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BACKGROUND Fi el d [0003] The present disclosure generally relates to
data transm ssion over a speech channel. Mre specifically, the
disclosure relates to transmtting non-speech information through a
speech codge 26donadzand) in a communi cati on network. 3 BPesalshibifdiof
Rel ated Art [00041 Transm ssion of speech has been a mainstay in
communi cations systens since the advent 2of the fixed |ine tel ephone
and wirel ess radi o. Advances in conmnunications systens research and
desi gn have noved the industrMWE@ﬂPﬁLl%T&éﬁd systems. One
benefit of a digital communication systemis the ability to reduce
required trd Belated coaaadingl Uk Bytentyprdiveitans mglugenpr essi on on t he
data to be transferred. As a result, nuch research and devel opnent
has gone i nf'0YEOENr edNdn MEEHADqUEE, é3pedNBANYD nMOMEMr EORf DATA

speech codi ﬁﬂﬁﬁ[@m ee np j a [ . -
and is al so%lq)nlYIerc angeg y ?ZY@% egﬁﬁghglg aaﬁggggcg:ﬁ coé%?:MYﬂg\ﬁ%g‘%ON
"speech cod&ETWOIRESVphoder Atienel Uaskel Jot 0xdedeShefilet ceampleity aadwith,

produces coll ections of data bits known as "speech packets'. Several
B andar di £ dS VB T SHGBF R LM IHA TeaRBERE W CEHCar P By ont

di gi tal comTygNRTELM ORANYSIMAFHON CIOF €W I eNHOS0h KIODEMI CROR ONDATA
in fact speech support is a mninmumand essential requirenent in nost

comuni cat i SIEMYRNIEATOMRY . ThEERr d Ddshktlat | SHRBAESRer SRIMMBRYLAGHON
(3GPP2) is i zatr a ' [ | f.Les,:
the 15 05, OoRIOBE S H e D e A kRS b0
EV- DO ( Evol asdigned Batha aggnicerhereof) andogxgroSEMRO QO \reference herein;

(Evol uti on- i C o] i i S ens., Jh " rati.en

Par t ner shi pDSrrY%legg/{ ?@%n%g?eﬁng&l e’'s a@%ﬁawgﬁﬁgaﬁ?gatp‘ég‘a
whi ch speci f0GIMUNEICEIVONS oRVERy stiGITAL MWIRIFE ESS MMOUM REUNICSYTION

UMTS (Uni ver, iJ.e, Tel ecommuni cati ons , ASDPA ( Hi gh- Spee
Downl i nk paé‘ﬁﬁwmsw%%ﬁﬂmm [Eﬂfl-i@p eﬁ%ﬁ??@ g iercuEuds é?*l,g“mg’
HSPA+ (Hi ghaShard tPaekelipne 688sf, BvPd:pldsOP Incordshtddls efedi@e TaEM

Evol ution). The Vol P (Voice over Internet Protocol) is an exanple

protocol usedYPhEMe EEHODNn A4y svdhs I diANGd MODEdNp BAR 3app2

as wel | as qidwahfnfrPhes co I ikRqgSU

comuni cati on systens and pr g?%%%l s(ﬂﬁﬁg'ﬁgg WE%SU?Q)MMUNICATION
(I nt er nat i oMETWORESSmhunig dtttoorey RérokeniNe. MRIR26Wdabled cendvmienily hartewith,
Speech COdeC)ési ag% Eil\c/RC Eere] Fgrngfe gn V&r ireasal ?nclt?ato(raatgolg er%fe?&%g ﬁeprm%er vice
Options 3, é‘,gnf). G nFor’nac{lé)nsarl girs primary goal of
today' s comBNSTEM Oy StMBFTHOD sporiN ofiNtBveNDenmODEMr FORt aDATA

and ubiquita tIVLEY. rs of y' ni cation St
fransfer spodbHNUNGEuIONS; GRERa IUOIERE” oPHERTRAS, LI N TON
connect ed. NewwpRKSahh s MBHRY HQKe! RPCI8122806 Blc@ UbRATRI Berewith,
evol ution of the networks and may require upgrades to the .
comuni cat i ¢AsigAedttemerpurncahrienl, suhamweesslyiropomtetl wicreice Bersiny enpt e
geogr aphi cal areas only speech services may be WO

2009/ 149356PCT1US2009/ 046416 4 avail able due to a | ack of
infrastructure support for advanced data services in the system

Al ternatively, users may choose t oBaSIKGRRABYIR speech services on
their conmuni cati ons device due to econom c reasons. In sone
countries, @di#ldic services support is mandated in the conmuni cation
networ k, such as Enmergency 911 (E911) or in-vehicle enmergency call
(eCal ). | n [0%83&hemeesgandisclappt igendrilhn radatand data fransmisdian aover ansyfeesh
is apriorit It n Al wa | i,St1i (o] adyanc _
services ar eo}ll?l%[%}'av%ﬁ?%b%@%cgﬁﬁe'thﬁs ed?scﬁém?r% ﬁcg%tgsy Fﬁrg\gglﬁglﬁg{\ﬁp gcﬁ%}'g%é%
have provi dedfoseitithithwsgh ospjeednsed (inkbial) iha camghudicajpaaetvotiodec, but
these solutions are only able to support |ow data rate transfers due
to the coding inefficiencies incurred when trying to encode a



[0007] Transmitting data through a speech codec is conmonly referred
to as transmtting data "in-band", wherein the data is incorporated
into one or nore speech packets output fromthe speech codec. Several
t echni quesygseoads® tones at predeterm ned frequenci escitusbiovoichss
speech frequency band to represent the data. Using predeterm ned
frequency tones to transfer data thr ougﬁ speech codecs, especially at
hi gher data rates, is unreliable due to the vocoders enployed in the
syst ems. Th®esa@iparof Relatedidst gned t o nodel speech signals using a
limted nunber of parameters. The |limted parameters are insufficient
to effectivélQfdhdeapmispien pbarccel afabesn aThaingthy i1 eqpupRnicdiiony sists: ¥ngco
nodel the tgpes..i t . i J 4 -

5 transm s Rigre" M DR 1HEMaNGH: MACD-ALLIRE. Alile BRbERIAIG G
t he det ecti eystancasacyh antdestsuhdve movedththe neddtry doveatd degitap besed ssybtemme s
to mnimze_the da rrqrs which in turn furt.h r ces the over.all
ata rate oPERETERRnA SHRSpubEM Ret b dhe BBHECE pTGacrefl e
ef fi ci ent |y wandhiedideedndwaltly by traglemdtindabmpibsionghtha depeethrandeted Msa
comuni cati on network. [0008] Accordingly it would be advantageous to
provi de an PniFEdheduel Jessarch gind dersloRmes AeS ZATE M-E SAPIIRRSSIOAT GFltRALUeSN

through a Sgﬁlﬁz@ﬁl& QB akdd oF sERRAYBUIERT AORSrRGE WRES: coRiMVBRY ah Q00 is a

Enbodi ments di sclosed herein address the above stated needs by usin

an in-band fpeheder’ candelsi &gl jnterekangeably sferedetrerve soeeckprededy or “speec
i nformation o} . . ' :

o oot Lkl BB SE SO ) AL 16 SEBAL T of
conpri ses phisdaswvngs d'spetit abdktets” of Scverpli btanktrdizsly ndvotimg tabggpitiods castain
plurality of first .pul se.signal.s, .shaping.the plurality. of first

bul s si gnalWiel B ot SN (PRI yOBRSiAR YiPEt WlieRcregnlRagech
and encodi ngofhfRinRbiidRlahd Yh REt sRePephdt Kta PEdiBEmSINgNBeativ efuiftment in
speech codec. EOOll] I'n_anot her enbodi nent, an apparatus conprises a
processor c&HPE GRMBYNICAIGY srskns oday.ur al iThS 3of OFpfstitongBiriesippbrogect ¢

produce a plysppiyt ¥ Qh Edabdle RUNES AR ISeanBafOARALH QPG B 1905,
shape the plurality of first pulse signals to produce a plurality of

shaped fi rsCIpUAge0GiigRAlTs (Darfirdio shewotissiad declooiiyuf A8 EydeO
the plurali i%‘focf{ltio%hﬁgc?d CSpItfg% edg,UI e Sd:ﬁlgﬁf’b%()éo -quc%\fghﬁiggﬁfdpd/\/gice)

packet. [00 n anot her odi ment, “an appar at us cohpri ses nean
f or processicognanhiismbyistemsof Tha pUtGatatatios Patiodrship @rgemdsiesother example

plurality of first pulse signals,.neans.for s ' h lurality o

First pul seserdfilrefiooGedaton S uearies s CORbElt R Seyep s Mol
signals, andoMeaiscakiohs)CUSOTR MUnivBGalSRPRE TeldkshmBkicatns i Foahg, WEDRAQ
speech codec. [0013] In another enbodi nent, a method of synchroni zing
non- speech fH et PoMgHnIa Pagieb ncede 6 W dniiposcyeHlin Pargetaiccess),
predet erm n%p@xﬁﬂ@fgﬁép&ﬁ%mgc k $Roluliks, MQI?@EL%F%M%@M%A)TS The

robust to speech f errors, and sending the predeferm ned sequence
t hrough a sp&dRiVeiseever [ieoEdProlasobndherammihpidiorenised anthagpamanigation

Co | 2e= = 950R] A CAACHNT 5 SaRETE! 30 8 BRE! AR PSRUERS
employed in such communication systems and protocols include ITU-T G.729
{(International Telecommunications Union), AMR (Adaptive Multi-rate Speech Codec),
and EVRC (Enhanced Variable Rate Codec Speech Service Options 3, 68, 70).
[0005] Information sharing is a primary goal of today’s communication systems in
support of the demand for instant and ubiquitous connectivity. Users of today’s
communication systems transfer speech, video, text messages, and other data to stay
connected. New applications being developed tend to outpace the evolution of the

networks and may require upgrades to the communication system modulation schemes

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



WO 2009/ 149356PCT/ US2009/ 046416 6 speech frame errors, and a speech
codec configured to process the predeterm ned sequence to produce a
speech packet. 100151 In another enbodi nent, an apparatus conprises
means for wenemAkdzag a predeterm ned sequence that has geqhis8odejokds
characteristics and is robust to speech frane errors, and neans for
sendi ng the predetermni ned sequence throdgh a speech codec. 100161 In
anot her enbodi nent, a method of obtaining non-speech data enbedded in
a vocoder patiblecdwpio 8deck et aifibsimepten dugpard dornefvenedvinto devicpaok éte,
filtering t cod e t unti ynchroni zation signal .
i s detect ed?ﬁ%gﬁcul‘gl?ﬁre{nag&ggt Fl?né?%glﬁ%f (fhg’ 8%6 anglé% eon(r“;li{; ehsé?eesc?/1 nchr oni ‘%lat%?ebrn
si gnal , and cemtmachiiong dehiee nionts peeohidatsoenieddsd coanttibe pdbitostedices
vocoder packet based he,timng offset. 017] I n anothe

enbod ment . Shpolnararted Bt FPEBIn R Sohes BB Ro Heal heor
and decode an-vefigld@mepReketall @CEID. t1arth&e Rhiegieh8dagMicitidnt KEmbRE, fast data
decoded vocoder_ packet until a synchronization signal is detected, a
cal cul at or ¢@RTFGaAPFOTEY Ruanetalwbes realistiprspgeiaily when srvaaesd slatarsqrvices arc
synchr oni zat),plyatiagiRad: the iderdRrRihil 280§ AHEhEUES FadeOpB lyti

non- speech dat av_er?bedded i nethe decoded O\ll’locoélefr;!1 pac?<et plgaﬁgéggéﬁtl?ﬁeto
timng of fsétensfigddg]thrpwglamendech calebdulit teast solavomappaceEy ubleco pphostelew
nmeans for r i Vi e i NQ:4a . . packet,, .nmeans for
fitering 1 RatisoquaRo s B RR R - ARG R RS e S rcargaar
i s det ect edsparelpigndl evithcatoecodeat i ng a tim ng of fset based on the
synchroni zat ignal , ., and neans for.extracting the non-speech data
enbedded | n 10001 38 daeisn USeuter op <t ke B SRR SGHFHeDY Pt OO FBe i iz
[0019] In angidipis efpbedineBat iccBnidBishRf mfdel ot hhhd RGc8OMAE Switipshis Nad
transm ssions froma destination termnal in an in-band conmmunication
syst em conpPPEESIEET ankigi $ats 9§ naragneiers comgealy fincudeafiaetiansneft figital filter
term nal, dicSGRBlh@UWaNg, idaRGE SShR iR | gRal, HPo
detection of a fi rs’tbgar eceli \alsilﬁ s?lgllﬁa?, t\ﬁnagr%g%a%bt%%sgﬁégﬁ%&gkgi g‘nséafirc?rf%rm
t he dest i natlhecoparemeisnahich dhest ovaselyuinaigh ttha st spéeoh signat kisardCistics is
si gnal upon cLii of a.successfully received source term nal data
nessage, trggrg%‘n C%iiaﬁgh%vﬁ st ﬁ%cecf Y rlgpr{ﬁ ?fgmatgrsstefrﬁglﬁno 0{1 élf ﬁcn CTC,Ogcgﬁad
di scont i nui rgcddeatssynsissiananéstintae: ACKe fipgnglecdf. t Fic mrphedekaruikede o
nunber of the ACK signal s, hgve .been tran&itged.q@%‘gzo | n_anot her
enbodi ment , * V?a&?ﬂ?fr TREoLG st 518 > 8O Bte &% 6FS & _eFlh characienizshiy
comuni cat i @Biced ttriblie RIaRes8S ,wdlNab M ifbicod SsefhoRte dwhibh iR e NRARL Yiee
the instructions being capable of executing the steps of transmtting
a start sigRh¥ateEHce diesels mdrshodr petraentall perigdiscamoisedika gharacteristics are
transm ssi oRoPbrtiReS! Alchdc B)he YORRHEE Gl ORAL iR sLicks it ES]

si gnal , trangm' tti nagra IEIACK g?gn%l Bﬁagm t(ﬁglr1 e%’tsﬁﬁﬁlg?istg)%&?téi}sﬁﬂgﬁﬁ }{F?he
di scont i nui dgcadedmpsitrius i eamofcasdse Na@ipled ghalgnalpovhicketle oot amhibft speech
successful |y, , cely Qulf. ermnal data nessage,. transmtting a
Ak ot gnal - ErastebREELLERIIER SRR IR ERSS AR RIS bl Tohe
transm ssi omudfiple HeqAGKy SR afgnels. aMipkte deloaesi ane dnililerhe reffierdteand
ACK si gnal s ve {)een CLfra sm'rt@ised. [0021] In another enbodi ment, an
appar at us f GHEGHERARFINGUSHYIRRES t er mi nal  transni ssions from a

desti nati on (dep7MTRAkmitnga Matan RBAEH GO h C8dde®NisS ¥SthRBhIGORIEA&EI0 as

means for transmitting a start signal froma destination termnal,

means for diSeBMtinguiaRy iparE mndsicanthsfdatanis isqostorated fimpnaipomore speech

detection of,,g.fd Bﬁtﬁm{ SR Y&d SP&QH odeéreagéve} rte%ﬁtﬁ‘t@ﬁ@ Ik AR DUEEKat
S or disco

signal fromthe destination termnal, neans r nt 1 nui ng
transm ssi opradetetthisedACKugicgn avitipohe dpdeele tfregnens§ ang vo cesrsfent Ithe data.

recei ved so t i.nal .data nmessage,. neans far transmtting a Al

Fanal f rom PG RrEelTien SR ful R RASH® wilbRh du e b Hoshisii fay iy

transm ssi ont bightrhéatAGess isgmatliabfic dte ta the edeldersenipsed uftier syeferdsheThe
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



[ 0023] In anot her enbodi nent, an apparatus conprises a processor,
menory in electronic communication with the processor, instructions
stored in the nenory, the instructions being capabl e of executing the
steps of dgbesbiipgs@ request signal at a source tern NFcyys2009/046416
transmtting a synchronization signal fromthe source term nal upon
detection of the request signal, transnPtting a user data segment
fromthe source termnal using a first nodul ati on schene, and

di sconti nui rﬁr@n&rmleamnd@tgw@h: by ahhveging élre thaea C&@@}YentThaﬁo@ffGCd@tﬂ@cﬂﬁt@ﬁlomf
a first r ecﬁkc\{l?aq Sa'ngr}@slu ts 09’1%4{66{{1 18] Qcﬂl{)&qﬁ" lex fq,l%lesrr%nltrﬂnu%{]zeatg{) aatg e%% 5
for control ['I'ng dolr cé ermn ransm Ssi 6ns from a source term nal
i n an i n- bamdidiommum dattho nrcdikst ehe @@ﬂpni@esrama}mshé epmeeinheatiénm gystem.

