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relates in general to communication systens, and nore
specifically to a nethod and &pparatus for providing

and detecting a preanble that is used to initiate a

comuni cat i ons. exchange between wi rel ess equi prent.
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transmtter is normally active or systens where the
air interface includes scheduling information, this
issue is readily resolved. However in systens using
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asynchr onous 20 communi cation from anot her device to
determ ne whether an attenpt to comunicate has
occurred may significantly reduce the battery life and
t hus avail abl BAEKGROUNDORDTHE.ENWVENTIONINI t .
Clearly a nethod and apparatus are needed for
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to determine whether a transmitter is trying to initiate a communication. In such

systems where the transmitter is normally active or systems where the air
interface includes scheduling information, this issue is readily resolved.
However in systems using an asynchronous protocol for communications,
determining whether a communication is desired in an efficient manner is still a
significant problem. This problem is further exacerbated where the particular
frequency for the communications is unknown and by frequency mismatches
between the tra}nsmitter and receiver, particularly for battery life sensitive
applications. The power consumed in monitoring for an asynchronous
communication from another device to determine whether an attempt to
communicate has occurred may significantly reduce the battery life and thus
available service time of the mobile unit. Clearly a method and apparatus are

needed for identifying when communications are desired, preferably in a time
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2 and power efficient manner given frequency offsets
bet ween communi cati ons devi ces. BRI EF DESCRI PTI ON OF

reference nunerals refer to 5 identical or
functionally simlar el enent® throughout the separate
views and which together with the detail ed
description beI ow are incorporated in and form part

of the spe ation, .serve to ustrate.
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and advant ages all in accordance with the present

i rled#ePon. 10 FIG 1 depicts, in a sinplified and
representative view, the system elenments of a

wi BRIEE DESCRIPTION i QR ST DRAWINGS FI G 2 depicts,
in an exenplary form a block diagramof a transmtter
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depicts, in an exenplary form a block diagramof a
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ovvln in nore detail, the 20 FIG 4 transmtter
oA Lhe Spestiicaon. esisdh BHrdeT ilBspipaiariguhpmpodiments and to
collection timng. FIG 6 depicts a flow chart of a
ned)ﬁp_&ﬂdn variastpsioriplesrasd sdyantigte nilif penordance withithepresent
receiver;

invention.

FIG. 1 depicts, in a simplified and representative view, the system
elements of a wireless communications environment;

FIG. 2 depicts, in an exemplary form, a block diagram of a transmitter
arranged to transmit a preamble signal.

FIG. 3 depicts, in an exemplary form, a block diagram of a wireless
receiver arranged to detect a preamble signal;

FIG. 4 illustrates a transmitter signal pattern and an associated receiver
sampling pattern;

FIG. 5 illustrates a transmitter signal pattern showing, in more detail, the
FIG. 4 transmitter preamble slot and associated receiver sample collection
timing.

FIG. 6 depicts a flow chart of a method to detect a message identifier in

a wireless receiver;

wher e PCRES2004/012698
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WD 2004/ 100423 PCT/ US2004/ 012698 3 FIG 7 depicts a
flow chart showing a portion of the flow chart of FIG

chart showi ng another portion of the flow chart of
FIG 6 in nore detail. 5 DETAILED DESCRI PTI ON OF
PREFERRED EMBODI MENT I n overview, the present
di scl osure concerns wi rel ess comuni cati ons devices
that S4agoquehisR iy eﬁmvaﬁ%agemo'}{%ﬁh&ﬁwcﬁ%k 3FFIG. 6
vari ous 1 nventive concepts an rinciples enbodied 1n
net s.and apparatus for 10 effectively identifying
aﬁngﬁg??%?g6waof a comuni cati on nessage, preferably
asynchrgnous communi catons, nessage, between two
r adi os FlQue Hepistspdiugthen fow gharbshoyang anatherinestionef the flow
devi ces, even when a frequency m snmatch exists
bebewkehFi.rhcinenorerdetatld a transnmitter, are di scussed.
The wirel ess comuni cations devices of particul ar
interest are those using frequency shift 15 keying and
a frequency hoppi ng protocol, although the inventive
PIOIEADLED I?E@ClﬁP*ﬁé?E‘ éF%@EF‘EkY{EﬁE‘I\?ﬂE K§S
using various forns of nodul ation. As further
di scus bel ow,. various. inventive principles and .
conbi ndf PEREie M s R by e et el Bipaions
use new and existing facilities within the wreless
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identification of a preanble or specialized preanble
migeatee eanserib pndrprineiples sybpdiee in thettiods adthapparaus for
acconpl i shed while providing a frequency m smatch
esfietiety identifyitjguat inititivh @ f 6 comituinivatib® AfksEhgy, (eferably
frequency. to match

asynchronous communications message, between two radios, such as portable

wireless communication devices, even when a frequency mismatch exists
between a receiver and a transmitter, are discussed. The wireless
communications devices of particular interest a{re those using frequency shift
keying and a frequency hopping protocol, although the inventive principles and
concepts apply to various devices using various forms of modulation.

As further discussed below, various inventive principles and
combinations thereof are advantageously employed to use new and existing
facilities within the wireless communication device so as to provide efﬁciént
identification of a preamble or specialized preamble message thereby
minimizing power drain. This is accomplished while providing a frequency
mismatch estimate for adjusting the communications device frequency to match

the transmitter originating the transmissions.

and FIG 8 depicts a furtheeT/U52904/012698
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the transmtter originating the transm ssions. W
2004/ 100423 PCT/ US2004/ 012698 4 The i nst ant

enabling fashion the best nodes of making and using
various enbodi nents in accordlance with the present

i nvention. The disclosure is further offered to
enhance an understandi ng and appreciation for the

| nvent iy Il Rerea0 AHEANS ARER: BB AYh enhithize"

than to Iimt in any mahner the 1 nvent

i pvention. i efi ped, sol el.y by the appended cl.ai ns
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thi.s application and all equivalents of those clains
adVithsthe gepsentinyention, Theedisgioryss sifbdberiottared penbarcedn
relational terns, if any, such as first and second,

t opdersidndiog endmppramdatidrefor iheanvendive peidciptdsedny atloantages

di stingui sh one 10 from another entity or action
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such rel ationship or order between such entities or

a i- .
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or, i.n_sof t war, rograns _or instructio and. . .
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ICs. It is expected that one 15 of ordjnary skill

not wi t st AHthes yogessters that thegise of redsionat iepns, by, meshyes
design choices notivated by, for exanple, avail able

t ifings and sgooedittop endh holteyyanddhellikeaeneed solely to distinguish one
consi derati ons, when gui ded by the concepts and

p fioncarltles etiiywrastoh withoet necyushrilyReqtifiag bt inpigipnghbhe

of generating such software instructions and prograns

aRstubiGEchdIftidHs 'g@lor@éﬂ%wééﬁ@ﬁ@{ drftfties SPE&RMEr e, 1N
the interest of 20 brevity and m nim zation of any

. k H 1 1 i . .
acoor MR8 elRE R Bl R AR ERGFR) Bt principis

di scbuss.i on of s&mh sof t e and : )
are best implemented with or in software programs or instructions and

integrated circuits (ICs) such as application specific ICs. It is expected that one:
of ordinary skill, notwithstanding possibly significant effort and many design -
choices motivated by, for example, available time, current technology, and
economic considerations, when guided by the concepts and principles disclosed
herein will be readily capable of generating such software instructions and
programs and ICs with minimal experimentation. Therefore, in the interest of
brevity and minimization of any risk of obscuring the principles and concepts in
accordance to the present invention, further discussion of such software and
ICs, if any, will be limited to the essentials with respect to the principles and

concepts of the preferred embodiments.
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PCT/ US2004/ 012698 5 Referring to FIG 1, a sinplified
and representative view of vabious systemelenents of
a wWirel ess communi cati ons environnment will be

di scussed and descri bed. A wirel ess conmuni cation

devi ce L tio,r. [ ' [ .. .102.from a.
fixed tFanahie FEFR g5 SRR erteom iy BUfons
anot her wireless 5. conmmuni cat.ign devi.ce. The frequency
o Syan LAt BT SR S pRAnS CuYir iRy Wil b drewesd
to or determ ned by the frequency of a signal provided
by aBd desgrbed. Lowiteless egnmpBicatighdvige KOs abletireeceive a signal
W rel ess communi cati ons devices 104, 106. This

f r ¢ &oaya fiked transketisr 104 adividleaserdigrial 008 o droditpy ertYess
of a corresponding signal source in the receiver of
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10 between these two frequencies translated to the
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f to the frequency m snptch t.he
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part or in _conmbination with other non-ideal o
c hieaeansy wgHilikelyihe differop) remdhe re@iamon pEacomespaading signal
can result in mssed 15 comunications attenpts. For

ex smptein thhieeivergliithn oyirehdss wamotunication devicet 80. iThe diff@ence
900 MHz range can be as nmuch as 9 KHz if both signal

SObetw@en flavetwo Fequdaties Refislated td B8 nbelied 3R&MeBREqUALT or
Is typical for the wirel ess communi cati on devices

106,e fg%ﬁ%%ﬁt th& ngﬁa]]fcfne[ﬁé' ERohe P isiidosB@td ﬂ)é:éfliéfzil%g SF

arise e wreless conmuni cations devices

LRI AT e S ——

| a%r%c?uefntzg %grggt)éh ?rI If)asrte gr in combination with other non-ideal
characteristics in the wireless communication device can result in missed
communications attempts. For example, this frequency mismatch for carriers in
the 900 MHz range can be as much as 9 KHz if both signal sources have a 5
part per million tolerance and this is typical for the wireless communication
devices 100, 106. This large frequency offset particularly arises when the
wireless communications devices 100, 106 are engaged in talk around or direct
communications as suggested by the signal 108. The large frequency offset
encountered in direct communications scenarios is further exacerbated since

these communications are ordinarily entirely asynchronous. In asynchronous

communications the receiver has no indication when the transmitter will attempt
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comruni cations the receiver has no indication when the
transmtter will attenpt WO 2004/ 100423

PCT/ US2004/ 012698 6 a conmmuni cati on. Anot her issue

wi th asynchronous comruni cation is that clock

sypchroni zat.ion, i s n i.nel vai |l abl e and the
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to the power drain on portable unit batteries to
matespetitive clocks] UBINCHyi frequbnt and tgpredioableataingabif Gitect! N an
asynchronous environnent, the burden of identifying a
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m smat ches falls on the receiver. The concern for
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recei ver st .be active when detecting an
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processing steps required to analyze an incomng

si jden pbidentifymesseatid sighahend ¢asrecting fori frafjuseayeandaiming
asynchronous communi cati on attenpt has been made. 15
M mispadtetes fais dorthe veeoyr.oflhs ebncern frrbgttedyf e requm@s that
power - ef ficient mnessage identifier detection are

acieBue BorthtRPationgs PAiti e BSSinGLMTNE M bPime ASVikdi&s 30 iver
Its conponent Wreless recelver are ar ranged to

PR 8, D) BT p sy

t el ephone gr handset such as &poselavaiLable fr.omlf
rra]ﬁlﬂ]:flg]&%lﬂg é)’ro%ea%lﬂg 5‘r§ps required to analyze an incoming signal for a

message identifier that indicates an asynchronous communication attempt has
been made.

