;e3e~] { XXYTZXD[\ 64] T] Ucl Docket No. CMD3722J DATA CHANNEL PROCEDURE FOR
SYSTEMS EMPLOYI NG FREQUENCY DI VERSI TY FI ELD OF THE I NVENTI ON [0001 ] The
Cinvention relates to wrel ess system comunications. Mre particularly, the

i nvention rel a channel procedure for facilitating the delivery
of comuni cat ?]m@,mw digital devices that utilize frequency hoppi ng.
BACKGROUND OF [ 0002] The w rel ess industry h&sckgrofiiad a

tremendous pace oVéPlstthe past few years. Wrel ess communi cati on has becone
a standard part of every day life. Most people utilize sonme variant form of

wirel ess comuni @ATACHSNNEIRPROGCHDURE EORS YSTEMS® EMPLOWING cat i on
(GSM, Universal Mbile Tel ecomuni catl ons System (UMIS), Carrier Detection
Mul tiple Access (CDMA) and S80ZrREQUENEN DIVERSPEgt s of daily living.

[ 0003] Generally, radio syste re esigned T1or a certain area of coverage
or footprint. These areas are generally referred to as cells. Cells enable
the reuse of simlar frequencies by nulti El € sources to support services in
nmetropolitan areas that are s e geographi c size of

cells are not necessarily consistent throughout a given area and may vary
due to frequency and power |evel, topography of the area, tine of day and

o) forhg) nmuni catl s MW thin t “(E\ e, cell take advant alngg a M]cept
known H90BEnand A53|g ﬁ‘Mﬁ“ﬂoBI’é o b ViF §YStHANRTERL BT 1sonf‘r‘ul Bt e
devices to access a network in a shared rranner on a demand ket No.
CMD37221 bapaticulgdy dgl inyentigayredases tracdpta channgb pRsedursnfos ffﬂ?lh&%lngdh%

first serve basis. Wthin a wreless network, there are a nunber of ways in
whi ch mul ti péleveag ofzsmenicdionp bawiedredigital denites that gtilizst frequengyolwippbsi ¢

| evel, there is a Frequency Division Miultiple Access (FDVA) net hodol ogy,
which is essentially the m ')J__I’]b riggmws conmuni cat i ons,

gi ven that each cell nust =3 Dd—gfyﬁ f o avoid |nterference
anong wirel ess devices. [0004] Yet another conmmunication net hodol ogy which
is relatively new and has its root in spread spectrumradio is known as

Code Dygopgj on Ml ti pl ehd\GERRSs (fdY haSRIGA af PefehichibliApice SRf emdpast he
bandwi dth of a transmtted signal over a spectrumof radio frequencies. The

conbi ned spgg of. €S, | I at is
required tOFS“LB%%%t WLglgénsa?ofrnﬁ)I\% S&F tl?agnb}r%&gglaaoaxn %anoqeerve{w&%pr%ad
spectrum us echni ques narrel Y., Direct Sequence

Hoppi ng (F OST He PP fgf‘plyé%%i“sfﬁ%’%ﬁf JHFgless OH%%%?SQ&SB&} m‘%’ge in
whi ch the narrow band signal is spread across a w der. carrier frequency
band. In ot ﬁﬁterwofpaMohlkecmnapatmw@%h B vessalo Mpkip Zksdeqommanrieationt s

each of which is transmtted across a wi der Garner band frequency in a
redundant n8ystem (UMTS)p Sakier Pesgction dMultipter Acaekm (CIOMAS. ankiL802; I ia various
transm ssions can then be supported. The transmi ssions from specific

term nal s asgpetdontadifyi@dn@y a uni que code such as, a 10 bit code that is
pre-pended to each data packet. Mst newer technol ogi es such as CDWMA,

802. 11 and cordl ess plications use Direct Sequence Spread Spectrum

( DSSS) [008Blvever, bl uegpmsﬂlﬂw aptio sYRbeTpy 21§ <lesined, R @icSHaiared YlcCoNPagRBhCy
Hoppi ng Spread Spectrum (FHSS). In sonme instances 802.11 utilizes the FH
node. FHSS fooyminteTheseaasas s=i gamewdly ghferred boras tesllof Gels leatte whe teuse ohie wi de
band carrier over a 2 Docket No. CWMD3722J range of frequencies.

Essenti al | ysindila fre§psneieh by eiulfpié soeeed wedu m;)abam sérvives onmetropelitemaneas thaanot her
in a choreographed hop sequence and a nunber of packets are

are some distance apart. The geographic size of cells are not necessarily consistent

throughout a given area and may vary due to frequency and power level, topography
of the area, time of day and so forth. Communications within these cells take
advantage of a concept known as Demand Assigned Multiple Access (DAMA).

DAMA enables multiple devices to access a network in a shared manner on a demand

Hll\\llll\llll\lll\“||\\|Illl|l\||\lli ' !
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sent at each frequency. The hop sequence is controlled by a centralized

_ base station antennae, in the case of a |and nobile trunked system such as
cellular. An alternative node of comunications may be required when a
cellular systemis unavail able, due to busy cells or |lack of coverage in a
given area. This node is commonly referred to as "tal k-around” or "direct
node", and allows two wirel ess devices to conmunicate dir edbdyNsciidzzDne
another, simlar to ordinary tw-way radi os. An enbodi nent of the present
invention is directed to this tal k-around node of operation. [0005] Wen
operating abaﬁé.gﬁas?&‘lgg déb\ri‘cetsi&@cédmﬂe%ﬂfs‘"&ﬁ oRU fifsEEhA 6 sERQMa8)s, GPfihSi ON
for Conmmuni cation (FCC) band of 900 MegaHertz and 2.4 G gaHertz, it is
necessary to prevent interference wth o user s. of S +.. For

i nst ance, tﬁe”%%ﬁssl\%ein%&ﬂ?rg e 4 ?%wrbobfl\ggﬁsdﬁlecs@lc e égﬁ%engéﬁgﬁggfﬁg 2.4
GHz Industrial  Scientific and Medi csl _blancl &I@SI\@ iFs utilized .béh)gEE 802. 11
or bl uet oot Bravifgdtp SR-users eAbths TeRst Pasikslevelnhsreds @ brgdveneyt rvge URSn be
achieved by utilizing spread spectrum which as previously discussed

conpri ses D3ctess {HDMYy)ymethofelogmominioh éggsserftiptipahe serting peinttfor adevisflesseasons
the range of voice information transfer using FH is sonmewhat |limted. There
is a need fesmmudrRhaordsealiwehethiao eschpeelivinidst foenephrated By dregppidiesatd ansidsuch
as, text messages, multi-player ganes and GPS | ocation infornmation.
Furthernore;,. mqm{(ﬁg Jidd188 db@kedat a transmi ssion can be designed to
exceed that of voice, 1T Is possible to send text nessages when voice
functions are no | onger operational. For exanple, in the case of a cell
phone {00041 her voi ce et anothdr coommamcatiahimethokdnlogyeywhichas raatively ngwundt may
be able to receive at 3 Docket No. CWMD3722J least a caller identification
even thoughnhidfs ¥eotCia §aédd dpecinitauddibl ie -knbivnaasnTodd DivisioNEMuBiple Wctdsst hus
be able to identify the party that was attenpting to make contact. [0007]