request sig t t he source t ns. for transmtting a
ymchr on: 7 St gsREs. gnaiedr ot e na e nd BT U dBPCbITEh Sopette
request si ggadec iRamembificaticnaRsdrkti ng a user data segnent fromthe
source term nal a first nodul ati on schene, and neans for

di scont i nui A8} éﬁ%&‘@élﬂoﬁ weuld e dbentegeaus tecjpEde apEPTeNedetsicen et
a first receghy&tutbondl e &QQ%ﬂfo}rﬁbtﬁﬂpthﬁ r@?@@h%’ﬁ%e i 2 TR fic@fions
control ling bidirecti ona? a transm ssi ns roma destination

termi nal i nngiworln- band communi cati on system conprises transnitting
WO 2009/ 149336PCT/ US2009/ 046416 8 a send signal fromthe destination
term nal, discontinuing transm ssion of the send signal upon
detection of a first received signal, transmtting a synchronization
signal fromthe destination term nalSUNNMAARYI tting a user data
segnent fromthe destination termnal using a first nodul ation
scheme, and [&08t Bntbbdivienty discimsdrhasinoatidodss thvealwse stattdt recdselyresihg ap on

et o0 | o, b 35580, LS55 e ARk Al RS AR

comuni cati @adesi t h the processor, instructions stored in the nenory,
t he |nstruct|ons bei ng cagable of executing the steps . of transmtting
a send si gnal®0} GhPehemaeSTicRad BRbPEOishading ap%émeh fprpption through a

transni ssi 0y Qfh dhEecs B AL BRcckBRN, %ﬁraﬁylmnmt @rd s5Hbolt 86 GHRee a

S|gnal '[I'al']SI’T]'['[II’]%~ a synchroni zati on S|gna fromthe destination

ternminal, tphmelityof g P %@l%nalaaﬁthaplggghﬁeﬁvrahtymﬁ fistepulgsstignadt foaroduce a
term nal usi h

transm ssi o ﬂg?lﬂ.{{ hggﬁai)e@?g%tp a Ség §1§ &qeenc&gg% ec pﬁ]grﬁh%fol# Sﬂgpegof}]r%t pulse
recei ved si grahls witd@2p¢cchnodmeot her errbodl ment, an apparatus for

control ling bidi ecti nal a transm ssions from a destina

terminal in “241‘(1, h’ 8'%9%?‘8%& I8 RNt PP §e§f°ﬁf‘e“é‘ﬁs°‘f“gﬂ%g“red t©
transmtti ngrc&e&%ﬂu&hgﬂ’tﬂ mf)l[tQﬁtat si?ﬁmbd%ﬁb |ch§th9 phﬁ"ﬂﬂ}' Bakirst BRSO §igifleﬂ£ a
di sconti nui ng transm SSI on nd s upon detection of

first recei veaPesreyiigrred ﬁ%ah@eftm PWF%\H%Hf fvzsr ﬁ@lseamg%%mwﬁﬂ%tq lahrahty of
si gnal fromsﬁib%d@ﬁ&%d‘s%%?&ist %ﬁ@‘ar@eechn&ﬂeé cBrﬁTgqu%SéHcB&é 09 fhuldBel of
data segment fromthe destination termnal using a first nodul atl
schene, and shavadirdt onlseliigeednivipmeduag 2 spegelsprckeli on of the user data
segnent upo 2 r
cmbodi ment . 19012) BEAlBR: By RrRE i RERl BTl M [ Pihylel NG
conmmuni cat i of 1r$>ysdmmyﬁnlmﬂn ta prehiceh gluu:zamy af fstygnlsrsi gna}symharslfer shypibigehe
(Ivs) to a bl.ic t ansvverln 0|nt ) o ne, or, nore
sensors | oc f t?’r‘???’?tf’g p%\?%bfg(‘}?h’ﬁ? daquépg‘\é“%é’ﬂél?ﬁp %p“ h Sjepas, and
transm tter neagefofendobling g dh¥Sedf fakt pulsdRBMLE WiRG shBRhlc¥fcsensor dat a,
a PSAP receiver |ocated in the PSAP for receiving the W5 sensor data,

a PSAP t r and¥181 &t anoghen embodimentne mptha of HnchioRirEwinopisAerchGAmes Biigehd
data, an Ws&eRi Ak c%gltlbeeg %dﬁe@aﬂ%{ Vgré(dggenﬁﬁg@ 'bwilﬂgcé et A@Phoise-like

command data; wherein rans r conprises an |VS nessage
formatter feharpeserinties erdy it habuptvig speediofraniatesrossndng sondlieg thy pmddtarSined

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



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0029] The aspects and the
attendant advantages of the enbodi nents described herein will becone
nore readily apparent by reference to the follow ng detailed

descri pti qo wWheasdz@ken in conjunction with the acconpapgrug20ds/eisings
wherein: [0030] FIG 1 is a diagramof an enbodi nent of source and
destination terminals which use an in-bind nodemto transnit data
t hrough a speech codec in a wreless comruni cati on network. [0031]
FIG 2 is askficelyfiameotrain @dbadiperoht cogec goniigirahia Pipsess e durdetidinedn

an in-band [ ' 032] FIG 3A i di agr am of
. 1 BottQdE Sohsdch $032] S a diagramof an
enbodi nment g a syn I’O%I z“)é)tﬁ‘rl5 o:Paghl[egnal generator. [0033] FIG 3B is a

E” agr iam of #dShbr aectbodicmbodimeht, aars pppdratoni coatpriess sicghralfony enegraiingr a
0034] FIG 3C.is .a diagram.,o et .anot her. enbodi nen. f
synchr oni zanegﬁteg?laﬁcgﬁeq eé]ﬁ%#b# g%.nofsﬁg%be]cgfﬁé\e“s%g it %nd;ltscrﬁ% élat?tgﬁp geh frame
S_ﬂbOdi m?n]E @xfroﬁhﬁmgﬁé’aﬁ@f&Z}ﬁidir@ﬁh@phﬁaétetgﬁﬁteilQQMce fhoQZ6 k spdcCh cldekcs a
I agr am of an enbodi nent .a synchronj zatiqn burst segyence 37
Fl o oA s IOhBLGT st camodmsouA RO SPSPAERPSRER i chbedisti b »
sequence. V2084403 HRRRVY AOddRdiho thO03Rkbd&r! fack&Bfilterigk the
di agram of an enbodi nent ‘of a synchroni zati on preanbl e sequence wth
non- over | apgeseged epesderpackesantibmsxshrongee] sigrabis detectesd, salgiHaplg oMM
synchroni zat | | e C A 0, t eah '
compri sed of SanCie oy e sc v Byl Y s SRy ep b de
graph of a sybehicdm thatleadepveardi rackd basetl at ittertingog piisetwher e t he

preanble is I sed of overl ed reference sequences. f004 G
BA T i 2T bt SEiheS pobeimsit B fora e BAPGAA TN Tontad b atestie

[0042] FI G 88dispda adive@danpaeketan titbetonigheditdreifitr tat dacoded vocoder packet
synchroni zati ogn nmessage fornat

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

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

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

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

discontinuing transmission of the NACK signal upon detection of a successfully



[0043] FIG 8Cis a diagram of yet another enbodi nent of a
synchroni zati on nessage format. [0044] FIG 9 is a diagramof an
enbodi nent of a transmt data nessage format. [0045] FIG 10 is a

di agr am ofw@BoeeAkasy ment of a conposite synchroni zati opcgfidadob/alksid t
data nessage format. [0046] FIG 11A is a graph of the power spectral

density of an in-band pul se based signal’ versus frequency. [0047]
FIG 11B is a graph of the power spectral density of an in-band tone
based si gnarecowpd smirder tequiapiciata MEBAE] tEps@ittng ai ACK séinabfremmtiyf destination

enbodi nent of -at. ' . I pyhses. 49] FEl 13 i,S
a di agram o?e r%ﬁlag%@d@rr%#kl%ﬁé a#é gl%)ngl(rg%lglpg)tglstg% Aﬁ%[?a&%n;} L%%Fr 11 pre%tmmmd
repr esent at nember of @@S0TK Bigals hdvk ticsn aadiraggdam of an enmbodi ment of a

shaped pul s enent within. a nodul ati on franme using. a w aparound
Cechn que. - TUBSEfi Areiher agodibuly 45, ARG (oenbUIHLHE TTG: SRy
pul se pl acememmiiddi from BDEdtALtIcANtin@AB ih O%in anb¥ii GBMNRKARABSE syftem
the art. [00521 FIG 15A is a diagram of an_enbodi nent of a

synchr oni zafPBPIIse irans @& trapsyiftingrigstars signaddiorg g riicptaiation termpph 3pcaps &r
15B is a di : i . of -z at '

dotector ang raitnling 4ARkIRio R BDAR JRONai uho YALH AR AN AR A Rnal
enbodi nent ofears $yrnirbsonitinatd HNAGKr Sgnalidractthe . deftdRBS] téh@Bial,l haanss fa

0 29 em o . TGS, Tl RO S RoF B8 5 sy

synchr oni zatdceivedp s@anbicanidel &td oessagd Incans for transmitting a ACK signal from the
destination terminal, and means for discontinuing transmission of the ACK signal after
a predetermined number of the ACK signals have been transmitted.
[0022] In another embodiment, a method of controlling source terminal transmissions
from a source terminal in an in-band communication system comprises detecting a
request signal at the source terminal, transmitting a synchronization signal from the
source terminal upon detection of the request signal, transmitting a user data segment
from the source terminal using a first modulation scheme, and discontinuing
transmission of the user data segment upon detection of a first received signal.
[0023] In another embodiment, an apparatus comprises a processor, memory in
electronic communication with the processor, instructions stored in the memory, the
instructions being capable of executing the steps of detecting a request signal at a source
terminal, transmitting a synchronization signal from the source terminal upon detection
of the request signal, transmitting a user data segment from the source terminal using a
first modulation scheme, and discontinuing transmission of the user data segment upon
detection of a first reccived signal.
[0024] In another embodiment, an apparatus for confrolling 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



[0057] FIG 18a is a diagram of an enbodi ment of a synchronization
detector controller. [0058] FIG 18b is a diagram of another
enbodi nent of a synchroni zation detector controller. [0059] FIG 19

is a di agrageebyBserbodi ment of a receive tining adj usteius2dS0Rs
FIG 20 is a diagramof an enbodi nent of a receive data nodemused in

an i n-band comunication system [0061] 8FIG 21 is a diagramof an
enbodi nent of an in-vehicle energency call system [0062] FIG 22 is
a di agr am ok sand eigbadframnthe alestimtipm termérali disconfinging tigatraissiey geshe send
sequence transmtted on.. i,nk I . t j e .€at:l on:
term nal analgParTeupﬁgtdg%F %‘gnpgﬁ\é\@rgeraﬂeé‘%g %1@1?15%&%%{@% %(rgl anmggﬁqlmr)fﬁ Qllgﬁala
sour ce ConNM@ninc fici destinagibiyitralinal Wirdibmithieg iantser dath isogméemi ftanattled ddsyinathoa

destination termnal. [0063] FIG 23Ais i agram of an.enbodi ment
of an inter 080 UL ¢} SH%’{DQUI?té‘ﬁ‘ug _mg’eﬁ@e‘ﬁﬁcgg{‘?"é?% Q%ﬁm&n&lat © user
downl i nK i N gg dEshdnd Bbdn AN &abidrecdivsdsidial. and the data
response sequence transmtted on an uplink in a source conmunication

termnal, wi@M26t he sppfher SEPPGMOPhi 41 4PRAIAHY CHETEGUR CRFOFEHM fagmory n
[0064] FI G 2388 BmHhARLAR Q(fthqg@n]bﬂ)%és(imu% stfredifh HRUBLAGY AR

of the data request sequence transnitted on a downlink in a
dest i nat i on irstrovtiomi beiniz capablr ofi xatutiag dha Htepsddtansmeid pgrisend sgoerfean the

transmtted ,on. an uplink i,n _a . sour ieati . ' | e
i nteraction dFﬁi“fl{g%ﬁ %8“8?71’ AR g%flgrg{rgnﬁﬁlgPfﬁ‘fosglg%%lgﬁp@?%ﬂ%\g\%@ga&q
di agram of amstesdeddd signil, Dinsmittihg s eyrebionoatiaf signabirod the déstinatan teratisal,
request sequence and datégitr esponse sequence transm tted on.both

t
downl i nk anaragfmuftmg 7 p6583 B en jrgny e e%pg%%wala%%ﬁeﬁrst modulg't?on

embodi ment  Qfnhfe, hid BlsagiltinMe Afansniidh be el @BAlate dt@ndne IPES Hets@PUITCE
and data response sequence transmtted on both the downlink and

upl i nk. [ 006%jongreeivedsigaala di agram of an enbodi ment of a user data

packet for nq&o%@gﬁe Carfofifer ! Sflg%dgrgthpf%e ag%a%tugafoa_ Lenaihgl Bidu8sfnkDala

the transmt p t size. 6 I's a diagramof an
embodi ment ofangmissens Gata apaddsthatioor feaninahér ent ebdnd nepmmefication M

data | oot st RT3 e BBl AR Sy

request sequgReermitg tramdmiioh of alicsehe Sipnaiseos elgteerimecf avisst edcpivedieignal,

user data | %?(%tnp foir?ragsrn%%}n?gra sgrgﬁlrr]ortliga%o% glagggirggm Ri%%iéset}nag(i)nzgi‘ming.'{?means for
transmitting a user data segment from the destination terminal using a first modulation
scheme, and means for discontinuing transmission of the user data segment upon
detection of a second received signal.
[0028] In another cmbodiment, a system for communicating data over an in-band
commumnication system from a vehicle containing an in-vehicle system (IVS) to a public
safety answering point (PSAP) comprises one or more sensors located in the IVS for
providing 1VS sensor data, an IVS transmitter located in the IVS for transmitting the
1VS sensor data, a PSAP receiver located in the PSAP for receiving the IVS sensor data,
a PSAP transmitter located in the PSAP for transmitting PSAP command data, an IVS
receiver located in the IVS for receiving the PSAP command data; wherein the IVS
transmitter comprises an IVS message formatter for formatting the IVS sensor data and
producing an 1VS 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 1VS

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



[0070] FIG 27B is a diagram of another enbodi nent of an interaction
of the transmt data request sequence and transmt data response
sequence, wherein the user data length is greater than the transmt
packet si 3gg009Q43ds FIG 27C is a diagram of yet anotheggy ghirent
of an interaction of the transmt data request sequence and transmt
data response sequence, wherein the useP data length is greater than
the transmt packet size. [0072] FIG 27D is a diagramof still

anot her enboussrers; whereanthe RSAPactei@n cahprides a tPSalsietdctod doraletestine e IVS

sequence and transm.t data response seq e rei use at
ength 1o oras Rl B PRSI SHTR Syob Mbeh b tRsbu e
[0073] FI G ddmshdmbgane €Wbadissmet andf praducing-  asndivda i §iS apamaget odikicinthe
system as m'ght be inpl enent ed WitggP a wWireless soyrce termnal %00.
The source Feffi HEISTHERY COERRTRT GatRal inesieachiorgatyr 1oa Prpatting Mn JPAP
600 t hr ough chhigak® MAMNAERLIRNCIERANPEAP HmANA AR ge, NE tPAAIPK pRREsord AsH
communi cati on channel 503. Exanples of suitable wrel ess

comuni cat i dFpcespEzeths RSA] ceremeand mebsage eed epWosias sypiveky opBPAPishepddn

accordance w : I j i[%qﬁfﬂ -Thi.r
Gener ati on aﬁs?g@;@%%ﬁ%ﬁﬁp@%ﬂ %P%%%Jaﬁc%gé: e Te e%:Hc% ¢ I ceasilﬁc%%s fhd
Syst em ( 3GPBrddvfii) a PEAR cheGdetkesigital,onP P8l syrehshnizatiéir g¢recttorXoCoeherating a
Di vi si on Multi.ple cess. (3GPP, N Di visio nchr.onous.. Code
D vi ol on VPSR SrieiRRidiSatnmRy ¢ Do denTebrGp Rt &
for M crovayeubeeasPSAW dhhrosiz@ittaighals ach @SaRi doh@ghntd indski@ed ihevdih the

recogni ze that the techniques_descri be%(herei, n m% be equal |y applied
to an in- bahyS AR L ERMRIATE &1 1 VP dsi<pilar drisetingdas PROE syripamiztign signal
wirel ess chapdlodudif® af PPTURCALd, ARd BETVO HKma@atbP fr UERS @ M¥ng the PSAP
conbi nation of "routing and/or sw tching equi pment, conmuni catlons

| i nks and omfesagesandpsedugipgdr wegved A Rmesagest abl i shing a

conmmruni cation |ink between the source term nal 100 and destination
term nal 600. For exanple, comunication channel 503 may not be a
wireless link. The source termnal 100 normally functions as a voice
communi cati on devi ce. TFAREM DESERIDOIAN OihdHly BR&AYWINGAseband 200
normal Iy routes user speech through a vocoder, but is also capabl e of
routi ng non{&R8eThe dweets ahd theghtendrmt ebootiges ¢fithe empodizents described bersin

