twr(n) 1003 would wraparound sarnples (P8 P12).

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

of the form:
r(n)- p(n—1)

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



t he non-speech data. [00102] Voice packets are
recei ved over the communi cati on channel 502 in the

WO eeeiyesss 495 and i nput to the vocoder decoderP@B0S2009/046416

wher e decoded voice is gener d then routed through
the de-nmux 320 to the audio processor and speaker
315 generati P out put _audi o S310. [00103] Once a
synchron|zatT6h‘S|gha? 40 detectdd in odetV08ecoder
Qut put S370 by the Sync Detector 350, the Rx De- Mux
Control S360 signal switche® to®he fx data path in
the Rx De-Mux 320. The vocoder packets are decoded by
t he vocoder decoder 390 and0routled b§ the Rx De- Mux
320 to the Rx Tim ng 380 then the Rx data nodem 330.
The Rx data is denodul 8ted by the Rx0data nodem 330
and forwarded to the data nessage deformatter 301
where out put data S300¢i s nmde availgble to the user
or interfaced equi prment.[00104] An exanple of a
suitabl e data nmessage @eforgmttey 304 includes
circuitry to deinterleave the Rx Message S320 dat a,

i npl enent error controly deaxdln% such as hybrid
automati c repeat-request (HARQ, and cal cul ate and
check the cyclic reduqﬂanc chegk ( ) bits. Suitable
out put data S300 may incl ude us rface (U)

PRI g R T O .
fHbt althe rd@fofise Bpgﬂ%mﬁleetec&éﬁe' BP@ sSHILaB! BtceXaRRlifed by its

bl ock di agram of the Sync Detector and Recei ver
Oomtlseokemms850 shown |n FIG 1. Signal Vocoder Decoder
Qut put S370 is input to the Sync Burst Detector 360
and the Sync Preanbl e Detector 351, The Sync Bur st

Det ect or 360 detects tHW&T¢Ehs ??@d‘éync Bur st si gnal
in the Vocoder Decoder CQutput S370 and generates the

B 3 P t 3

bl s B (R Gs Y3 Sy hebr oA SOM S11gnatba9n 1927, =629,
dEe404%C pdar DqgOQ%eapgﬁee&hol'@%mrsaﬁgWeﬁm%afh% ﬂféraearrmeeremdual
sync i ndex $353. Signals Burst sync index S351 and

Pgeanbi)es §¥ﬁmr¢&i@bhy g85@par B’mbqis,l pccpedingiéo Sherpilse mapping tables

ect ntroller.370. Th e Det ctor nt.rol | er
et E0Y But fhions Py B FuES e rRF S ey odulated
m@hﬂh;DQMﬂﬁaﬁ§he Vocoder Decoder Cut put 8370 to the
dat a path S326 or the audio path S325, Audio Mite

m@w Ohe %ﬁ@d Whing RreRaite8sn®se tﬁhtstﬁ@ {Rfni Eﬁ@s (fé'ééﬂ?égd herein may be
audi o signal S310, and Timng O fset S3

prwly deplids to ctlffmengpmlsﬁf ghrapres arghtrutsfctrhg [T)he'ltﬁngt]m gf g80owaveforms
519(1 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 ati on. [00106]
Anot her exanple of a suitable Sync Detector 350 is
WG bwwn493me F1 G 15B. Signal Vocoder Decoder QutPCt/USRUQ046416
is input to the Menory 352 ang the Sync Preanbl e
Detector 351. The I\/lermry 352 1's used to store the
| at est Vocoder Decoder CQutput S370 sanpl es

P arilgecondnangd ddbi Tdd apdilelips B3R0- éz(bﬁlalihsecm%fqra@r@al operation
f t
%ﬁf%)-%gr@ ﬁalﬁgeo E:fé% gt‘gl]%%'t Sorp%raﬁgks 'ij?wgiegsgf Qbuitable muting

Eﬂfﬁem’tdni &qﬁhtce Mag'rbe&ﬂﬂalﬂmre Gctquchdresigizios mshmgddﬂyfrmluency signal.
Pre t al .in the Vocoder Deco Qut put S370
]Ule qxle}gl Ef‘y%q;[slgﬁa tQ ??ﬁ%ﬁte t g}egsage transmissions is

MH AFRY. 10/Pk t%%o&aﬂﬂﬁe $M@ &Vdi@ap @%1@ %2@5 %1%epéﬂd $¢he Preamble
the Sync Detector Controller 370. t ect or

Qo‘nS?-ftﬂ beeceB 7@ cly dnesratssgion o XI\MddICatnS%SSé%necdkllS&lOlﬁ the art will

e B e S0 o B GF SHECRIRERA QECR 4 Affle Out s240
gcf BLMod3O: Sm%@%ﬂ% StfaBy bpSli AR Bx difle 3‘x9‘VI@Ji Ou©S235 in FIG.

determ ne the type of nodul ati on used in the

19 maz e pedeeded amefolrle@@d by MytelPre®?4d nodul ati on type
is output fromthe Menory 352 as Modul ati on Type S306.
The Sync Detector Controller 370 al so generates out put
REQEIVEIRX De- Mux Control S360 which routes the

Vocoder Decoder ij\ﬁlm S370 to the data Bath or
H94PH pat hRelgringotoMitedbribs siceisgdsehand v @ﬁlamlebf @futes decoded

0 S
B0 PEBS5L A ieag lRAbe SEObuA0ITLIRI: of couting
&codedripagkd@8Q@hriooglala gatat bemddulddat. a F3B6sd dre non-speech data was
denodul ati on 010; xanpl e .of ~a suitabl e. Sync
P eRobLt dorohe-Bo Siebe G of thfevocgiﬁ?jn%ﬂ thggegamitter. the
Q@&le% V&Hd@yis vt B éffedtﬁ@l‘&tdekgdé e (B@d“@[th %hﬁﬂilatﬁé?{)mon The
. Exanples of a suitablé Power cal cul ator

dfn:oldcrbl packatsi anp gontgpaly lnngntfomdcﬁor on lmbalabsmcmoelzaabm eignal. If a
fan %é%ntﬁl? | %ﬁg@g?fgu@ raﬁrlgl?lglﬁlggl ﬁgl%gl%sfere a V§]§ ({jecoded packet
ﬂatal G§ r@R&d %a deHi‘ﬂ@mbdlulatSr molhti Rcb®d Packeth@ath Bs @BASQulated into
and quadrature conponents of reference Frequency

wicsagen. dl e BeBagasdiFrelgrrasitsd apidrmugmitd A2peBwot gequence comprising
%‘i@ﬁ&% %ngﬁ’%%&gle ghog‘%ﬁg%ggp g!%sg%?snﬂ%ﬁ&‘o%‘td&feéﬁﬁ?é E&%‘%H&é{nanon of

e m’xer oW pass
the@mohRpedhiblatad el i mi nate the high frequency mul ti pI ier
Froducts in the m xed output. An exanple transfer
Q0402 on o olees D Gkal e (9ETVaH S Pl haCOMWRITEHIRR chiel 582 in the

o £uamyr o M5 Guaoe gt h e JSe gl Rl pgnerscd
thekr 1®6tedatheouphl thal dd-edixb32¢ he thégodibude BG6esaod 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.



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

W@ 000he38¢ ansmitted Sync Bur st Sequence. VAt ¢ hR@I/US2009/046416
filters are well knovmmthg%ga The output of the
Matched Filter 368 is searched for the maximum peak in
the Max Search 369. Once the maximumis found in the )
MOL0Ee o1 c hABEIamplsoTiasyidadle dite xSt idsprmatternidltingades circuitry

Bl e T 0 Loy B g s

Eyt&ﬁirtﬂu&rﬁl&toea’epnat Bafhests (HARGQ), | mdFlc@lculafA. arfdi g:lhactk the cyclic

Vi t S37 by th :
WL G400 Rl CRIGE Dl ST pitbh Saior o Dy BReyRude user interfuce
f[g 9 BRI a6 URRE Posifibf 1Bt GD etofrhddoR! 1388 s@HpRY E(}di}?ment sensor

then input to the Max Search 369 whi ch searches
tniermmgirh narmtipe akitabBnddat he maxi mumis found in the Max

TPTDRE. i 7 Mo G SEBPRE R Gl ph S Griecrorand

ROQIHAP] C oM IBEB5EXREWPA €n FIGR 1S USioall YoRMRE DR D @put S370 is
Detector 351 is shown in FIG 17 Si gnhal Vocoder

Deubivethe Qynp Rursrdedter Hilbenssthe Sybg Prenntile Detactar3sdt gbhe Sync
I I | . 4 '
85 ol B9 G PR 8 e NRel B Docode