The avai | abygdy of V. : i b &4l S40S 51 on of
bl ocks of -alr R A S B AR EIRR b RRIA B b A R RRTES
private identificatjon.needs to be . reliably transmtted .In:.attenpti.ng to
acconpl i sh F%qciram 8% tr?ddﬂsfﬁ"foélgp(aﬁs' ofﬁﬁr f?@?léeﬁi 38?'&%?'11“5 é’itria s frgél}epgﬁaﬁ 15
problens arise with respect tq signal detection, transm ssion nessa

. g
| engt hs, coRwaHy caichokidenihge whakis regrired ip isppRagt {hemagewrbagd dememission Pt he
frequency hopping set. These shortcom ngs are related to data conmuni cation
| i mitation, thel sigrpl.WiSpiead speatmauirses twn ttechoiquas eamely, Directoidiquender(®S)fand t he
FCC, addressed in U S. 47CFR part 15.247-15.249, as well as, simlar
regul at i onsFiequéidyoppmIFH)e In bAst, BiScipreadispedruns isca paeket hdio tectmyquiedm and

met hod to address the use of frequency hopping for data channels. There is
al so a which the narrow band signal is spread across a wider carrier frequency band. In
other words, the signal information is organized into packets, each of which is
transmitted across a wider carrier band frequency in a redundant manner i.e. packets
are sent more than once. Multiple transmissions can then be supported. The
transmissions from specific terminals are identified by a unique code such as, a 10 bit
code that is pre-pended to each data packet. Most newer technologies such as
CDMA, 802.11 and cordless applications use Direct Sequence Spread Spectrum
(DSSS). However, blue tooth and the present invention utilize Frequency Hopping

Spread Spectrum (FHSS). In some instances 802.11 utilizes the FH mode. FHSS

involves transmission of short bursts of packets within the wide band carrier over a



- need for providing performance gain and reliability in the transfer of
data. BRI EF SUMMARY OF THE | NVENTI ON [ 0008] The invention relates to a

" system and nethod for use in wireless system communi cations. Mre

particularly, the invention relates to facilitating data comuni cati ons

between digital devices that utilize frequency hopping spread spectrum

coding. The core of the invention is the devel opnent of a fegqueneyrhiopped

data franme which reliably delivers a single data unit adequate for the

m ni nrum data size required by a given application. For exanple, such a data

uni t m ght ga 6 \fieg@ericidsd e rlgséntiafly) o nranbaitter Byhdapgrkeivien chdpo iy cbner r or
correction and repeat 4 Docket No. CWMD3722J diversity, reliability and

per f or mance I e i peat ed
data on i {@S?&C?#ﬁaﬁéﬁéﬁ 08 o TP o RertERAA b AP O Do b
systens, the ad benefjt of frequenc r5|t

Y equency. ARVRACFIS RBSTGbe The PP segubiErs Snolib: & Feli Uty b ion ang
uncorrel ated channel fadin This basic data frame can be utilized to enbed
data (such amtemnageistee caw&m lppdmpbile, trppked syspm sueh e efillars femaliegnativgi t al
FH voice transmission. In a further aspect of the invention, the basic data
frame can bmodentatmrnixdtionst mapbh esquircd wiewaicdBular systqmn dx enavailable, due
transm ssi on protocol between FH devices. The nethod of the present

i nvention ptcpyusqe&upf)f ladeRef epRialeiif A wiht &4l €Thib énddeX e domMeiondy keferred to
infrastructure, utilizes a weighted pseudo random generator to de-enphasize

the selection-Qfi kBEUE" 62 dircSPhidRc, LRAUABES B0 Wirdlesk Id@VRE BSLAmAREKE! and

transmits data tr packet's using pseudorandomy or requencl es,
thus realizin uenc ver.si.t is nmethod applies to.t 0 re FH
dovi ces corfHHbAFI anf‘d¥9°§ S i TR AN TR N g
on a network, for exanple_digital twway data/vojce radios. BRI EF

DESCRI PTI C]\IPGSC“FFE’GDP&WSN@SC[EQG@QTS ‘ial@o‘l“‘? moge pf Watmnagr am of an
exenpl ary wi rel ess comunication systemin which the invention can be

G oot 08Rhuni cat i on cURG arpEs? Ribn g A tRbAal S SR PPl ) '
coor dance. BPPRRERE (oRGEREBHaIS: (RS o(300 MlEkmHsas plorbprestirzah s o

bl ock diagram of a representative digital channel procedure for

i mpl ement i nif NEGESSERYSIODTE YR LBerEsFenss pEt otdst users afntbe spmo Papd.FFer insianges an
illustration of frames of a conplete data transm ssion protocol in which
there is a thededhdivi band & oslizedi bhoatdlashdclephpmes tandrthef2.4 KeHadsdwstesl and
[0014] FIG 4B is an illustration of the inproved scenario of the

invention, geipntefid i MedizeBbdnd (M) B dtBized BRTPEE 802 4¢ &l bhetdota spEait on
signal in which there is a padding with zeros along with repetitions of the

ent i re essageie.DRIALED IRESCR! RH ?h‘?@:ref{déEcANE'\EEh@%& 492 sprugnt | or

provi des a uni que system an handling and . t ansmt g data

commant cat | DEETUBaM R 2o kR P PR bR 301?%*?*%%&%%3? Syetem

conmuni cat i ons between di gi taI devices that utilize spread spectrum codi ng
for thmooe6] For a multitude of reasons the range of voice information transfer

using FH is somewhat limited. There is a need for a data feature to cope with
functions and applications such as, text messages, multi-player games and GPS
location information. Furthermore, because the range for data transmission can be
designed to exceed that of voice, it is possible to send text messagés when voice
functions are no longer operational. For example, in the case of a cell phone or other

voice personal communication device, the receiving unit may be able to receive at



transm ssion of data. [0016] Referring initially to FIG 1, a bl ocked
~diagramillustrates a wirel ess conmunication system environnent around
whi ch the invention can be practiced. It should be noted that the present
invention can also be practiced directly between devices that do not ever
operate in the illustrated systemand will be discussed with reference to
FIG 1B. As shown in FIG 1, a fixed portion 108 includes d¥&dtr “MBre base
stations 106, which provide comrunication to a plurality of renpte user
equi pment 102. The base stations 106 coupl ed by comunication |[ink 116
preferably testracillenidentifigatinn eken theegh hgpismeall islioaudiblel iAtiangindowmethei onal
radi o frequency 6 Docket No. CWMD3722J techni qgues. One or nobre antennae
104 provi deugpwillthusdie able thridentifhhelpage tisit atas anemptify toandkeconaunt e user
equi pnent 102. The base stations 106 preferably al so receive RF signals
fromthe plurality of renote user equipnent units 102 via antennae 104.
[0017] [OQQE] fixed portThs avslabHity nef dorsysienc Andosrethed Wer pravide | kliablepl ed
to a public switch tel ephone network (PSTN) |10 for. receiving and sendi ng
messages t otrandmeissiote\of cidotkspess dhthkie reeiiegshod®r lkamaled anonpginetingl apbbil€al | s
or information initiated by or destined for a renote user equi pnment 102 can

be recei veddp¥cds pRiva@i [Rhelcdtion Meadd @y iteeretitbll @amsig@Phaneatikinptias to
conputer 114. Those skilled in the art recognize that alternate types of

and' the | nt Seaeeran siaple Rni R Rl hon, S A My LW

information to the w rﬁl ess. network 100. A con‘?uhgsr such as .con})uterd114
can al so sefssBechdo signal dstegtion, BASPYEHION Mmepsage Jqngihs. Sommupicafion, Langs 4n
information utilized by the wireless communi cation system [0018] It wll
be further HRfsr&tiizgation affepquensdesiinthefisayaneshepping ehblese shotqpspngs ges of
W rel ess communi cation systens including dispatch systens, cellular

t el ephone syedatedro data commpaication Imitdtiom alengseigh the reguirements pOoeefngthe 1B
illustrates the alternative comunicati on node of tal k-around. In

t al k- ar oundgiidéignest foP ti FOU, ddesRienUySs. IQFRppRNt SDA2-15049y as cadleas,
directly with one another outside of the network. This invention provides

particul ar g T co 1 i Jpment
102 I par fHA sBERZiInR I CoRlles AT Ao S ReelERE o SRl 4l

hat ar o not el eRd MR s eedt, FASeREF Rinsdt o ptifabts, ekt gt °°

exenpl ary renot e user equi pnent 102 that c be utilized _for the
P Y need for providingq performance ga%n an relia‘t?iﬂty in the transfer of data.