13 origi [ f h i nal i ' K.
Rout | ng. non aReRireel FAMES-RRE Y aslare REnaatiiag Bal PReiich
el i m nat es tWhen fuked i @hjunbtorswith the at@itpanghe tawiguesieiand transm t

t he data ov rat e, conmupi catjons channel . e non-speech dat
2" o mmt ¢ ed09 BrauE aguim fber Suedyacn af s ang or Hed G eTaRap S
i's convert eqsd HhoindbaQl $Bddh ke ShA! deQMREdRRda OfpesdiiaBSRtc Pl 8eWircilfie
nmessage data information is built into the pul se positions of the
noi se- i ke §9@ﬁ@zm.caweg%¢r§e-l i ke signal is encoded by the vocoder.
The vocoder 1pg31neiG CPRT GRS ol (6B FEPFARIAG L mBAGE 164 (h G in-
d
i nput is user speech or non-speech data so it I's advantageous to
convert thebaebsamgeudetianisyston.a si gnal which can be effectively
encoded by 1 Ssipn _paraneter set allocated. to the vocader.
Theencoded MERL ERF T BE el bR oriiodhtin Bl Pt o et BF0AR:
comuni cat i ¢e033] PkG. BB ciaus lidghen tofaiditict tethodinfenr litd eyhchonbutidd signal
t he pul se positions of the noise-like signal, reliable detection
depends on EERHETY of the timing of the pulses relative to the
speech codeqoeia_wm.bwm@ardi%%m 0 yei hoil@ hRe&INRI of B sO8dhesHidaen khRal
i n-band transm ssion, a predeterm ned synchroni zation signal is
gener at ed ag@n@&Heoded by the vocoder prior to the transm ssion of
nmessage dat tocals.Seguense CHF.oR L Oh: .+and
nmessages | s@?ﬁ%?gﬁ?t t gg dtl% engur een?jgld?%%’l gfd tné@ﬁ%%mé}ﬁ%%g%%@gti on
of the non- $PE6E KGR ia aaiagtdneof acmihodiment 007 §incliRehigatidnrigrst scqubmee.

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

sequence.,



14 suitable data. An exanple of a suitable data nessage formatter 210
includes circuitry to cal cul ate and append cyclic redundancy check
(CRC) bits to the input data, provide retransm ssion buffer nenory,

i mpl ement gh w1885 rol coding such as hybrid aut omati @cT/us2009/046416
repeat-request (HARQ, and interleave the input data. The Tx data
nodem 230 converts Tx Message S220 to dHft a si gnal Tx Data S230 which
is routed through mux 220 to the vocoder encoder 270. Once the data

t ransni ssi of0U38] E6mBes e didgeany of arecrpladimenipf #8yNCBoaZatATERTCHRP.S SRIMCRAGX
220. [0077] _FI ' . SUI e bl ock diagramof the Tx data
nodem 230 sWéﬁopﬁjvﬁaé?m%%#%%%egﬁgna's may be nultiplexed in tinme

t hr ough nux [BB9] BIE.7A Isex Frapldaf a sBRAGNatipu preginkieadorrel8tior o@put xS the
Mut e CQut 8240,1@pd Tx Mod t 82351. | t éthoul d be recognized that

di fferent oPHERYIEHHPRIREH RERIENET BRPeSIERENS €YWL Gut  S245, Mite Qut
S240, and Txpodod F@ltﬂﬁ%?lﬁgtﬁgb/ obg spnthihliza6td predimbidaioareBAGH outhor where the
exanpl e, Sync Qut 5245 nma e sent prjor to each Tx Mod Qut S235 data
segnment . O Proapble inpems:8 ohayrriBBPcddfcregfc ¥ WICEY to a conpl ete Tx
Mod Qut S23%g Eis Pa §AChoR %atMitindigeI83mut.
dat a segrren?{.]w[lz)g%%}g}&siﬁ%&ﬁ%éggiga?%&?iﬁﬁchf}gﬁi zation si.gngal used
to establ i sH042hitHg 3B is hedipgemi ofi mythes remibadimenSph ehpyopliroaizition message
signal s arefrr?n%i red to establish timng for the transmtted in-band
data since the data information is built in the pul se positions of

t he noi se- | i[8®433 FHRAAC isHl Gagi3A ahensnahs ghtbatirenesfamnpinehiphzetiondinagyagem
of the Sync .Generator 240 shown in FIG 2. Three signals may be

mul ti pl exed W4 me t hrough mux 247 onto the Sync Qut S245 signal ;
Sync Burst 334l FY@kedR dQgtanPdBih ertitdindih 6f L datQuéss GR4drmatt

shoul d be recogni zed that different orders ang conbi nati ons of Sync
Burst S241, [WA&EICOR issp3iéneraam @F 3p rrantorwagip 0k acpmpesiie syRgfropgatill Mist
onto Sync , FIG 3B shows a Sync Generator 240
conpri sed %{a%%gggag%sa%gdgﬁgﬁd Sync Preanble Qut S242 where Wakcup
Qut 5236 may06k] F&nt 1k e grapheefcthe Spwer Fresartleasipuef pipband pulse based
Al ternati veIY a@llc%us%g TL§Chows a Sync Generator 240 conprised of Sync
Burst S241 & YTC reéantl e Qut S242 where Sync Burst S241 nay be
sent prior t[004£a G SYIECs Rgempialf ¢heQotveS22tral [dOR:T9Jof Re freband ngnethasdd signal
FIG 3A, Sync Burst S241 is used to establish coarse timng at the
recei ver and"efsélsi%ﬁﬁp%ed of at |east one sinusoidal frequency signal
havi ng a pr ggeis G NEds 8 AERkdni f Anednehod BRI 6NE Gata ABdulaar AdihOEpatss Gulsss.
gener ated by nc Burst 250 shown in FIG 4. Sinusoidal Frequency'
251 repr eserlPU9iRiGr y3dist & diagraRdoiFre gRIedie sy ¢ eipRiEs atiss ?tﬁa%’wb‘)l
data -1. Exarg?ljegeﬁta%n_sui tabl e signals include constant frequency
sinusoids in the volce band, such as 395Hz, 540Hz, and 512Hz for WO
2009/ 149356 HOPWIS2G0 ¥ D a6 dige8 ofrre wihediwing af 2 shagad bulsn glas@es within a
1035Hz, and 724Hz. for the. ot her sj i signal. The Sync Bur st
Sequence 25?%&%?031%%3156u\?ﬁ%érﬁ%?%g&l}gﬁg‘!}ﬂ@anal is multiplexed through
mux 254. The0dsi|aiGalibis s digyemce amnanbodireoht ofit shaphe psipn phrominz atithona
burst should be one wt ood. aut ocorr.el.ati on properties. An exanple
of a suit ablBOGYAHONEIFME; O%’eaﬁié??i]cc@‘aﬁ’g P8%He Barker code of length 7

shown in Fl Cfﬂ(l@% HIG! 188G a diagrSy BDah enbbeieieene/d syzichtbahton sigmltdetettor
on Sync Burst S241, and for each '-" synbol, Frequency2 Sinusoid is

out put . [ 0080 reesfvst PINigliack to FIG 3A, Sync Preanble Qut S242 is
used to est ?{%gssgﬁngl ﬁ@g(g%k@:&?@%@%&bmﬁgoﬁneﬁm@f hESREMEHizAd dignal

conprised o e éter_m ned data pattern known at the'receiver.
sui t abl e exadgictorefid eecSyercorireléarbl e Out S242 predet er mi ned dat a

pattern is Preanbl e Sequ I . site
preanbl e se%@%@eﬁ%gg i°$ Gg@%aerrggf g%grﬁ@bdz%%%{ %%é@#%lzg@/neggﬁ d|%f(‘al"rgt‘|{3 gds
of a pseudor @OsEMAIGOI 198 (Ph) disggueot en 2tdboditidnt aof ©\sgndhagpedonnmcamble
detector.
[0056] FIG. 17B is a diagram of another embodiment of a synchronization preamble

detector,



mai n peaks for the non-overl apped conposite sync preanbl e sequence
245b. The negative peak 1010 results fromthe correlation of the PN
sequence 242 with the first inverted segnent of the non-overl apped
conposi t e viah e@dRlBssSsequence 245b. The positive correl aprpispRkS16
1011, 1012, 1013, result fromthe correlation of the PN sequence 242
with the three concatenated segnents oflIPN sequence 242 which nake up
the mddle section of the non-overl apped conposite preanbl e sequence
245b. The nEWaT] G ptik isl @1 disgwsulof sarf eowpdimenic of r | ssmghonizstion hestquper
sequence 24%ﬂ% ﬂ&the second inverted segnent of the non-overl apped
conposite prea e sequence 245b. In FIG 7A, the mnor correlation
peak 1015, ¢58epBHankkbng 4 diagrmobf seithafendodampt ef af syophromeatfonr ddtector
positive correl ati on peak 1011 shows a magnitude of approximately 5
(1/3rd the Hﬂﬂﬁﬁ?ﬁde of the main peaks). FIG 78 shows several main

correl ati on[@gaksiG.0otda @agit ofan 3mbodig@at d\i@ecen® tiihy aggstéhe mi nor
correl ati on peaks between the main peaks for the overl apped caonposite

sync pr eanbl®68LFle 70es 2 fiagrany ofangmbrglimeiy of girprsivecdsg mpdan Bied e gk in-
1016, correg j Iﬁ&ti@ﬂsﬁﬁé}?et of 3 PN sanples fromthe first
positive correl ation peak 1011 shows a nmagni tude of approximately 3
(1/5th the k] FiER10f a diagrameifan gebkdénentfandirsthiele evparganeyudl spfiche
m nor correlati . 10 r e : I ' I
78 resuts fPLRIPTR e Bl oL HEBISRRRSC L RATRGE o 0 Redus?
peaks when gajipadeeithnkmitich onnod dewnlitk appaeitimtivarcopmalnichdn temammphed the
shown in FI TA. L0084‘%‘ As shown?}l;en FIG.78, five n’%jor eaks are 1
gener at ed wiIBH TEYPPE| SETIG BRITULTENTL 87 BB hSTHE COMpELaen &yimenal

preanbl e segu@NREintdmtiol REtiAS 6,08 dsfauibn(tdmilggat i ve peak, 3 positive
peaks, and 1 negative peak) allows for determ ning the frapne timn

. : : g
based on any0¥$3HEIGcBdd ispeiRgraBn A ENRAYIREY 96 A IHeREEapRf the data requcst
di stances b%&@@ﬁ& T OSmARAKS: & BOCaIGRTRY J‘@%s‘tiﬁﬁio‘ﬂf comutiGHEEbE erRGRAK Sndviten
the corresponding tenporal distance is always unique. Asimlar
depi cti on ofdatahvespooser setatnco trapeeitedan e uplitksinsh eomncd epnTablieation toyvdnad
the correlati, eaks .are.referenced by a . -° for a negative peak and
a + for a%@‘gp }n\?céacﬁlggkm&%ag&[ @1(0: ﬁ%lfra%tér%lp alUSi ng a uni que
correl ati on [k Fp@t 138 s b sl agethes chbdsdimpatbeinsh systeive o theealata
t he uni que pattern congensat.es for pos .inEI.e S eecp frame | osses, f.orl
exanpl e, dudetESTHBAIEnE HAREN LRI AtIOSHENK (& G TEUSH SYERUPICAHE (Fryma
result in | Qglmig: datk OdshlsRlseQienPealnsAGHARbA an BylillaW BGowcs!BbEbRnication
pattern of correl ati on peaks separated by predeterm ned tenporal
di stances, derperadi Wil the grieraionanitigtediby Betsovmpicsyiigl pr eanbl e even with
| ost speech i I : i \
exari o5 ar SR A e b e o g L 2 gt omal
peaks in t heapatquestscqiZnpeakisiagr resjoost scinenga trhnsextgdoinghoth tgclwahvly ynd
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[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.



2 allia 5 Detected Correl ati on Peaks Exanmple 1 .1111 + Exampl e 2

WO 2009/149356 PCT/US2009/046416
12

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

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

[0072] FIG. 27D is a diagram of still another embodiment of an interaction of the
transmit data request sequence and transmit data response sequence, wherein the user

data length is greater than the transmit packet size.

DETAILED DESCRIPTION

[0073] FIG. 1 shows an embodiment of an in-band data communication systcm as
might be implemented within a wireless source terminal 100. The source terminal 100
communicates with the destination terminal 600 through the communication channels
501 and 502, network 500, and communication channel 303. Examples of suitable
wireless communication systems include cellular telephone systems operating in
accordance with Global System for Mobile Communication (GSM), Third Generation
Partnership Project Universal Mobile Telecommunication System (3GPP UMTS), Third
Generation Partnership Project 2 Code Division Multiple Access (3GPP2 CDMA),
Time Division Synchronous Code Division Multiple Access (TD-SCDMA), and
Worldwide Interoperability for Microwave Access (WiMAX) standards. One skilled in
the art will recognize that the techniques described herein may be equally applied to an
in-band data communication system that does not involve a wireless channel. The
communication network 500 includes any combination of routing and/or switching
equipment, communications links and other infrastructure suitable for establishing a
communication link between the source terminal 100 and destination terminal 600. For
example, communication channel 503 may not be a wireless link. The source terminal

100 normally functions as a voice communication device.

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

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

[0075] Referring to the transmit baseband 200, the signal input audio S210 is input to
the microphone and audio input processor 215 and transferred through the mux 220 into
the vocoder encoder 270 where compressed voiced packets are generated. A suitable
audio input processor typically includes circuitry to convert the input signal into a
digital signal and a signal conditioner to shape the digital signal such as a low-pass
filter. Examples of suitable vocoders include those described by the following reference
standards: GSM-FR, GSM-HR, GSM-EFR, EVRC, EVRC-B, SMV, QCELP13K, IS-
54, AMR, G.723.1, G.728, G.729, G.729.1, G.729a, G.718, G.722.1, AMR-WB,
EVRC-WB, VMR-WB. The vocoder encoder 270 supplies voice packets to the
transmitter 295 and antenna 296 and the voice packets are transmitted over the
communication channel 501.

[0076] A request for data transmission may be initiated by the source terminal or
through the communications network. The data transmit request S215 disables the
voice path through mux 220 and enables the transmit data path. The input data 8200 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
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suitable data. An example of a suitable data message formatter 210 includes circuitry to
calculate and append cyclic redundancy check (CRC) bits to the input data, provide
retransmission buffer memory, implement error control coding such as hybrid automatic
repeat-request {HARQ), and interleave the input data. The Tx data modem 230
converts Tx Message S220 to data signal Tx Data 8230 which is routed through mux
220 to the vocoder encoder 270. Once the data transmission is complete the voice path
may be re-enabled through mux 220.

10077] FIG. 2 is a suitable example block diagram of the Tx data modem 230 shown in
FIG. 1. Three signals may be multiplexed in time through mux 259 onto the Tx data
5230 output signal; Sync Out S245, Mute Out S240, and Tx Mod Out §235. It should
be recognized that different orders and combinations of signals Sync Out 8245, Mute
Out 5240, and Tx Mod Out S235 may be output onto Tx data S230. For example, Sync
Out 8245 may be sent prior to each Tx Mod Out S235 data segment. Or, Sync Out
5245 may be sent once prior to a complete Tx Mod Out 8235 with mute OQut S240 sent
between each Tx Mod QOut 8235 data segment.