Mitigation of frequency offset, timing offset and power-efficient
message identifier detection are achieved when the wireless communication
device and its component wireless receiver are arranged to operate as described
below. The wireless communication device 100 can be a typical cellular
telephone or handset such as those available from manufacturers, such as
Motorola. One such handset, commonly referred to as the model 195, can
advantageously utilize the principles and concepts when enhanced as described
in the following disclosure. The essential elements of the transmitter of FIG. 2

can be used in both fixed transmitters 104 and portable wireless communication
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the follow ng disclosure. The essential elenents of

the transmtter of FIG 2 cah be used in both fixed
transmtters 104 and portable w rel ess conmuni cati on
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second portable wirel ess handset, wherein both
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of a transmtter 200 arranged to transmt a preanble

S ioga}giguhﬁaféi cﬁ&u&f@ﬁh%pg aﬂ&ﬁslri%lbae %gb&nﬂﬂnfca Hohd 8

nprises a 'signal generator , a sl gnal source
2046t§ transmtter circuit 206, a control circuit
20824 AOVE audi o/ data input 210 inter coupl ed as
depicted. The transmtter circuit 206 includes a

cont r ol Refepdng to g2, amesemplary hlgsketagrampi@ tragsmifisag0@
of sel ecting whether audio/data fromthe audio/data

i nppmanged to transmipa preatnble vgnad isedisbissedsingniwberiredm@hsage
identifier 15 generated by the signal generator 202

Wi {rhnspeitter200l cdehpridePa sl chal dRBEator 202,04 sightll 9GE6@ 304,y
the transmtter 200. The bl ock diagramis depicted in

t hirgn AR QRitD06, £l ¥ircdito @, bid &?Eﬁ&ig/g%?ﬁgh@%ﬁ&ﬁr

the functions of certain entities, suc signa
?ﬁgoq{gﬁ%fags /c%g%taed? PRL {rgtllsn%jttérccl:'ﬂctuit?z%% ir%lgdeas apc%ﬁriopcgrc%flt 208
that 1s coupled to and is capable of selecting whether audio/data from the
audio/data input 210 or a preamble or preamble signal or message identifier
generated by the signal generator 202 will be coupled to and transmitted or
broadcast by the transmitter 200. The block diagram is depicted in this fashion
for clarity. In alternative embodiments the functions of certain entities, such as
the signal generator 202, control circuit 208 and a portion of the audio/data
input may be included along with others in a signal processor 212. The control
circuit 208 is coupled to and controls the signal source 204 to set the carrier
frequency of the transmitter 200. The signal processor 212 outputs I and Q

digital signal pairs to drive the digital to analog (D/A) converters 214, 216. The

analog outputs of the D/A converters 214, 216 are combined in the mixers 218,
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i nput may be included along with others in a signa

processor 212. The control 20 circuit 208 is coupled
source 204 to set PEEUS2004/012698
carrier frequency of the transmtter 200. The signa

processor 212 outputs | and @B digital signal pairs to
drive the digital to analog (D/A) converters 214, 216.
The anal og outputs of the DA converters 214, 216 are
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shifter 224 that shifts the phase of the injection

Si ghadke olfyhehbjedti6adpadl Hytn?2 aadiineato ad@ter T The qutpds of the
the mxers 218, 220 are added in a sunmng circuit

coRVER Al rg0G AR iF F S o il AP e e iRy epput i

frequency that is established by the signal source
20mixesh ot of 1p eepvertadtq 3 radicsfreqrency pigadarigsa sxdenfrequency
final anplifier 232 increases the power of the

nothat stesthblisiredibarthe signallspuad 2841 AfnrRiffilter 280t lemitsaith234.
The conponents in the transmtter 200 and operation

t heideinda bRd ¥Einkl andliflen 0B iRehsay ik lpaleLof the hibdulteed carrier
exception of the signal generator. The signal source

204 Rt Tk S bk | 794 synthesizer. The m xers 218,
22§¥q€%%, %?ﬁter , anplifier 232, digital to

anal og nverters, .2 216.. e shifter 224 d
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known in the art. The signal processor 212 is_or may

i nknee and ayaiiably) with iegxcppiimeaidbe signpl@sneratesy Thesignd

in an exenpl ary design may be one of several devices

f r sonree?Qd mey be erfecowh-N sythasizer. dlbe, mikers 213h220; 828, rfdter

circuit 208 and signal generator may be a standal one

Ci 2B@iaimplisise D3R KAigital arareicy @nlvyrtéyd14apl & phagl fifter 224 and

progranmabl e gate
summing circuit 226 are all commercially available and known in the art. The
signal processor 212 is or may include a digital signal processor. Such a device,
in an exemplary design may be one of several devices from manufacturers such
as Motorola, Inc. The control circuit 208 and signal generator may be a
standalone circuit, such as a commercially available field programmable gate
array or, as mentioned above, may be included in the signal processor 212 and
implemented in or facilitated by a software program. The signal generator 202,
can be implemented in hardware using, for example, a field programmable gate
array coupled to a system level clock (not shown) to provide the preamble

signal according to the details provided below. Alternatively the preamble can

be provided at least in part by the signal processor.
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generator 202, 20 can be inplenented in hardware
using, for exanple, a field @ogramable gate array
coupled to a systemlevel clock (not shown) to provide
the preanble signal according to the details provided

bel ow. ternat| QV| t
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PCT/ US2004/ 012698 9 |n operat | on e transmtter 200
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target receivers where the transmtter 200 conprises

t hedgnad gereadtoy 20 foatcerating thefpyeansble aignal Thi prosrmbleiseal
signal. The preanble signal conprises a data sequence

t haimprisepe dhtadequenve thatispetiadiolweps pieathbinsbriod padrgated
durlng a plurality of tinme periods or tinme slots. The

t lﬁfah%Qth%é en&&'ﬂ?"tth%eesiot*shqhé 'txgﬁﬁhttépw(ﬁﬁsém
that I des a si g that establishes the

transnt ter operatin [ n
or SHTEIEFT ARSI oala%nc@‘t 5%?%?%%%%a%ntﬂh%%ém%ﬁ%tea e
of tlne slots or periods. The transm ter f her

i EASBGteT OPREAING AFFIHPRGY P adinfaugiand gre ‘128‘633’ dunng
that is coupled and responsive to the 10 SI sour ce
20each of thegriunality eftteane slgisair peoeds. akhedrangmittrs I@etrlttﬂhédes
signal during the plurality of tine periods. The

t rhe sarhérhigter 20éhii & appartsPOGtthatfis eoupleat andayspoasiveto the
system In one enbodinent it may be a part of a

st apodakonse 264 1edanshasBe Yhhl hOdulatd b3 HeEmble signal

enbodi ment the transmitter 200 can be part of a

POg nf tﬁe %)fu?:ﬂf’t gﬁ{e p%ggdérfﬁé’]@eﬁgpﬁ@ér ﬁoﬁf & element of a two-

porta 0- DO conmuni cat | ons
grgg}zgdtéqt g}yste%r? Ohlacpnde etm eodtl]n%n I1p ma}? Bg Etlpgﬁ%f B s%ngtone fixed

base unit 104. In another embodiment the transmitter 200 can be part of a
portable transceiver 106 arranged for direct portable-fo-portable
communications.

The transmitter 200 and the herein described preamble signal are
particularly applicabla to systems using continuous-phase frequency shift key
(CPFSK) modulation of a carrier signal. Furthermore this type of carrier can as
here be used in frequency hopped systems where the frequency of the
transmission or frequency of the carrier is changed to a different frequency in a
succession of time slots, for example 64 time slots of 90 milliseconds each.
Each time slot is used to transmit a coded signal. In an exemplary embodiment,

the first three slots are used to transmit the preamble signal with predetermined
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of carrier can as here be used in frequency hopped
systens where the frequency d0 the 20 transm ssion or
frequency of the carrier is changed to a different
frequency in a succession of time slots, for exanple

64 .t i sl.ot d [ sI ot
" STl forpise bt 2 Tt FOCNE T me ﬁl%é%é’%p B
enbodi nent, _the first three ts are to

t r GRRSFRLESIQTh ey atheY @egn’é%erf\?w ent.dhe 15 ﬂ?fﬁ%ﬂov@f
2004/ 100423 PCT/ US2004/012698 10 characteristics for
usansmitingdbepreambBoigial arteal ways ongthe lsemp thrsepredeidted: he
transm ssion. In a further exenplary enbodi nent, the
fi fréduenbieee slots for transmtting the preanble
signal are always on the sane three predefined

fr equengiRerinbrié®f RIFIANY, BE 'eﬁérhﬁ)ﬂa{fyoseﬁhgﬂce‘bf thd¥eamble data

exerrpl ary sequence of the preanb data transm ssion
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frequen afte rlef pause, f )
i POTGBLIM sl lberontiot AR iR By ol cHish gonel basse, i
frequencies, a second nomnal 90 mllisecond

t r expsnpile i pmilligecands fardke ansmitiente shyngedrequendiessa secoad
10 simlar brief pause, a third nomnal 90 mllisecond
t r acainab90 oillednid sranmdizsiah 406 iseqadnatyfrdgBencity®. Following a
frequencies fl, f2, and f3 are known by the

t r gBsnk blisfp a%@@ a (8136 nBdhimD 98 XETREM tFR6RIRh 408Gs made at
Third order dlver3|ty of the preanble detection

DAY A

or R ér'ze?}?énﬁvﬁﬁry? e 0 i o< Qi o BRARBR °°

S uzkfatlegtio%nsty!st%mdlls fafcﬁ[eserg when the frequencies f1, f2, and f3 are chosen to
be sufficiently well spaced throughout the available frequencies in the set of
frequencies or hop set. As is known if the frequencies are sufficiently different
from each other cancellation of the signal at one frequency will not be
correlated to cancellation at another due to multi-path interference. Another
goal of transmitting on three frequencies in an exemplary system is that a
receiver 300 monitoring the transmission will have at least one clear signal to
analyze for the preamble. FIG. 4 will be explained further below.