BRIEF SUMMARY OF THE INVENTION

[0008] The invention relates to a system and method for use in wireless
system communications. More particularly, the invention relates to facilitating data
communications between digital devices that utilize frequency hopping spread

spectrum coding.

The core of the invention is the development of a frequency-hopped
data frame which reliably delivers a single data unit adequate for the minimum data
size required by a given application. For example, such a data unit might be a

device’s identification number. By applying forward error correction and repeat



present invention will be discussed with reference to FIG 2. [0020] FIG 2
illustrates an exenplary renote user equi pnent 102 and its various

" conponents. The renpte user equi pnment 102 conprises an antenna 202 that is
utilized for receiving i nbound nessages and for transmtting outbound
nmessages. The antenna 202 is coupled to a transmtter 204 and a receiver
206. Both the transmitter 204 and the receiver 206 are couBpksNo @022
processor 216 for processing information relating to outbound and i nbound
messages and for controlling the renpte user equipnment 102 in accordance

wi th the indieatsitpnrelisbiligeand perforfrmoee 24i0 dre regized.b| Kurtheumoredby aepedating
processor 216 for providing user interaction and feedback. In an enbodi nent

of the invegidednnd réiRatéd fatd ot Rftilerédenciof Rk iseguided insPlegyendly Happed a
keyboard 214. The dél?rgpl ay 212 pr o?:kges a user with operative information

and feedbac e qRf s S to
provi de inp{?ﬁ)osgmr g{sgbo}{r%se to&?[lgg%?%gggs B&%?O&L%lﬁl ﬁ%leg F% g?/stems
for user in eractlon 0_acc

obj ects of HINEFSIhPERY %ﬁmml%})?@?éﬁ l%tggﬁepcéﬁ 3¥°1%'§e aBﬁd\‘?F%fé@‘:‘T”g \?)@I?ﬂes]onal
timng to the processor 216 and ot her conPonents of the renote user

equi prent  10gingpr JbissBasiy dpd Fame senelp BYlitelpepbed data Gyeh iag zdRYihcti on
with menory 218. The nmenory 218 conprises software instruction and data for
pr ogr anm ngidamitierpar athengptlivatiomsmetah assdigitaddil poeattrabé@issionacloos dathee wi t h
the invention. Renote user equi pnent |02 operates to communicate to a base

station 106;@ect0bthle MOBMIdH, YBE badiélWafdRae 104 beRegivatthe®s with tofieers a6 get it
beconmes necessary to transmt bl ocks of data with a high degree of

when voi ce PP edER G Fuddifie f&ﬁf%*%ﬁ%?" PR %@M oren
transm ssion of data.will. be Uss¢ referenc " _In
particul ar, Tfn PESCHEniRENHEMt p&?}*"d.f% encfﬂeﬁaﬁlof‘%eo 8‘@? aﬁF Wgng?ﬁw&]f on of

a basic unlt of data, such as the originating nobile equipnent's prjvate
i dent i fi cat infistiucturepatibzesc s sudighted pagiider randpm,generaier é&uﬁeeém phagige 39 t hose
skilled in the art that the system and nethod of the invention are equally
appl i cabl e gedectivhef kdewn call sctep reqienaies tiertiraneissige Packee ard tahymits gasa dat a
associated with the identification of a nobile user equipnment should be

recei vabl e giffi¢giarkdt® Wsib Givahddrandiail g ordaéd feqiendiay, thus redliabrg fiequdacy t here
shoul d be sone type of communication that can take place when the SNR is

not hi gh engugh Or’l‘hgsoﬁl‘é \69' zﬁ;?h&ﬂ‘f%“ c?/ or Hor@FHaﬂethce's %oHﬁiﬁM@auﬁg dlrectl

intelligibly hear the ca uring glta v0|ce oper ati on, e ca

party shoul d{tgteﬁ%l]eﬁtzxt k E eé/)%{ ggmmuglca W§k H)%%;(Emgﬁydlglltaﬁ nghoose

to conmuni Cy

way data/voice radios.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of an exemplary wireless communication

system in which the invention can be practiced;

[0010] FIG. 1B is a block diagram illustrating remote units in direct

communication outside of a network in a talk-around mode.

[0011] FIG. 2 is an electrical blocked diagram of an exemplary remote unit in

accordance with the invention;



messages when voi ce communication is not feasible, and the delivery of such
nmessage is nmade nore reliable by the present invention. [0022] In order to
" achieve the goal of reliable delivery, a Data Channel Procedure (DCP) is

i npl enent ed wherein overhead is applied to the data information signal. The
mechani smused in this process may include one or nore of forward
error-correction (FEC), repeat diversity and cyclic redundaneyNncheeik ( CRC)
code. [0023] FIG 3, illustrates a DCP designed for systens to achi eve
frequency diversity for transm ssion signals. In an enbodi ment of the

i nvent jgpiz) t he nodul apiErs X8l 16ck dbgrinZsit fefresdht@iviehiigien aharfriet proeedyre Shi f t
Keyi ng (8-FSK) at 3200 synbols per second, w th non-coherent detection. A

synbol , resplt rom.: Ll qdi Lt.s. of data that are to be
transm ttedEorIlﬁp[eﬁ%eg}lbgEnse{gr&gl?ef%hg%’gggﬁh@%@%%g,hﬁlg’n operating frequency in
the 1 SM band of 902-928MHz with a frequency hopping 9 Docket No. CWMD3722J

carriefpoiBpci ng of SOKIG. 44 islahliiletdtioirat frahep-of el canplsiesdaa afansbisgan ner s
and because of FCC regul ati ons each of these frequencies nust be uniformy

utilized. [ : : i3 i ck of
data o i s Dbg! TR (RRRETE: Blatgoriye dos MRl P deheuBn S Ryhe et
nmessage or So other data. To aide in the description of the invention,

vari ous not ¥ ons and synbols are utilized in this discussion. For

i nstance, a vector denoted with "S" refers to a vector of bits, while a

vect or gggpt ed with "fi¢. 4Bfiens il@uativee! de DhiprBvédSicenytidof she Sivbstor, pts on
the vectors are further provided to represent functions that have been

performed op, t Y - FOL: | I 0% o Sond] il hay the
fGata bits ofeifsEhein b KRMRCEpobRuLsk Raifion Sl M WARARCEIR | o
t hat CRC has bgen Fﬁrfor d, F iqgéjécat{[e@ that flush bits have been added
and "R i ndPaagingwith zeros glong withyepetons ot the gUie Messeehner f or ned. [ 0029]

Turning to the illustrative DCP 300, a stop bit is added to the 34 bits of

data ~at step 304, T gt ATEDDESERIPTIONOKTHE INVENTIONW ng Lhis, a
12-bit CRC is perforned 9 utrfrzing a generator polynom al [0026]
g(x) =1+ x +x2+x3+xJ 1+ x1lz[0027] to yield a 47-bit block Esc.
[0028] Because a convol utional encoder with four menory el ements will be
used, [@0155 necessaryThadnventor providss abmﬂfﬁleoﬂ‘ysﬂ?ék%ﬂ@sm&%@dafﬂbmagtaﬁdenabl e
t he convol utional encoder to finish in a known state. The four flush bits
are appendegammifirgp d3a8bdtweérn @emate bindbild moits.EsThe dngintien as bApplikablSAF of
length fifty-one. At step 310,

wireless system communications. Particularly, the invention relates to facilitating

communications between digital devices that utilize spread spectrum coding for the

transmission of data.