[0078] Sync Out 5245 is a synchronization signal used to establish timing at the
receiving terminal. Synchronization signals are required to establish timing for the
transmitted in-band data since the data information is built in the pulse positions of the
noise-like signal.  FIG. 3A shows a suitable example block diagram of the Sync
Generator 240 shown in FIG. 2. Three signals may be multiplexed in time through mux
247 onto the Sync Out 8245 signal; Sync Burst 5241, Wakeup Out $236, and Sync
Preamble Out §242. It should be recognized that different orders and combinations of
Sync Burst S241, Wakeup Out 8236, and Sync Preamble Out S242 may be output onto
Sync Out 8245, For example, FIG. 3B shows a Sync Generator 240 comprised of
Wakeup Out S236 and Sync Precamble Out S242 where Wakcup Out S236 may be sent
prior to each Sync Preamble Out $242.  Alternatively, FIG. 3C shows a Sync
Generator 240 comprised of Sync Burst §241 and Sync Preamble Qut $242 where Sync
Burst S241 may be sent prior to each Sync Preamble Out S242.

[0079] Referring back to FI1G. 3A, Sync Burst 8241 is used to establish coarse timing
at the receiver and is comprised of at least one sinusoidal frequency signal having a
predetermined sampling rate, sequence, and duration and is generated by Sync Burst
250 shown in FIG. 4. Sinusoidal Frequencyl 251 represents binary data +1 and
Frequency2 252 represents binary data -1. Examples of suitable signals include

constant frequency sinusoids in the voice band, such as 395Hz, 540Hz, and 512Hz for
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one sinusoidal signal and 558Hz, 1035Hz, and 724Hz for the other sinusoidal signal.
The Sync Burst Sequence 253 determines which frequency signal is multiplexed
through mux 254. The information sequence modulated onto the synchronization burst
should be one with good autocorrelation properties. An example of a suitable Sync
Burst Sequence 253 is the Barker code of length 7 shown in FIG. 5. For each ‘+’
symbol, Frequencyl Sinusoid is output on Sync Burst $241, and for each *-° symboel,
Frequency2 Sinusoid is output.

[0080] Referring back to FIG. 3A, Sync Preamble Out 8242 is used to establish fine
(sample based) timing at the receiver and is comprised of a predetermined data pattern
known at the receiver. A suitable example of a Sync Preamble Out 5242
predetermined data pattern is Sync Preamble Sequence 241 shown in FIG. 6A. The
composite preamble sequence 245 is generated by concatenating several periods of a
pseudorandom noise (PN) sequence 242 with an overlapped and added result of the PN
sequence 242 and an inverted version of the PN sequence 244. The ‘+” symbols in the
composite preamble sequence 245 represent binary data +1 and the ‘-* symbols
represent binary data -1. Another suitable example inserts zero valued samples between
the data bits of the PN sequence. This provides temporal distance between the data bits
to account for “smearing” affects caused by the bandpass filter characteristics of the
channel which tends to spread the energy of the data bit over several bit time intervals.
[0081] The previousty described construction of the sync preamble using concatenated
periods of a PN sequence with overlapped segments of inverted versions of the PN
sequence provides advantages in reduced transmission time, improved corrclation
properties, and improved detection characteristics. The advantages result in a preamble
which is robust to speech frame transmission errors.

[0082] By overlapping the PN scgments, the resultant composite 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 corrclation of PN sequence 242 with the overlapped composite sync
preamble sequence 245, shown in FIG. 6A. FIG. 7A shows the main correlation peaks,

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

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

in the pattern (2 peaks are lost in each example). Each entry in Table 2, represents a
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5236 is a signal comprised of multiple sinusoidal signals with each signal identifying a
specific data modulation scheme, for example 500Hz for modulation scheme 1 and
800Hz for modulation scheme 2. In this second example, the Wakeup signal prohibits
the vocoder encoder 270 from entering the sleep, DTX, or low rate state. In this second
example, the receiver uses the transmitted Wakeup Out signal 8236 to identify the data
modulation scheme.

[0087] An example of a composite Sync Out S245 signal is one comprised of a
multiplexed Sync Burst S241 and Sync Preamble Out S242 as shown in FIG. 8A. Tsb
701 and Tsp 702 represent the durations in time each signal is transmitted. An example
of a suitable range for Tsb is 120-140 milliseconds and Tsp is 40-200 milliseconds.
Another example of a composite Sync Out S245 signal is one comprised of a
multiplexed Wakeup Out $236 and Sync Preamble Out 8242 as shown in FIG. 8B.
Twu 711 and Tsp 702 represent the durations m time each signal is transmitted. An
example of a suitable range for Twu is 10-60 milliseconds and Tsp is 40-200
milliseconds. Another example of a composite Sync Out 8245 signal is one comprised
of a multiplexed Wakeup Out S236, Sync Burst $241, and Sync Prcamble Out §242 as
shown in FIG. 8C. Twu 711, Tspl 721, Tsb 701, Tsp2 722 represent the durations in
time each signal is transmitted. An example of a suitable range for Twu s 20 - 80
milliseconds, Tspl is 40-200 milliseconds, Tsb is 120-140 milliseconds, and Tsp2 is 40-
200 milliseconds.

[0088] Referring back to FIG. 2, a suitable example of Tx Mod Out 8235 is a signal
generated by the Modulator 235 using pulse-position modulation (PPM) with special
modulation pulse shapes. This modulation technique results in low distortion when
encoded and decoded by different types of vocoders. Additionally, this technique
results in good autocorrelation propertics and can be casily detected by a recciver
matched to the waveform. Further, the shaped pulses do not have a tonal structure;
instead the signals appear noise-like in the frequency spectrum domain as well as retain
a noise-like audible characteristic. An example of the power spectral density of a signal
based on shaped pulses is shown in FIG. 11A. As can be seen in FIG. 11A, the power
spectral density displays a noise-like characteristic over the in-band frequency range
(constant energy over the frequency range). Conversely, an example of the power
spectral density of a signal with a tonal structure is shown in FIG. 11B, where the data

is represented by tones at frequencies approximately 400Hz, 600Hz, and 1000Hz. As
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can be seen in FIG. 11B, the power spectral density displays “spikes” of significant
energy over the in-band frequency range at the tone frequencies and its harmonics.
[0089] FIG. 12 is an cxample block diagram of the Modulator 235 shown in FIG.

2. The Sparse Pulse Generator 238 produces pulses corresponding to input Tx
Message 8220 using pulse position modulation and then the Pulse Shaper 239 shapes
the pulses to create the signal for better coding quality in the vocoder encoder. A
suitable example of a Sparse Pulse is shown in FIG, 13. The time axis is divided
into modulation frames of duration Tj Within each such modulation frame, a
number of time instances #, f ,..., tm1 are defined relative to the modulation frame
boundary, which identify potential positions of a basic pulse p(z). For example, the
Pulse 237 at position #; is denoted as p(7—#3). The Tx Message $220 information bits
input to the Modulator 235 are mapped to symbols with corresponding translation to
pulse positions according to a mapping table. The pulse may also be shaped with a
polarity transform, + p(z). The symbols may thercfore be represented by one of 2m
distinct signals within the modulation frame where m represents the number of time
instances defined for the modulation frame and the multiplication factor, 2,
represents the positive and negative polarity.

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

Table 4

Symbol

decimal | binary Pulse

0 0000 | p(n-0)

1 0001 pin-4)
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2 0010 | p(n-8)
3 0011 | p(n-12)
4 0100 | p(n-16)
5 0101 | p(n-20)
6 0110 | p(n-24)
7 0L11 | p(n-28)
8 1000 | -p(n-28)
9 1001 | -p(n-24)
10 1010 | -p(n-20)
11 1011 | -p(n-16)
12 1100 | -p(n-12)
13 1101 | -p(n-8)
14 1110 | p(n-4)
15 111 | -p(n-0)

[0091] Another example of a suitable pulse position mapping is shown in Table 5. In
this example, the modulator maps a 3-bit symbol for each modulation frame. Each
symbol is represented in terms of the position k of the pulse shape p(n-k) and the sign of
the pulse. In this example, Tar 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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for an 8KHz sanple rate. The pul ses are separated by 4 tine instances
resulting in the assignment of 8 diffdablktd pul se position and

polarity conbinations. In this exanple, the effective data rate is 3
bits per synbol in a 2 nillisgﬁggg period or 1500 bits/second. 22

decimal | binary Pulse

0 000 p(n)

1 001 pin-4)

2 010 | p(n-8)

3 011 pn-12)

4 100 | -p(n-12)

5 101 -p(n-8)

6 110 -p(n-4)

7 11 | -pw)

[0092] To increase robustness in poor channel conditions, the Modulator 235 may
increase the duration of the modulation frame Ty while maintaining a constant number
of time instances fo, £ ,..., fm1. This technique serves to place more temporal distance
between the pulses resulting in a more reliable detection. An example of a suitable
pulse position mapping includes a Tir 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 Tir
of 2 milliseconds then switch to Ty of 4 milliscconds if the channel conditions are

determined to be poor.
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[0093] To increase robustness with certain vocoders, the Modulator 235 may change the
initial time offset in the pulse position map. An example of a suitable pulse position
mapping is shown in Table 6. In this example, the modulator maps a 3-bit symbol per
modulation frame. Each symbol is represented in terms of the position k of the pulse
shape p(n-k) and the sign of the pulse. In this example, Ty is 2 milliseconds resulting
in a 16 possible positions for an 8KHz sample ratc. The initial offsect is set to I time
instance and the pulses are separated by 4 time instances resulting in the assignment of

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

Table 6
Symbol
decimal | binary Pulse
0 000 pn-1)
1 001 pin-5)
2 010 p(n-9)
3 011 pin-13)
4 100 -p(n-13)
5 101 -p(n-9)
6 110 -p(n-3}
7 111 -p(n-1)

[00594] Tt should be recognized that reducing the number of separation time instances
would result in an increased number of bits per symbol and thus higher data rates, For
example, if Tyr is 4 milliscconds the resulting number of possible positions for an
8KHz sample rate is 32 with plus or minus polarity for each resulting in 64 different
signals if no separation is included. For a 64 position map, the number of supported bits

per symbol is 6 and the resulting effective data rate is 1500 bits per second. It should
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also be recognized that different combinations of Ty and sample rate may be used to
achieve a desired effective bit rate.

[0095] An example of a suitable Pulse Shaper 239 is a root-raiscd cosinc transform of

the form:

r(t) = % i:(i + %) sin(%] + [l - %J cos[f]:l, t= :;

sin|:7rTi(l - ﬂ)} + 4[3%008[%%(1 +ﬁ)}

I 5

cats]

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

s otherwise

time instance.

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

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

-991 560  -200 40



111 -p(n) [0092] To increase robustness in poor channel conditions,
the Modul ator 235 may increase the duration of the nodul ation frame
TAN whil e mai ntai ning a constant nunber of tinme instances to, ti
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suitabl e pul se position mapping includeda TAN of 4 nilliseconds
resulting in 32 possible positions for an 8KHz sanple rate. As in the
previ ous exaihbeld biefreqagnizpdithebide ransfompaeabe shdytenad o1 lmegthensd doraleferent
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per nodul ati.o r . Each synbol is represented.in terns of the
position k & %Eﬁe?‘_ﬂ% |V£°él?§§ P I HeRym g dEHEreRTgH (B p‘ﬂlﬁ%saﬁﬂﬂl%g)r (fFpme
this exanpl ay,hAY b gosfohkd $EERNGS the Sikth t4 BBIR} & AAnPAISINE since an
positions for an 8KHz sanple rate. The initial offset is set to 1
time i nstaneEeriapcPiisp@plesmeald egoar. sdherpattvely. iy the ‘Mraparquady sashrigue shown
resulting | g e, 338] GRTEN kabied Whidh! S6QH hallk B RASHE AP iGnodulati
polarity co%?ﬂgt ?on’s as sh%vﬁe?n tcLe ta@l ) l’?’gtb?e g {gyngéll uPseton
deci mal bi ndrepe, Bvp(nt1) 1004, are placed at the beginning of the current modulation frame,
Tar(n) 1003. The samples (P9 — P12) arc wrapped around to the beginning of Tyg(n) at
samples 0 — 3. Using a wraparound technique for the generation of a modulation
alphabet eliminates the cases where the shaped pulse samples extend into the next
modulation frame. The wraparound technique is advantageous since it results in
reduced intersymbol interference that would occur if the shaped pulse samples in the
present frame extend into the next frame and overlap with the shaped pulse samples in
the next frame. Onc skilled in the art would recognize that the wraparound technique
could be used for any pulse position in the modulation frame which would result in
samples extending in the next modulation frame. For example, a pulse positioned at
offsct 8 within modulation frame Tvr(n) 1003 would wraparound samples (P8 — P12).
[0097] Another example of a suitable Pulse Shaper 239 is an amplitude transform signal

of the form:
r(n)- p(n—-1)

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



000 p(n-1)

001 p(n-5) 2 010 p(n-9) 3 011 p(n-13) 4 100 -p(n-13)
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r(n) = [ -2000 0 6000 -2000
0 0 0 0

0 0 0 0

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

impulse response

10
h(n)=5(n)+ Y ah(n—i)

=]

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

signal r(n) with A(n).

[0099] One skilled in the art will recognize that the techniques described herein may be
equally applied to different pulse shapes and transforms. The length of the waveforms
and the modulation schemes applied to these waveforms may also vary. Moreover, the
pulse shapes may use completely uncorrelated (or orthogonal) waveforms to represent
different symbols. In addition to polarity of the shaped pulse, amplitude of the shaped
pulse may also be used to carry information.

[00100] Referring again to FIG. 2, Mute Out $240 is a signal used to separate the
Tx message transmissions and is generated by the Muting Generator 255. An example
of a suitable composite Tx Data S230 signal comprised of a multiplexed Tx Mod Out
§235 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-



5 101 -p(n-9) 6 110 -p(n-5) 7 111 -p(n-1) [0094] It should be
recogni zed that reduci ng the nunber of separation tinme instances
would result in an increased number of bits per symbol and thus

hi gher datgohgfofisessqor exanple, if TifF is 4 mllisecorgg dshfonasiie
resul ting nunber of possible positions for an 8KHz sanple rate is 32

with plus or minus polarity for each reslilting in 64 different
signals if no separation is included. For a 64 position map, the
nunber of s@@pmﬂise@nbi% tgl Pet, E,’lnmﬂ le?siSG 3%620 gllisasgndst fongorefal epdratica

data rate i 3 «% 5&@ r@ nmtll geﬁgn 91‘ fo ust %peragl %A?lia g[%ﬁaoqe% C@%&i I}ﬂ%mg

that differé&h u
achi eve a desidredr efji@ct mag bbi Iah al’latne:. sequence 31gna1 or a sinusoidal frequency signal.

Another suitable example of a signal used to separate the Tx message transmissions is
shown in FIG. 10. In this example, the Wakeup Out S236 signal and Sync Preamble
Out 8242 precede cach transmission of Tx Mod Out 8235, One skilled in the art will
recognize that different combinations of the Sync Preamble Out $242, Mute Out S240,
and Tx Mod Qut 8235 may be equally applied. For example Tx Mod Out S$235 in FIG.
10 may be preceded and followed by Mute Out S240.

RECEIVER

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

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

[00103] Once a synchronization signal is detected in Vocoder Decoder Qutput
S370 by the Sync Detector 350, the Rx De-Mux Control $360 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 S309 is made available to the user

or interfaced equipment.
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[00104] An example of a suitable data message deformatter 301 includes circuitry
to deinterleave the Rx Message S320 data, implement error control decoding such as
hybrid automatic repeat-request (HARQ), and calculatc and check the cyclic
redundancy check (CRC) bits. Suitable output data S300 may include user interface
(UI) information, user position/location information, time stamps, equipment sensor
information, or other suitablc data.

[00105] FIG. 15A is a suitable example block diagram of the Sync Detector and
Receiver Controller 350 shown in FIG. 1. Signal Vocoder Decoder Output S370 is
input to the Sync Burst Detector 360 and the Sync Preamble Detector 351, The Sync
Burst Detector 360 detects the transmitted Sync Burst signal in the Vocoder Decoder
Output S370 and generates the Burst sync index S351. The Sync Preamble Detector
351 detects the transmitted Sync Preamble Out signal in the Vocoder Decoder Qutput
8370 and generates Preamble sync index S353. Signals Burst sync index S351 and
Preamble sync index S353 are input to the Sync Detector Controller 370. The Sync
Detector Controller 370 generates output signals Rx De-Mux Control S360 which
routes the Vocoder Decoder Output S370 to the data path 8326 or the audio path 8325,
Audio Mute Control S365 which enables or disables the output audio signal S310, and
Timing Offset S350 which provides bit timing information to the Rx Timing 380 to
align the Rx Data $326 for demodulation.