The choice of the preamble waveform or signal or modulation is

particularly relevant in an exemplary embodiment. The data sequence of the

preamble transmission is selected and then adjusted, if required, with a
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if required, with a WO 2004/ 100423 PCT/ US2004/ 012698

1 linpagermltipié o2 fadéxnsewenthe pfesstblsperidde Theenodildion of the
signal traverses an integer nunber of full periods
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sel ected or chosen froma code set chosen to exhibit
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CORRéck Shd Breued@P oBBAMA codbGlt SonBHsghgl&non-binary cyclic Bose-
Chaudhuri - F%équgnghem (BCH) code of gcl)%l)d | ength }: S such

2 eRfGmu! f | \d) h f
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co fo dul.at i whe t he code does not,represe
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because of its |ow cross correlation is novel] and i
es ﬂ@@icgﬂﬁ%,fogmpgﬁ{ag@gmye the code does not represent data as such, but is

useful as a preamble signal because of its low cross correlation is novel and
especially advantageous.

A frequency shift keyed (FSK) signal can be written in terms of its
complex baseband envelope

s(t,u) = exp[ jp(2, u)] Eq.1
where u is the transmitted symbol sequence. For M-ary FSK, each element u; of
the data sequence is contained in the symbol set

u,el-M3-M,...M-3,M —1] Eq. 2
It is not required that the data symbol set follow this format, i.e., a non-uniform
frequency deviation may be chosen. In any case, the phase of a continuous-

phase FSK (CPFSK) signal at the end of the symbol period is given by
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synbol sequence. For Mary FSK, each el enment u; of
the data sequence is containédd in the synbol set 20 u;
E[l - M3-M ..., M- 3,M-1] Eg. 2 It is not
required that the data synbol set follow this format,
i.e., a non- unlforn1 frequency devi ati on may be

chosen ég 3 the phase of a cgmtsnuous- phase
FSK (CPFSK) 'si g Fs ‘at the end of the synbol period is
g| ven by WO 2004/ 100423 PCT/ US2004/012698 12 (i T, u)
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nmodul ation index, and T is the symbol interval. In

reSS| n the assum

t r %S%pg%‘sislgﬂ lg e@ss%lglp oIT {s tﬁ@ pllegjaxbféq%antsg?s[sﬁ)ner%g%s%t time #

enerallty, that the phase at tinme t = 0 _i.s zero
r aa , wighpyf assmf&e@?raléfy Gib ot At tnge PPdaAHP sadians.
signal is generated by transmtting a known, |ength-N
synmbol Begprsfuredembodpaenteidie preambieigianalds penstated b
predeterm ned preanble tinme slots. The change in phase
ovesinsitigingur latoinan length-Frgmbobseqbeadceing tereutatily thrddgh each of
Q(NT, uo) =TrhZuoi mpd2,r Eq.4 i=o0 10 For exanple, one
ﬁn@@ VR geEniRe HRddidieNThE chdsd iy pBRE¥eaCHe Witalion

of one N-symbol interval is
N-1
@(NT,u,) =7Z'h2u0,i mod 27z Eq. 4

For example, one embodiment may use an odd-length, M-ary sequence with z =

1 that will have a phase change of ¢(NT,u,) = 7 radians while any M-ary
sequence with h = 2 will have a phase change of ¢(NT,u,) = 27 radians.

Referring briefly to FIG. 5, a transmitter signal pattern showing in more
detail the FIG. 4 transmitter preamble slot and associated receiver sample
collection timing will be covered in the context of the current discussion. An
exemplary preamble time slot 500 is detailed to show a scenario in which a
known preamble waveform that is periodic is transmitted repeatedly throughout
the slot. This known preamble waveform, denoted as so(t) 502 has a duration of
NT seconds, where T is the symbol duration, in seconds, and N is the preamble
detection interval, in symbols. The receiver 300 wakes up and collects samples

of the signal for at least an integer multiple of NT seconds, i.e., it collects at
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briefly to FIG 5, a transmtter signal pattern
showing in nore detail the BRBG 4 transmitter
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| N8 Seribd INT. PAE wall bé\ﬁis&%%tﬂ&ﬁ)r%;i’, fPom alrbce®RY kiRBAISrédessing
WO 2004/ 100423 PCT/ US2004/ 01269 13 | east one

5,8@%%%2” E@?g%%%é%ﬁhﬁﬁﬁﬁo%ﬁ&%ﬁ%ﬁ@*edﬁ?ﬁﬁ {BiSikNE in
' [ IG 3. T i SSi

RS Repedeh e iion Ay lsBREA Th ERrah At G arESE
nodul ator results, in a nom nal enbodinent, in a

watnetslatar docsy'trecessiily @engratessigial Withegiod MY sesgnds. This
shortly, froma receiver signal processing

poivat derhensteted intEqi 4, west nablé l¢dptt sdquencs thrvaigh b RFSK
period NT, as illustrated in FIG 5. Repeated

t r 3idAflafsiivifh RE 12uddeneda PhakatcBasRmren ERlidnk lodbie Bourse of
CPFSK nodul at or doesn't hecessarily generate a signal

WL RS 4 . PRECPASK sithhPoantRSoHSARE Y i
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nmodul at.or wi th =1 unde s.a _phase change of . r

"o AR trgeh S EESTHET 1 8 el e SRl o Barrh fhase

CPFSK signal can be forced to have period NI seconds
change of 2 7z radians is attained over the course of the length-N data sequence.
For example, applying Eq. 4, in the case of a length-9, M-ary sequence, with h =
1, and a symbol rate of 3200 baud, there is a phase change of z radians over the
course of this data sequence. To force another z radians of phase shift, and
attain a total change of 2 # radians, and, thereby, a waveform with a period

equal to 9/3200 seconds, an intentional frequency offset is applied equal to:

Af, =2l T Eq. 5
9/3200 seconds

This demonstrates one exemplary method of generating a preamble
waveform with period NT seconds by repeatedly transmitting an arbitrary
length-N data sequence through a CPFSK transmitter 200 with a small

intentional frequency offset. As a result, a receiver 300 will be presented with a
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signal, so that a phase change of 2 ,r radians is
wa@edoaitemged over the course of the | ength-N dat aPCT/US2004/012698
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preanble waveformw th period NT seconds by

I epltt esthy s{rhbelaBpdatdd Ty tiares prebiltinginya singlegbhe pred@abk signal.

sequence through a CPFSK transmtter 200 with a snal
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Wil present ed 2004/ 100433
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preanpl e si
| G 5,

one od| nt a si e ch0|ce of t he
da@rag%aweheéﬂalae iy m? S feaiengi O SRHE e synbol
repeated N tinmes, resultin a single-tone preanble
si gnal . uos[ﬂﬁl@#E%tDaDdgsﬂ]abl e choice, B fice any

spurious tone, etc., may false the receiver, and
I nehicheoglys bukeen twd toaenfraquemees. ”Elmrﬂmiceaiﬂtthymdné valua D
anot her enbodi ment, a choice is the |Iength-8 sequence

10 of sHdMd HOba¥ed 8n Thd H‘éRiWQeﬂon‘t@d' Bhd Be-fRquBlcyEsiror@hathd ch
t oggl es between two tone frequenC|es %%e choi ce of
t h@xpsex{éﬁoi?or &IafhﬁleD if large local oscillator errors are expected, and an
exemplary receiver 300 employs analog filters 348, 346 with a limited
passband, then the symbol value D should be chosen to be small enough, so that
the signal does not land in the transition band of the analog filters.

15 4 In another embodiment, the preamble or preamble sequence may chosen
from a code set comprised of multiple sequences. It has been determined that
cyclic codes, such as non-binary BCH codes, provide good distance among the
code set in the presence of time and frequency offset from one another. These
sequences are always odd-length, so, if h = 1 is used (or any other mod index

20  which produces a non-periodic signal), the offset adjustment described above
may be used to produce the signal of the desired characteristic. The signal

processing elements described below apply to a tone signal of single or multiple

tones, or the BCH code set.
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arranged to detect a preanble signal will be discussed
anenvdeaeenisd Ectors suchygs beftery yoltageleyelranddempeyare, and other
conmponent of the wi reless communication devices 100,

1 0Gndacheil Snteaniionssanbngf elementoof aorabreceivponent s or

el enents that in 5 practice can exhibit non-ideal

char act Bhérs atCsevarb tnpitd SFRAHEMGYy diiteatdidléds YeceivER @8R ong
non-i deal characteristics arise fromthe statistica
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constructi on e wmre recei ver 300,
environpental f ors such.as battery volta | evel
an]&ﬁl?lg ‘é?“ﬁ?lﬁflsegf thﬁ 8018Pﬂ1éepts comprising and surrou&%ng a signal

source and other factors such as temperature and component changes with age.

Frequency variation will cause a received signal to be shifted above or below an
intended frequency. It is then necessary to mitigate the effects of the ﬁequenéy
variation when processing a received signal. Another impact of the wireless
receiver 300 that must be overcome, particularly in the asynchronous
environment is clock timing synchronization.

The wireless receiver 300 is arranged for using or detecting the
preamble signal as discussed above or a similar specialized preamble message
and comprises a receiver 302 coupled to a sampler 304 for providing a plurality
of received sample sequences to a controller 306, normally including a digital

signal processor (DSP). A preamble detector circuit 308 and power
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including a djgital,  _signal processor (DSP).
prRAYESIcanssEY AN SIrcit 3L, PPers@g t%?&um@efvégfo@ﬁ%em 3
PCT/ US2004/ 012698 16 conservation circuit 310 may be
st wirdasomecivéridiis enlymmonijsiriagdon apreamblagigial enthe vgreless
the controller 306. The preanbl e detector 308 operates
ascoheatfichesh dwiet00 i ieanothee low power matlée. diheconirolidr 306 is
310 operates to reduce the power consunption of the
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t hei r power consu erro Sirnactivit
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operates to reject out of band energy of the received signal and this signal is

then amplified by an RF amplifier 322. The signal is further processed at a
mixer 324. A signal source 326 comprises a synthesizer 328 and voltage
controller oscillator 330. The synthesizer 328 is referenced to oscillator (not
shown) that is typically specified to be stable within 5 ppm (parts per million).
The synthesizer 328 controls the frequency of the voltage controller oscillator
330 to produce an injection signal 332 for combining with and down converting
the received signal at the mixer 324. The resulting intermediate frequency
signal is shaped by an IF filter 334. In an exemplary digital receiver, the signal

is split and mixed to two base band signals.



wirel ess receiver 300 is only nonitoring for a

preanbl e signal or the wireless comunication device
wao@4iteo4eh anot her | ow power node. The cont r ol PEF/USHE4/012698

is 10 coupled to a nmenory 314 conprising volatile and

non-vol atile nmenory. The rec¢yver 302 receives a

signal 316 conprising a preanble signal at antenna

318. The received signal is shaped by a radio

freque ilter 320 that. oper to rej,ect o of
band entiebienon et Peciryion TEGRas med iy CoLpilk pip e
then_aTPLified by an RF anplifier 322. The signal js

f uieeqieed sigrndl da thepasg ol 2080 tgedigpo irequelry FeoeIveR o %

326 conprises a synthesizer 328 and vol t age

c oddlibetatedy offsatiahlaatonnt 8B@] toTmantoymedietsi fraguedns sych as 13.7
referenced to oscillator (not shown) that is

t yiRkgaletty. 15 pagidbisesbdtin thedisduabibes bélowivwhebe thierignpbgousce is
per million). The synthesizer 328 controls the