Olutlﬁle IS8T0 iahid) Yehate e SHOBEBL @inct ﬂne@ssam Prmaarfyne Preamble Detector
guence. A sparse filter

$$1nf1@tectﬁ ﬁ&mﬂ%renmé%dp Sh%CeP@@mb@t ‘aweswﬂ An g ogdet ecoder Output
tﬁﬂf fahdr?rgsﬁkfrémé Bleah®IZ SR AAOK 83581 SSl%lnaflsaBru?Sg %gﬁé %e% '$351 and

utati onal conplexity based o ewer quire
Prghinbfal syeicsindiexeS358 biveinpetr o thoeyht daetts. CSpenllee 370. The Sync

ilters_are. wel known in the art th
ﬁﬁeftgr Ritsoller 3§0 SERFRFS YR %lﬁ%alha% ﬁfﬁ%&%s ?I?t(PZ S3p§ which
RRGALHY §oeedc: @e@saemﬁe@mm et R G4th 3326 %Pk ﬁl‘alo path $325,
pattern based on the negative and positive correlation

16edio Mutst Gorgel S865 wdnangrables Br desakiss sﬁeotmtpluttaeldfmmﬁl iS310, and

TisERe tber SRl e bE i R B G EREEn e thr Tinaine 380 10

pseide RSB ff deMbiiulsesiience 243 and 2 negative
mks corresponding to correlation with the inverted

8lon of Anﬁ@ema@ed@eﬁe Suifhlp Syn@ laetecuplt 3 s shwm EIG. 15B.
%&galsx/%%o%: &k liwlk{{tdsg‘fﬂn% ﬁ{ u ea f1 %\4@1%%\5& 5? aa;d the Sync

er to C are

PreasibepDéi6dtor 351e T\hHT’O d8Mentdry 362 ksusdette stordtht $ated lmicedbr Decoder
and if_a major peaks i s detected, then a sy

Ohitnue 593 Sfarna&fo ‘gh@Etlnqiﬂﬁes i weeyed dhikepn o@@aﬁlgwé " {Aesuitable
pia orbﬁ%n%l%n ggéi%eﬁgt}gﬁ g%tFlﬁgt (A)f{ﬁo O?B%R%eaks V\lﬁesngemory
ﬁhﬁhMj tThe Spopdtteblpdddterter. 331f deaeamﬂmrt'ra:rgmmtedpiéﬁicstsmble Out
gllgltlal 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 di stance between the positive peaks found in
wWeL@p/14836 i s conpared agai nst the expected di SPERTUL2009/046416

PeakDi st TI. The PeakDi stTl is,set to be a function of

the period of the PN sequence29§42 since filtering the

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

QORtEIP08 Whichs¢nshles op disgllenthe RutPeb ke sigpd M3t Begag Timing Offsct
i [ I - [ t neri £t

SSUEDIL GRURE: 4R AR TS ol TEnE o iyt

S32Gfer dembdulatdorr. ange of PeakDi st Tl, the positive peaks

|itudes are then checked ai_nst t hreshol d :
fﬁ@ﬁ T PR Bl SRABED |Bé1r$taﬁﬁ%ct?ro_?&péékwgenrﬂ€- 16.
S2nBl WScRler Befbifer OuFRINRIEE - is Thfut B8 eV daRuBitor 361. Examples

function of the anplitudes of ‘the previous peaks
o bumdtablomPaweguiatcabiter I0danpluds an mpuPealeting Tindtonswtabsolute value

uch that th eaks found jn,.st 453 do not . di ff in. .
EisPon teh S BB o S cr B SBrod? Higodito ok Sy Niena i
PSS knpR R} kel Sukleieas BEL whkksets Maltiplibd By MRintpHIkP 8&Kquadrature
anpl itude observed up to that point. If either the
puspancys PYaaferensagoeqicenel Sinaneid lchetknd FrospegrysSnuspid 2 364 to

] K N il t -
S bR EkpATboBhBRat? Bt ot PRY. (TR g 362 outpus
dieBowIphsd flecred® bR tHevIeP 86K ot ctiinita lthedhigh &rRGeencs nwiltipliod products
a range of PeakDi st T2 then the negative. peak .
HPE Migieutpipte Ahexaverlc Hgasfesiungtianfasyipbic bEEId&Tpsof the form:
in step 457. A suitable range for PeakDistT2 is plus
or mnus 2 sanpl es. F;%%lfg_st‘ﬁlaizsl setzto be a function
of the period of the Ze_qcuqa%ngkzélgzzand t he PeakAnpT2
is set to be a function of the anplitudes of the

' ks f d. If, eit h | td k . )
BERSarar Bo8ncd Bhadk T stiep #sdrnd L4 TBE Epgnitude of in-
?@a@lé aAdRLAdrEEE GREEK of theSLRP 365 arkaléilRed 8gMd VRoRBRIE 366 and

enp

oral distance check in step 456 and the negaftive ,
poamcd ipthictAdist dadc the pupuephitie Avides 36 eningutstpribe Matched Filter
R Adl or f I§.sat -' t epr4 | ndi.catf.n
APENTRN RO Bl PP SRR SN A s

fegatdowe fedle LenPDiabuthusbanke Niteiedd Fitest36P i42Balhed for the
negati ve peak a%lxi tude check in step 457 fails then

PREINEYH peqlnigithalor Scpeeh 368. Qe thy maxippnsisdpungsig the Max Search
At | ; ‘
SO ELEOS ASGBIATR. e S S R RSELREL 6 sl v
sorhndextS36hs of the steps will achieve the sane

t. F ,. detecti h ' it ks i .
[3H8l1 onnsgB Glgnaalech e Raconr Hetslpask Mo in FIG.
ﬁAStS‘EiEl%ll%oﬁ@ldD%g&ier 376N %@é@ieﬁ lg{ %ﬁ lilgfac‘h@éplliﬁter 368

Sync Detector Controller 370 is shown in ' '
shap 14 07at¢ledtthehe Syny Ppaimbic Sequehec. cdhe Mdttled KktecH68 output is

J[h%htih&lltlt% Hhe E\/?aex JETH %6 lilx}thflc%r 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
wob@vhersse he sync signal is being searched in BPE¢EBEUR009/046416

data or Rx audio path. Step 3%? is entered if the Rx

audi o path is being searched 1%r sync. Using Bur st

sync index S351, the maxi mum sync burst and index_ are

Esulic Ak P cse@rctlan ntinBEr COMPHREES sjompleviymbasednop fepyer required

% g)h%gszd 3{& 2oc )F@igﬁ@sn géaﬂsé fi t% a%%ﬁ‘ﬁﬁb@%{ A€ the art. In step

t and ex searc I'n Step passes a

438 des ffted omtpair shsearchteé forothe maxiemmpbﬁtmé aad suitpitalkel errelation

e %&Qfa§0|8|on crlterlon | ste 373 i s of e form
;patc—hﬁgl §xp§ﬁta (pm GQWHYG P%Slthe correlation

{séa%caﬁ@ean&es tHae HBRHIUD Hlakt rbﬁo§mn6‘e RIndt &9% g3 OB on Syne
he N'| processing frames, ThsB is the sync burst

berebld SequdncesIl, d} positee peaks heprreapondting sy nerislation with the

bR apine LB S se bt BT crbfhil BBRR gpmgsponding to

EdrddT®fon With theSHNGtelBWeRion & tHé)PNfs@éflﬁBillce 29t [10d sdible example, the
passed back to step 406 and the search is restarted.

sncalesaptnr showldtiindsattleashd peelgninrastictpasicelorg thasthepysq preamble is
M\Qggtgd S' Q%l d'tl?e h@‘hﬁ?r néeg% dé%@t%&i 1% tcglglﬁ&! %é& ‘?f g%ajorlty of

pr éverit he au erng ou

pakake rdetebfebdﬁﬂ%lﬁ éﬂZﬁtldlﬁidlitgtd?rﬂzfgﬁld &t SBHa€ ih nepx4685adicating the
t he nHX|nun1%¥ reanbl e and i ndex are searched over

BreARRsey g hag teeted- #y sHBle ayempks: ¢fip maigrigeelarskhdaected is
hfourt I?)%f"ﬁé%k@%lgy Mat®{ %n?){ﬂ%ct%a a'tt ex ﬁ‘eaaﬁﬁi;bggy'ol? peaks is not

step passes a success criterio
éotectpd ehanf cantsolli fiaadek o segr di4, dwheml tha tempoeai iddtarica between the
ste 376 is of .the

Wi Sttt i 184 MonbmaeshiaRaimn F?ﬁéﬁc@%ﬁﬁlzﬂgs%%aim““

fI“Ré‘ Pai@yiSfT 1t R&eNtd bRTORFSRONSS ftﬁeaﬂﬁ*?od gﬁ-tlﬁ”ﬁN%%q@é’n%e 242 since
scaling factors, z is the maxi num of the outputs of

ﬁhmmtkﬁle@eﬁeﬂtma@@s agairsy N tshquabce 2481 shoDbt gedra temporal
5 P(i, sl .i I S..the maxi.nym power. in ut 0.t he,Max .
&Rpes b8 s chisb By Beshs BV o 5B byl it BF e Berioa. 1¢

IR XlcipBtas WiGarkdr Sdtwhdid &he, pdsstiBX pedih i@ foMME tdbeanihie d Sange of
not found in step 376, control Is passed back to step