[00106] Another example of a suitable Sync Detector 350 is shown in FIG. 15B.
Signal Vocoder Decoder Output S370 is input to the Memory 352 and the Sync
Prcamblc Detector 381, The Memory 352 is used to store the latest Vocoder Decoder
Output S370 samples which includes the received Wakeup Out signal. A suitable
example of the Memory 352 is a First-In-First-Out (FIFO) or Random Access Memory
(RAM). The Sync Preamble Detector 351 detects the transmitted Sync Precamble Out
signal in the Vocoder Decoder Output S370 and outputs the SyncFlag $305 signal.
Signals Modulation Type S306 and SyncFlag S305 are input to the Sync Detector
Controller 370. The Sync Detector Controller 370 generates the Modulation Search
8307 signal which is used to access the Memory 352, find the received Wakeup Out
signal based on the Timing Offset S350, and evaluate the Wakeup Out Signal to
determine the type of modulation used in the transmission. The resulting detected
modulation type is output from the Memory 352 as Modulation Type 8306. The Sync
Detector Controller 370 also generates output signals Rx De-Mux Control S360 which
routes the Vocoder Decoder Output $370 to the data path or the audio path, Audio Mute
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Control 8365 which enables or disables the output audio signal 8310, and Timing Offset
S350 which provides bit timing information to Rx Timing 380 to align the Rx Data
S326 for demodulation.

[00107] An example of a suitable Sync Burst Detector 368 is shown in FIG., 16.
Signal Vocoder Decoder Output S370 is input to the Power calculator 361. Examples
of a suitable Power calculator 361 includc an input squaring function or absolute valuc
function calculated on the input signal. The Vocoder Decoder Output S370 signal is
also input to mixer functions 362 where it is multiplied by the in-phase and quadrature
components of reference Frequency Sinusoid 1 363 and Frequency Sinusoid 2 364 to
generate downconverted signal components at frequency 0Hz. The mixer 362 outputs
are low pass filtered by the LPF 365 to eliminate the high frequency multiplier products

in the mixed output. An example transfer function of a suitable LPF 3685 is of the form:

l+a,z ) +a,z7

Hop(z)=c- -
(%) l+bz" +b,272

where ¢ = 0.0554, a1 =2, a2 =1, by = -1.9742, b, = 0.9744. The magnitude of in-
phase and quadrature outputs of the LPF 365 are calculated by the Magnitude 366 and
summed in the Adder 367. The output of the Adder 367 is input to the Matched Filter
368 which is a matched to the transmitted Sync Burst Sequence. Matched filters are
well known in the art. The output of the Matched Filter 368 is searched for the
maximum peak in the Max Search 369. Once the maximum is found in the Max Search
369, the index corresponding to the time offset of the maximum is output in signal Burst
sync index S351.

[00108] An example of a suitable Sync Preamble Detector 351 is shown in FIG.
17A. Signal Vocoder Decoder Output 8370 is processed by the Matched Filter 368
which is matched to the Sync Preamble Sequence. The Matched Filter 368 output is
then input to the Max Search 369 which searches for the maximum peak. Once the
maximum is found in the Max Search 369, the index corresponding to the time offset of
the maximum is output in Preamble sync index S353.

[00109] Another example of a suitable Sync Preamble Detector 351 is shown in
FIG. 17B. Signal Vocoder Decoder Output S370 is processed by the filter in step 452.
A suitable example of the filter in step 452 is a sparse filter with cocfficients 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
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results in a reduction in the computational complexity based on fewer required
multipliers due to the zero coefficients. Sparse filters are well known in the art. In step
453 the filter output is scarched for the maximum positive and ncgative corrclation
peaks which match an expected pattern based on the negative and positive correlation
peak distance. For example, 5 peaks should be found in step 453 based on Sync
Prcamblc Scquence 245, 3 positive peaks corresponding to corrclation with the
pseudorandom noise (PN) sequence 243 and 2 negative peaks corresponding to
correlation with the inverted version of the PN sequence 244, In a suitable example, the
sync detector should find at least 2 peaks in order to declare that the sync preamble is
detected. In step 461, the number of peaks detected is counted and if a majority of
peaks is detected, then a sync indicator flag is set True in step 460, indicating the
preamble sync has been detected. A suitable example of a majority of peaks detected is
4 out of 5 peaks which match the expected pattern. If a majority of peaks is not
detected then control passes to step 454, where the temporal distance between the
positive peaks found in step 453 is compared against the expected distance, PeakDistT1.
The PcakDistT1 is sct to be a function of the period of the PN sequence 242 since
filtering the received preamble against PN sequence 242 should yield a temporal
distance between the correlation peaks which is equal to some multiple of the period. If
the temporal distance between the positive peaks is found to be within a range of
PeakDistT1, the positive peaks amplitudes are then checked against a threshold
PeakAmpT1 in step 455. A suitable range for PeakDistT1 is plus or minus 2 samples.
The PcakAmpT] is a function of the amplitudes of the previous peaks found. In a
suitable example, the PeakAmpT] is set such that the peaks found in step 453 do not
differ in amplitude by more than a factor of 3 and the average peak amplitude does not
cxceed half the maximum peak amplitude observed up to that point. If cither the
positive peak temporal distance check in step 454 or the amplitude check in step 455
fails then the negative peak temporal distance is checked in step 456. If the negative
peak temporal distance is within a range of PeakDistT2 then the negative peak
amplitudes are checked against a threshold PeakAmpT?2 in step 457. A suitable range
for PeakDistT2 is plus or minus 2 samples. PeakDistT2 is set to be a function of the
period of the PN sequence 242 and the PeakAmpT2 is set to be a function of the
amplitudes of the previous peaks found. If either the positive peak temporal distance
check in step 454 and the positive peak amplitude check in step 455 or the negative
peak temporal distance check in step 456 and the negative peak amplitude check in step
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eTC Smas mex 1S the maximum of the sync bursts found over the N1 processing frames,

Thsp 1s the sync burst detection threshold, Zoue 18 the maximum sync burst index, Ngync 18
the number of processing frames searched and Ny is a latency period in processing
frames. If a sync burst is not found, control is passed back to step 406 and the search is
restarted. If a sync burst is found, control passes to step 374 where signal Audio Mute
Control 8365 is generated to prevent the audio path from being output on the speaker.
In step 375 using Preamble sync index $353, the maximum sync preamble and index
arc scarched over a number of processing frames, N2. Step 376 determines if the
maximum sync preamble and index searched in step 375 passes a successful search

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

(Cl -(Sma.xmax /P(fsmax))z +C’_: '22 ) = Th_pD

™A TaaX,

WhEre Spav mar 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

$T0AX

Max Search 369 in the Sync Burst Detector 360 at the maximum sync burst index, isma.
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signal is tmeRimhbEthe AMpexdT makhe@fifel 3680hahs SRGEPiAMbIEMbtectdiBH,

T3, and Trcwgfr olng fr]égl-e. C0171tr01 is then passed to step 418 where the Rx Modem 330 is enabled
via signal Rx Modem Enable S354, then finally passed back to step 406 and the search
is restarted. Step 372a is entered if the Rx data path is being searched for sync. Steps
372a, 373a, 3752, and 376a function the same as steps 372, 373, 375, and 376
respectively; the main difference being that the audio path is not muted and the De-Mux
1s not switch from Rx Audio to Rx data when the Sync Search Type checked in step 406
is Rx Data.
[00111] Another example of a suitable Sync Detector Controller 370 is shown in
FIG. 18b. Step 407 is the entry point in the controller which initializes the memory
buffers and configures the initial state of the receiver. In step 406, the sync search type
is checked indicating whether the sync signal is being searched in the Rx data or Rx
audio path. Control then passes to step 411 where the Preamble Detector 351 is
cnabled. Stcp 412 checks the signal SyncFlag 8305, indicating a Sync Prcamble has
been found, then confirms it by repeatedly checking for a SyncFlag S305 a total of N
times. A suitable value for N is | (that is; only 1 preamble detected without
confirmation) for the Destination Terminal 600 and 3 for the Source Terminal 100. Ifa
sync preamble is found, signal Audio Mute Control S365 is generated to prevent the
audio path from being output to the speaker. Signal Rx De-Mux Control 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 = PulsePuosition + PeakDistance



60 mlliseconds and Td I , Td2, and Td3 is 300-320 m|liseconds for
noi mal operation and 600-640 mlliseconds for robust operation.
Exanpl es of a suitable muting generator sequence may be an all-zero
sequence sy@nflo19ss@ Sinusoidal frequency signal. Anot hefrstobeiss
exanpl e of a signal used to separate the Tx nessage transm ssions is
shown in FIG 10. In this exanple, the Ykeup Qut S236 signal and
Sync Preanbl e Qut 5242 precede each transmni ssion of Tx Mdd Qut S235.
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fromthe voéd 5t SHCTRH GNP BIALES BY DSt CqRin A IG RpRinerebive to the
routing the cgeendadiveadsketisfrihE ONgRh& eﬁiarh?\le@iiﬁ'@ﬂt%&:t'ﬂfnm @ sQcdlffon
non- speech data was converted to a noise-like signal and encoded by
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Decoder Qutput S370 and generates Preanbl e sync index S353. Signals
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size - 1. The delayed signal is output as Adjusted Rx Data $330.



[ 00106] Anot her exanpl e of a suitable Sync Detector 350 is shown in
FI G 15B. Signal Vocoder Decoder Qutput 5370 is input to the Menory
352 and the Sync Preanble Detector 351. The Menory 352 is used to
storc thc wateslhisdsegoder Decoder Qutput 5370 sanpl es WhicghydpRloldles

t he received Wakeup Qut signal. A suitable exanple of the Menory 352
is a First-In-First-Qut (FIFO or Randoft Access Menory (RAM). The
Sync Preanbl e Detector 351 detects the transmtted Sync Preanble Qut
si gnal in tHBONSBEoder FEecHdéra witeblatcx@aio blogk drgrapuekthe Re dstamoedeay330
S305 signal ., Si dyl at.i g . El 305 are,i t
o the Sync TEVENPEGHTHME| G JyPR-RHRRIRE nDRE RoBP ARl Ties it
gener at es t I$830bgut signad thr@egr kxh DSV oding Baimwhdh DiesMus Bthtd $33C¢ embBe-

t he Menory 2, ofi recej ved p. Qut signal based aon the
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the type of cridbdtatdnoducttssite ideitEEmbisafsing 3§ ShppelMont 8B diLA& Rx Data
det ect ed m)%ﬁlé(?tj 0%1_ pe is output fromthe Menory 352 as ﬁ/bdul ation

Type 5306. IDHCSeRasMioBIR trREInEesisnals dce appdigd phthe drapemigat  De-

signal s Rx BesMix Dandyselis $34 |
Qutput S370 to the data path %e%%ﬁg%gﬁé&h&ggq%?%%? %&g%{%ﬁl}?@@gg{mwlmor

Control S36330hiTok Ramsiuetor 33Sdieswiiletss tthrereotivplimessagh mfeighen bES fiom
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exanpl e of &osndatyaldbterrSyedt bBuths tR-Ddtieiigo38086/Y itise dbrawdulitionFyle iddicator

Si gnal Vocoder Decoder ut..S370 s input to the Power cal cul ator

361. Exanpl ?s{eg?mac??“ai ?‘%’@C F%??% °fc§PEt&‘rq§f &753%1 SRR ‘g‘h’l ?lﬁbﬁt pulse
squari ng_f upetitiemar@rcaRBe) dit itpAHAE sTHBE baRa of dhCakAligMh BRlsd fRitloAP W
signal. The Vocoder Decoder Qutput S370 s;éfgnal is also input to m xer
functions 365%MHePE2 sYitabl gamadulsior dyja pyrtahed fiter qorglstor amtchgd s plhellovesd

component s @ cifcefiffi£HE treFMEAUARRY publ j ; u
Sinusoid 2 3 (ilcto genergt egggm{bglo%l\%ép%{%gé gF%ihegﬁifcg%g%%%ﬁl? s&getp}él()du{ator'

frequency OHotiehexamplepl 86wtabis ¢rmostubatas i awapched filltet ¢aarcbdoroyattine th RF

365 to elim t i : cy..multiplier products in.the m xed
out put . Anngggﬁg$gﬂ§¥§%§$%éﬂ?ﬁ%ggF%%a%¥wg%¥ﬁﬁi%IF@%L E”g% I?grﬁﬁé?ﬁg
form 1+alzibandphsszil@r Hipkdsa(tz )hecrandrisdiorzetbratteristicsof Zhewhewrel.c = 0. 0554,
al =2, az =1, 171 = -1.9742, 192 = 0.9744. The nmagni tude of

i n-phase and quadrature outputs of the LPF 365 are cal cul ated by the
Magni t ude 366 and summed in the Adder 367. The output of the Adder
367 is i npuSYSa@'EMie Matched Filter 368 which is a matched to the
transmtted Sync Burst Sequence. Matched filters are well known in

the art. Theotmugput OFIC.NE Medrcbeei Licas868 thesyBei eRetheliBls HiGlosed
maxi mum peag In t&g X Search 369. Once the maximumis, found in the
Max Search 38EM-t Aa° [dHEEM ErFeRty SnrPieg! esmple of theeinofehisla cpereenpy call

Maxi mm i s @itamy kystdin.S WGPkl BIHCRfen SIH0Gs islﬂﬂﬁf‘as%ﬁéccid[a&%%&]eﬁﬂw@&%mmeg
of a suitable Sync Preanble Detector 351 is shown in FIG 17A  Signal
Vocoder Dec &t solipieitexmapes ifer yrhisde drredenh 954 Hecldet whisigleridhide agggent,
which is ma : . h Filter

368 out put 1L Enan it L R R & SRR i A ShERE Rt o,
maxi mum peaktheGrietiotyevireax fharhicls riadfiunctiang ot the ubdnis Beaed bf 36RtantdeThe

preanbl o sy NV Hbe a7 sh BB B THarre R TR oL e Al duplyeeyire
Preanbl e Dewelitlotincafzht 930 sh@QWAbE Beated on the user himself. The Tn-Vehicle System 951
may be comprised of the source terminal 100 described herein. The Tn-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
cormmunications 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



FIG 17B. Signal Vocoder Decoder Qutput S370 is processed by the
filter in step 452. A suitable exanple of the filter in step 452 is a
sparse filter with coefficients based on the band-pass filtered

i mpul se regponwr4REs t he Sync Preanbl e Sequence. A spar $etfiushdeeisdigs a
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message formatter 210. At time t2 852 the Destination Terminal 600, having received

it

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

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



frames. If a sync burst is not found, control is passed back to step
406 and the search is restarted. If a sync burst is found, control
passes to step 374 where signal Audio Mute Control S365 is generated
t o preventwbhewaudseo path from bei ng out put on the speakefusdmofiiapd
375 using Preanbl e sync index S353, the_maxi num sync preanbl e and
i ndex are searched over a nunber of pro%%ssi ng frames, N2. Step 376
determnes if the maxi rr_umleé%nc preanbl e and i ndex searched in ste
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In step 40632¢ Aa2dpATISEeR dqUERFRR DSt eRhiBE warrcr darreiat!i 1§ anf diaapstipgiion

sync si gnal 1iesmibgi §ud. Sganrshed. ik ThHeKRaAalisiR sc@ien%b"ﬂil? P Mifated by the
Control then passes to step 411 where the Preanmble Detector 351 I's

enabl ed. S Spube Teohimek $00 hdhe Liphiak Teypsmissiay sS365cc Sthisciaitiawg (ot
4 sFiphink Toymi _
 Synort ag S30E DY 48 Bilrest TR E b i Vil g PRES HF UobrBRRL I Siufle

is; only 1 greambl Bdbtectiebhsabind @0 te drefTx amlic pai) SE25. Ahdme t]1 851a, the