5 f f@gﬁﬁ&% Dlowl 8 nﬁ@étfoi%qagﬁus}fstglcfbﬁ&ct%pa Fegiity migRattR

pr ce an injectron signa or conbining Wth and
do onver.t i 20 .t he .receive Lgnal at the m xer
32§ﬂhﬁﬁaﬁ?%§ﬂfgﬂﬁgﬂﬁﬁﬁéﬁH% ?%ﬁ%yé#Equency signal is
shaped by an IE filter 334. |n an_exenplary digjtal .
recei veMorg specificgllyp seqogd%flilgtogﬁagmoﬁggesta&epgﬁi JhiegHon
band signals. WO 2004/100423 PCT/ US2004/012698 17 The
f r ferency whichtihpravideddn a0 dsirgrahifizd ¥ersign fortukingvith the

nearly match the received signal in the case of a

Z emtermetiRtestjuehey diprduemdser 3¢0 and e unshiftel version for mixing
deli berately of fset an anmount equal to an internediate

10 T 1 @44 mten%e&iate%eqéén@ sigRdah@itcf 3421 The rbRGiRi oSt 8and

in the discussions bel ow where the signal source is 5

adi;ig%h% Crlloh%al J}'}a?é/flré(f]tg ais Elaﬁcf Ejt sﬁé}}a;sr §19 Yl as0bk Iters

f or requency msnmatch  w e recelved signa
AEAEYESLRGERGIE W S ST I
output signals from the base band filters are provided to the sampler 304 as

depicted. The sampler comprises analog-to-digital converters 350 and 352.

15 The analog-to-digital converters produce I and Q outputs that are digital
signals and that are coupled or sent to the preamble detector 308 and the
controller 306 or just the controller 306 depending on the implementation
configuration.

The controller 306 is also coupled to or includes the memory 314 that is

20  used for storing program instructions and configuration data 354, algorithms,
such as correlation routines 358, as well as waveform samples 356 or
information corresponding thereto that is used in the further processing of the

received signal as well as a plurality of other routines that will be obvious to
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or j ust Théstroomnal elements 30 thedeipeladirageiam 300 are generally known
i npl enentation configuration. The controller 306 is
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is also commercially available and known and may be included in total or part
with the processor. The preamble detector 308, if implemented in software, will
15  be implemented in or facilitated by the DSP or processor. When the preamble
detector 308 is implemented in hardware a number of commercially available
field programmable gate arrays or the like are suitable for performing the tasks,
given the principles and concepts disclosed herein. Implementing a DSP task in
logic hardware is known in the art and can be accomplished by one of ordinary
20  skill in the art without undue experimentation given the discussion and
explanations herein. The power conservation circuit 310 may be implemented

by a commercially available field programmable gate array or in the DSP
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scanni ng, sdwchr onqusly and sequentially durin
experimentally determined givén appropriate governmen al regulatlons and the

like. The receiver 302 may take these samples, for example for 2.5 milliseconds
15  each, beginning at an unknown time relative to the beginning of the transmit
cycle, as shown by the offset 420. While the drawing is not to scale for
readability it can be seen that if the receiver collected samples at exactly the
same period as the transmitted slot, in this case 90 milliseconds, and the offset
420 was such that the sample sequences were taken during the transmission gap
20  between frequencies, one or more of the sample sequences taken in time
intervals 412, 414, 416 might be taken at a time when there was no transmission
and the preamble signal would be missed. In one embodiment, the receiver 302

sampling period is set to a slightly shifted rate, in this case every 80
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sanple timng 410 wll be discussed. The receiver 302
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interval 412, 414, and 416 at the three predeterm ned
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ré@@?@%?“ %5°pﬁ g%@@?@ %%pﬂﬂygﬂgerat%%ﬁ%:§ g%ssed
above hut can, be . experi eter n d.gi.ven
apEISPREsEP Ginder thatdh 4 al%(ﬁ%?% Heie gﬁ%f ta,ihe pesirhing Rthe
The receiver 302 may take these sanples, for exanple
f osor@spomiing {rewouiestransmissiomn, peiedi niping taensare thakesshof the
time relative to the beginning of the transmt cycle,
asprehebie faquehdew fIBled avhdfble Whillegeddieer 302 wh Bigeass onobf the
to scale for readability it can be seen that if the

I eeSlsHAtsiGPhdRfdked sanples at exactly the same period
as the transmtted slot, in this case 90 mlli seconds,

ond epglig o fR0aLRG @ﬁ@?ﬁs@r@&m‘r%%o%%%s%paag%%ﬁgces
L o ST T

time when there was no transni ssion and the preanbl e
si gpmaple vruiedcasewith osereceivad samplenpotnaeerllectedat each of the
receiver 302 sanpling period is set to a slightly
shplutaily bapredeterminbd Sequeseiesy &1 yndBin iAo thb@OHAS periods
PCT/ US2004/ 012698 20 milliseconds, so the subsequent
safpl @ 18416088 eahe. § Hiflis@sbnlis (%H&)tlbﬁg and RSEBrESHEHds to an

periods, that is 422 and 424 are closer to the

beﬂl‘t%& Htgmggr d %no%@&f]tﬁﬁg s1%1‘5a51i AP Wa%%]fgfm 502 ot]9 that

tra SSI on sure each

rea%gqai o Sl%ﬁlwsaﬁn Srsaortin Fldfeal ccbfier

erlods
p embodiment is comprised of a sequence of samples, specifically I/Q sample

pairs taken over the 2.5 ms window at a sampling rate of, preferably, 51,200
samples per second or 128 I/Q sample pairs in each 2.5 ms time period or
observation interval. Thus a received signal sample sequence is comprised of a
multiplicity of samples of a received waveform or a received sample sequence
that is collected over one of the 2.5 ms time periods.

The wireless receiver 300 also comprises the controller 306 coupled to
the receiver 302 and sampler 304 for performing a correlation based on stored
routines 358 between data corresponding to the preamble signal stored in
memory 356 and data corresponding to a received sample sequence to provide a

correlation result and for comparing the correlation result to a threshold value,



Returning to FIG 3, the wreless receiver 300 al so
conprises the sanpler 304, coupled to the receiver
wW@m4/160ae3 col l ecting a plurality of received BENPE®04/012698

sequences, with one received sanple sequence coll ected
at each of the plurality of 2dredeterm ned
frequencies. In one enbodinent, the 3 tinme periods 10
412, 414, 416 are each 2.5 mlliseconds (ns) | ong and
th '

NhiSo ERFLARAG gu?{fﬁﬁé‘ defehth Q%&heﬂ%ﬂ@ﬁfea&he?ﬁ%ia‘?ﬂ&m en

he prea or mave rm 502." Note

Lve na aml e res he
ai Gt 8 el e ShsaPisBRN Ris” s & Sl e et Sbo "
sequence of sanples, specifically 1/Q sanple. pairs
t aRRATalSY E Tefpge the BOYET CAnRMBIIR O%thﬁ ArFslesH geqeter 399 until
preferably, 51,200 15 sanples per second or 128 I/Q
s angtifeedday the comtralber hspRcificatty prieambleaietastbrothat the preamble
observation interval. Thus a received signal sanple

5 segjgpiltas beercduiiuiéds eAls dibcidsedabolve tht arhiylePS05RPERBIAD
a received waveformor a received sanpl e sequence

th :
2“%‘3"?3 R pREURY F RVl é#@%ﬁ%%‘?gg% 4R Bk bPAE
ro 0 ed t.0 recei,ver 302
ol r S E16 B P Rigm et i SR Py case
stored rout | nes 358 between, data correspondl ng to the
pr éaiBilidseepnsisailhe prsawale signakishsripdisoyyen g irgeges multiple of N
correspondlng to a received sanpl e sequence to provide
a syobalethas pordetesmiried tarmpdind asshpem abgyet inghe discussion
correlation result to a threshold val ue, WO
10 20£44dtdDMBR 4REH/RISZ004/ 012698 21 al so stored in
menory 314 to determ ne when the preanble signal has

been  dehRfdyesh arfoRANGEH I6RBEEE MREHoaBI0EY tEdtifes BHP the
coupl ed to the controller 306 operates to reduce the

¥‘ﬁam883'%%jﬁ? ?glé Q@}) ﬁ%ontl q eﬂrfnbggll F;cg%? ]gnllicg gr?({pye%C}/ Wl t:i)}oﬁ n%wreless

de]t[e%gltvghoo that the preanble

The controller 306 is operable to estimate a frequency offset between one of the

15  received sample sequences and a nominal frequency of the signal source 326 by
locating a peak of a correlation of a magnitude squared value of a Fast Fourier
Transform of the received sample sequence and a magnitude squared value of a
Fast Fourier Transform of an expected preamble signal where the expected
preamble is stored in the memory 356. This peak in the correlation results in or

20 provides a frequency offset or estimate that can be used to adjust the received
sample sequence according to the frequency offset to create an adjusted

received sample. Then a



5 signal has been detected. As discussed above, the

sanpler 304 is operable to collect one of the
w@bkanabisey of received sanpl e sequences duri ngPEHUR2004/012698

the tinmes 412, 414, 416 or for a predetermned tine

period, in an exenplary case222.5 mlliseconds. The

preanble signal is periodic over an integer nultiple

of N synbols thus predeternmined tinme period as shown

bove Lh £he i scussl on
e VB R R o R e e B ey chbmath Al Fheartvre
that th nbl i | b h ; . both ti

Rl S R ST Lo B SRR e g o pride (e

controller 306 is operable to estimate a frequency

of grdlativatresdin one of the 15 received sanple
sequences and a nom nal frequency of the signal source
326 by AhegBdustige andpealighn fforavaed cormp@btianofthes values may
magni t ude squared val ue of a Fast Fourier Transform

5 of sifihe &e%ﬁlﬁid\iﬁgrécﬁeal veHEH YR G Re ADA1BIBRGRY Sdtfi@1ler 306

squared val ue of a ast Fourier Transform of an

ex fe re ' t t

S PR Rl R B LB BT Bl RRTRE b the
correlation results in.or 20 provides a.frequency .

of ¥R ApaddisgiTieapencylesiimaioh apla G0slp eaTch g L Copystation for
received sanple sequence according to the frequenc

of timetofiset is prawprsedeandzagarsmenrdedrfor dievesemplapperabodimsat.