[0016] Referring initially to FIG. 1, a blocked diagram illustrates a wireless
communication system, environment around which the invention can be practiced. It
should be noted that the present invention can also be practiced directly between
devices that do not ever operate in the illustrated system and will be discussed with
reference to FIG. 1B. As shown in FIG. 1, a fixed portion 108 includes one or more
base stations 106, which provide communication to a plurality of remote user
equipment 102. The base stations 106 coupled by communication link 116 preferably

communicates with the user equipment 102 utilizing conventional radio frequency



t he bl ock ~SCF passes through a rate 1/3 convol utional encoder. The encoder
10 Docket No. CWMD3722J) essentially converts bits to synbols, using an

" 8-FSK mapping. In the exenplary DCP 300, there is a mapping of three bits
per synbol however, because there is also 1/3 coding taking place, each bit
is ultimtely represented by a synbol after the 8-FSK mappi ng, thus
resulting in fifty-one synbols 1 (0029] The next requirene®bckakX. @Y s t he
need for tine diversity, which ~~~ill enable nmultiple instances of the
nmessage bl ock to be created. [Ji order to create tine diversity, the 51
synbol s of gtkiqEb0 GHetormegie ahRindel N provigs coriinugiceporBfrdmythe badengatidnb
synbols 1 R A single synbol is added on at step 314 to create a 256 synbol

| ength vect g(56 to e réMflote Rs& é‘ﬁﬁ . gﬁﬁ?ﬂ% B86de stations €06 ?Pef&taﬁﬂr ﬁgfgrgEQVth ain

a length-256 vector | RSI. 32 tinme interleave block provides

and ot her s Retelfis TR e Brifihore G R T Shel o’ 2 19

nessage by re-ordering the signal. The next step is the application of

frequempy7pi versity. TROBREd péfieh 08 Yf dhe/ Edriintiic iR ! rRBwbitkel 0Bbik Icblipled O
i nprove the chance of successful delivery of a nessage bl ock, while

provi di ng dj stinGtiQr : haitQ

frequency delovge lgbﬁl%cf Q&CEZ&%%{F h?@g Efml‘?fl 1? %@8‘&%&0@{%{6@% é%’r Sg%"tegny
nunber of bursts. The nunber N of bursts on which J.i.s repeate is
Lot bl o EiRcRIELgETa RS ko ur BRong: D uid soigrier 4 6R8 GrhRaRbos ren
in performance. Although each repeat al so sl ows down the supported data
rate, this witiaiedibirpri destined dpn § remmeies BwF \earipIsnE d P2t Gnabhirespvednyy @esi r ed
range and performance. In an enbodi nent of the invention, an N val ue of

three i s chosginated frehepd8i&: suthias telephons 112 orerenmrteratlds Thoese Haledindhe a
unit. Since, in FH systens, each burst 11 Docket No. CWMD3722J is on a

di fferent fiecueisize fhaCAHEMG Gp¥e oS ieyworks,afdni exatmle, Tobal sel aeuwbrks can be
inserted into other FH streans, such as voice. [0031] The next aspect of

the 1nvent! Gnang ide a‘?é{rﬁ%i@%ﬁ& QAN GnBARE SpiEAlef R de BUOROR ERIBRELE data

transm ssi oh prdtocol art rs o I's conpliance process

di scussed with. reference 1o .FIG. 4A [0032] ln cerntal ppl i i he

sendi ng of senging sg@gﬁ(yaeggglf Hlif%xgaaélog &0 tﬂ&ﬁ Wircless retwork f0d) & gon!lp(h?ér 0% al
computer 114 can also serve as a central repository for various applications and

information utilized by the wireless communication system,

[0018] It will be further appreciated that the invention is applicable to other
types of wireless communication systems including dispatch systems, cellular

telephone systems and voice and/or data messaging systems.

[0019] FIG. 1B illustrates the alternative communication mode of talk-around.
In talk-around mode, two or more remote user equipment 102 communicate directly
with one another outside of the network. This invention provides particular
advantages in non-network communications between user equipment 102. In
particular, an embodiment of the present application provides direct communication

for remote equipment such as digital walkie-talkies that are not associated with any



probl ens, resulting fromthe requirenents of FCC regul ations. In
particular, the requirenment of an even distribution and utilization of

" every frequency in a spread spectrum Each hop-set in certain applications
of the 900 MHZ | SM band contains fifty frequencies or channels. It is
required by the FCC rules that transm ssions at a mninmum uniformy
utilize each of the fifty frequencies. In order to synchromekeNd ¢n3nnbi | e
devices in a manner whi ch does not excessively drain power, six (6) of the
fifty frequencies in a hop-set are sent at the beginning of every

transm ssi ofietivarlor dei ekemplahj estfote alskr sgiipMentTUODNIity dad Bd GriliZed, fdrhthe
frequencies are sent in a fixed pattern as a preanble 402 and a sync 404.

During voic . he& d: i ese fixed pattern
frequenci essrgg‘gltgig{egtrlr%igislligﬁgm%d)}@etcﬁghggéeftlggcré;t& ggn %’ener ator so that overall
frequency distribution remains uniform For exanple, in voice transn ssion
t here B00ROFI x frequenEl@s?2 tilladtrass eand excmnpliysierede tberoewgiyomentt HE amd asi ty of
a transm ssion in order that all frequencies be used uniformy. Long

transm ssi 0p& s @onfpbietd. YTRE Hehate ubdd BaipaRat MO Eothplids ahlAMMEROY2 that
utilization. However, with data, the nmessages can be short and the

transm ssi o [ L: Y t i . i.m . ] a.pal ance
out 1 equenty EeT TR MenBaRd mesHed dialhor debbfuds BuBld bslley ™\
CVD3722J paddi ng. and/ ar. repetjtion of the d nessage .in h ner
that a fi xeﬂg‘? @gwgﬁ? gg?olﬁ CHRGENLO; & tf%ﬁéféogd?nd[sﬁo‘g%‘i”% g(ﬁéstﬁ‘?tgatﬁﬁssages
such as text, there is a good chance that typical nessages would severely
skew t he batransouttert 204 @@mgmrycqmrl 306aa1F $RUDIFG o axRiApseyr Z¥nkirduecessingssage
of twenty characters, which is a typical nessage |length. Since as

previ ousl y ihésreationdglattegto diouhd andinbanndmksbades2imd fbaeantioling thd remdtevent y
character nessage would thus require five DCP franes. A DCP frame is