Destination . Term.nal. 600, and for.the.Source m nal, 100. | f C

or eanbie §o SPORTCunEN 0" AR e R8s B B8 T patys By A

prevent the bagids Gamaiiting 9 RYSchEn0t BPUIb®ed B tiPa8Rahessape P12l ARtme

De- Mux Control _S360 s th_enagenerated in step 378 to switch fromthe
=

Rx audi o path3t% PROTUnagar dopair 108, beinsecgye thesmer Bessigs §iiepm the
passed 10 st@frod Mol OL0D] Wodhs Relikiithifd uf Clieriitfly | SnC HogUb SACKY
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Ti nting OF f geassage 8Pt growiurdeghrermirpe A00. DIl'ke Bastimation 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



33 Pul sePosition is a tinme distance fromthe positive correlation
peak to a first reference tinme instance, and may be a positive or
negative val ue. PeakDi stance is a tine distance between the positive
correl ati apopealisddsyd negative correl ati on peak. An exawphasefoodicais
suitable first reference tine instance may be a certain sanple
position relative to the current recei v speech frane. Anot her
exanple of a suitable Tim O fset calculation is of the form
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t he sanme asrstepsd th¢ BEN lhmds%g,eQSGSe&cpn ditei Saato;e Tehhmahﬂi{lmrahsfrﬁte (533 ah:fﬁ‘natmg

being that the th i s not t sno

Prom e aua b B B g me T S A3 S0 IRl 18l e
406 is Rx Dadcgived theStoedH dnbigadecsging @d Déstihatthnf Temanl 600, d@hmwﬂsync
conbi nations of the steps wll achieve the sane result For exa
steps Mute AgfyERrFeHd r’f“og%eda%aﬁ NoLhaessagnP it tae @ﬁﬁwgomraymﬁéaisﬁ%ﬁppﬂéd

with no ef f g6l 198538 e DEhidibn TR o8 O B reé'e%%ﬂtﬁééikl@meés%gé §18from

sui t abl e exanpl e bl ock diagram of Rx Tim ng 0 shown’in FI G
Rx Ti mi ng 388 Soyrqgskeamingl MY, gransnkits aﬁ@étﬁﬂﬂ&tlti&r&%@r%ﬂboﬁ@dﬁi&m&&ﬂ@k&%

Re data moddm 530 e Gentr 106 gReThe? RafR ACB AR KA S el I

381 where seweralullyampied the BISH orsdge, Buhdrabl @ dteamphe syrof80Buhd EACB31

(Ram - he e 0d bt fes e s "RGR. tpeStoeh I 2P BR D Sarrap TErminel

Del ay 382 wges,ehaSdur¢ TRy 1005disoptined rhasndbsianofiemMspdutsaddeon frame
boundary corres onding to the Timng offset S350 control signal, A

suitabl e del®18bpl i eBIG-rP4daisiaarampls| Bigragion Hagrapeoldhy Sghmaizatim and

sanpl es froﬁht%%éhsﬁﬁ%mbﬂese&ﬁeﬂﬂ?s BdikEor tht: Soli& FELANA 09! Q{&alhe'ﬁes%&tﬂﬂt
as Adj usted Rx . WD 2009/ 149356PCT/ U52009/ 046416

[00113] FI G Tzomné;l é005uﬂn bk ecae alapl © mwtcddandgﬁrw@fcdt%ebm datIpurce
d 330 1, T I t I
oo o2 o el 40 e e THRLOP' AL T PSRRI

De- mux 331; r@pedﬂhrxlyl‘vhltil@pﬁﬁ&ﬁ bichmdtada(al\/ﬂata Rxnsﬁassmnsm Ddveniie X rastrission

8332isase arati tin h ma I St e .
stccessi ve. Fuver a0 weue rB ) e De T atT eRuoREpUETE atpgaine
Data 5330 skgtadeqidncé b1 sﬁp‘wt@i’i Iﬁassage SUt iNGirsd Qresl thaSolReeTeraRii] i106]
at the transm tter. DcMux Rx Data S333 is the recei ved nodul at ed
message si gRAYINg fgsgivet dhe heaise msawieas? frons therhestingtriqlierainnl 688sbegins
denodul at es niaﬂé%m&ﬁlgz‘ité/%?nd"?&;%@&% B Q81 Rk OBy labtfaszzr oMt hﬁqul 853 efhe
Rx Data S330 a nodem 330 uses the denodul ation frane
boundary deisstiation ToymintsORiraTsmitnan @matingl syrteeS 0d eurd (ALK omessygseB 03
i ndi cat or d'ﬁb { Flr}c%gssﬁ}ﬂ Iggei‘%ér{@? E)z?f% %(f% ?Iromc%@tgogtcee'fzerrg 911 Tl(ﬂ] de})rlte r\r\frl?wla
a data signal pulse osPtTen an ate an o

based on t hmedahaDsstgamn Parivgeal POG senido ran a}étameu@mﬂne sﬁfue@ce&lﬂlltaabl‘ ACK”

message 804. At time t4 854 the Source Terminal 100, having received the “ACK”

(‘D

message §04 from the Destination Terminal 600 discontinues its data transmission. At

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



35 951 and interfaces to a wireline network conprised of a wireline
uplink 962 and wreline downlink 961. A suitable exanple of a
wireless tower 955 is a cellular tel ephone conmuni cations tower
conpri sed Wb 28i1e988s, transceivers, and backhaul equi giFENs20@lokes16
wel | -known in the art, for i nterfam ng to the wireless uplink 501 and
downl i nk 502. The wireline network intet¥aces to a Public Safety
Answer i ng Poi nt PSAP) 960, where energency information transmtted
by the In- Vénch Nstn@mgg%Sna@w%@grae@ewéw aadiodats oh thindovading. At
transmtted, I t n na L ris

of the destlquéetl oﬁgé)e{rh gn S%%FC%E %és’fﬂdlobg%p gér}édﬁg e%éggﬁr)nuﬁ}ngsg e%ﬁs’
bet ween t he r¢ap91\tehmdil en Syshaimgdyic smgdertdees]Pulbnll i“6raBafnetsyagbrddde rAtnine t7

Poi nt 960 i |shed Si n e interaction diagrans de |bed
the Tof Towi 85 <atarstiion J6Tnaftd el vbo fuehe e nhd’ fRepafd. gpoonds
di agram of the Syme bé@ran@eaamofbuaﬂed datiata 808N ARtiGRI 0 858 AR SIGRS Terminal
bet ween the Source Term nal 100 and the Destination Term nal 600. In

this exanpl é00 (Y rhrltTmaineEs SArdeydbhcaed STACK” mestagartdd wyl it
the Destin atsh&@ssﬁﬁfyrﬁ‘e@@ﬂ/esqgg datyﬁﬁ Lopym ltﬂe”ﬁesﬁﬁ@t?tﬁn;l“éﬁih 2 N 666 qﬂ)%ﬂq&ié-p &

is the transm ssion sync and data nessages Destinat 1 on
Ter mi nal 600imeot% $% @@Lﬁ%@ceTEmnlwéIIﬂQO@n@nohm Heerngping rskncT sapusmics8liloand

sequence 81Q 4i§- m f s, fromthe
Sour ce Terni s 1%% %%a?{,% %etjlrﬁ‘? F\@t |6§nt H‘:'cl'eDr% %ﬂlﬁgﬁﬁ 3“5%% a?’a@ﬁ SIS TReved
Transm ssi onhesexlichoess8R081SBfromitlid Trveck Bdrminai®d dis@nOniley tfahgnission of its

Destination Ter sync se e . 801. Suit ble e | es
of the sync d@@ﬁ@h@é‘egg‘ﬁ ‘i\lli}“ettﬂ? é"éﬂc‘fé’é’g @'ﬁt the IEprEctIoBA esﬁf‘@c{(}@gﬁnéﬁd
FI G 8C. Folshaief dnBen5YRGnSieRE 8 e s&ﬂlioe Thirke 500, "3dd KNicd8h mera%{l will
600 transmts a "Start" nessage 802 to command the Source Term nal

100 to begi @lsorsprEmzet thal ther syngpienvgace g nmestesn MAOKsmgwesr end ThEK

Desti nati on t
801 and » ot Arp Ly AP BERL R SS alRrond RARHLs BAwE FORhR Y e

Ter mi nal 10@owalink 4ngaptink.851 t he Source Terminal 100, having received
the "Start ge 8 fr t he Destination Term nal. 600, be
transmtti néﬁt@tﬁgfiom gg%c is)deﬁquence ihcr Swa'tmaFio!l-‘Femt & i esdl%ﬁIa héésy*ﬁzc
sequence 81kyahennidadse ateduta trhl&;dllsamnﬁb@en% betvden tiBSSouddedT drintal 86D and
ur ce Term.nal 100 mts a

Fol | owi ng t c seguence .8 tr

M ni mum set hlbef Bgsg’t“ﬁ“ Jﬂ&‘ﬂ%ﬁ é{?ésg’%l‘@rgl 2 {5q I%F@teﬁe%@lt%fmﬁﬁg%é'rl?ﬂ%g}e
600. A suit @blikeepcaniphe10d afintha TRiitos I TeaminBe 60k MRSSaUk SH2Downlink
i ncludes sensor or user data formatted by a data nessage formatter

210. At ti mEespeetgsly. ¢ fbe defrencathebrreenethenimaracienn, ofBlG-néfth aediRled e
sync nmessag@cgld i @ayt h‘pthﬁoéﬁlﬁl&-r&{ me%?alnnéggns s:bg Es‘sfg B“%‘i‘és%a l:%ﬂs

negati ve acknow edgenent or nmessage our ce rm na
100. The 36rapesittchhy ﬂt@rDtmnmmaTcn@b@l ehinstnaresf ztrnoaltcrransmyncamd “ACK”

Fecel ves. ¢ ETRRES mols 20 s, R TRENE, RS0 i 160 F R, i gree
exanpl e of SusGesieh Tkeinyinaledddihak mcé&&&llﬁ/ﬁ&dﬂ&d&ﬂ@@oz&&é%rﬁﬁﬁ&kdes data 812,
verifying a cyclic ¢ ancy.. chec rfornmed on t MSD nessage 812.
At e o g5 e e SRR T DG CHUO R R StoERS g B54.
recei ved t hehlySOENEESAERagRY Mlicefcd ASRhkdsi Omafe Dbk lmﬁnﬁxlneulﬁ%l
and acknow edge or "ACK' nessage 804. The Source Term nal 100 may

attenpt to SeKHdaRe heBowslidage 812 nultiple tines (813, 814) until
it recei Ves | MlgﬂllACK FIGS548€,,804m rFIkn dﬂglscﬁ‘ﬂ B@@eecoﬁ‘g)ﬂgﬂ&’? of 'aftratnggﬂ data

Source Terminal 100 attenpts to se MSD nessage nore
ti mes wher eipacketwheraby ghepengtls obithdiukéredaemis lese duandhe oynswet dito packit length.

switches toa uatl e |den|f|edb e Wkeu

si gnal S236. ”g%l bﬁggl% &% asg?m irgl} H‘E’o Frl%ta l?fl%ﬁe?gé?%rc%gr?impg

i ncl udes i nwlaaespmgedﬁr@leﬁlgthaﬁdmmummahe arfbnlmhag isequehdcadtepadivhits 9nhinthech
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 —



and data transm ssion sequences between the Source Term nal 100 and
the Destination Termnal 600. In this case, the Uplink Transm ssion
sequence 810 is initiated by the Source Term nal 100. |nstead of
transm ttiwg v@iasssglata on the uplink to initiate the tpgansIhEBidl
the Source Terminal 100 transmits an alternating sync 811 and " SEND"
nmessage 805 at time tO 850b. At tine t13851b the Destination Term nal

600, having received the SEND nessage 805 fromthe Source Term nal
100, tr ansmni208 baies-afiseitabla agipiyafoadbits Hrdnelsicthe bingws'93 gelugo@ne silled
{11 L2 520 U SO ABaTPE AR ARG DB 0y EORLIET of DR SFHEEH e
sequence 81brimybowetpisedaha MBRrmeSisaae “g1andt0” vilecDest i nat i on

Term nal 60 time 3b the st natiop, . Term nal. 600, having
recei ved t hg{]@%}: nesgg‘g‘egfg 124 %ﬂﬂﬁ‘%?%ém%%am 8€th‘?e‘iﬂmpﬁ§%‘°‘1@gf‘ Fangme Hefas
an al ternat ipag{eﬁwﬂﬁgeﬁﬁkh@ﬂ@lg’tﬂmﬁé ues dag s %Q:‘vlfitefr thnhﬁlestﬁdﬂﬁlﬁﬂ deey padhad
100. At ti t 4b, the stination Term nal 600, havin

successf ul chr]ggb gﬁ"\?é’d ertfjrqiéf1 @DS LR é’,“-lrtﬂ’rl%??g?ﬁc’tl@ sugh thytitles ‘%Té’ﬁ SeARCRis
801 and " ACK: BESS acaRRs oddaPR (hERBIMiN G RRKSAGH

the Desti natieoﬁg@erm r?al S6?) : tﬁe Sour ce 'tl'eéyr%ﬁ ﬁ%&%@?ﬁ%@%@?%ﬁ%ﬁéﬁm
transm ssi ofrofquee tepnsmy slageacked eng®) £ @e uget Aafads wot ap teger swltiple of
interaction di [ ' . sym,ssion
sequences. bfup e dlgsbfe LSRR RLAAR ok L DRI G5 hple of
Termi nal 601Gl 364 the ssarake, iscaliainicstweespgeshivd Thedirktrsasditd seghday 90Dish

the Source Term . 10Q and the sti,nat,j.on m.nal 600 on the
Upl i nk and BTALTS km&)eg‘ﬁet&qs(?él Ve Ha‘éﬂﬁgbh&mlﬁ&bﬁ%ﬂ% E”btgiaoﬁ%?ﬁﬂg%& lpngth
transm ssi ofmndiddi® TOWTHerdecidansNias s QUERCHsEMed Sitd MHel bR &ta

time tO 850 by the Destination Termnal 600 with alternating sync
sequence SOPaéﬁ?& 8865953%3’ Jpd hearyse Sposcement s pnaler Gan thengansgilydaga packet

Ter mi nal 10%@}@%&@91&%@%@%& B&: thSliAs fo thBSERIS: SARmE @AM LDE:

Destination Termnal 600, begins transmtting its sync sequence 811
fol | oned by [@H23] 812. FI¢. 374 apzx@sple imthractBasdisgramiod theTeansinit alatagoguest

transmts an tpg Y. _ " NACK! ) e 803 yntil .it
successful | chdg%%{@/@s& eﬁﬁﬁaég%fﬁgg%y@%v%ﬁrﬁigg ar %atﬁgfn%}bbq, grﬁapt%rn
whi ch t hen tlve tBestnsmet packet TeemimadteBY the et s massagdstod threak:duegtisy/@aminal
sequence 801 and ".ACK" age .804. At tine t4 854 .the urce
Torminal 100" iy Mgioraler vanrnwn seher Rou L s gty Haine 20 870,
Dest i nat i on tefif falsnBOdhtalpskersicnsres 2i dospeisddeoft 4 RASHTIBEEAG: 9 WL arldi five:

t5 855, the Destination Term nal 600 transmts an alternati nzgl %ynq
sequence 80YserggtagpgmentPijyis tipnsmittid byobe reprand meitegngl - Ayt 21§71, since

transmt dafg ﬁgb&lH?%QQMﬁdl s nbl yd: FORIVEE tBPRCKT ﬁ@ss%ﬂ{itﬁ%&%@ rthhﬁﬁiltting

100 upon detectin e "SEND' nessage 805, responds _
al t er nat i ng theyuser daieagait i Bictortheitengt 03" Attissd 38T ghe wsponilimg terfhinal,

857, the Desgti: i i ‘ ecting. the * t.",. message
816, res pong%{”\{/}\gl % ngeas-%égAggqﬁqg%g%e’ g%%?%ﬁ%%\%%%gvi%a?faéég%g %@E F‘l“%gt
t 8 858, the8Bowrddi2TeAfting t2B0Y73 ran saubsingneabihel afitd a@hsying the length
sequence 811 C?I’lg 9Nﬁg< msssage 817 until it succeisfull receives .