WO 2004/ 100423 PCT/ US2004/ 012698 22 a circul ar

t i me- doWhe preemblealeiiction alyetiviae or piacesscoorke epa icked guinber
the preanble signal and the adjusted received sanple

10 SENWEBEorhSlek Mhpeablle kQeBica\sigdal, Where NY thelpadantile period
resuft. An exhaustive and straight forward conputation

of il ngﬁﬁ)%ls\,/ %&J&S is'TH¢ number of samples per symbol. Usually, NN, should
be chosen to be a power-of-2, so that standard Fast Fourier Transform (FFT)
. techniques can be employed. In one exemplary embodiment, the controller 306
first computes a zero-padded FFT of the received signal or received sample

15  sequence, and takes the magnitude-squared:

2
1 1 %% e
P,(l)=§NN D re 1=0L..2N.N-1 Eq.7
s k=0

This computation has a frequency resolution that is twice that of the standard
non-zero-padded FFT, where the frequency resolution of the standard FFT or
DFT is equal to the inverse of the observation interval or time period over
20  which the sequence of samples are collected. Where this time period is 2.5
msec the standard resolution is 400 Hz and using the zero padded FFT this is

improved to 200 Hz. It has been experimentally shown that doubling the



5 still be deenmed inpractical given in the tine
avai |l abl e using controller 306 while still neeting
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so the wuse of an ad hoc frequency estimtor and a
single search of the correlatd3on for tinme offset is
proposed and recommended for the exenplary enbodi nent.
The preanbl e detection al gorithm or process wor ks on a

fixed nunber .

r  BEBET ERphuR REPE bREFINCR IR Bl ilBed dpring the
syrrbols, and NS i s the nunber of sa | es ] ol

Lk e IS AN 2 amEHe BEHOTHGE TIPS EHERuIGh e adhpe
that standard Fast Fourier Transform (FFT) technlques
calfregeeneyehtoyaitbn. | n one exenpl ary enbodi nent, the
controller 306 first conputes a zero-padded FFT of

t he r ec®hy athgritgdedquared valieiof dtk apeptbe plambiagigmt gncluding
and takes the nmagnitude-squared: .2idd 2 NSN-1 -'"12NN

Pr {hy m’ten%lo;ial’ﬁ&ﬁleﬂcy Stdet adde@'ﬂ@hlie]trﬁ@mlﬂer #% AREAGER BBVS is

COfT'pUt atl on has a frequency resol ution t’hat IS twce

e O ROy g o
HﬁJ to t e |nv e of the observation interval or
THeY’ “which the sequence of sanples are

coIIected V\here this time period is 2.5 nsec the
standard resol %lOﬂ.JﬁﬁLbO Hz and using the zero

giggfﬁn\s}g@%l P‘j\jz\&ﬁml W?V%ug’?l ng SM;LZ o 2%%%/ ?88223

PCT/ US2004/ 012698 23 friequency resolutlon to 21VNS
poi nts over the actual sanples collected during the

The matched filter correlation in the frequency domain is computed:

2N,N-1
C,(= Y. P.(mP,((m+I)mod2NN,) -L,, <I<L_, Eq.9
m=0
where L.« is chosen according to a pre-determined frequency offset range

based on system parameters contributing to a expected maximum frequency

offset. The frequency offset is then estimated as:

o, = N; e frac argmax,[C P (l)] radians Eq. 10

where the "fracargmax" denotes the fractional argument of / which maximizes
C(1) or the peak of the correlation in Eq. 9. One simplification of the
correlation in Equation 9 is available. The data corresponding to the preamble
signal can be clipped to limit the number of non-zero elements thereby reducing

the number of computations to estimate the frequency offset as follows:

E@) ¥ E(D)>7,



sanpling period provides a dramatic performance
i nprovenent in the ad hoc frequency estimation. The
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signal, including 5 any intentional frequency offset
added at the transm tter, as2descri bed above, is
pre-conputed. The length of this tenplate natches the
zer o- padded |l ength of the received signal, 2NNS. 27dd
2 NSN1,-J2NSN P, (1)=AS Zs0.ke 1=0,1,...2NSN-1 Eq. 8
k=o ThePw#dched filter correlation in the #*h&hency
domain is conputed: 2N, N1 10 Cf (1) =1 P. (mPS
((m+ 1) nod 2WNS) /P @y, < | < Lmax Eq. 9 M0 where
Lmax i s chosen according to a pre-determ ned frequency

of fset range based on system paraneters contributing
t owherexpas & pedetexinnedhthnegple vdye. While s dramatitalbodastrayes

offset is then estimated as: Coe = NN frac argnaxl [C

thi hhnﬁ@ﬂ%ﬂ?b?nﬁaﬁoh@ thete %?nﬂ‘ﬁ@t'i(%faﬁl%%\?ﬁfaﬁgﬁ@}f SR accuracy

denot es t I onal argument o | ch.rraX| m zes
C §she BrahBey R S sERAE) P St
L e RS B o o
el ements thereby reducing the nunber of conputations
t osegsenagas eorrdrted foe fpeewangy offbglet as f ol | ows:
x, =re** k=01,..,N,N-1 Eq. 12
The preamble signal is constructed at the transmitter 200 such that the
received preamble signal exhibits a circular shift of the preamble signal with .
arbitrary starting phase as was noted above. Next, the controller 306, using
correlation routines 358, performs a circular time-domain correlation between
the data corresponding to the preamble signal, in this case a conjugate of {s g},
and the adjusted received sample sequence {x;} to provide the correlation result.
Both sequences are complex, so a brute-force computation would be

computationally intensive. The use of a Discrete Fourier Transform (DFT) may

be used to reduce the complexity of the computation. Take a pre-computed

DFT of the desired signal
| 27kl
NN-1 —J NN
Sy =Y so.e 1=0]1,..,N,N-1 Eq. 13
k=0

A Fast Fourier Transform is used to compute the Discrete Fourier Transform of

the frequency corrected signal {x;}:



20 P(1) if P(l)>r7, WO 2004/ 100423 PCT/ US2004/ 012698
24 PPS () =Eq. 11 O iff(l)<_.i5 where 77, is a

w@e@daomedri ned threshol d value. VWile this drapel/Uszbd/g12698
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decreases the nunber of conputations, there is no
noti ceabl e degradation in thgsaccuracy 5 of the
frequency offset estimate, especially for the case of
the 2-tone preanble. Using the frequency of f set
estimte of Eq. 1Q.the received sanplée sequence IS
correct ed for-ifreqguency offset: xk = rke-'6~k k =

X NND g, 121 T préd¥blle signal is  Eq. 14
construct edr s the transmitter 200 such that the 10
recei ved preanble signal exhibits a circular shift of
t Byt eanpihtengsinginatrseDideretal diriar Jirgnséorar of thg ppivkseofas
was noted above. Next, the controller 306, using

CODfsBheRs Foick Qrisheren SEiBe adjastbOrdreivad @hrhpleland a conjugate
time-domai n correl ati on between the data

c
CSTR}SE%E%’F@H@ Tefbltn 8 GOy RoRL 0T ting 1P i rberheSighal
| e se e to Vlde ecorrelatlon
g‘E}F% hef Hm&éﬁf@h"t%‘g’rg ﬁ% so a
br ute-force conput ation woul d be conput ationally
intensive. T eNyﬁﬁ of J%—‘D screte Fourier Transform

(DFT) nmay= &’ Ko 1 eduge G,he, NoNp!exi t Eqol5t he
comput at | onNN 3 a pre-conputed DFT of the deS| red
signal . 2,rkr NSN-1 NNS1 =Y, sOk es | =0,1,

NSB%nsqmﬁg thatthe preamble signal is periodic over the proper time frame, it
enables the use of a circular correlation over time, which is efficiently
calculated using the DFT. The fact that the correlation may start on any point in
the signal allows correlation of N symbols with the minimum receiver “on”
time, reducing the battery requirements for preamble detection.

The correlation result is compared to metrics for the preamble signal
using threshold tests. The controller 306 is operable to compare the correlation

result to a first threshold value corresponding to a wide-band noise metric

2
J Eq. 16

This metric is normalized by the power in the received samples. Using

defined as:

c
C, =max k[——N"N

Parseval’s relation:

2N,N-1 N,N-1

ZP(Z)— }:1 A Eq. 17




k=0 20 A Fast Fourier Transformis used to conpute the
Di screte Fourier Transformof the frequency corrected
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2?2rkl NNN-1 NN XI = Y xke 1= 0,1,...,NSN1 Eq. 14 k=0
Thus, conputing an inverse DRB8crete Fourier Transform
of the product of a Discrete Fourier Transformof the
adj ust ed recei ved sarrpl e and a conjugate Discrete

i R S S e g %%‘ﬁ’%cﬁ%he

correlatlon of the two: "IN = S*1Xl e
k=mples, acaqEniing @athel%eq%ncwf%eé Né&}le iTRREYS t the
preanbl e signal is periodic over the proper tine

frame, it Jenables the use of a circular correlation
over tifeT véh is efficientl y cal cul at edFduds ng the
DFT. The f&&t that the correlation may start on any
point in 10 the signal allows correlation of N synbols
wi Khllttheemdrgy ismsed, dbeinetrics 'goismalt When the stinel-fognaibeeratio is
battery requirenents for preanble detection. The

C OlokvedcathisQillofwe s8¢ bf & Bighahfealiaddl dvoidimd problenfsdn disfi@guishing

preambl e signal using threshold tests. The controller
3061 deSirPSEMN RoliVed AMEL Sighd1GoGRILEARId. ON
In an embodiment where the preamble signal is modulated with a BCH

code set the only requirement for threshold testing is:

C, = n,P Eq. 19

n

where 7, is a pre-determined threshold based on system implementation criteria

and experimental results. The low cross correlation between undesired codes is
relied upon to reduce false detections.

In another embodiment, the controller 306 is op'erable to compare the
correlation result to a second threshold value corresponding to a narrowband
noise metric when, for example, the preamble signal comprises a plurality of
tones. This extra test reduces false detections on narrowband signals. A

narrowband metric in such an embodiment may be:
2
J Eq. 20

where L is the relevant subset of the received signals frequency spectrum.

Xl
NN

s

C, =max,, L[

Passing the narrowband metric requires that

C, 2n,C, Eq. 21
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W de- band noise netric 15 defined as: z Cl= nmax Kk N N
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the received sanples. Using Parseval's relation:
2NNN-1 1 NN-1 2 1 (1) = Z IrR7Eq. 17 1=0 NN k=0 WD
2004/ 100423 PCT/ US2004/ 012698 26 the nornalization
factor is defi ned as the relevant power in the

St SoTBh SRS el By P RO B S

all the energy is used, the netrics get small when the
si grbbastdeomeyssem camﬁgnraﬁ;on @nd eomirgmmetakiaglotsows use of
a high threshold, avoiding problenms in distinguishing

undesi r e sy, d@hsmites SioW 8hagtbrnhindhmSisg@itdied RofiQbSRAmpling
ratl 0os. In an enbodi nent where the preanble signal is

teﬁxﬁ ggshﬁ’% %Ia %ga"m gd?ﬁ]@%éﬁi algcgg: %H k‘éé/lé\?@ %%% 200 1s

etermn thr sho l% ed on
0

| niﬂréé%ﬁa lf Sie]a ng Anreamble 31gna as pa ransmlss1o¥1 sequence 402.