RoDistd 1+ e Pesitivn nosky esinlitedsy . arpf then sgheekqsk agwipsteai tshreshold

ey B, . O, A RO Sy PR P o i

@@@ﬂ)@@l{AmpTl hea faassrdof ﬂleSdIﬁlﬁlltﬁ(Ye-é omehe epréviginapeakis rfomng:l In a
O fset S350 is cal cul at ed. | e of a suitab

HigPlsexempise the Beakaman | lois %Sltﬁh tbﬁeth? BE3sS fv}nm ngstep 453 do not
%fe?ﬁ{ amﬁatuhg B®ore rhcfacfbr)o SR the él've(regé glgﬁf(udl: does not

ere lzmax Is"the in exattemaXIrrum
afcetdéalfathe heakifiuht peak36@plitudt fodserved up to that pomt If cither the
positive peak temporal distance check in step 454 or the amplitude check in step 455
fails then the negative peak temporal distance is checked in step 456. If the negative
peak temporal distance is within a range of PeakDistT2 then the negative peak
amplitudes are checked against a threshold PeakAmpT?2 in step 457. A suitable range
for PeakDistT2 is plus or minus 2 samples. PeakDistT2 is set to be a function of the
period of the PN sequence 242 and the PeakAmpT2 is set to be a function of the
amplitudes of the previous peaks found. If either the positive peak temporal distance

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

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



Sync Preanbl e Detector 351 over one franme, Sync is the

nunber of processing franes searched, sanp is the
wo0oba4936d sanpl es in one frane, and knmax is tPE/pPRASB046416

of the maxi mum of the out put fﬁ the matched filter 368

in the Sync Preanble Detector” 351 over one frane

Control is then passed to step 418 where the Rx dem

4%hpass thanatyeg inqigatey Pamls spiTvs d stcEdaBy ladisaimg th@ iegrmble sync

Y e
PR ARG IrR5S, 8 LR IR e SRR R i sep 4s6 or
heniarige pe&é:ram[ﬁdudld)drhes}y ncste|SUBP Saibs/Ran tiR/Fac nﬁﬂﬁ’anr feagds set False

376a f on t he sane as ste s 372, 373, 375,
el lgﬂtmgﬂee RFRTTRO I8 Y R ReBrIoL O 4;1’? Goarlt %hﬁ)@ﬂg%ﬁesogmzed
pat Blffe?etﬂ%déﬂa‘taﬁgi BRBidaEnder MeXsedpy Nt ac'Tl\MvteocHe sérﬁ@‘r@ﬁlt For
Audio to Rx data when the Sync Search Type checked

staapplel Qs tacEngyheDad) arity] (@ORs1ih] stohrkétl hod mayxtandsine atier the posmve peak
%ggka§1: %%@1%%E$Ctor Controller 370 is shown in FIG

tep’ %" he entry point in the controller

Yol i ni t Aaldxg@pletdTe ARABE KyRe DeRictr @6 REfI7TOUE Sifown in FIG.
the initial state of the recéiver. In step 406, the

8 cStspalldhis theprtiyspaiiein kbl comiellermhich initatiresrthe meemory buffers
| ng,.s h the t

S TANR, odnlL PRI ABEILT, MEwEE 98 Al emeh woe i
Bicehedbindidgh e ahotheBtht sisc ﬁ@[&ﬂ liebbindSt@pchdd 2n teaokdath BERx audio
S|gnal%m¥ncFla S305, indicating. a Sync Preanbl e has

T2, is eRisredcib tis Ringudio ng{h isdysas S@alfcyed: Fa oG gUsing Burst

Bmt I S,

g 1 culﬁd §§ atge ﬁ%ﬁ‘ﬂ Sl%sl@ bwoﬁft M_j[tnlpl)(?%a féétdzgétfez C? number of
pﬁobbmutg fcammésg thin Btap)372 OBtepl3a3 lﬁeHmmS ﬂﬁlhe TeximuralsyedBurst and

3 fo he Source Terminal 100, If a s anbl e
indes &aﬂaﬁeﬂi iy EP TGP Suessitibscasdp st EoganaR araple of a

Etﬁtaﬁfees%%h dgaﬁoﬁ“éﬂteﬁoﬁ‘?ﬁ Be msk%ﬁ"tﬁkgfo%t put to the
speaker. Signal De- Mux ntro 8360 I's then

generated in st 378 .t t he, Rx audi o path
to the Rx data Sg‘iaff"“i‘n %és)\'% tr<§|lard s then

ssed to st 377 mher T n S350 i.s
BEPE rapredis Ry MART &F G STE ﬁmsszfg]@n PYRTRS By PRggesting frames,
CRL GRSt RbectiBR HredhdNd, 1), Misthe Ghdx@@hlim sync burst index, Nyync is
=Pul sePosi ti on +PeakDi st ancéPul sePosition i & a time

thestuarhse of mmﬂem@ ﬁ@@p@ peaechsdrand| M0l 2pletsiacy permod i processing
ﬁrgrglg%r IGRC esg;{: u%rs E %%pacﬁogl s pas§ed?r)gglg ?;%tgy §06°4nd the search is

hetaveen I mqu&ﬂrgthy iR st pmemaétepasw Whgatsignel Audio Mute
correl ati on peak. An exanple of a suitable first

FerEeleios is .gﬁ@ratﬁ@ tt%ﬁtﬁ‘éemfewe padig pegy framrbeslww@mteut on the speaker.
Ppsc‘t n}% '39%n alirbé[rﬁbfe %plflp ﬁ}d%y rSr3g§tt | ot n%&%%?gaentlble and index

er exanple SUIT
aral atchtd @ver a number of processing frarnes, N2. Step 376 determines if the
maximum sync preamble and index searched in step 375 passes a successful search

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

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

max max

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

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

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

smax

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



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

W@ r0p4®sté on peak to a second reference tine |PCI/HSYEY/046416

and may be a positive or neg %e val ue. An exanpl e of
a suitable second reference t i nstance may be a
certain sanple position relative to the current

Hecsing gucaspde innatfgwd incder pH. costrelnis pagsad daek topstep dfp and the
|

Rk e fatds MR RAmBKDS fofnd SERTRICBE B ELaRal s360 is

painceat@d edate 38 nedwiols itd itlmemmataepa:then rIEcMiuxenOV\a@mtml is then

E%Séiﬁs IRy hehe St nbrane S9! ST irAdTgel” pbCxample of &

SiiBR! TiRmMode ERabkien R3dhe i demodul ation scheme
used in RX Modem Enable S354 is determned in step 418

by the Mdyl at | Txp .S306,,i npyt l...,Cont.rol, is
finally pazlsmelgg% g %S%6li nd S%i%ekﬁ?"chz’”f’“

started St i S enter |f t he .
BERisg e Rt o Dy e L BE D roapUt s ane T ety B8 in the
thee %%bﬁSD&E&Qﬁ%’flléver%@ fluhte, NESPRChE Yehber M‘ﬁrog&‘sﬁg frames
di fference being that the audio path is not nuted and

sehusch@ér Malxp issthagtunzher tOé tsamplemiRonAUddinee, tand F..dist the withase of the

e iioq TBEoguodhis A it R OGS Pt etector 351

6@d¥oinB itahRN T odrol REh&H BRScdWb IsteparBiveneee tHAR SIBEem 330 is enabled
result., For exanple, steps Mite Audio Path 374 and the

patskenghRe dodane En@bﬁs S, then Suelppeasse hagk ie step B ang the scarch
[0 =

LIRS AR AR 0 KRRl R R e e s

Bmddzllﬁcml 37?i1ea1Rb< 3T6zmdfngctﬁ>80the3samseeds tseepal 3Unf37l3e 372, and 376

nodul at| on raneg oundar | t put r e

PORSSUSF!Y dlibe Spap i Gncs b@%&tﬂﬁéaemﬂa priBis 1ot ied p@A the De-Mux

falgsWRIERRIX 83805 ‘R%rdataakfﬂé}?ﬂhe @?npg&ﬁ'cﬁgﬁe R ckPHlstep 406

to Buffer 381 where several sanplesS are sto
Bkt Bblae exanpl es of Buffer 381 i ncl ude

hi&ﬂri ! ?RfA;%;lg OUt g& S‘ﬁ%ﬁ% %ﬂi@r%%}? gqr§70 is shown in

mU18l§ Y S&!ﬁ%d’fafs'tﬁ@ loRt A B8 Wﬁfo@leﬁwﬁdﬁemﬁﬁlhl@é’s 1h® memory
p lied to align the nodul ati on frame boundary

frreglprb pefifrayrasche metiatistatgrgf fdafs frecetvesssost@m% dhe sync search type
%&egked 1ndlscla'{ 1tn%a)§/h%thgesaeyn%l|n§ gl%nra bel searcg} ﬁ nl?%ile Rx c?a%a or Rx

e frane

SUdA€ pathl. dﬁlerodehewp@kses gnalepl as11oumetet thRSPABEL BdteRor 351 is
Dat a 8330 [00113] FIG 20 is a suitable exanple block

enekipdanstep 4lAchrsksdhe aigrabemctie 83windigptme@ Sync Riggmble has
%&@Pgd’qﬁ& e it ]8;1 ?@i)%gtehﬂl &fegﬁn& & ‘Spﬁcﬁ% 4§69 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 input signal through Rx Data Mydem De- nux 331;
De- Mux Mute S332, and De- Miux Rx Data S333. De- Miux