the data 808 FFHh AL BRSTHRAY S MAFE RN BOBPCLIHGACWIE Hedicxt Fehsmit
859 the Souer phekatistebr 30D b§ eAdsniaheaitdremBRhbdiGo W RsFRAHRNEENIBAL At
and "ACK" nmessage 818. At tine t10 860 the Destination Term nal 600,

having r ecei“xl?f@olgf1 HE/ 4 Mescrespruglingg lerpingl. fhawing tRee s uthe estarie mgpsaas frpop the

di scont i nuesedubAMSMefSinN vekink tiSndaldh S8 ndRrakhi! &t %)Qcktepgﬂé‘rotr. 812

w Il recognize that the interactions described herein are symetric
and may be remplissdedf dypexthusesdur cegment A0Raind1Bd. 91dnén Sidis lekedple rthe mext

art will al i e q , message, . NACK

ressage, aniACR SRl bkl 1 BRI IUENGE o b nENRREL Rl

bet ween t hosevibg amsived tiedAGK mbmagtodistomikuanics dypd tridemif{stal 10hd-$1AleRithB
the art will recognize that the interactions described herein are symmetric whereby the

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



[001211FI G 26 is an exanple diagram of the conposition of a transmt
dat a packet whereby the length of the user data is greater than the
transmt data packet |length. The user data 900 is split into nmultiple
segnent s syghodohadss¢ he first segnent plus the | ength i npdiragbawoksis
equal to the transmt data packet |ength and subsequent segnents are
equal to the transmt data packet Iengt‘f‘\Q If the user data is not an
integer nmultiple of the transmit data packet |ength, then the Last

segnment congptirptign gaaminglH00h Onexkitsilan dhe 1 will 2lge rachgnizasbipt Hamseridata
split into gggg t ' nt 901 is assenbl ed
into the tr%ﬁ?t a{%atﬁagla%g{akgggh%tgﬁg%fégs}ogﬁgﬁ%fh a preceding

| engt h i ndi ¢@R138] 910. FIGRe2 B comubthes examiplt antsegnentiiafdd oSthassenbltetita
into the transm’tt dat aehFacf:tket 8t0§ or 812, and because thhe sgggqnt 1ils
smal | er t har® T SPEAREHTTS FAPE RSP Eh SN p RaCTE 10T 859 pRptL 18
fill out therdasthahdhd iihsemtbacict bibe InrthdSRahpleaif@r Packe transhii0da22 pddked
27A is an eéﬁgpl g [ nteraction gi agramof the t g\(ﬁgsg}'t dat a request
sequence andUP PAALMY TCHASE ¥ PEHSBOEGH SRR Y Hlorreftrating Fmigak she
length is grgekglent RARshinQatel FRREK t80BAGKEI2 2 ﬁutﬁinﬁiiéa'#§tt?ﬁm&‘l.&‘cteﬁﬂl§y the

Start nessages of the requesting termnal in either thée downlink ™
transni ssi ones@owlies tepmalipis¢dun reeeinisgitisAbk rBdsagedton thewequegingZgrmindle

910 and 1179t ‘i ey nBPg fEe ARy A5l R ol i Bl PRl lpe Y

term nal . Attrabsmissitr? df 8izlsubsiquere ttanamit estaopedkergMerrn8iRafrothabe npondirig

recei ved the ACK a L egins transmtting the user d agai n
' a second S G0 5 WSt e eripadinh B Hhdop Sarag Heek e Aeoree,
havi ng receigientinies ALK (FRSSREEn 6 SROMrtNURS FdcRES s SindHedtelyNBegins
first data packet 806 or 812. At tinme t23 873, the requesting
termnal, affeBPmiEg thensysgapsut ‘l‘%@%’ﬁetiW&PEﬁ%%?eP%@dfélydﬁtaeﬁyﬁ? FRIVEASE
many Segments @he (RXPRCtiRdreql&UHE MUrmitdlehdVigt reb &St tsyARL&UPASK BLgins
806 or 812 by transmtting start nessages to the responding term nal.
At tine t24 tgusmittinggNAcKpnesdiasy unidrihdusasssiulzveoniycs dediapssuit tidie packat 806
message fro nequest t ' i ns.Lrapsmi Lt ,
ranom t dath Ecrertios: A gfuteaneserdll BpbiaiiRabbiit yb pEcllPbhe o
902 and pad 8921th¢ ireyutdting texangd |begink Gramedtting tikn AGKt meabges paakizte 3¢ 884e

| ast data packet). At tine.t25 875,. t r ondi ng.termnal, havi.n
Focei ved t haiorondtAnE T et nn iyl B PO LR TSt
skilled in thewraishitata paties 9gObz&12t hat the interactions descri bed
herein are sismTet ric wher eg)r/ t he requesting and respondi nf?tbt erm nal s

may be eithdPORHE soufFle: ¥ wivehinoliso oxmplimterayiomdeeranbef tha rausiii dida

600. One skirkdiReh deBudnb@aid trat¥dif deld RRpIRE AHIAR, bhdkint E ubks Gatad@idhy is
may span nore than two transmt data packets 806 or 812. [00123]F G
27B i s anot rvatestaamphetrinsmelraelidt ovc.dinalisaneroples afier thedmsf riansraiftlaa packet
request seq ctransm g ) S Je=]

usor data | ORBER 512 % baBRRCK {ip SBLARESARSRARARAL BT oSS fhrpiif, te
exanpl e, af tsebsetjinmt ftranshit t dagen pmkets d@éacp 8tk ere 800GmaticaBly 2trarsmiteguies ttisd

Bt oSSR LSATLAL DAl T L v

transni tted 1h)this hRaheRP ARCIcHgEstiRf Wrialal Basesbt AfinkeR Stitt RisdaBe ACKitiate
nmessage fromthe requesting termnal, In this exanple, the requesting

termnal dodEnBISIER anifi anapl detanpaskel 6 o $172 Aom HedospRHaRISEY R npk
the subsequepls the ??‘%?@t%l&?&hﬁla@ﬁﬁlfs%{it RREKOheBds I’A‘E’Hﬂnﬁ b §oaSmedhiing

termnal. At tine 1 _ the responding term nal, having received
t he ACK messeagenaldhaysneraivasisthe MCR mensge.shiscontiokes theatransmession af the first

ket th ' i at ) j. transm.tLi: . '
packet 806 oPTpTokEefe RERhday Wephs Buidiie EuOT bhodt PR LA 0 E bl o
t he request 81§ steraedably byaviyng sequemiey ekt tinetd@ 882, lswiqigencessfiggtenaved

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.



data request sequence and transmt data response sequence, wherein
the user data length is greater than the transmt packet size. FIG
27D is an alternate to the exanple interaction diagramshown in FIG

278. In theoewanpiss of FIG 27D, the tine gap at t32 8%2thstuwenrsiiche
requesting termnal ACK nmessage for the first user data segment 903
and thc NACK for the next user data seg‘h]ent 902 is elimnated. This
hel ps to maintain timng at the_responding termnal such that it

woul d not n8¥d23lo r esiMentdhis gilk anoihs cragpiedpicHgtion Aisgra ok {hgctransmit
sequence. [QQl 2&111@3 %ecrﬁrlgﬁée' £ tliaﬂsfrﬁih @ati@tfets{)(yiﬁy géhu@&%?@ﬂér%ﬁ thdy@dker &ﬂ?leng’th

respondi ng termnal s y automatically transmt data packets
subsequent tsogtehfer thansthe deansmipanerlet siget hBIE. 2TRANAS B talicrigtct feeths yaxgmple

seduence. sCRALALA qldiah NSy ORI DAESRe SABCE: ki PR (NG BI &

to the firs ransm ata pa en upon réceivin
ACK nessagesiZ 882 beesgante ngutempgiteradina Wlnatcsagt fyr the dirss nkdrsatahegment

ol d al S0 Bt aukgeN bk A e AGTH PriheE s o8 BolitingfL, Thi R

transm tt ednidtiin @hhies atdBé fesFRAMRNESnihd) sadhtthht iDWolild nohfectits SdsyiRdnize
[00127]In the interaction_diagrans disclosed herein, there may be

error condi iQ@ﬁ@Wt@Et@”ﬁ@lﬂl&’%éF‘i@gﬁondgd to and handled in a
predeterm n?@bmﬂner - OdDO&ifidd Qi Jlﬂw%@lﬁ%é&?ﬁig@f&i’{h@%e SRR £ems bhE

error condition handling corresponding to Interaction diagrans
di scl osed hewteimatically tarsmitexatpbecketsheubeequont ¢wribié tiirein dite packetesvithout

along wth the rr ndi r d 1ptio e skilled | e
IR e N T g
equal | y appbpriedtd ehet fist S aungat dutadeskdt niisi engtErigmapor Rechiging the ACK

uni directional and _bidirectional enbodi ments. [00128] An exanp| e error
Condi £ on OB HRBS8S (BT GRATHAF  GESSRGE Hfer Gagpt tets packSt
transm ttedywsihoe: RLEREN Syncl NOAS sRXBARH @hd 88 RAIKE alsb NBcoRRILE GRat a length
Ter m nal delggjys the transm ssion of the MSD nessage until a

1

pr edet er m n&dligHAHFAP copld lprdegreasmied &vithaier Wata pegragrdt ingagdition to the first
[ 00129] Anot hgg exanpl e error condition occurs when the Source
Termnal incorrectly detects a sync preanble. In an exanpl e response,

the Source TéHa7hal dbi dys inkemctiomrisgrasy chschfsed HerdBDthees seaye bantirgr
a predeterm ned.nunber, of tected . sync _preanbl es vield the sane

Sahpre of f o epraigHTaEn op SRR RO RERIR 5 Rttt ARHE:, e,
Sour ce Ter mfslddwih@b&ebys plevee tegsarapisy o€ ther @mirizbadiadt holdgihe thersgomitg: to

none actual Ly LS LG, L1 B0 BASTR! 5 Leppones, e SO s e
along with the corresponding response description. One skilled in the art will recognize
that the crror handling described hercin may be equally applied to the source or
destination terminal in both unidirectional and bidirectional embodiments.

[00128] An examplie error condition occurs when the Source Terminal does not
deteet a transmitted sync prcamble. 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.

[001390] 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.



The Source Terminal would only trigger the MSD transmission if a
predeterm ned nunber of detected sync preanbles yield the same sanple
of f set est,] 'FI 131] Anot her exanple error conditio %{%ﬁﬁn
the Destin {I%O 48 nal does not detect a transmi ttedr}gﬁﬁ@g{?ﬁlg e.
I n an exanpl e response, the DestinationdZTerm nal does not start

decodi ng the MSD nessage, but continues transmtting START nessages

so as to trTageSoutddelspmital evoli®] Bhigatrigh&@ theiMEDI @dnemishion NBlR predetermined
transm ssion after. a predeterm ned nunber of START nessages is

recei ved (i REMBEiNGeeHed sperpmbitnidd b qeaneaple oL svipRifot her
exanpl e err ggogpndi t i Rﬂotﬁ&%&%&p%fbr%@ﬁd&&%écﬂf’st&r% tﬁ@m&?aluo? Terminal

incorrectly detects a sync preanble. I'n an exanple response,
Dest i nat i on dTesrmt nalecicie banbasttadheyne greaimbled IN!BID fdamalel mmnmedtel lyestmatlon

o olorp ! A etmh USRS RHAD Bre \HSR T O ! NUF LIERH FEMNAGESTARY

data, the Destination Termn ARSI SsT on
sendi ng STAREssmpss@gBdo tripgthle Sount:c@cﬂiﬁnahtmaelmlnit@(i}ﬂza\ﬂﬁnmhk‘rﬁfsszamﬂmIae

error conditi n occu stination Ter fal sely detec
o Sync pr eantsRECHRARD BT SARE HOHEn st Gkt By piranpl
I S no respoRsfiesdence the probability of this happening is very |ow

The Destination Term nal does not start nonitoring its received
si gnal unt i [[00182kx pecfBothersyramplsy wrpisPRAiipLAT VIS IR DcTdppm dlrminal

[ 00134] Anot ek, 8¢ et LAk ﬁ_ﬁf_&ﬂfﬂﬂet | A0 Qe ottpie r%@ﬁ’qet i€ Iﬁ%’rfa(ﬁgn Terminal

Terminal msinterprets a nmessage as a

exanpl e respgesvdes thﬁfreqeh@dI\D@B)tdaalrismr@sﬂy)ﬁlrmonmli gdwdaecy varkiensSBasacle
Ter m nal deI ys. the Lrans n H{nti recei,ves

nessage. I n gntg ﬁncorr'é@P egrcg]g%ghgle Besrtqu%on @E’iﬂll{l?‘iarﬁs%r? ’i-[ @ fhg MSD
ongoi ng, t heaSonissien HSecremimgBTdanay&qﬁg&etdtae Bolircallemdtdlon of the

transm ssi ol 135] Anot her le er condi tjon ogcurs when the
Sour ce Ter ni % hi si n‘fx@?b ﬁ%‘%ﬁﬁf E%&‘@”‘é?s“’!éeﬂ R@%eﬁ@ga&afgimiﬁal
an exanpl e FEsOB&Eots hfsyﬁdmed\ﬁme hRIRASHH%Sd R8s A Refallp tafdated t e is
Source Term nal ignores any ACK message. |In another exanple response,

the Source T8rigfReAsc PEd rﬂ?,fs prapabifpkof fthis Heppanig t§u§0fhé§‘§a§él§ Depfipation
been i nt er prehedaiake@ T ORT nﬁﬁﬁ ts lePeiV&L b@r{&ﬁﬁﬁ'@ %ﬁg 21%9 E
t he OUI‘ e er n puts

if the previous nessages were nmessages,
itsel f on hdtoth tha§owres Hemands the MSD transm ssion if the next

message is iﬁ(ﬁa f nt erR{]oethrde%s (ﬁg ACK ncf' t1§1§ Iolcl;ur gl%eél d{hgsé%llﬂp %ﬁn’m{]ﬁle

response, € previ ous ness as een | nter

Source Ter mrrnahteﬁﬁdftﬂhm tnhs’sagﬁﬁk ] E\H{tﬂﬂln&:ssagﬂ &f s0Beomtd YespdRe if 4
probability this even es occur, the

It
Dest i nati on ﬁﬁaﬂ%mmh?sel?%wa@ etg'\?,\ﬁé‘“f? gﬁ%‘ﬂ‘i‘%ls‘?d S daMThinseriong
a request Wyhill STARIivEESSIOERT message. In another example response, if the MSD

transmission is ongoing, the Source Terminal delays the reinitialization of the
transmission.