The transmission sequence is divided into equal time slots where the signal at
each time slot is broadcast at a different frequency. In the exemplary case
discussed, the identical preamble signal is broadcast during the first three 90
millisecond time slots 404, 406, 408 of a transmission at known frequencies f7,
/2 and f3. Other applications are easily envisioned where the duration of time
slots vary and the number dedicated to the preamble may change based on
frequency band, criticality of the message being sent and environmental
considerations.

A wireless receiver 300 is arranged to operate in conjunction with the
transmitter 200. The wireless receiver monitors a channel as represented by the
diagram 410. The wireless receiver wakes briefly to monitor each of the three
frequencies f1 412, f2 414 and f3 416 used for preamble transmission. The
receiver wake up period, in this exemplary case, 80 milliseconds is chosen so
the timing of the monitoring processes in the receiver are offset from the timing
of the transmitter sequence to improve the likelihood the receiver will capture at
least one good sample of the preamble signal at one of the three sampling

periods.



and experinental results. The |l ow cross correl ation
bet ween undesired codes is relied upon to reduce
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controller 306 is operable to conpare the correlation
result to a second threshol d2gal ue corresponding to a
narrowband 15 noise netric when, for exanple, the
preanbl e signal conprises a plurality of tones. This

extra tgst redu f.al se det.ect.i ons_on_narrowband.

o gnal s KRR anu ERRTR RS YR Refin Dk B R of te
rmé be: 2 C2 =maxi, L X, NNEg. ,20 ,N where L is

t hBIG-& wansmitiergmeanpble slof Ard pssepted gecsivh sample calierdinay
spectrum 20 Passing the narrowband netric requires

t htiming will be eENelq AsaiesaibedGibdye, @@pse@nble slot 500 is used to
PCT/ US2004/ 012698 27 where 72 is a second

pr eepdak @y wroeidadt Arpesdnsdie sighaltso(tp 502rpf éwrené@NITARconds, where
speci fic and based on system configuration and

enypl;g &fé'}ﬁﬂg;%} of %Bms%g?@bf;hmﬁ{i@tﬂerrﬁﬂ%% bE gyﬁn%dég?f;ebmble

pattern and an assocl d receiver sanmplin rn

has _been, di scussed in sone.detail above. . ln.reyiew, .

Cr aFe vt apeguanes <RR Rl Slnis R Ehly R i fleeer

signal as part of a fransm ssjon sequence 402. The

t r Awaheradivsernable needs- i ops GnblmeRt dhegaeiver semples fog anly

where the signal at each time slot is broadcast at a

di NTegeeondsf504 doieriniynizd thephweesrampdiihy wiretass rafeyeus@dd,

the identical preanble signal is broadcast during the

first tReferi®Oto FIG. biasthooohart bfemstiodso 46t Afl6ssagdd8

of a transm ssion at known frequencies fl |,
identifier or preamble in a wireless receiver will be discussed and described.
An initial condition 600 is set up in a wireless receiver 300. A counter for
frequency f and another counter for time slot t are initialized to zero. The
wireless receiver 300 then begins scanning, asynchronously and sequentially
during a wakeup time, a plurality of predetermined frequencies for the message
identifier. The wireless receiver collects a first of a plurality of received sample
sequences 602, one received sample sequence collected at each of the plurality
of predetermined frequencies. The wireless receiver 300 collects each of the
plurality of received sample sequences for one cycle of the message identifier,
wherein the message identifier comprises a periodic signal that traverses an

integer multiple of periods over a time period for collecting each of the plurality

of received sample sequences.
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frequency band, criticality of the nessage bei ng sent
and environnental consideratZzns. A wirel ess receiver
300 is arranged to operate in conjunction with the 15
transmtter 200. The wirel ess receiver nonitors a

channel e esent ed..by. t he i m 410, The .
wirel es 9%38% g%gpeﬁ(ﬁlkoggs%lrsieéﬁ%inf}t%g %93 K P EF LPLE ¢ he
three frequencies f| 412"]2f 414 and f3 416 used_for

pr 8diusied agqordiagie tedrraueny offsst edsrelescintion pf Fher 7 agwell as
in this exenplary case, 80 mlliseconds is chosen so

t héhetdisdusgjorsf aboie. noni t ori ng processes in the receiver
are offset fromthe timng 20 of the transmtter
sequencatis06] aguraelationtie péifted ddrteotednhiata egisy@iding ol the
capture at | east one good sanple of the preanble

Si gnala-atd ARG ePind Ifa E&f&goﬁiﬂg’{d 4'Hrst fé%éﬂv@&@amﬁﬁ@se uence to
2004/ 150423 PCT/ US2004/ 012698 " 28 Referring to Fl Gq 5,

a nsmtter sian t owi.hg:a detail. of.1h
7 SRR b dedy, AR EPEOFOP SRR RelBleRld o wfclfou
recej ver sanple collection timng will, be reviewed.
A Voie & e ing et 05W§9Pf35%ﬁéﬂf§ﬁ%@ lmﬁghﬁ%@n{ﬁge@teﬂ-
repeatedl y broadcast a preanble signal so(t) 502 of
duPfereblyNthedasigaerivedpagipde squencs is adjusiadrdenording to the
seconds/synbol and N is the nunber of synbol s/ preanble
pefiieqaenci offdetrte smatecingljustaicvavedsanhpls asukrcet 1@ a circular
preambl e signal for an integer nunmber of preanble
pPefinRAfomdin cOREatsiPesvEBHhe dahonRGRINIAIg 16 APMBSsakO"
only NT seconds 504 to mnimze the power drain of
th ks S fecel ' -
?de}‘)ﬁlgl?ll %ﬁi %@ah‘%gf%g&n@?%@ttﬁggﬁ%éég geé:teﬁfeg Is&hpl@ s@qL{eanéle

char

performed to give the correlation result. In the exemplary case, the peak
magnitude squared of the circular time-domain correlation is compared to a
threshold value to determine when the message identifier has been detected. In
one embodiment; a wideband noise metric, as detailed above, is used when the
message identifier is either a plurality of tones or a code set. In the case where
the message identifier is a plurality of tones a narrowband noise metric is added
to the wideband noise metric. See description of FIG. 8 and the discussions
above.

‘When the message identified is not detected the No branch of decision
point 608 is taken to 610. If the predetermined preamble sequence sampling
plan has not been exhausted, e.g. three sets of samples at the three

predetermined frequencies over three sampling periods, the No branch is taken



10 identifier or preanble in a wireless receiver wll

be di scussed and described. An initial condition 600
WO 2008200420 in a wreless receiver 300. A countPBCT/{/82004/012698

frequency f and another counter for tine slot t are

initialized to zero. The w 36l ess receiver 300 then

begi ns scanni ng, asynchronously and sequentially

during a wakeup tine, a plurality of predeterm ned

fre ncj.es for the ssage 15 i.denti.fier.. The.
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recei ved sanpl e _sequences, 602, one received sanple

s etfigtieehays|bear taken atvadRohog ot fthircrdiia pvoed,gp the

predeterm ned frequencies. The wireless receiver 300

c otemtlsryeashdestribddeabope,um al G milbisecondei Thedsagmlip process

sequences for one cycle of the nessage identifier,

Whekehss the2paradie ddafibp id peirfaoep bt $88mBerEWak@s times it
signal that traverses an 20 integer nultiple of

5 peﬁﬂaggésuﬁ\iﬁ ﬁ%\%rgiﬂg;gl%\i/rg\gh&p&efp@ﬁraﬁeﬂ df%?éde%\r/l\%%t}‘réﬁheﬁﬁé‘s are

plurality of re sanpl e sequences.
2004/,100423, PCT/ US2004/ 012698, 29 At 604 a frequency
o ¥ SR AL o B R B ot ved sanpie | <

adj usted according to the frequency offset. See .
descri ptWish the message vdeaggwetﬁ detesteds the Ygs Sranshahpds is
above.. At 606, a correlation is performed between
dafodlowedrte s pbndhegirelsss regeiSeni¥kia gakinrsdnior further pragessing
data corresponding to a first received sanpl e sequence
t ofrofr Dredoleedaponr cehsiiptionrsesel| A.sighhbsouade willtid alusted
result is conpared to a threshold value to determ ne

10 WhERoRTinWREIB Heqh iRy RESAB R ohfHRAdakd f08h i3S a8 BBtween the
detected: Preferably, the first received sanple

> fﬂg{g@%fgk@eﬁg | Uisih%%gpj‘i&s‘é &%&%x 560 LS theg{rgglﬁgﬁ@% the

eate an adj usteéed reCelved s equence

and g chigular 10 L1 g donay n cont el pt.on DI ABg.
receiver 300 is at full power, it will further refine the frequency offset estimates,
make appropriate adjustments and ’proceed to sample the remaining slots in the
15  frequency hopping sequence for the rest of the transmitted message.

After the message is received, the receiver is returned to the reduced
power state and put in wait state 618, in the exemplary case, 80 milliseconds.
Processing is then begun again at 600.

If at 610, the sampling plan has been exhausted, that is three samples

20  taken at each of the three periods in the exemplary case, the Yes branch is
taken, the receiver is returned to the reduced power state and put in wait state
618, in the exemplary case, 80 milliseconds. Processing is then begun again at

600.



identifier and data corresponding to the adjusted
recei ved sanpl e sequence is perfornmed to give the

w@oeonab@Eed on result. In the exenplary case, theCpE82004/012698
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magni t ude squared of the circular tinme-domain
correlation is conpared to a31threshold value to
determ ne when the nessage identifier has been
detected. In 15 one enbodi ment, a w deband noi se

nmetric,_as detailed.abgve,,.is used when ,th ssage
"Gent | REPIIE ST BANY Sha iS5 5s MR k] forlBR IRR hart
set. In the case where _the nessage identifier is a

pl (G bys discusserbanddeseritedwsRHaWHE BN A02y the Hequepgyodfset
to the wi deband noise netric. See description of FIG

8 whetedrhenathsabifequensy ofifho wareldss reserer 80@ andthsdrpguency of
identified is not detected the No branch of deci sion
PahBte@BRdistmbRiRHudRe &ldtimbatfedtHiefimtigge bed esin a
preanbl e sequence sanpling plan has not been

S?@%ﬂ.@é%d%rg%ig'co%faﬁSn SR dafa AR SRR tolttﬂuem'é&ragg

frequenci es over thriee sanpling periods,

t h branch is taken 2004/ 10042

pCRPRg o OrASy SotuPoniad » hapeaB sumplesrquspgy To
freguency and tinme slot are updated, .if three . s | es
ha@lgaln@&f:tt@af(@weacmffﬁet gEInYs. brerpmaddedipgklowier trinsform
i nvoked, in the exenplary case described above, in =
80ofitht Fécebred nigmal, ithan semypllimygager witk Swice thesiiemisneit regelation,
When the scanning is performed at a nunber of wakeup

t i FRElculatdl TOBYREERY. 7). Theléxpeciad wavetiri saimpiestabesimilarly
plurality of predeterm ned frequencies are a selected
a LA LR RRAL (A mAhGRd ilRr BRIGAUS in th
ig@ﬁ??i|erqyg%§%§2§%ed, fwe Yes branch a{ 608 isln °

foll owed to 614. .The wireles ive '

f ojﬁeql{?p{;% g?mﬁlln S g%eglueﬁrbcy n{aTT cd’r?quxbo\élelg cg%%%ﬂrea 798 lfl%@f.e ﬁq.

romare
con tiaqn . A S I N '
9)Sal;'é1%pthcle eq&gn?:gf eoffset ig !ch%rnl acalcﬁl%%erd%%élv&ek E%e 1 &dj ﬁfc’et c%?culated

frequency offset is used to adjust the received waveform 706 (Ref. Eq. 12) and

in later calculations to determine the time offset of the received signal following
at 606.