Worei0e/18852 is a separation or muting period whPCHUSHY9/046416

exi st between successive re(lz?ij ved nessages and is
stripped fromthe Adjusted Data S330 si gnal if the

separation or nuting signal has been applied at the
PriapBaitianeis 2 @@c diisncrRiTama the rmatave %Orfqlﬁéméz?ék yeg first reference
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g%ﬁa qfem 33Q uses the degodul ation frane boungl)]ﬂ
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Controller 370 to determ ne a a signal pulse
podithd onmand cal cul ate an out put data synbol based on

t he data signal pul 0S An _exanpl e of a

sui t abl e denodul at o?e’flg’gab/ﬁyﬁ?chp el P cor rel at or
l{chedto al | allglwedccllc shifts of t nmodul ati on

pliiselosdipinés apprretisBycs hom hndieett Ware f&m &Edf to a second
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[ter correlator matched bandpass filtered
matablemepccmfd tehaepgl teec Bippheetappe tertamaasple pakatica relative to the

DL B2 PR ROERAES s L RS TR ky rodution

TOpLL 4k tehthfaed 2a dignAMKRKRIRL SHEE 383 By Qbarthifg SV SR mory 352
and net hods di scl osed herein. The di agramrepresents a

by mteaileteéﬁm%n@s@lpntm@w tho/epizbe Véaksrpdhysignal ishould be stored.
&Sn ttl’?%n eéa%sed to s&%hllfﬂnwh{a C[hg tM%égm|$05h8m1§ds V1$Qhe signal

acci her abt &' exa

RQTMME'Jﬂi Ehgblé 8854)€eTlie %%du[lﬁioﬁdehdmé lidep |11€R‘»(Q\Vlbd:dneEnable S354 is
acci dent, si nal e vehicle accident, single vehicle flat

deteraningd Hystep dafiby) the M“#’éloﬁaTmrﬁ?t%dﬁp‘é}rSl@taﬁe (Control 1s finally
és%é@ﬁéc%r{g %elﬁ)% atnﬁ%hé/ %M&TIE e&?’%rtegg écgfﬁ]ﬁg/ S eh{%?edfl\/%e Rx data

s in nee assi stance
P&l i$ beihgsadrelibdi for oyre. Bteppodld apind hmav&lhcm)dremelsmmelav etszs 411,

} /ﬁ%e\ls’ﬁ}g'm%lg Tt:l?g %Iiagne gaté’ 9%%@ %%tté%?&%uoqﬁi;ig as not rnuted and the

DRIMIK A5 Ok iitN oAU ABAT Koty A0 d35hE BEACR YR fhocked in
I'n-Vehicle System 951 conmuni cates over a w reél ess

Sthlaﬁﬂ@ lis RviaiDzite. nkyshned berpeageiezdd dfat al:ffejpmu arfters and combinations of

R ataN G055k Feqiae Pl FRar w T ah SEREA ey Pigh 397 and he

p&aR &witel stoly 378 endy b Maipp & whil St thdrOMe BvEéhR sync detection.
conmuni cati ons channel or may be automatic or manual |y

U E2lat ed EIGt Heis|apsuyable ekemple 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

WawRee149386 net wor k conpri sed of a wireline upliPKI/88209/046416

and wireline dowlink 961. A 4ui tabl e exanple of a
wireless tower 955 is a cellular tel ephone
comuni cations_tower conprised of antennas

t003h3lcei veFIG- Zhds pavikabiirxastls pioskdiagen Of}\)él|6|RX!<¢?é%\ﬁ10dem 330
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down wreline network I nterface
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e conprised of the destination termnal 600 descri

833 signal Ththecseparaindrc ait inohing eigneldristbigen hppligdhit ¢heetransmitter. De-

PSSR Y Ea St B Bt PR B B nd Bemodutaor
855 CThBastrhdiuldiér 3385 HanbdGatsealel @BSyed Bedshpl ifofmatdA bits from

is an exanple interaction diagram of the

therashiestad RatPon Ba0. dBtcaRerdaits rodsimodd bs veps ehe dgmodulation frame
Tepi hal . i nat i L
RERS0Ge RS AT SRR R AERSHAH M i

gacuanee b§1lbei SyricnDitcatoe dCdatrolloe 3P stoi datintnc heda Ndgnal pulse
600. The Downl i nk Transm ssi on seguence 800 is the

P‘P%ﬁ%h‘i@_sﬁabfﬁlaéﬁ algglﬁguté}%a &b9! hess @gé@e daty fﬁg{lﬂepulse position. An
%‘?I{lﬁ gf bg{ﬁlt%)gg Eﬁéxﬂ@duleﬁ&oista%%ﬂ%ﬁedSﬁHé&g){%ﬁaﬁéP I?ﬁtghélcpt% all allowed

ransm ssi on sequence
tycdie sy féss bH ithcofmodylatommd!sd athaparepdagelsy thotmbdnat Sotar medulator.

ermnal 100 to th stination Termnal. 600. The
&}W?FW Rl AL st segtence 158%)6181@63 At gprfaigr matched to a
bidads IR Ptsibher BrSl1Raddp®Bd T e ﬁ‘ﬁ#sntﬁﬁ@até(\h{oﬁuﬁtor where the

sync sequence 801. Suitable exanples o e sync
bagpessdetes Ocprencats tinisanstessomi dhethcienisfids@f tigachapng, 8B,
and FIG 8C. Follow ng the sync sequence 801, the
Destination Terminal 600 transmts a "Start" nessage
802 to conmand the Source Term nal 100 to begin
svsmEmItting its Uplink Transm ssion 810 sequence. The
Destination Term nal 600 continues to transmt an

oiegpnat i ngIgy e 884 ARMPIcSERI dase @ﬁ%gﬁstéﬁ)?&néqﬁetﬂ@dst &isclosed
or a response fromthe Iéou‘r ce Termnal” 100. At tine t
hergipl The dSeuars acmesaritnal tyniod, exaannln @f rtlex éi-veldcle amergency call
nes 02 f.r stination.Te

éee%élﬂﬁé;ﬁt 1 s%rang%e]}laﬁ énciliiés%lrpc?&ﬁ ?ss é?lﬁogvnsaésq%ne%cccéde E_[E%tgv%len ?VQOO vehicles.

Bttick ahlteblexxapbrs fof vehielesiniicae98@eGud] nudtige teBRE accident,
described in FIG 8A, FIG 8B, and FIG 8C Followng .
pinglesyahicle agrideitesipale, vehisde Halifiee sTelrivakiplei@gine malfunction or

SRSt Sn A FR B B RSE QT Fufl@iofs BF 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



"MBD' nmessage 812 to the Destination Term nal 600. A
sui tabl e exanpl e of data conprising the MSD nessage

wW@1issbaudes sensor or user data formatted byP@I/USL089/046416

nmessage formatter 210. At ti g%[tz 852 the Destination
Term nal 600, having receive he sync nessage 811
fromthe Source Term nal 100, begins transmttin

. . . g a
el and vetcariolll & dyeeEist NG oriaeRrrirfgs s gewgolang §pkiHe 962 and
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continues to transmt an alternating sync 801 and

teldibiic remsaneaBOd tovtdr| coniprsodt of setannhy trasedives 4rdebackhaul
MSD nessage fromthe Source Term nal, 100. A )
gwram@@@#@w g thecut Spy FI}@J%%%MrhﬁgWFﬁleSWnk 501 and
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860 mahh Q)eS@ékh-fiﬁse_He b thAal dchBRhtiTRY tcdhnlRIMPE00 AeKeMEd t®ein.  The
MSD nessage 812 multiple times (813, 814) until it

eag@aupisstiathetwaak thendasKelijelegtysten ASh agdjitheaBuldicekafatyl Answering
Lf. S C I N 0. ts. e . .
gt 950 OSSR 0 100 LHSTR BRSNS, UFRe oo
sictibey. ent redundancy version, it switches to a nore
robust nodul ation schene jdentified by the Wakeup . .
KAkl s23B1GA2Z 0t patskempieaistastion dagivp ! tBpgypchronization and
. SC i . i . .
AL eS APIEAY kD 80 AR Ohosiarion
Memiieal 0. tlnnbisiaxsinples € Eplide$mnshadioprseyicaus BY0 iAtinitiated by

Bl ST, T T bR it s

BORrALIGO BE 1s9HE Ind IARS FcSHLAD 3 tiRe DUERABEPERIR 600 1o the

In a suitablé exanple, a retransm ssion i s requested

Byurchd chaistli HK: dngnthT éiphink dlraGe0ssirasaqparsi10tis ty tranemission of