transnmittedyQR dgifenhOR2., int RJRdREE witth@e ifveBoDCPA f isdfBfitedhdd 210198
require fifteen frequency hops. For synchronization purposes a typical

nmessage uti || f.] i i : I t 1t here
woul d be an%eﬁgﬁylclb{lé}&% E)thgpgdr%g%asgt?%%@??ip I zdaltﬁ ggﬁerg&efaﬁg&??ﬁ%%%%&%ci es.
[ 0034] GCeneral | in an effort .to bal anc re ncy di stri.byti there is a
e onphasi sibymbiBuCet 1B Habit dRaiar et T B A 22 R b e
and synch frequencies, during the traffjic portion of the transm ssion, such
that they akeybpauls2]4.kclhe E"él%ﬁﬁ Rormemidss oRET oVith pperatixg jalosmation,and; zed
for sending the nmessage. In other words, each preanble and synch, a total
of six out feedbdek ffon the proecpsemZite sTheskaybbad 244ramghlag e usen tol prbede énput
exactly once. The remaining forty-four frequencies from

or response to the processor 216. Other methods and systems for user interaction and

feedback could also be used to accomplish the objects of the invention. A crystal
oscillator 208, provides conventional timing to the processor 216 and other
components of the remote user equipment 102. Processing is performed by the
processor 216 in conjunction with memory 218. The memory 218 comprises software
instruction and data for programming and operating the remote user equipment 102 in
accordance with the invention. Remote user equipment 102 operates to communicate
to a base station 106 or other remote user equipment 102. Regardless of the target it
becomes necessary to transmit blocks of data with a high degree of reliability, so as to

enable a call recipient to identify a caller even when voice is inaudible.



t he nessage woul d be sent on average 15/44 = 0.34 tinmes each w thout such
~de enphasis. Thus elimnating any chances of bal ancing the frequency.

[ 0035] This problemof frequency bal ancing is addressed by the present
invention as illustrated and discussed with reference to FIG 4A As shown,
any nessage is extended to nineteen DCP franes regardl ess of the actual
nmessage length. In other words, each nessage is placed on Dpdkd o S\o%eM
frequencies ( 19 DCP * 3 13 Docket No. CMD37221 frequency hops per DCP).
In effect, each nessage would thus be extended to a nessage of 4.25 * 19 =
80. 75 [@dihct ers. TheRPliaderbhesmifRorobf ddia edll e elipcassed esittardderSydectoddé. al so
of three frequencies, are de-enphasized in their selection during traffic.

At traffic 8rROpRGQIIRSIn d@hBodimed Jf oEinvEtRRARE telibble Aanfifission D€L Badied t han
the remaining forty-four frequencies of a typical fifty frequency nessage.

The anmount : L : E q@&ﬁ Y, I ; s er of
tines a fre%teﬁg?/ﬁ?g&gglggt&%ﬁ %‘rufgga I 1?te§hﬁ>§§ngglp@%gée@ﬁer@}fﬁéﬁ@f\gggggcy
during traffic b seudo, r om genergtor to transm i the nessage can be
expressed a S?LBF@Y%SJégW?X%u&%, %F;ap rgcxp}e@%hgseogt]ul%e tﬁ‘? éﬁd’é‘ﬁc@e SR, f;
i is not aPreanble or Sync frequency [0036] Pr(choose f ) _ [0037] During a
transni ssi o#d methed Hf dhe inveptiem atsl esuatyl appliveblsup satherpdatas iteine shcl ay tegxeven
traffic bursts, for a total of sixty-three bursts in the nodified nessage.

W th the weingdshgesg Gepereldgnthe dlaby adsbeiaedquaith dre Rizatificdtion éthe rhstalef user
frequenci es, each of the fifty channels in the hop-set will be used. The

average usagfipthért sR6ulf PeFeceivablelht Ve SY¢HaLb-NeRb Radiol (SKR)." GHEGREY
utilization that is balanced. [0038] For nmessages which are short enough,

it woul d beybepefirl al(fugogbgﬁ%ﬁeg%eagﬁsm%eﬁmﬂﬂ{awaﬁ Uk ag@n&]é gxxg]@@:t@mssage

repetition, as oppose ding w zeros, as s 4B.

When t he neg e i g.repeat the CRC on.ea DCP frame can be . dto
deci de i f tﬂiﬁqsf %?}3%*1 wgﬁgércgegag{fe@&}?l}tgcff{]@,_mmgum ﬁ&ﬁ%‘ﬁ%g@ﬁ&ﬁa 410
of FIG 4B contains a three burst preanble 402, a three burst sync 404,
t ext messad@e ispibediringedigidalovoice gperation, theecallgd party shouldpstleast &newavkd a
paddi ng 414. As shown, the nineteen DCP franes of the signal are used to
repeat the daligd. nFeshgmons awmny mdynakoashopes 30 béeanmitibata ashig shafdierg on
the end. 14 Docket No. CWMD3722J

messages when voice communication is not feasible, and the delivery of such

message is made more reliable by the present invention.

[0022] In order to achieve the goal of reliable delivery, a Data Channel
Procedure (DCP) is implemented wherein overhead is applied to the data information
signal. The mechanism used in this process may include one or more of forward

error-correction (FEC), repeat diversity and cyclic redundancy check (CRC) code.

[0023] FIG 3, illustrates a DCP designed for systems to achieve frequency
diversity for transmission signals. In an embodiment of the invention, the modulation
method utilized is an orthogonal Frequency Shift Keying (8-FSK) at 3200 symbols
per second, with non-coherent detection. A symbol, results from the modulated
coding of bits of data that are to be transmitted. In the illustrated embodiment 300, an

operating frequency in the ISM band of 902-928MHz with a frequency hopping



[ 0039] As previously discussed the nunber of bursts for data repeats that
~was selected in an enbodi ment of the invention is three. As such the
nmessage 406 is repeated as nessages 410 and 412. This DCP inpl enentation of
the invention results in a high reliability transm ssion of the bl ocks of
t he nessage data. [0040] The benefits of the DCP of this invention are
further illustrated by results of an exenplary sinulation. PrHeNefUSREnment
for the sinulation was Rayl ei gh fading channel using a nobile unit speed of
3 MPH. The fading on each of the frequency hops was taken as independent.
The recei veramisespagingaflb08Hzant ized. fHach bop-setoropsittsrof S8 chrrists artebesaggat FSK
frequencies, to generate a set of eight conplex statistics during each
symbol i nt ep¥BEC rdhdlatidiiseact ofsthadeiftdqueircissaniist bpandomayludligedsymbol whi ch was
repeated within a hop and then on different hops, were square-|aw conbi ned.
[0041] The conbined statistics of those synbols were then input into a
Vi t er bi0@4toder. The dedwdaemplerDER3Peatistan WanbRtibiiplesk afidatay irfotbe
nmetrics to formng a path netrics. [0042] In the above nentioned

envi ronment serftherhipiawhilid Beehblokiginarire FIDL adxieskshae drhenfeemtR@itden T6 an
originating nobile's Private ldentification (P117). One of the guidelines

in the sinu I; : i : j: : i r s entire
PI'D voul d DA & B Seyefitfn of nEMRer ot gl B BvinBof ik RetideBn 0
where ES represents.s ol . energy an r epr esenkts i se spectral, density,
the P D 1 o MU RGUTHEY o8 Gf InSHEcE e ron g B Vb B ¢FIPls Peb SRIRUORBIS ¢ ha
99.9% of the tinme. To further illustrate the benefits and operations of the
i nvention, whie@anrgaorideratehwith “P5’ refeys ¢k a tveqier o BATSKosymbeds sSihscipts var yi ng
character |lengths are evaluated in the previously discussed sinulation

envi r onment thewtectary aregfutther proviglnd | toerepEnd dsnagions fHaDA3Ye beenpztformed an, t he
probability that an entire nmessage is not decoded correctly is considered,

for nmessagemedfeclopN Fohex£fp1e MeeBscriph ‘St dicaies thak tHe dat9bRs aNgh adssdidtegi ght
characters. The value of E~IN~ for which the entire nessage is correctly

recei ved m@@ctéﬁ‘ﬁ&egﬁn%%g{oﬁ;ﬁnft?s hadi V! |ndRGredShg éﬁ@h&eﬁéehﬁpe%%e [§044] As

di scussed above an e of the invention utilizes nineteen franes

for he troncpision. Sl ueolbRsaten AL 5,25, SIRLASLELS R, DCPx fg guch.