Referring to FIG. 8, a flow chart showing more detail for the flow chart
of FIG. 6 is discussed and described. Following from 604, the frequency-
adjusted received waveform sample is operated on to determine a time offset of
the received signal. The frequency-adjusted received sample sequence is
transformed using a Discrete Fourier Transform to create a transformed
sequence 800.

At 802 the transformed sequence is multiplied with the conjugate

Discrete Fourier Transform of the data corresponding to the message identifier,



10 according to the frequency offset to conpensate for
a msmatch between the nom nal frequency of the

woweeherss recei ver 300 and the frequency of theCT/US2004/012698

10

15

20

recei ved sanpl e sequence. Wen fully operational, that
iIs, when the wireless receig2r 300 is at full power,

it wll further refine the frequency offset estinates,
make appropriate adjustnments and proceed to sanple the

remai ni ng sl.ots in the 15 fre n i u

f oreie FeSetyRebitatt A DI SRELEIEe T BT RERR
nessage i s received, the receiver i s.regfjr,ned to.the

r cRIQEBet seqtsRE 1somnutesn ey GreptingidCUCRRY Emp1dpmaly, ¢ he
exenpl ary case, 80 mll|iseconds. Processing is then
begmrrelatipai of the adjoded teceised gamaple sepreseayith tlae wessaghiglgntifier
been exhausted, that is three sanples 20 taken at
ea@efofq.t fig THY BRcRes Foveisr Trankfoemex eompatey usiag @ Faktourier
Yes branch is taken, the receiver is returned to the

r egHeeRRANE rthesitng%l‘ger:n Bltfgléré?é' FolnferBhhsfoin@isGonflfd isthg £€

exenplary case, I seconds. Processing’is then

begﬁp aga%ﬁ?at ﬁooﬁ;mo 2004/ 100423 PCT/ US2004/ 012698
31TREPEFAFAPUE HAE ™ a flow chart showi ng nore

detail for the flow chart of FlI 6 is, discussed and
descr i bEHce fi VISRPHY (icsniaee: apmlissfe eghesianiyses he
bet ween a nomi nal frequency of the wirel ess receiver
300essage ideatifierg eithea aralityhef tpeesainaddCHargt sctsibg adrhand
is estimated by finding a peak value in a 5 frequency
dofwet B applidded Gt i16theahestdpe idaitHiet 0y « plapaditylbNenby atfineher
nmessage identifier and the data corresponding to the

I eq gk #PEhraR S S RAHEA RS ad®proebstigtontiR@dst#608. If the
frequency offset estimte, a zero-padded Fast Fourier

RS e SRRy Bk S AT b on
the assumption that the distance between code sets will reduce false detections
to an acceptable level. The Yes branch at 806 is taken and processing continues
at 608.

The processes and apparatus discussed above, and the inventive
principles thereof, are intended to and will overcome many of the difficult
issues facing systems using frequency hopping CPFSK coding for asynchronous
communication. Using the novel application of the algorithms and techniques
for preamble signal design and detection the goals of faster valid preamble
detection and reduced power consumption are achieved. Moreover, a number
of adjustments made to the system ensure that the computationally intensive

mathematics can be performed in the time allowed using the equipment at hand.

Such adjustments and innovative combinations include but are not limited to:



is calculated 700 (Ref. Egq. 7). The expected waveform
sanples are simlarly 10 transfornmed by Fast Fourier

waemagbaein A natched filter correlation in theCT/US2004/012698
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frequency domai n or frequency domain correlation is
conmputed 702 (Ref. Eq. 9) al@ the frequency offset is
then cal cul ated 704 (Ref. Eq. 10). The cal cul at ed
frequency offset is used to adjust the received

wayef qrm .4 Ref . il ad [

t o R LR iR BBl mbBugtel iure b AL L o e bRk Bihe
follown 15 at 606. Referripng to FIG 8 a flow .
cha@iggsa%m@ o1 it Pass ShyHe Sk Rt e cirshlekfine-

6 is discussed and described. Followi ng from 604, the

f r demeincprrekitipn strebe appdisi velde waniest lengthrgditiend in the receiver
operated on to determne a tine offset of the

I easihy & thiingil aéceivEd 8ampky panpaddilp ts heldevecdtastter fdquency
sanpl e sequence is 20 transforned using a Discrete

FOpfie CalthBASACIA 1RitiRs ¥ SurAbdr'RRSHQEMRIemSRIVENAE
800. At 802 the transfornmed sequence is nultiplied

s SRR eSS AT o

data C

2004/ 100423 PCT/ .US2004/ 012698 . 3 reating. roduc

S e&é&‘ﬁ&%‘?n%ﬁq‘}“}?\‘?g@é cqyengy gfaet @SéPﬁBPn'Tb‘at%@f%g & Phe
product sequence is conputed, thereby creating a _

ci eadeylationsianereduert by asaunehedsat fagior of 13 Hesoaey igpresentative
recei ved sanpl e sequence with the nessage identifier

( Reabodatnehits) . Théhse & & predeterhimed) restri¢ted mafubenof Isop
conmput ed using a Fast Fourier 5 Transform and the

| NEBGERcle $6REANHI0 WighST trabisARSId Mk thsr 1eANRRY HIRObUENEN the
an inverse Fast Fourier Transform Since the w deband

thieshiel shd #5hosRR Q!:éo?&’in% % ﬂﬁ%@lr@ﬁ%ﬁt, HRRLSeshE system

diversity with respect to preamble detection.

This disclosure is intended to explain how to fashion and use various
embodiments in accordance with the invention rather than to limit the true,
intended, and fair scope and spirit thereof. The foregoing description is not
intended to be exhaustive or to limit the invention to the precise form disclosed.
Modifications or variations are possible in light of the above teachings. The
embodiment(s) was chosen and described to provide the best illustration of the
principles of the invention and its practical application, and to enable one of
ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as determined

by the appended claims, as may be amended during the pendency of this



message identifier is either a plurality of tones or a
BCH code set, the wi deband test is applied 804. |f

wo b@4mremsnge identifier is a plurality of toneBCT/EHS2004/012698
further 10 narrowband test is perfornmed 808 and
processing continues at 608.34f the nessage
identifier is a BCH code set, the narrowband test may
be avoi ded on the assunption that the distance

bet code sets red a 0 an
coepeaisndor eert aorall s trRE R RnERe an
proceSS|ng continues at_ 608. 15 The processes and
apasaerdengs Witk thedueadiiioovhich Abey are &iflyegallvyand equitably
principles thereof, are intended to and will overcone
meamyitled. t he difficult issues facing systens using
frequency hoppi ng CPFSK codi ng for asynchronous
comuni cation. Using the novel application of the
al gorithnms and techniques for preanble signal design
and detection the goals of faster valid preanble 20
detecti on and reduced power consunption are achieved.
Mor eover, a nunber of adjustnents nade to the system
ensure that the conputationally intensive mathematics
can be perfornmed in the tinme allowed using the
equi pnent at hand. Such adjustnents and innovative
conbi nations include but are not limted to: WO
2004/ 100423 PCT/ US2004/ 012698 33 adj usting the
preanbl e nodul ation to ensure periodicity over the
proper tinme period and nod 2 it radians in a phase
shift systemsuch that a circular time- domain ‘
correlation can be applied for a mninmmlength of
time in the receiver wusing a mniml received sanple,
zero-padding to achieve better frequency 5 offset
calculations and limting the nunber of non-zero
el enents of data corresponding to the expected
preanbl e signal to reduce the nunber of



cal cul ations required for frequency offset
calculation. In this |last exanple, calculations are

wo eduaed2dhy as much as a factor of 13 in sonme PCT/US2004/012698

representative enbodiments. The use of a
predeterm ned, restricted nuder of hop 10 frequencies
for preanble signal transm ssion further reduces the
burden on the receiver and if chosen according to the
envi ronnent, increases the diversity with
respect to preanbl e detection. is disclosure is
intended to explain howto fashion and use vari ous
enbodi nents in accordance with the invention rather
than to limt the true, 15 intended, and fair scope
and spi WhatisdpigsdisThe foregoi ng description is not

i ntended to be exhaustive or to limt the invention to
the precise formdisclosed. Modifications or
variations are possible in light of the above

5 t eachi n@smefhbe in £ WRBsERIEIVE) toREect h aR8shgaidknligee! | bed

to provide the best illustration of the Tprinciples of
t heo YGRS on and its practical application, and to
ench'B GhE of 20 ordinary skill in the art to utilize

the invention in various enpodi nents and w t vari ous
Todi 11 o SCPBIg: SgnelFRnaERy @g‘bstefi“?r{ﬁ’élilﬁ&}‘??%a|w ey fume, a
conteqpla ed. Al such nodifications and variations

ar Bluglity, ohpredefennigsd rgquangies fon b messrea ddeatifier; ni ned

by the appended cl ai ns, as maybe anended during the
pendencgolisicting b plungity 06 2gct0d 38NPIEEEWBD0E:) bAd REO®ed Sanple
application for patent, and all equival ents thereof,

10 whesquémdeasofieete@at dabh ofteleaige MMirédetdriendar Rapbhcis?
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which they are fairly, legally, and equitably
entitl eﬂerfé%i@é@f%&&%b%éﬁ%g Qélijr&fagﬁcﬁﬁg tothe message

identifier and data corresponding to a first received sample sequence to provide
a correlation result; and
comparing the correlation result to a threshold value to determine when

the message identifier has been detected.

2. The method of claim 1 wherein the scanning is performed at a number
of wakeup times resulting in diversity gain when the plurality of predetermined

frequencies are a selected distance apart.