SR A0S e R Bl RO B TR AR ninal 600,
Pes DioR@tih® Mra sl sc§@éhce 800 IslBltidrd dat tAdA0l §502630thB @¥estination
exanpl e interaction diagramof the synchronization and

derminalr ()svrith 8isgnc sarjapercl. betifabtncxamwlSorfrtbe sync sequence 801

r.q i gat | r gn n '
8D SDHLL 58 LADETE 811800 42 AL Saence
801, tthaDegtiimtioh MEeriond] @0 Tiedndiniala IS0t Tiegsddpl 802kto command the
Transni ssion sequence 810 . is initiated at tine t0O 850a

Bguren d crpnrlcld0e rgindransogting ith Upank d rapgmisswpsgysequence. The
SR e O By TSRS oS appt st
Boesrage 802 amd wailts OO respofidedtime sheTScansril drmiveed ¢BRNAt 200 t1 851 the
ggurtcg %e%ingﬁagﬂ,%vpngsrze%givg({] g[jhe “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 foll owed by

the MSD nessage 812. At tine t2 852a the Destination
waeropileshbe 600, havi ng received the sync nessageCBL82009/046416

fromthe Source Term nal 100,,begins transmtting an

alternating sync 801 and "NACK"' nessage 803 to the

Source Termi nal 100. The Destination Term nal 600 . .,

PetitnaHor d cipingl G0 gontingas & irapsiit ppgltepadngemncad and “NACK

" " 3 U eue .
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BBSinalNEDe st huiablcoexafigrierion alic@8Gyl 1 asdendng theckIT uldssage 812
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D message 812 nultiple tines until it recei'vesthe
magkEe, meemiag draBudiftinghen eillarmatiog sane Ot arids agkndimiddgeeort “ACK”

r edund y yersion. At .ti t4 854 the Sour i nal
60 eh AU g T re e TRty Eeogoy i e 812
BRSO HNRNSTS! 814124t GO rédche@nthé MAGTICt hARSHFe SSU4ON [9fa suitable
t he MSD nessage 814. [00117] FIG 23B is another
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ransnl ssi eque e n.th ree. .
R e B e R
oset, mddigatidpl schdnd fdensfiddsisy ti WBaGup RpAaBIXB6I A suitable example of

initiated by the Source Term nal 100. Instead of )
f i APyt mpdybiitien sghgrae isludee igeasne the duitiomagfethe paodulation

SHI SSi , 18, - rge 1 0 -ans ki n .
SRS A R B 52 TR L ST AR s g
pOuslxt Alt tend t4 888 lthe tSoardde$enmadli K0, havmignabei6OD the “ACK”

havi n ei ved t he SEND ness 05 fromthe Source
TerenaM too f%ﬂ%emog[)%ima? 3P0 AEFaH G BRSO the MSD
meb@bE 814E32 39RiBOR exAhplel TBefrahsBRARN BERRYADy the Destination
Termnal 100, having received the "Start"” nessage 802

Temmmalh60Dest itransonicimgT drenbtael meGogest B&h sighinsaftersy peedetermined

BRLDT AL O Tar R0t Rl PN A et Temmifal 600

pestsnat i ORIGEZIA NBdnoBRE ex iyl NtefR66Mh YRErahh8f S¥RGnchronization
message 811 fromthe Source Term nal 100, transmts an

and éatm Henygisygmecmonceshgtwaqache Sewse dgeameail19bande Destination
. r i 0. | 4p, i nagd
PR 05 O s g STl ch O iRl ARk by
feasaderminaBm@on (The aiplalkt Branahiskign S¥qMenSO 816uid iniddIKd at time t0
nessage. 804. Upan recejving. the " " nmessage 804 fro

he, " ACK
B bedhe meursnTa@rminbl0 8010, Veie Bgudde brofoRfigaFing ghe Source
%ﬁﬁﬁéltwﬁ!iﬁ%n&ﬁi@‘aég&ﬁd 200 R thk h& A‘Aﬁ@ g%ﬁi‘s%ﬁ% A%tggﬂelﬁ] 851a, the

FI'G 24A is an exanp I nteraction ram o
Syurch Torminalt 109n canfigudtet Aransait dabcband 2068 ey theribedata path S230 and

Eeegtir\ll\ée t?gns%lri]t(teingcl)t% rsgll?c ;-eeqrurerlilc%aél llfgﬂov%&? b}tl t ee M %t ringsasteh!geo 912. 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
wOe@vilgeté on Term nal 600 on the Uplink and DoR€il/U82009/046416

respectively in support of big}rectional dat a

transm ssion. The Downl i nk Trdansm ssi on sequence 800

is initiated at tine t0 850 by the Destination

ther MG neeereqiS0d. yh@féflh%ﬁ@hr?gtewhts & diftraeid acomlangygversion. At

[ e ur
YR Bt oGP LBk s AT P R G e g from the
Degimatitie TBesihalnedli distoiigmnues t@hsrbifgion b&thie MSD mserget&lnn g

i ine SERTDOE ook ot Ehangfbran Shot e riaion
&d 81t &bh BLisSH¥N S RRARMtw NAGK: SEESS aEmBAB100 A d the IDestination
successfully recelves the data 812 fromthe Source

Temmial 26001 09, thisprase, whé Elplink &mattstmssmsqqnatccc&iOTe;r lmtmaﬁtd by the

00 s r nat,i nc. .sequence, 801 and

SeSgaTRa 0| FE e RieRE S5R Bl NG intiate the
Bawnl1SisEeRd 866 ct Mermm&Ki 0B aSAUR a%oﬂtefrﬁ%‘gts fic 811 and “SEND”
Destination Term nal 600 di scontinues it

meenagerB88jabimeAd §50he AGtimss] SShk tineDestimatipod ememﬁi 6@0. having
. ' |
Peg%\\ll%ﬁ ﬁl%esgsﬁs%% ér‘?‘ega% | Cﬁa‘é ?%gs%ﬁpc%eise%&%ql?&,%ﬁﬁﬂ% %n alternating

@HICEB(HanHStﬁﬁVmbS,SBge 8¢, it mignct @ mﬁ thé 86URO Ulceinal 100, having
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the Destination Term nal 600, upon which at tinme t9

QEQGSSﬁ?élySGQmE@ fhed\ﬂSEahesmm senusitsaan alldreatimgtsiyng 881 and “ACK”
ge 818

uengﬁ ? ;Jt:ll) of ﬁgGFéV'r%i%(H%ﬂ H}?&%gﬁ gA% g%oé?nglg dlg?%lélatlon Terminal

GMG SREEADVE Nt 100 ACbMESO i T@sTTo Ak MSI9 message.
di scontinues transmission of its data 806. One skilled

[09148le ar t Fifsi 244 scoypranenle fferaptien fingwemaet thesynchronization and

L R

mbﬁmmlesﬁlg nila ethtshadse t B&ta Sy nequesipd edeleraiSindttéd g sisal Gthe Source
nessage, . and ACK nessage may each be the sane

@Pnnfl@%le AP0 sanghy &b ddesHagtipie I CrRBeE 40058 nihet Lipliak e Downlink
exfg@:'tﬁkf@l% 1&@{31?156?! 6fn|5<1d &&1%;1&19(1& rﬁhsnﬁsds%ﬂ STHRe BB%HF&E Trangmission

I nt action | agram o e synchroni zation an
mmdel'@ﬂsmmtmt@iﬁatsmnm@rﬂsﬁi)yhhdz Eeﬁmatlhﬂa TSouwineled00 with alternating

;ry%rcrgegl?elnce 881 anc&j “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 Term nal
wao®as3se he Destination Term nal 600 on the WpCT/HR20891046416

Downl i nk respectively. The difference between the

i nteractions of FIG 24B and G 24A occurs at t3

853. In this exa an alternating sync 801 and

argENpENRe gBgec ﬁnélcta'ﬁ%\&§rﬁeﬂ‘teéﬁt% ansHEt defa onnhe ideynlink. At

n 6 I n SHNCe
‘Erli-rlgl%?g 256 1919 %I SEegf(Igrrﬁ naf’“l()ﬁ ﬁ]ﬁ)@ d?ﬂl s%ﬁg Safgglg %sage 805,
saepomis Wwith am dltemumlg t;mlc seeenPe 8 1 raadl“Starﬂ’enmsa@I 8B0DO0At time t7

B85 e FhrSgin el AP S cte R b Sipg) messia? $18. Fesponds
@htﬁ%os%b R uREcd 81 FRIAVIT RS 866.0Rt &neltd 8%§4the T@@urce Terminal

message al so I ndicdtes a request from't
Iﬁlsttnanmutsoan Bétemiating s800 stquesendland ‘AECKS rmwgel BK7 until it

hihpoetsrers e el OB P hATRBR Py qag upon which at

lieRab g3y tHehSotse MeHAhal 160 K&&R tdhnafltdMRink Ans nﬁle&lue‘i'l@é 311 and
packet length. The user data segnent 900 i's assenbl ed