transmtted four tines within the 19 DCP nessage | ength. The 17-character
nmessage reqbdvedsenpeEmgs. of about -1 dB, a value far bel ow the point at
whi ch Preanbl e and Sync are

[0025] Turning to the illustrative DCP 300, a stop bit is added to the 34 bits of

data V at step 304, resulting in 35 bits of data, \/s. Following this, a 12-bit CRC is

performed at step 306 utilizing a generator polynomial :
[0026] gx)=1+x+x2+ x> +x!! +x
[0027] to yield a 47-bit block Vsc,

[0028] Because a convolutional encoder with four memory elements will be
used, it is necessary that four flush bits of zeroes are appended to enable the
convolutional encoder to finish in a known state. The four flush bits are appended at

step 308 to the 47-bit block ‘/sc to give a block \/scp of length fifty-one. At step 310,

the block \/scp passes through a rate 1/3 convolutional encoder. The encoder

10



received correctly. The 34-character nmessage will be sent tw ce, and
~requires an ESI No of about 2 dB, which is still below the [evels at which
Preanbl e and Sync are reliably received. Generally, a large fraction of
text messages would be within this range of 34 characters with a SNR of
2dB. [0045] The longer fifty-one and sixty-eight-character nessages are
only sent once during the 19 DCP nessage | ength. These requrtkeNESHEEZIval ues
bet ween 6dB and 7 dB, which is about the point at which Preanble and Sync
are reliably received. Even at an ESI No of 4 dB, the nmessages are decoded
correctly nessentidbyrcongegoitstthsymbets, usirgatcy-FEKonapieg. r estié exgmplaryi BCPur t her
denonstrated that nessages are detected with very high reliability, high
enough such3obaherelie al ﬂmp‘c]ﬁﬁglef freed Bits pér dymbo]l RBwERS] Batawde theftistdh® 1/3
detection of Preanble and Sync at very |ow val ues of ESI No. 16 Docket No.
CVMD37221 [ 0Q4T j td [ LT ' agd cul ar
enbodi nentsgﬁgl%-r{]mﬁ?gem:éﬁ?eéﬁ egnﬁﬁ “gﬁﬁﬁﬁlggg g%ésﬁ?%ﬁob%g S?@B)lstgfr?%ﬁttlﬂsgaﬁ% her

than restrictive.. ,ﬁ\l teﬁ'\rﬁ):l],],ati ve .&nbodi megt s>vvi || becone apparent to those
skilled i n MBPER hppregpiiing m HAYORG SHRPYRPper t ai ns wi t hout departing from
its scope. [0048] Fromthe foregoing, it wll be seen that this invention

i's oneppeb) adapted t?hela&;&ireglﬁé\eﬁeﬂ intIBéPf?ﬂéx% n%E@fd}girE& Sesfy, Wakh Bigoove,
e | C I N

together with other advantag are obvi ous an erent to the system

and rnet hod. i1l be. rst.opd th rtain features and .

2Ub- conb nat A mdg® i BRI TRE ms Bl STk B B 5FRle TRAB0R tp sreatesivme 1o
ot her features and, sub-copbji natio This is contenplated by and is_wthin
t he scope ofhv{sﬁgyctihﬁgié.ym ols O?EiGEBiQ afqdepaafasiFveiimes, af ep 2 yicdding 255 A

met hod for use in wireless communications for facilitating two-way data
transfer besywebols beui Acsinglerpyrohalrig)addedcpment stepdildao sidatg a 26Grpymbolrigngth
providing a basic data frame with a bit length sufficient to carry a

M ni MM anoyésiorob gsNfAQH dricater’ B328p184) BuRBP: st 3 Mo BHGALL NehgtiRbEe basi ¢
data frame through redundant forward error

vector P gs1. The 8x32 time interleave block provides scrambling of the symbols and
aides in overcoming de-correlation, fading and other similar problems. Essentially,
time interleave scrambles a message by re-ordering the signal. The next step is the

application of frequency diversity. |

[0030] Frequency diversity enables the ability to improve the chance of
successful delivery of a message block, while providing distinction between the
repeated blocks. In order to create frequency diversity, the length-256 vector » gg;
can be repeated on any number of bursts. The number N of bursts on which P gg is
repeated, is flexible. Each repetition provides diversity gain and thus an improvement
in performance. Although each repeat also slows down the supported data rate, this
slow down is actually necessary in order to achieve the desired range and
performance. In an embodiment of the invention, an N value of three is chosen at step

318. This N burst frame creates the basic data unit. Since, in FH systems, each burst

11



correction coding; repeating said encoded data to provide tine diversity;
~and further repeating said encoded data on nultiple frequencies to provide
frequency diversity and enhance frequency hopped spread spectrum
capability. 2. The nethod as recited in claim1, wherein said encoding of
said basic data frane through forward error-correction coding, inproves
performance and reliability. 3. The nethod as recited in clbakeaNLCMBHEEr ei n
said repetition of said encoded data for tine diversity, further enhances
performance. 4. The nethod as recited in claim1 further conprising
packagi ng s on badifferedtfraqianayefréquenaypdiversity iipachievedonThiatdatd neitwem by
hopped applications. 18 Docket No. CWMD3722J 5. A nethod for wrel ess

communi cat i @ize@éd Mmtdther FE sGédes, sedhifvoteng: providing nultiple basic data
frames to enconpass the data nmessage; fitting as many copies of the data
message as_possible within an overall transm ssion; and padding the

remai n€B1bf sai d oved&p nextragpentiol §ledAveaition ixthgaaxirasion ofterebasiodate Mhisve a
uniformtransm ssion length. 6. A nethod as recited in claimb5, wherein

sai d val ue intold zenpletr dami tapsadskiong pigoadr 0Thd Darticierk eff this. cé&hpBaiel 7. A
met hod for asynchronous w rel ess communi cati ons of data between devices

utilizing fpRREGNGH ROBRAREPRRIFISRAG! I WMIGOPLr at i on, conprising: a
cal | -establ 1 shnent phase, wherein said call-establishment phase utilizes a

known frequency sequence; a traffic phase; and a pseudorandom sequence

gener at®®32f or provi di hy certarlappli¢ations thes sendirign ofwshdrt enpssagey csatp eertan