[00135] Another example crror condition occurs when the Source Terminal
musinterprets 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 erroncously. The



[ 00136] Anot her exanpl e error condition occurs when the Source
Terminal msinterprets a NACK nessage as a START nessage. In an
exanple r single NACK that is interpreted as does
not have gﬁe?/%eb?{i %on the MSD transm ssion. In anot he[p%gégén@g&?&
response, a series of NACK nessages tha43 are all interpreted as START
nmessages may cause the Source Terminal transmitter to reinitiate the
MSD. The Desidbalsitityast thieevenn &l lowplldvﬂwa@ﬁf iedqgee otour ths Danttha@ATenfigdl may
recei ving the i.ncom ng dat.a, rea{;i g this by incorrectly decoded

data Based HrnifipE ﬂ?“ﬁ@(’iﬂf‘@&‘?? de Y0 m&étfsqueftﬁ’é‘thj%jé%]ﬁgt@%e&r er ni nal
may request [§(N86]SOUr CENkBEME:DEpld @rrbficBAdificH @cdh€ WHeANSE Stk QN TB¥ninal
sendi ng STA rressages 00137] Anot her exanple error condition occurs
when the Sotrgeerpsstng MY pyagetr BTARE naERe misyeyemaks regpopeKa single
message. |n S I V] Qu a

i nterpreted %gﬁgﬁﬁlﬁggﬁ% f t&héTégﬁr gée%Tié@mﬁ%\Jgﬁéﬁgng ée} B bﬁg;\k&D
message. | ntramotisam. elaapiter rce&ppinsresponsfc i hveriqr ca”\/NA(EK n‘essaggethblaﬁc all

been i nterpt ted nessa rce Jerm
e her aoktipR s ST R REA Sy (BORRONOGE TR Rn oty b v,
ACK is ignoggdisbn mebeasmtlb@me@mﬂmcﬁﬁd LRRAPEE thid dndt Wi PFEMEQINNg the
nmessage has.al so been erroneoqus|y . detected as an ACK rressa%h t he

g

Source Ter niFAMIEaSAR SERZE @@h}él%ﬁ%‘*%ﬁ@ﬁﬂ%ﬂ% des¢fbayhe Feorrectly

Destinati on J@ued Rak, HEDIHaipe TehRRel MOF rdigs MRDSGREL SNl tEr h&nmate

probability of this event is low, however, if it does occur,

Desti nati onthéfaﬁﬁIﬁJéﬂomh)yS@élﬂﬁlstTlﬁéflémﬁéqur ansm ssi on again by sendl ng
a request TART pe g 0 ] er Lr ordi t.i gn
occurs V\he\rllm[qq}e%Sour ce e%mgﬁaéqpﬁem%é?ﬁtcéﬁl%{rlgeh 00%9%8 t% §°urge qgmlma

START nessagesinterprasn a e messaspa rmeACKhﬁeqSﬁger cla a"ﬁeemamp&l rewmnhej 1f1ﬁte

abort the transm ssion g{? ddi tltonalt nglgtnﬁ; versi ons g(fa{rth I\/ISD,l
si nce the uSTAIPYABSPT*EE ohdi TFOAM PSS a? &c 128y pice Hage
nunber of A{dRorRIBRAEK mehsal®r B SHHRL GUANRHIc RRPERGET tlﬂiﬁehﬂ&ﬁﬁi@ﬁs@éeeﬁhs
as START rre§sages the Source Termnal may reinitiate the

transni ssi oASCIERECHIESS P32 NAHEK mrestagprdhs §H“%Fﬁ‘i”ﬁ&4 Wit I fex %ﬂoﬁﬁr ACK. If
transm tti NenIBASHAS Poeshde léma %ﬁ&h&eA@KnﬁE P&t %@&%ﬂgh@rké ylndyeert ehdthde
that the Destinati on Term nal is no longer transmtting sync franes
and reset i exanfle reshensebif the opyiong nagsaghdes elsarbom sypneysly detected as an
[ 00139] Anot C

or oy A, ARG Sn Sl PO 180 RSN WIESRUEF Gyponen e
exanpl e res D@stscmnom Hernboalrize nEFeya*nrer@lveMInﬁ BiSEoedricathe  Thapsiubitityngl this

r edundanc er si ntil th es are_detected . ..
Lo aanlsY R o IRk Bt R o e RS Rl G| Bl renitiate the

transmtti ngaﬁmﬁmalnﬂ}%cﬁﬁh@ & Bl 69t WiitA BT AROUMEk @M Nt ual |y deternine
that the Destination Termnal Is no longer transmttin nc frames

and reset i1%dp$l the@%%?efs?’@ﬁ}ﬂlﬁﬁrff’ﬁrc?ﬁ@?% O8FE i VR0 § ource Terminal

[ 001401Anot blin@%RIP e AFK FhessRistd QPARGCHESagdICTh arh%xa%%é F&ponse, the
Term nal determnes that a recelved nessage 1s unreliable.

exanpl e r esﬁom@Tcmmnam@dcéwlab@rd thegteamanyssion péadiiiyREl rvésrghgesycrmm@ of
Source Ter

Lover wei gml‘l[%ﬁg {‘dentﬂ s&aPalfo?tE%hdﬁnlgg ésl;tﬂg %c Vét?cln ofqgﬁ'gaae%%m%# er 0
reliable detAé]ﬁrmamgﬂn If e @bmleeruemssetges gy aiteipfetainseVB R T basgagesothe

the count o rec ssages é@cﬁ;lre a l.arger r de erm ned.
nunber of uSPUET atEHb Cagee ik die, MEH chBudel e ReBE ahE Senbraion
received w U‘Bnﬁnﬁlexk/d)ﬂ@|‘;@)pd%n%ﬁhﬁg'ihie%geq| NTRNOb e T@ﬁfﬁﬂ&'\ﬁom&%ﬁé}ﬁ&@w
if the unreliable received ;{ages are NACK nmessages or ACK

y

messages, t Helcrpige that fb@r@ﬁ"iﬁ‘ﬁm rligplgE 80 {EeT SR Rg 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



[ 00141] Anot her exanpl e error condition occurs when the Destination
Termnal is unable to detect the transmtted MSD due to noise or

ot her cha Iy efdli tions. In an exanple response, aft ]

to decoder‘gsé?dggg%sgém ned nunber of redundancy versi on?,rCTﬁﬁtéﬁ)gm&ﬂg
Destination Term nal may request the So##fce Terminal reinitiate the
transm ssi on by sendi ng START nessages. In the reinitiated

t ransm ssi omestages Seudaetdeconady. nByenuméyt the DedustionnDeler it oxouldvsiaph
is less prone tao noise and ot her, chanpel .djstortions. [00142] Angt her
exanpl e er r §AEGHEE WS?‘?a%eécu&Ee \ﬁﬁ@ﬁe?ﬂ%m Lt"f%[;{{ FBW%“FQ& eltﬁﬁmlll‘?aﬁ’ﬁbfhe
eval uat e t h@cuaietiup Tehenal isCY [REE Yanshilttiap sG¥AMRMEs BES PABS Bsclf, fthdrély
Destination Term nal considers the wakeup signal detection

unrel i abl e, SPPRESILSE rEHEIPIEE. (or normal ) nodul ation nmode for the
first trial gf48emdubatingg ks WBRoHakAiiER TocBRY HidietheS8hur®l Torminal
predet er m néd nuﬁber of rec_gi ved regq%anlcl_y ver S|¥ons of etﬁeurNBD dat a,
t he Desti natdFigrmiTey fhahal repsiycdu swssage is abredieblopdinl at icwamplodesppose, if the
denodul at e . . T i sclosed herein IS an apparat
and ot hod STEOPE Mt RR Lht eatel RS SERT TRl 2o AP RERE R B
t hrough a spemtihble atdasagen bat witheh dewerc amghtihg didt@nthay Sf el mbbages Gkre
skill in the art would Frtgerstand .thatr i nformation ang signal s may be
represent ed TERSTVRG VAR THa e@%‘?m_&‘faﬁmﬁf B?’ PYLSFRGRE IR 9 PRETES %?ﬁélon the
t echni ques. cb@it E@*aduRled, mékadpds Wil Sbduietd RASr pRABTERRESd nlRb&r SBldrQkble
signals, bits, and synbols that may be referenced throughout the
above descr iMEFa8RS FRASVEEVEEISE S8 inessagsy WenT teagjeed withyprralmble determination.
el ect r omagNg} b o MBS Smp RBAPBAICC iff helibkSlifle RRL Rid R@lcK |

or particles, o? any cgrrblg‘ﬁatélebh tt(ﬁer &0 .e%j%éo%c%ﬁ%ﬁ%ﬁ %%g%a{ %quaes
enbodi ment s ca A€ Kdwsssagdsatliec Sacp T ¢nmardl mayiignorethesnesfages. Wi r el ess

conmmuni cat i tem ,t descri bed techni ques may b .1ed :

SR (17 | SR s R e e PR R SR
(non- por t ablieynadte tddeteotthé tasiecdaMBDrdk &s soishannidr chiReldidbihas elnofm
skill would further appreciate that the various il]u traLive Ic(l)ugi cal

bl ocks, mod§FEBPIC EFsPRRCy ATter AamRTEL 19§97 f dpeicisamiosd Buggberof redundancy
connecti on Weksibnt, hereenB@dhtiRN remdha Chos eguar @k s Paniind| eimpiede
as electronic hardware, conputer software, or conbinations of both.
To clearly ifapwRissian by seiding HRARTE mesyesbi Ini thy ramitipad dapsndssigrg the Source
software, Vathfiusl hhy URLhEldos: GAIMRAS KR iPlc3C3ne IR ok EttlrinE:
and steps have been ‘descri bed above generally 1h terns of thelr
functi onal i Wdystortirst her such functionality is inplenmented as hardware

or software ds upon,the particul ar .. licatipon and. desi.gn .

Conerrai nt o IPAAE0CS CRAMRE"GoRRI 1 Bh4RRP bt B PP SR AR pormina
i mpl ement  t kenme seitidietic fmakatp vfal tdrectin adnydxagpbayspohal if@lﬁcﬁ]bf,stination
particul ar |ication, byt such inplementation decisions should not
be i nt er pr etémize EQLIRG! Héﬁ&ﬁ@@%_ﬁ@?ﬂ%@é@%@@% brenpeS Sheeehior
invention. [GRAAPMbBGaNG OUS fdrl thel irdt afidlVer deaBlG@lindtRMSD dRAUEESany
and circuits described in connection with the enbodi ments di scl osed

herei n may [98°F #5108 gwrrdstgmaincd apmbgrad dcogiven reduadarey sprsiony plose MSD data,
processor, bt & onSt i [ ckflcC
e BCbihaloy A APERSRER O AEL LSRR BRI
ot her progr dMEB) e | oghws, dissricsed hdicgrriete gwpetuerandr enethodt off rdlielycand
di screte har re c Qnents,, or .an onphi nation_t hereof designed to
performthe e%@%nt%?'o(r?lrggs e@:n i 513% Hlé'rb)érilcﬁ. th}fuﬁgnér Peeﬁﬁr E)%Jseg bt oTe¥E6F*S
may be a m eoopfaiessosystebuThbde dfkRillah ey aratvowld, untiéteaid Haehsematidyatde
any conventional processor, controller, mcrocontroller, or state
machi ne. A ﬁ‘r&‘i@és‘gi’% LPPLEPRide é“?&_{ﬁ%@ﬂlﬁe@”ﬁ@’ alg éibtjﬁ%?fﬁaﬁeF}Bwl%fes and
conputing dexhiRges. Follexanhl& HARI DALLARNYS cotrkddlls, ARG rRatiBnC 51O ARS S/Id
a plurality of mcroprocessors, one or nbre m Ccroprocessors in

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



46 and the storage nediummay reside in an ASIC. In the alternative,
the processor and the storage nedium may reside as discrete

conmponent SyhRoR e termnal. [00147] The previous desGiiRlishig d he
di scl osed enbodinents is provided to enabl e any person skRFF dmﬁﬁlthe

art to make or use the present inventioff Various nodifications to
t hese enbodiments will be readily apparent to those skilled in the
art, and t herigeribr ncempns ofcd pirelsssd@hmedcadion eystemethic descapg@l feelthiqu@s may

ot her enbodi nent,s out de rting fromthe s or
ot ent Foo O TRk SOt R B LR RO S Rk it e ORG Rrab By
to the enbodbmBﬂhﬁdﬁ@@mmwhﬁgﬂmﬂmbut is to be accorded the w dest
scope conS|stent with_the a;}{ﬁlples and novel  features disclosed

011 S5K1

herein. 47[¢lAths  Those Wl Yt st 1thalgthe otFiews dlgshntivg

transni ssi onsgidal BIPcRs, SVHLES, LiRLMH, Ak aig@nﬁ‘ﬁh 5Byt a Ik BoHHeER Qﬁh the
system the nethod conpr|5|ng detecting a request signal at

the source cebadiments digsdased Acreiempe hodsplenicgipdias cloctongirhariearso porgputer
term nal or N ﬁ‘gt bp%bﬁ@fha{l sm)in%hth To clearl 1ﬁ {Q ht1§ r}g ?angeabﬂ %f
gna upon de t he

synchronlzatlon Si romthe source ter

request si ghatdware and softwm&pefamceﬂhyuatmammmﬁmags ablmske,rmdaﬂa segh®eind
fromthe source,ternin ing a flrs nodul at

il oot nor TSt bR g o fthbBly A Sbt R RS e Whethes o
afirstr EC%ﬁtﬁdnﬁit)gn:ahm?m&ﬁ@di s tHa@dvbdre r do@Gatey B6heBdOORIn kHedhaat B
a successful reception of the user_ data segnent fromthe destination
terninal ; aﬁaphcaﬂon and dsfEn RPHE TS TBPost ik EherRYATH [t stem- SleiHeshrtisans mpy

source ter MiRAkmbBCHRE R riBe P ERGESRAR fﬁ%nflh@t%ﬁfzs R ActSHRa8a" &éa 1%{#

signal, wherein the second received signdl Tndicates an unsuc
recepti on ofout sueh irsplemenistionsisgivions siionlshmat be indespeiadas pmﬁmtge‘erdwmalre from

ek Sy, T oduest sional 1 @ start signa
[00145] The various illustrative logical blocks, modules, and circuits described in
conncction with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the altemative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
Or mMOore microprocessors in conjunction with a DSP core, or any other such
configuration.
[00146] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CDROM, or any other form
of storage medium known in the art. A storage medium is coupled to the processor such
the processor can read information from, and write information to, the storage medium.

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



3. The method of claim 1l wherein the request signal is a user
initiated action at the source termnal. 4. The et hod of
claim1l request signal is a sensor signal q;trrl%;j% he
source tmbﬁg@ng&% 5. The method of claiml wherein t @g@tﬁ%b&o
transnmtting a synchronization signal i46preceded by transnitting a
send signal, and discontinuing transm ssion of the send signal upon
det ect i on ofandthehtorabermeaiiin etysegdrah an ASIC. In thmﬁeamitﬂve ttheprbbésscd and the
si gnal i ndi ¢ tes a successfu J %C |on of the sen fromthe

€ as disc g ntr

dest i nat i on PEISFIFAfUIT Mg Tes! ecﬂﬂlp% ‘Stal}’sser ol I'ing

source tei ni@ouab] tr anshi privids dﬁ:fc@iﬁi'tléh 80 dicCisdle¥el diiblodinien@iisi floHadidto
conmuni cati on syst em conprl si ng: processor; nenory 1 n el ectronj C
communi cat i GARRME RRY PR skitled é%rthe é’ﬁd‘) make or' pgsthe JEeseBnEIveitione & afinus

the nenory, nﬁJ@ﬁidaﬂ%srtHQﬁésQ@&b@&%ﬁts%ﬂ%lrgad%' aﬁﬁﬁ'&ﬂttb Bihst Qﬁll@& £PSe 9,
any of the clains 4, . “An apparatus for

controlling ag@ﬂmwn@r&mn@mlcsmcﬁnm@@nm HCratDde%d tomtiras embedimicntalwithgut

an i n-band e is
det ecti ng a%rgégmu@sﬁ% tgﬁal? yﬁ’ ﬁmégggﬁhﬁgé%gg% Aoy, ﬂ%@nsseen{] %tﬂfﬁnnon is not
request si grmattandesl t6 bolmtttrbtogbeicraBodiments stawndierdn Beds fortatadceordddethenimidest

scope consistent with the principles and novel features disclosed herein.



means for transmtting a synchronization signal fromthe source

term nal upon detection of the requesjysignal; means for
repeatedly transmtting a user data segnent fromthe source term nal
using a first nodul ati on schene; means for discontinuing

transm ssion of the user data segnment upon detection of a first
received signal, wherein the first received signal indicates a
successful reception of the user dateArdgnent from the destination
termnal; and means for switching to a second nodul ati on
schenme if the source term nal receives a predeterm ned nunber of a
second recei vetd @i gmealhqd wif erosimllinge sawoon ricinmed etramethissignsafroimdi satres

an unsucg&ﬁﬁﬁﬂhmgﬁgfﬁﬁhQBnﬂ&ngﬁﬁ?ﬁEﬁ&%gﬂﬁén&%&ﬁ%%hﬁﬁ& t he

destination term n; } apparatus of clfaim™8, further
conpri si ng meafedting a fegnestisienphy the sevrge srapnal. wherein the reqpest signal is

synchr onifgat iRRosrce Rdinad Bela dbtmanén Rihid@l;t ransm ssion of the send
signal upon detecti.on of a third.receive erein the

third recei ved &SRSy ncaioazaton a&%@s‘g@ﬁitﬁ?gl&%‘? SR \A‘J‘gﬂ’é deleRigon
si gnal f nothetrbguadesiidatat i on term nal .
repeatedly transmitting a user data segment from the source terminal using a
first modulation scheme;
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 the destination terminal; and
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.

2. The method of claim 1 wherein the request signal is a start signal detected on

a downlink from the destination terminal.

3. The method of claim 1 wherein the request signal is a user initiated action at

the source terminal.

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 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 signal indicates a successful reception of the send signal from

the destination terminal.

6. The method of claim 5, wherein the send signal is comprised of a

synchronization signal followed by a send message.
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7. An apparatus for controlling source terminal transmissions from a source
terminal in an in-band communication system comprising:

a processor;

memory in electronic communication with the processor; and

instructions stored in the memory, the instructions being capable of executing
the steps of any of the claims 1 to 4, 5 and 6.

8. 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, wherein the request
signal is from the source terminal or a destination terminal;

means for transmitting a synchronization signal from the source terminal upon
detection of the request signal;

means for repeatedly transmitting a user data segment from the source terminal
using a first modulation scheme;

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 the destination terminal; and

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.

9. The apparatus of claim 8, 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.