I HEE thessagcabidini At Haed 1 p 86k dhe Bogingtios Tzﬂalm@h@ﬂﬂmh@wna received
BEeoR Rk NSk 8 635802 080, Bl LB pygionof s

dah 806.0 Onb Skﬂilﬂdi 110fhetmﬂrﬁiebogiﬂie’:lthﬁtaﬁhk eliteraétlﬁisﬂ desdiited herein are
exanpl e faor the Iewgeth indicator 910 is a 1

papmetricidn e bginitiséed Wnge PovreeTemingb i 04 39 e gleg%m the art will

%gngrte ﬁ’%ygt gllrg{ Z}ieg)éﬂg; gcg%&%etor?[% ﬁgsigf%et I@' s ui't alko%%Te and ACK
Bxcawapt magfeagadebhd sindldr diffeﬂend‘feqtldﬂ&ebbﬁweyn thdse wralsuetted on the

ed.in the art will recognize that t he pad

il
é)n‘f’%h 1aildﬁ"@§}"“ge conprised of the binary "1" val ue or
[ 19e conpiG:sesyf i@ Rathsher ogxé%ﬂl@r Ynterjactlcﬁf‘ddlagram of the
val ues. [00121] FIG 26 is an exanple diagramof tThe
soehosization and dafa traasmission detuangadkercentibe Sowrce Aerminal 100 and

e Dot TRuitBE o0 e Sn Hafilh Seatm R AR by both the

Sbirté AlemBen BN kad suchedthatiod MerrhinaS65005 68 ﬂEJ‘Upﬁhkl snd Mownlink
length indicator is equal to the transmt data packet

respeptineland Thasigergese: befagrihs infpractianiadt FiGt Ré and FIG. 24A
B&%PSS tg 8g§t &%%S&En#ee Fl% a'i]terna 1n%1§')?nc an(a":l %I\iﬁ Ig%sage 805 is

an in eger e trans

tremgiitied biﬂﬁﬂ: Dbﬁnhﬂ@l’t TeegnEG00ciasttal @Barﬁalﬁhiiﬁhtlnlgmyhh end “ACK”
exanpl e of FIG 26, the user data is s lit into
g@@%@%t sln *i*H% elxamgle daer SEMD swsiagatSBoserve é&g%%ft%dhat the

D@&tﬁla ﬁj%ts%c&r&‘&{ﬁﬁ r&%@vear‘chg égwgé %ﬂnwglt foiRdata 812,
prece |ng icator 9 he second user ata

selymanlts Bﬂﬂlel &om&s@nﬂnﬁmd 10 dlsctdmemUmgnsSndatta tahsemipsiok @t t4 854.
?R% gﬁg ann?sasgget ggég@ag&ltgshg rg(%%rsrteﬁom t?le %T%lulla?t{on #]errmnal 600 to

send data on the Downlink.

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



l ength a pad 911 is used to fill out the data to the
end of the transmt data packet. [00122] FIG 27A is

w@eoes#a3pd e i nteracti on di agram of the transmnm PCHHS2009/046416

request sequence and transmt data response sequence,
wherein the user data | ength 1% greater than the
transmt packet size. |Initiated by the Start nessag

390 byfes. A guieabls gninde of prgl bltSr?léulmq%@ée the BingBivdl’ wﬂale One skilled
h{ @0 %{{12\%%1 gggb’g%?;% etR%titr adJ&'té & ﬁlay?‘Bé %&gﬁ%@tﬁég%b@%ry “1” value

I me transmt data
Sﬂﬁaycbﬁpmmpm‘@d@f agattem@if binandi'ICatndr Ogizﬁ)luasnd first user

segne IS trans ted b t he respondi
B e RiG: B 7 FRATRLC GPHER ShHC, CEHEREPA » transmit data
%@c‘k@f %EreB S$hOUnotielof HEC BbMethtd RE oRGK r TBSS @€ 1rakdmit data packet
egi ns transm tti ng the user data agal nin a second

Engdnpthe308: datt 900 mph@ﬁtosfml,tlptdﬂagmesqS ondi thet the fint segment plus

(S LERGHOUGH il 1 o R i B e 5T wpscaaugpt sogments

hicrqudl2s tid/BansiitelakLEHERSEE IbNGN L BTtHE QR dafi§ 86t an integer multiple of
eval uating the length indicator 910 to determn ne ﬁ

tharijansai et @cwtéengﬂpéb@re@e lpst geamaans confaing expady ﬂaﬂmﬁxample of
8
?g(t} aﬁ@ atﬁle( Cher cga a §p§1%' %ntg %thor %gl%ni'ltgt Iﬁ% ﬁ g\‘;‘%ter 'ﬁﬁélss%ggént 901 is

€ respon er m na

asspoRrdi g ter mﬁsaht dhavpaegetr 8@E oy 8l 2t diens twdtht a@%&g@ length
fromthe re uesh&g termnal, begins transm ttin

Adigetar Afs ke pesEete weBIcBt WA B wwemblcd defod ? éransrmt data
gfc)f(%t gﬁ 8 RCTE N, tﬁg%eé‘ﬂgntggg&x%ﬁgr {taP thdi :ttﬁnsrmt data packet

xanpl e he fiext transmt dat is the | ast dat
pagthet pad At it usod to ZH BT e dahaeto rthxsqumf thegtramsmn dead packet

Bﬁih@?ﬂ gglcgh(\ﬁe ?SE%A%(agH) ‘%ﬁ‘&loélr 15%]1}11: 0 Sglﬁlflﬁ%?ggatg request

Eézﬁ&ncte%dl RRIACIHO RS &%%%%q%@e her&Lin RE %saymtehg@l is greater
wher eby the requesti ng and responding termnals may be

thiat tlegr trarthyeni Qoack etesiZRerinitiatdd tyoibe Gtart tme@agw qfath¢ oquesting terminal

Ter. @%ﬁ ﬁ]? ép W&Q&rﬁgssrﬁlglgpn ggq? gr ﬁ’ﬁ )}lpﬁﬁg Ha%:?lém?]h g}lﬂ,t%me t20 870,

ﬂfeemm&nsﬁat datP peket 80806 802 c8hprisddOSKL2 Bhnofhl f2dicdi6B 916 and first
anot her exanpl e interaction diagramof the transmt

uwr datesegraant 99 o dnewnitad by ﬁmwmomd@gttaml@fslp dvidiane t21 871, since
ﬁﬁ%@%ﬁm%"ﬂ%ﬁélk a%srh%t S%F {elc %(ﬁ tﬂeeﬂaﬁlmleg’sag ?é?é’l?%g’%mlttmg

rans

therstr datangdin tin dat@npackept 865 At tlﬁﬂazzjz 872 et eshentlitg rminal,
Start msssages transmtted. by the requesting term nal
badng gt ehe AGkamstraged Qtsaorﬁaaﬁafrgn@@alw of il fé]fSé Qata packet

gﬁ%%mlhcaAlt Yirhd 3 @7§t %%K\Qﬁeéslﬁﬁ ﬁQld' ﬁtg te%lﬁatﬂ@ the length

ed on recelving the ssa omt requesti ng
trercatan 10 td detehmise dramphey;, seghmntsaqu@qielcng teqguestantab next transmit

B Rertes aPbAr S thio GuBBaGAT FranEm o hararpuligiermind. At
806 on k2 thd eEpbheng aSRARA! MEving received the start message from the
requesting terminal, begins transmitting the next transmit data packet 806 or 812
comprised of a next user data segment 902 and pad 911 (in this example the next
transmit data packet is the last data packet). At time t25 875, the responding terminal,
having received the ACK message, discontinues its data transmission. One skilled in
the art will recognize that the interactions described herein are symmetric whereby the

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



termnal. At tinme t31 881, the responding termnal,
havi ng recei ved the ACK nessage, discontinues the

w0 eng83ssi on of the first data packet then i nPEHUS2089/§46416
begins transmtting the next ansmt data packet 806
or 812 separated only by a syhc sequence. At tine t32
882, the requesting term nal, havi nﬂbrecel ved. the sync

Detfinetier Tepaigphe00. r Qng skilled iy thameiw g@ag%@gaﬁ@ ithatjthe user data
ket 806
G SERphbtc o PRI 06 bABSEIE oFBIR, D7 0L Ved The

{00d23jm t JRIG. PAB ketnd@6r exangil® intttaetiore disgstn m)@ the transmit data

term nal begi transHHtin t he ACKrresae imf .
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gtga(tefrﬁﬁﬁ ngaetrgisﬁﬁtoﬁhtck&%% Uh &S Qia%%l@ rhff%f tHerfﬁstttfaﬁ‘i%m data packet
ata packet 806 or 812. [00124] s yet

80ooh812 exmapdsecd it Sitat mcssagds Hgmsamtcﬁ by tlee taqaessimiz tterminal, the

ta re est equen ran t data r nse .
Sl EE it S PreF Bob (RIS ane b SERERTpsryig, by the
ié@ﬁoﬂdﬁ@ﬁfﬂlﬁlap@é‘sg@bn $bceRing thel ATR %R fRom d Biudshfg terminal.
first transm t data packet 806 or 812 1s requested via

b Hris crasplagths teheestng tteradndydach @10 dgnesrt | gt megspdesalto initiate
e to bl 6.0 a