wherein said sel ection by said pseudorandom sequence generator de
problems, resulting from the requirements of FCC regulations. In particular, the
requirement of an even distribution and utilization of every frequency in a spread
spectrum. Each hop-set in certain applications of the 900 MHZ ISM band contains
fifty frequencies or channels. It is required by the FCC rules that transmissions at a
minimum, uniformly utilize each of the fifty frequencies. In order to synchronize the
mobile devices in a manner which does not excessively drain power, six (6) of the
fifty frequencies in a hop-set are sent at the beginning of every transmission in order
to achieve call setup. Turning to FIG. 4A, the frequencies are sent in a fixed pattern
as a preamble 402 and a sync 404. During voice or data traffic, the selection of these
fixed pattern frequencies are de-emphasized by the pseudorandom generator so that
overall frequency distribution remains uniform. For example, in voice transmission
there are six frequencies that are de-emphasized throughout the majority of a
transmission in order that all frequencies be used uniformly. Long transmissions are
actually crucial in balancing out the frequency utilization. However, with data, the

messages can be short and the transmission correspondingly short. This then limits

the ability to balance out frequency utilization. A solution is provided through

12



enphasi zes said known frequency sequence during said traffic phase, such
~that all sel ected known frequencies are utilized equally on average. 20
. Docket No. CWMD3722J 8. A nethod for use in wireless communications for
transmtting data conprising: extending the traffic portion of a data
transm ssion nessage to a transm ssion signal |length that enables the
bal anced use of a plurality of frequencies; de-enphasizi ng PrteNs@@e¥i on of
an initial subset of said plurality of frequencies during data traffic; and
repeati ng shorter nessages at the remaining frequencies multiple tines
wi t hi n sai dpiddings rind/er arpetitpmabf Itheiglata nessdEheinmsudhod emnnecitagch ifixedl ai m 8
wher ei n de-enphasi zing the selection of said initial subset of said
plurality o{raﬁmggi@pgh%m i fmPememe€d by utilizing a pseudo random
generator. 10. The nethod as recited in claim8 wherein said initial subset
of said plurality of frequencies are represented within a first portion of
sai d t [A933hi ssi on si gMith shamgmessages, such@s 464, tharef israngeasihehasre thagtivnieal such
as preanbl e and sync bursts. 21
CAQ@. A, R¥sABSAWoul @R erd] YREkoWGie. BidahcA. ofl fre@ndyY uttliYioAl . For. sk@lipledl . A. A
AI BVrru[w~achz
3{val gb] X] cadisflef d ksl Faly Q]Iahaalscakmh@@k@&ﬂ%&@dmk@hC@]&e]aga] cal c

a] ca] ca] ca] ca] caj ca] c”ad] c”a] calcalcTal O) }\ UA * +~)y}xshid Z]]ca] ca] ca] ca]

cocacalcalsolsal al e calcofsaial e on ol saleal ol Gl ool o2
cealeg] ;’f%}sa?;c%&]n%@;sggé SodhiRl b o) B Akedl “RIsd fahed ahenikg el ol e
***4+~++! ,p,,-e--.D.../j//0ONO0001} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ela]thrae} bapa;a]l@a]oca]tbes]e \]ecBFBEff@aqu‘a]lbﬁ]eoa]Bqta}%a}tea] fraqesaty\ 11132
228&3{ 33454459556 Q666F777@EBY889Y99: V: : : } xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahem] dRdrasyhclabuoiajtion paposed aa]fpm.]laa]:ssmgecat]lm]; difycfr¢qpehciad omj ca] ca!

<<t <<="==mipsetFTRR% ARG BRBEDB A bR al 6n¢ Rl iRkz6fdiCat tha] ca] ca
U] ca] ca] ca] ca]ca]ca]ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j ca] ca] ca]ca]ca]ca]ca]c
a!l C4D DDDEs LR %XG{ GGHZHbHAHHHHHI | SI 11 JgJJKyt oj e [ V] ca] ca] ca] ca] ca] ca]
cal] ca] ca] cgﬁcaﬁca]ccalﬂ cal] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca! KKKUKWKN KKLRLLLMM MV NoNNO_OOP\ PPQ] QQRYRRRQSS{ vgl gb] X] ] ca] ca] ca]
ca] ca] [pab4p] ca] ca] ca] Gaperally; dh aaletdton]bakhcafreqlenay didinltiva) thekdahae} ca] cal
caly] ca] ca] caU] ca! SSST[ TTTUqUU

VaVVWAVE WK 6 YO GhE Shdakdordridoh %e%efa@or@f]da& Sd16HoRAfGR prhfBlCalcaher] ca) ca

] ca] ca] ca] ca] cal ca] ca] ca] cal ca]caJca]l calca]ca] ca]ca]ca]calcalcalcal\\C]]]] @

;c/a]:?a] ca] ca ch?ca CaJ ca Y&’?gtg;?ﬂ @?ﬁg] ca%]s]nilgs?‘% éa gg]@%}@%’] %R] ca} gg% ca]

9999ggg: hhhiHe ite bF shgsgmcasn #f ey fl“’z‘lh‘S]‘céeSZ?}]‘lczﬁflcfQW%% heRF$38%af®a] ca] c
aJ ca] caV]ca] calca]ca] calcaJca]c (]ca] cal caV]ca] ca] ca ca] ca] ca] ca] ca] ca] ca!l
% mmmm_ other words, each preamble and synch, a total of six out of the fifty frequéncies used
n&gnmnoUo\ oboi ononovoopsppp<gqg&r ] rcrw ~r} xsni d_Yj e_ZU] ca] c*a] ca] ca] ca] ca
] c?] c?] c?] ciof aahesajgea ndH e sehtcasactiy puce] CE] rempiag frtyafounfrequdneel dajne a] caVv]
ca] ca] ca] ca

~I 1 1'S] SSSS" fhis trhédshdeYWBLMOBA! ¥arit VO ivennsaSKs/440:TE 34 L iished eack] withdwtadueir]dea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

ca] cal cal x
}{{1{ F} n| | }e«‘ﬁ{lg%}q ﬁ?‘)“(‘é%l g él %f‘j‘%%*}aé‘%‘]sc%]b%lé]‘%’gf (t:hae fé%]“g‘é‘j ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caBVmui K-
T 10%& [OP35P L0%&' () -~ 1DREE ffrpbleml @& rdguenchObdaiding 10 %kldfesseiOb. thy - preseat K- L! f
109%& ()- f 10%& ()- 109%& ()-,gl0%& ()- YZ109%&' ()-F10%&' ()-y 109%& ()-
abci K- 0f  10%&edtion adf illkQfAkted Jan¥l: dschO& wikh refefendel WEIEG) 4Af 1A% EhownYhin
109%& () -f#f 109& ()-cKi _UKOf 109 ()- 101010 ;10%& ()-9y 109% ()- Y7S

10%& () - . SEC&Qgﬁs@xfe%he&Pg/ ﬁhét%éfDﬁP‘f?ﬁﬁes%gﬁrﬁﬂjegswﬁ the acth! ﬂlgssage length.