{rgr?sgisr%kaﬁ?ﬁ?’nc gfj ?rré §utb u%mt {ra%ﬂ%? d?t%l éﬁr léegfpsg)% T élf éﬁ% {he respondlng

kasadl.ont rimead VE8Y th@&sﬁ@{ﬂm@&&ﬁgﬁl fhe iy trmlweaqmanmglessage

termpal. In this exanple, the requestlngter al

diseantinpes the fsmmsmissionr of nbs shesdat® nagket giee immediatcly begins

RS O o RAEN 808 D Bt BT P scaquence

Aertimenel2 $82anksarrdqublAltig M’Hﬁmag dmyvingtretdinel thelsyB® kequdnee, begins

res ndl rm nal , havi recej.ved the ACK nes

frisBanetAb R R eessaf L Sedr gty FRECHFY S TEhap Rt gathdcket 806

5heiy. | Kﬁﬁﬁie%@sm b@&ﬁ?s&ﬁ@s@ﬁf‘ﬂyt&é@@ecﬁ {R€ tRBYhit daANSkLt 806 or

dat a packet 806 or 81Z separatéd only by a sync

8EY ubfnmuGMgttﬁmnalMngranmutlmg t@uﬁ@&ss&&ﬂag@s At time t34 884,
ce veg t rt1e tr nsm t dr%ﬁ gg&ﬁ 812, ! ¢
dﬁsé’QP e ﬁlﬁYm%éﬁ‘ithse E:} ’E“F?Sﬁée Eiﬁ%onl\‘&kes ransmission o

RISAYas da@’ij‘a@kdt|1m6 oespondi ng term nal receives the

ACK nessages, it discontinues transm ssion of the

{0042dini ¢ JEIG: e ket guBherexgmpld igBEspn diagranp pfyhic gransmit data
qhggt S (ﬂlohg einf é‘%lﬂ lltg & %ﬁ§el & ﬁgg{ %g{;vﬁgi]e%f tclifg[hger data length is

ansm a req ues sequence a ansm

gﬁs@oﬂ&ﬁ tﬁ@mmnﬁ@acm@ml Mn tHie exemgile difitea theergit thanksmit data packet
gr eater than the transmt packet siize, FIG 27D s an
06 F ALY & iequestrsl Wa T BIcpriget Heriediby ghearpauiing teminal, the

Edbgeagu%ﬁﬁtrahﬁnfft hﬁtaﬁé@&@tse 806 dJr! §12 %FeDautBHl%uEdlfgtrgﬁs%lﬁEd by the

bet ween t request I ng term nal ssage
fersportdhtg fermsibl bised onlatceivsegtie it CROBssapd frdve tkNA@lﬁle‘song terminal.
next yser dat a segnent. %O(? is elim natsed. Thi s .

ﬁb% efiégnp ¢, 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 respondi ng term nal such that
it would not need to resynchronize to the requesting

Wa erosileeshe sync sequence. [00126] One skil |l ed iPCT/H82089/046416
woul d recogni ze that the resggnding term nal s may
automatically transmt data packets subsequent to the
first data Egcket Wi thout transmtting the sync

KWd2ehce sEMar a7Bris stif anethgr @é%@Pkew@t%%ﬁl@néb%ﬁI%c%f th transmit
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data segnents in addition to the first one.
D0 anchﬂ@r HéstGI@rﬁordthagreatrssam@m sxpmbnh 8P 2iin ehmh@t@ rrﬁkns helps to

be r .condi ti ons e res and

BEmiRE s aeade Fomm il S8 SRR T herf T mehronize
ﬁﬁ%&k&ﬁ@mﬁ&QMhﬁﬁdﬁ%ﬁﬂﬁhﬁ&uQn the error condition
handl i ng corre]ﬁondlng to the interaction diagrans

todeslosed RHee ekifled lrhthé@etm@;léﬁménm@ that rerigspopdingi teinppals may
!alctgf?lg@ éat?lgr ?tjaﬁ)ﬁit V\ﬁa&ep ;faggetg osrut%gésq%g It(p i‘;eﬁl%{) Nf%a zpacket without

recogni

trli]ﬁ‘sfrmtthh@ the koic fynchdengpaleser iheakis hb@ieﬂhﬁ SRy s&{:’tlence is sent once
equallélaﬁplled to the source or destination term nal
PHOHEY Ehey HFSd | ﬁ@eﬁmﬁr@ﬂa Racken 880y e B1ontien awpB diesripg . the ACK

%our %@s] t@?e%{ﬁ Gefthin®l algf?ﬁgﬁéa!ll N ASMHE %héf/\/gllgﬂ @&%t data packet

n1na does not - det ect transn1t
mthembéeadmlgna apnexdnpl silles poriseart thﬂcS@lsmmcEfgnm thak a length

gﬁlécg ﬁ.chwté](rsiaaE éérg?m‘g{qq\%ﬁg Pg;ﬁ-ﬁgé;se g ls"%g 1t10n to the first
gggected. [00129] Anot her exanple error condition

occurs when the Source Terminal incorrectly detects a
BWM27Ipr eanbl ghe | intcaartior adjpkenrsesipotrse] hdnegnSdbercemay be error

T?e{{dﬂqlf rhglvblﬁgllb %{021 %Eetalr)%{]ﬂ%g] gs 3l (? Hﬂg{l%atc?lg%g{ggﬁtgﬁlﬁeag Fhanner. The

R @é’ctlﬁh@*}ﬂwﬁdéeex%ﬁ@%s&ﬁmhle erk fsadition BB corresponding to
Anot her exanpl e error condition occurs when the Source

therinterpgtion diagenys dsalesed hewin yinceaph exaaple, the ereemdition is stated
5198 SitaRe ?ﬁ&&g&%&l@éu%oﬁsg s Cli]:I'p{lBI? dOng ?]ﬁlﬁ ? ﬁf%%l’t%/ﬂl recognize

response, nor es

that eled eelos yhaadlpree dedekibsd Tia&uScnmc ®e Teajuailyn azlpplmawt@ thdlsgurce or
trigger the NMNSBD transmission if a predeterm ned nunber

gstigeiieranal ROopy WHkptcdenyiagd @utnf?éﬂ@&lrém@aﬁﬁ}e@ts

Rf()fl§§]t est | Haetxgmple 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
wa20e/1g38@anbl e. I n an exanpl e response, the DeRBCT/H81000046416

Term nal does not start decodjjhg the MSD nessage, but

continues transmtting START Ifessages so as to trigger

the Source Termnal to reinitiate the MSD . transm SSion

Ahe Sougcepf @guna rwpHe Py Bsger dhe SFARTIassdsins ifi & predetermined
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incorrectly decoded data, the Destination Term nal may
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JQuehdesl falsely detects a sync preanbl e although

there was none actually transmtted. There is no '
[d32hse sineder peanplolsebl Pondjtiast oedurswhetphenPerginptéon Terminal
et étBry\ﬁeteU[] Ca Efnsét rgeﬁ}lﬂal n 1] §h @x%{)lﬁqgs%%n&?tthesl:)&rtﬁlation Terminal
ORI £ 0 ing 18>y ederved si gnal™ unti I "I't’ "'expects a sync

pecvdedihe reccvodt MEDSduts Gecofrecthy thadughbQOdIBAdduiaichetrsions. Based
exanpl.e error condition occurs, when _the Source . .

T rthe ARforisPdY weedqsH edada. athaTiAgtingtas dgemingl sayacikeitiate the MSD
P A b s Al PP pLE PR e St P Tl

[8i133]s t heAhBiDet ceamspit sgbooonditiond o¢durs when thesDestiBIWGRT Terminal

ssage. I n another_ exanple response, if the NSD . .
{%fvsﬁitw aﬁy?%pf&ﬁ@sfer@,hov t@zﬁﬂ’wa%nq*& ity Egpmyed. There is
hhgefphtd Gindk i BatiromhbRity t S tif #AFHEn A velyORAB35The Destination

Anot her exanpl e error condition occurs when the Source
Temmhaladocsingt sthiet mponetosing 1ISTARTvadesgmfentbkit anpdGKa sync preamble

SS . In-an exanple response, if the MSD
ﬁ%@%ggﬁcgﬁ%ﬁ%@a]ﬁot started, the Source Term nal
[@34les anyknbEKr MREGAREerrd caMiHiBelocEX8 MWheh RS FRORR, Terminal
the Source Term nal 1gnores the ACK if the previous

mestiageds haliA hE arespagces i BOEK arswesTART wEamplgaresponse, if the
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bedlditardeivey M RAART itgsddBD i aumsthics sixampld réspengaeXf the MSD
nmessage is also.interpreted as an ACK o
transmission 18 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

nmessage has been interpreted as an ACK, the Source
waeooaitessbo t er mi nates the MSD transm ssi on err oPEDUS1099/046416

Theprobability of this event js |ow, however, if it

does occur, the Destination mnal may reinitiate
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DedollenaingonesTagerrs nat artedlser AdtKytbe cnecdi A@H it tglom@D In yet another
of this event is

I Th babi |
P rebppty t Biscueote mes Pl b SPr e SHoRE b dptected e an

KEX febdabt,ithé Sotilde TerBMa NG itdHhi @@ tHe mm&aﬁhﬁ@m@ although the
request W th START messages. [00138] Anot her exa

Pestoatien dgrminehhasceairyst vaeeived e é@t‘relt?éliym Thﬂ pro n]gablhty of this
Ege%lt nﬁt ?va rl?ogi}:'ev%P @qﬁds%sg&g? Tﬁg ﬁes%ﬁﬁ a)() rllelﬁﬂlate the
0

e r'esponse, urce Term na not

trmmlngga&sbpga:ndfngaﬂéqmesowah Srledmdﬁmgesver si ons of
he MSD, since the usual abort condition js the

Eﬂé’éé& i on OfoRehcEHBPSr firefe 4ORiHYR OCEYS ATRCERS Agutce Terminal
hﬁmfﬁggp‘?e@ QQSEGKGHI%ssE{Eé %Qgteglllgf{? ﬁ1@§s§$é)r ¢h ed &%H@TGA%ponse the

nessa Source”Term na nitiate t

Sowans fFBlSﬁuna)anOIE[d aot atadrt the ttahsami@sasn iofiatldiconal 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 would eventually determ ne that the
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frames and reset itself, therﬁpy st oppi ng further
transm ssions. [00139] Anoth exanpl e error condition
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unrel i abl e nessages received versus if the nessages
lesnothes cxpmply iaproRsS 1F Bici wstlbifetessivech merwges 1§ NACK messages

@Rbﬂeﬁéwﬂﬂ%&ﬁﬁg 4 56inal 1fna§l %KM@ iRkl recei ved

nmessages messages or nessage§ “the Source
oddinal mAyothgnexamplberroe sealjigs ofddfl@hé¢n AroDestination Terminal

exanpl e error.conditio rs when the Destination
raitrpisdp pEot e BREsBiE A MY A0S Hanqise. R e DamBE G tions. Tn an
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response, after attenpting to decode a predeterm ned

wersioes, Gf De&ﬂmmﬂ@n digrmeeb ingays requbst thes$aunext iTerminal reinitiate the
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t he robust nodul at or, which is |ess prone to noi se and

distestionshannel di storti ons. [00142] Anot her exanple

@fﬂrlg condi hbﬁgr ?}ﬁ %lg G%F Qo&({]tefnorf)g ctlﬂrsn\%l r? Hl.eTlﬁéﬂiig%t%n Terminal

ann eva ua wakeup “si corre

eadPE@IU8S he vedkeup ﬁlgheﬁ&o‘@esﬂy nI&itanCHXafﬁ@IenﬂeEIﬁinse if the Destination
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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
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denodul ate the data. [00143] Thus, disclosed hereinis

an apparatus and method of reliably and efficiently

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

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



herei n. A general purpose processor may be a

m croprocessor, but in the alternative, the processor
woreapohe93shy conventi onal processor, control | erPCT/US2009/046416

m crocontrol l er, or state machi ne. A processor may

al so be inplenented as a conblnation of conputing

devi ces .,. a conbination of a DSP and a
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core,
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information from and wite information to, the
SA0DF Sejesistendiwith the pringiples prdnovel foptures dieclescd haggén. medi um
may be integral to the processor. The processorand the
storage nediummay reside in an ASIC. In the
alternative, the processor and the storage nedi um may
reside as discrete conponents in a user termnal.
[00147] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
in the art to make or use the present invention.
Various nodifications to these enbodi ments will be
readily apparent to those skilled in the art, and the
generic principles defined herein nay be applied to
ot her enbodi nents wi thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
not intended to be Iimted to the enbodi nents shown
herein but is to be accorded the w dest scope
consistent with the principles and novel features
di scl osed herein. WHAT IS CLAIMED IS: 1. A nethod of
controlling source termnal transm ssions froma
source termnal in an in-band conmunicati on system
the net hod conprising: detecting a request signal at
the source terminal; transmtting a synchronization
signal fromthe source term nal upon detection of the
request signal; transmtting a user data segnment from
the source termnal using a first nodul ati on schene;
and



di sconti nuing transm ssion of the user data segnent

upon detection of a first received signal, wherein the
wo poogt14938cei ved signal indicates a successful PEDERINDOHG6416

of the user data segnent fro destination term nal

2. The method of claim1l wher€& n the request signal is

a start signal detected on a downlink. 3. The nethod

WHATES L Ri% t he request signal is a user

initiated action at the source termnal. 4. The nethod

of claim1l wherein the request signal is a sensor
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predeterm ned nunber of a second received signal,
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t he destlnatlon term na
mhereoﬁmbhEWSMGQymf transnitting a synchroni zati on

receded tran a send. sjgnal, .and
Gt Sc ottt TG SpEHLY serBat B e Sufr R AL b
det ectio@fila@bn hichie! shd ecei ved S|gnal wherein the
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of t héisemtiuigdrrabmissiomof He uesdata mgmmt vramrdetestio of a first
The net hod
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termnal transm ssions froma source termnal in an

i n-band communi cation system conprising: a processor;
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ructions store
|n&bmmbhkons bei ng capabl e of executing the steps of:
detecting a request signal at the source termnal;
transm tting a synchronization signal fromthe source

§ ericRAlindPOrc ISt £GhbRm @b str ?@H?l%ta whbORalated action at the

transn1tt|ng a user data seg om the source
t ersmuralterosnatg a first

4. The method of claim 1 wherein the request signal is a sensor signal detected at

the source terminal.

5. The method of claim 1 further comprising switching to a second modulation
scheme if the source terminal receives a predetermined number of a second
received signal, wherein the second received signal indicates an unsuccessful

reception of the user data segment from the destination terminal.

6. The method of claim 1 wherein the step of transmitting a synchronization signal
is preceded by transmitting a send signal, and discontinuing transmission of the
send signal upon detection of a third received signal, wherein the third received
signal indicates a successful reception of the send signal from the destination

terminal.



nodul ati on schenme; and di scontinuing transm ssion of
the user data segnent upon detection of a first
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i ndi cates a successful receptjon of the user data
segnent from a destination teéfhinal . 9. The method of
claim8 wherein the request signal is a start signa
detldetradthesholelgsum Whkein flie serd sichekihsempiiscd|odiim 8
wh i he- [ [ initiated action
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wherein the request signal is a sensor signal detected

t the source term.nal. 12. The nmethod of ¢laim$8
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'n%&%ﬁﬁ&ﬁ99§hpﬁ&ﬂﬁxﬁﬁﬁ&ﬁ&ﬁ%h%y&&n%ﬁhﬁﬁgm%9 a second

nodul at1on schene if the source term nal "receives a

pr edet gragessed nunber of a second received signal

wherein the.iﬁcgnd.received Si ngbhindicates n
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di scont itrumbmgtitg avEThssiRnionbighberae it ugratrmipdupon
detection of a third received signal, wherein the
third réekicteyokibgaequestitgnghit es a successful reception

of the I r i patd ] .
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conpr i sedodflatmnsymah;eandzati on signal foll owed by a

send nessage. 15. An appar s for, controlling source
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detecting a request signal at the source term nal;

means f onceessinkierention @t thesypcdatosdgneent oomsd dpstihatfongenminal.

the source term nal upon detection of the request
signal; neans for transmitting a user data segment

O 1 OMActrA@h SOOI A&int SHRERA the $édi@stidnal Kta @eubadlidefected on a
schenme; and
downlink.

10. The method of claim 8 wherein the request signal is a user initiated action at the

source terminal.

11. The method of claim 8 wherein the request signal is a sensor signal detected at

the source terminal.

12. The method of claim 8 wherein the memory further comprises instructions, the
instructions being executable to switch to a second modulation scheme if the
source terminal receives a predetermined number of a second received signal,
wherein the second received signal indicates an unsuccessful reception of the

user data segment from the destination terminal.



means for discontinuing transm ssion of the user data
segnment upon detection of a first received signal,
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successful reception of the user data segnent from a
destination termnal. 16. The"het hod of claim 15,

further conprising means for switching to a second
kbdleanstherd fctiaimeS mherchths sranesy fthar §aMprigs dnsjaistions
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the destinatiaon termnal. 17. The t hod of .claim 15, )
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di sconti nui ng transm ssion of the send signal upon

detteecdéstinatefn tarninalr d recei ved signal, wherein the
third received signal indicates a successful reception
of the send signal fromthe destination term nal

14. The method of claim 13 wherein the send signal is comprised of a

synchronization signal followed by a send message.

15. An apparatus for controlling source terminal transmissions from a source
terminal in an in-band communication system comprising:

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, wherein the first received signal indicates a

successful reception of the user data segment from a destination terminal.

16. The method of claim 15, further comprising means for switching to a second
modulation scheme if the source terminal receives a predetermined number of a
second received signal, wherein the second received signal indicates an

unsuccessful reception of the user data segment from the destination terminal.

17. The method of claim 15, further comprising means for transmitting a send signal
prior to the synchronization signal, and discontinuing transmission of the send
signal upon detection of a third received signal, wherein the third received signal

indicates a successful reception of the send signal from the destination terminal.