In other words, each message is placed on fifty-seven frequencies (19 DCP * 3
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10<s10%& ()-! L@H#10%x& ()-#9z 10%& ()-"L10%& ()-30dEk’ AOf 10% 10%& ()-z
109 ()-z 109%& ()- z 10% ()-@ 109%& ()- 10% ()-)}\dEK AOf 10%!z

C 109 ()-Fz 109 ()- @ @109 ()-y 109& ()- z 109& ()-3z 109 ()- UAJEK® AOf
10%y 109& ()-,, THLOY& ()-*- 10%&' ()-' 10% ()-% 10%& ()-#

109& ()-/*,-.dE:/ 10 10<s109%& ()-9y 10%& ()-7y 10%& ()-f5y 10%& ()- 93y
109& ()-1y 109& ()-./CLxY:/ 10z 10%& ()- z 10%& ()- @ @ 10YofkyNd OKETD) - 7
109& ()-"109& ()- 10+~)ydE:/ 10 z 109 ()-f 109& ()- 109& ()- 109%& () -
109 ()-Sf 109 ()-j &dE:/ 10-y 109& ()-+f 109%& ()- @, #109%& () -

S&LO0Y& () - yfrEGdticy )hdpk zpet M@PY, ) IsjeffEct] edth iRsh@edvquld tBds BO¥Rteajled 76 a
109& ()-4f 109& ()- 2109& ()-&OS109& ()-e"""#xV4/

10! +, . - #10%gekant bf 4:2%20PB= QD75 LRI cters; ﬂQ‘V@reﬁ)rrbM%Oho&ﬁhfeH elq@e/ﬂ?ele(s)and
LOHHHHHHS TS S @101 + 11098 () - GRG100& ()- "O100& (). 10

T T

B e oS, Ta bl o eSO e SRS,

1098 ()-S*-#10%&' ()- & ' *;***4+~++xY:/ 10Lf 109%& ()- @ @109%& ()-|
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emphasis can be found by looking at the average number of times a frequency is used.
The probability for selection of a frequency during traffic by a pseudo random

generator to transmit the message can be expressed as follows:

{ U.UU456, }, 1s Preamble or Sync trequency
0.02211, £,i is not aPreamble or Sync frequency
[0036] P(choose f)) =

[0037] During a transmission there are six Preamble and Sync bursts plus the
fifty-seven traffic bursts, for a total of sixty-three bursts in the modified message.
With the weighting represented by the equation above for the traffic frequencies, each
of the fifty channels in the hop-set will be used. The average usage will be 63/50 =

1.26 times, which results in a frequency utilization that is balanced.

[0038] For messages which are short enough, it would be beneficial to use that
necessary padding for additional message repetition, as opposed to simply padding
with zeros, as shown in FIG. 4B. When the message is repeated, the CRC on each
DCP frame can be used to decide if that repetition is decoded correctly. The
transmittal signal 410 of FIG. 4B contains a three burst preamble 402, a three burst
sync 404, text message blocks 406, 410, 412 that are identical repetitions and a
padding 414. As shown, the nineteen DCP frames of the signal are used to repeat the

text message as many times as possible with a zero padding on the end.
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repeated as messages 410 and 412. This DCP implementation of the invention results

in a high reliability transmission of the blocks of the message data.

[0040] The benefits of the DCP of this invention are further illustrated by
results of an exemplary simulation. The environment for the simulation was Rayleigh
fading channel using a mobile unit speed of 3 MPH. The fading on each of the
frequency hops was taken as independent. The receiver used a bank of matched-
filters, one for each of the eight FSK frequencies, to generate a set of eight complex
statistics during each symbol interval. The sets of statistics corresponding to a symbol
which was repeated within a'hop and then on different hops, were square-law

combined.

[0041] The combined statistics of those symbols were then input into a Viterbi
decoder. The decoder used square law combining of the branch metrics to forming a

path metrics.

[0042] In the above mentioned environment, the following results were
obtained for the reception of an originating mobile’s Private Identification (PID).
One of the guidelines in the simulation was that if any bits of the PID were in error,
the entire PID would be rejected. It was observed that for a very low E¢/N, of 3 dB,
where E; represents symbol energy and N represents noise spectral density, the PID is
received 99% of the time. At 6 dB the PID is received more than 99.9% of the time.

To further illustrate the benefits and operations of the invention, the transmission of
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[0043] In particular, the probability that an entire message is not decoded

correctly is considered, for messages of lengths seventeen, thirty-four, fifty-one and
sixty-eight characters. The value of E/N; for which the entire message is correctly

received more than 99% of the time will be used as a metric here.

[0044] As discussed above an embodiment of the invention utilizes nineteen
DCP frames for the transmission of a message, with 4.25 characters per DCP. As
such, the 17-character message, which requires 4 DCP (17/4.25) will be transmitted
four times within the 19 DCP message length. The 17-character message requires an
E,/Ny of about —1 dB, a value far below the point at which Preamble and Sync are
received correctly. The 34-character message will be sent twice, and requires an
E,/Ny of about 2 dB, which is still below the levels at which Preamble and Sync are
reliably received. Generally, a large fraction of text messages would be within this

range of 34 characters with a SNR of 2dB.

[0045] The longer fifty-one and sixty-eight-character messages are only sent
once during the 19 DCP message length. These require E;/Ny values between 6dB and
7 dB, which is about the point at which Preamble and Sync are reliably received.

Even at an E,/N, of 4 dB, the messages are decoded correctly more than 90% of the

time.

[0046] From the results, it is further demonstrated that messages are detected
with very high reliability, high enough such that the limiting factor in text messaging

will be the detection of Preamble and Sync at very low values of E¢/No.
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1098& ﬁ()0'483g‘@’510%&' () FidnEse (fbr'egoing, it will be seen that this invention is one well
adapted to obtain all of the ends and objects set forth above, together with other
advantages which are obvious and inherent to the system and method. It will be
understood that cert‘ain features and sub-combinations are of utility and may be
employed without reference to other features and sub-combinations. This is

contemplated by and is within the scope of the claims.
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L. A method for use in wireless communications for facilitating

two-way data transfer between devices employing frequency diversity, comprising:

providing a basic data frame with a bit length sufficient to carry a

minimum amount of information for a given application;

encoding said basic data frame through redundant forward error-

correction coding;
repeating said encoded data to provide time diversity; and

further repeating said encoded data on multiple frequencies to provide

frequency diversity and enhance frequency hopped spread spectrum
capability.

2. The method as recited in claim 1, wherein said encoding of said

basic data frame through forward error-correction coding, improves performance and

reliability.

3. The method as recited in claim 1, wherein said repetition of

said encoded data for time diversity, further enhances performance.

4. The method as recited in claim 1 further comprising packaging

said basic data frame for application to non-data frequency hopped applications.
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5. A method for wireless communication of a data message,

comprising:

providing multiple basic data frames to encompass the data message;

fitting as many copies of the data message as possible within an overall

transmission; and

padding the remainder of said overall transmission with a value in

order to achieve a uniform transmission length.

6. A method as recited in claim 5, wherein said value utilized for

said padding is zero.
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7. A method for asynchronous wireless communications of data

between devices utilizing frequency hopped spread spectrum operation, comprising:

a call-establishment phase, wherein said call-establishment phase

utilizes a known frequency sequence;
a traffic phase; and

a pseudorandom sequence generator for providing a selection of said

known frequency sequence;

wherein said selection by said pseudorandom sequence generator de-
emphasizes said known frequency sequence during said traffic phase, such

that all selected known frequencies are utilized equally on average.
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data comprising:

extending the traffic portion of a data transmission message to a
transmission signal length that enables the balanced use of a plurality of
frequencies;

de-emphasizing the selection of an initial subset of said plurality of

frequencies during data traffic; and

repeating shorter messages at the remaining frequencies multiple times

within said transmission signal length.

0. The method as recited in claim 8 wherein de-emphasizing the
selection of said initial subset of said plurality of frequencies is achieved by utilizing

a pseudo random generator.

10.  The method as recited in claim 8 wherein said initial subset of
said plurality of frequencies are represented within a first portion of said transmission

signal length and, contain uniform control signals such as preamble and sync bursts.
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