3. The method of claim 1 further comprising:
waking the wireless receiver for further processing from a reduced

power consumption state when the message identifier has been detected.



CLAIMS What is clainmed is: 5 1. Anethod in a
W reless receiver to detect a nessage identifier

w@eopniEeng: scanni ng, asynchronously and sequeeit/Usiob/012698
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during a wakeup tine, a plurality of predetermn ned
frequencies for the nessage iddentifier; collecting a
plurality of received sanpl e sequences, one received
sanple 10 sequence collected at each of the plurality

of ,pred [ m.n Les: [ [T T
0Pt ol ante Rt el it Rk ER neRBRhEhd comprises,
identifier and dat orresponding. to a first recejved
sanpi o SSIRSERS SR L Rob ANy B PR sTBh SRUeare ORARE
comparing the correlation result to a threshold val ue

t ocyide ef thicmeespdasridentBier.yeharein dagyacssaenideniiber coapriseeh
detected. 2. The nethod of claim 1 wherein the

s c patiodig sighalpkatfiravemes af ingegetimétiple of pasivkie opert 4 tims period
resulting in diversity gain when the plurality of

pr eslaheEalideBA: tHe RO BT Turdli§ T réRiRalkBfpR S RdHess.
apart. 20 3. gI'he met hod of claim 1 further conprising:
waki ng the wirel ess receiver for further processing

froma reduced power consunption state when the

megsage J dentifier has heen detected. WO 2004/100423

PC%/ us2 apﬁféﬁgs{cl%@ 149l BB -of claim 1 wherein

the collecting further conprises: collecting each of

t he pl uestimatingsf freqneaey etfses hafresn saguand decqpecysdhe
wireless receiver and a frequency of the first received sample sequence by
finding a peak value in a frequency domain correlation of the data

corresponding to the message identifier and the data corresponding to the first

received sample sequence.

6. The method of claim 5 further comprising:
adjusting a signal source according to the frequency offset to
compensate for a mismatch between the nominal frequency of the wireless

receiver and the frequency of the first received sample sequence.

7. The method of claim 5 wherein the performing a correlation further
comprises:
adjusting the first received sample sequence according to the frequency

offset to create an adjusted received sample sequence; and



cycle of the nmessage identifier, wherein the nessage

identifier conprises a periodic signal that traverses
waeoosnomger nultiple of periods over a tinme pePCDUSHN4/012698

for the collecting the each of the plurality of

recei ved sanpl e sequences. % The nethod of claim1l

further conprising: estimating a frequency offset

bet ween a nom nal frequency of the wreless receiver

and a freguency aof the. first .received | e .sequence
by 10 B et e temeh G P BRSTR R
correlation of the data corresponding to the ne sa&;e

i demesiandingda dhe messaae HepbHeaad St Gogresrending tojthg pdjusted
recei ved sanpl e sequence. 6. The nethod of claim5b

f uptdiesd aompe seguaape to givedhesotrelgtion rebyjhal sour ce
according to the frequency offset to conpensate for a
m smat ch between the nom nal frequency of the wrel ess
recei ver and the frequency of the first received

5 SPl € HeAUERES of Z]Iairf{ F’/%ﬁ%iﬁ?ﬁeegrf&lnﬁiga Sris 18h& abhsin

performng a correlation r 20 conpri ses:

agé' usLai na the first. received sanpl e sequence according
t COrHFERP SYMPEEFset to create an adj usted

recei ved sanpl e sequence; and WO 2?04/ 100423, )

PCT/ US2toaufarmpenibe adinsisd recsivadsgmaleseauencs psing a Discrete
ti me-domain correl ati on between the data

c dfoweep @ratisfogmtto ctdate mbrsssdgmeaddequante;emdand dat a
corresponding to the adjusted received sanple
sequencuftlghy thelttdsorinee kajuente wils tHetconfuglie Diserete

met hod of claim 7 wherein the performing a circular ‘
10 U1 PR TR formftRe 8ith @BrrEYpohMBE 16 BERALSAR identifier to create
a product sequence, and computing an inverse Discrete Fourier Transform of

the product sequence, thereby creating a circular time-domain correlation of the

adjusted received sample sequence with the message identifier.

15 9. The method of claim 1 wherein the comparing the correlation result
further comprises comparing a peak magnitude squared of a circular time-
domain correlation to the threshold value to said determine when the message

identifier has been detected.

20  10. The method of claim 9 wherein the threshold value comprises:
a wideband noise metric, when the message identifier comprises one of a

plurality of tones and a code set.



transform ng the adjusted received sanpl e sequence
using a Discrete Fourier Transformto create a

wao e@agbm@ered sequence; and mnul tiplying the trapsf/os1084012698
sequence with the conjugate Discrete 10 Fouri er
Transform of the data corres@8nding to the nessage
identifier to create a product sequence, and
computing an inverse Discrete Fourier Transform of

t he, proguct seaqu e, ) N ci rcul ar ——
ti ?rle doigle Hlei%o(r%lrogﬂa%ﬂlnolr?h ‘ﬁl&? %‘etﬁé gjgjé%l S gje\gahr]'ee@éﬁ Ve (PTrPrSes:
sanpl e sequence W th the nessage identifier, 15 9. The
met hod PAEPAPRANGIFRIPER: ¥ @@smﬁqaﬁddw@ﬂ comprises a
correlation result further conprises conparing a peak
maphicaliidef togesir ed of a circular tinme- donmmin
correlation to the threshold value to said determ ne
when the nessage identifier has been detected. 20 10.
The nethod of claim9 wherein the threshold val ue
conprises: a w deband noi se netric, when the nessage
identifier conprises one of a plurality of tones and

a code set. WD 2004/100423 PCT/ US2004/ 012698 38 11

The nethod of claim 10 wherein the threshold val ue
further conprises: a narrowband noi se netric, when

the nmessage identifier conprises a plurality of

tones. WD 2004/ 100423 PCT/ US2004/012698 39 12. A
transmtter arranged to transmt a preanble signal to
wake up target receivers, the wireless transmtter
conprising: a signal generator for creating the
preanbl e signal, the preanble signa



conprising a data sequence that is periodic over a
preanbl e period, the 5 preanble signal repeated during

wa@2pkaoeekity of time slots; a signal source theeT/US2004/012698

provi des a signal having a unique and predetern ned

frequency during each of the3dl urality of tinme slots;
and a transm tter apparatus coupled and responsive to
the signal source, to transnmt the signal nodul ated

byt he pr l.e s I ng ..t rality, of

7 bt o1 B G e A Bl R B et goree
the data equ.eqce is one of selected and adjusted

Wi fer?elé(eﬁrglﬂé’t’lé‘? RS TR STHSY GOHBYSIBET set so the preanbl e
signal traverses an integer nultiple of 2mradians
over t hesignalaganr@iqrder ggatipshe preambde signastie preamblg signal
claim 12 wherein the data sequence conprises a

pl uoraptidiyg atlataceqsencd hat Kieribdierset & pesanbie gdridthe2
wherein the data sequence conprises a code 20 set

5 Chﬁﬁa@ﬁlbleosi?mir jehtel QMYHRE @ pRurkiyToFhidld QotsiM th one of a
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time offse a frequency offset. WO 2004/ 100423

PCT/ USZ% 91%%91 g?c%tha?t%ré@desﬁ‘%gﬁﬂ ﬁg?'g%f‘:a]tul%gqu%fanﬁ lp?é(f&e%’l%ined

where the®code s non-bfnar

Boge- Chaudhuri - Hocquenghem (BCH) code of odd | ength.
VD%E@‘EFA‘FX BE%%G%%?%GE?M@&?%‘%@ S’?‘i’%’ i‘ég A wirel ess
recei ver arranged to detect a preanble signal to exit
a st andbyransmigicpepperatpperaipladiadwpspenyys to he eigrak source, to
conpri si ng:

transmit the signal modulated by the preamble signal during the plurality of

time slots.

13.  The transmitter of claim 12 wherein the data sequence is one of selected
and adjusted with a predetermined frequency offset so the preamble signal

traverses an integer multiple of 2= radians over the preamble period.

14.  The transmitter of claim 12 wherein the data sequence comprises a

plurality of tones.

15.  The transmitter of claim 12 wherein the data sequence comprises a code
set chosen to exhibit low cross-correlation with one of a time offset and a

frequency offset.



a receiver for scanning, asynchronously and

sequentially during a wakeup tine, a plurality of
w@e@daowedn ned frequencies for the preanbl e siPOEUS2008012698

a sanpler, coupled to the receiver, for collecting a

plurality of received sanpl@Qpsequences, one received

sanpl e sequence collected at each of the plurality of

predet erm ned frequencies; and a controller coupled to

he recgjver and s l.er erfo r.rel ati.on

betteen BETEEORFELHGHE légW3%re?*he CSb5e R by G
and data corresponding to a first received sanple
seBaenChaudhurigiesgugastent G1¢1d) endedd ofddeneth- and for
conparing the correlation result to a threshol d val ue
to determ ne when the preanble signal has been
detected. 15 19. The wirel ess receiver of claim 18
further conprising: a power conservation circuit
coupled to the controller operable to reduce the
power consunption of the wireless receiver until
notified by the controller that the preanble signa
has been detected. 20 20. The wirel ess receiver of
claim 18 wherein the sanpler is operable to collect
each of the plurality of received sanple sequences for
a predetermned tine period, and wherein the preanble
signal is periodic over an integer nultiple of
periods over the predeterm ned tinme period. WO
2004/ 100423 PCT/ US2004/ 012698 42 21. The wirel ess
receiver of claim18 wherein the controller is further
operable to: estimate a frequency offset between the
first received sanpl e sequence



W@200a8004Eburi er Transform of the first
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5 and a nom nal frequency of the signal source as a

peak of a correlation of a nagnitude squared val ue of
recei vePCT/Bsa0p4/@12698
sequence and a magni tude squared val ue of a Fast

Fourier Transform of an expelited preanbl e signal;

adjust the first received sanpl e sequence according to
the frequency 10 offset to create an adjusted first

recei ved sample: and perfo circul ar .ti.me-donain

confel att SRRt redRen RSl O Ruh b BLosfin 1R §S LA standoy

preanbl e signal and the adjusted received sanple

sedfifeRewer Pgde the VHelesHeCa¥e OMIISEI® resul t . 15 22.

The wirel ess receiver of claim2l1 wherein the Fast

Four i er aTecshvet dorrscarfning, asyrichranously cod veghestialy during a

sequence is conputed as a zero padded Fast Fouri er

Tr ankéyy timef a plogality 6Spredeediived isquaptes $@qhepeamble signal;

resulting in a frequency resolution greater than a

reci pr ogahmpler,idbpibd RRHREEHbrf BF SR LAY %Bfit?g)ffr&%ived
ed 20 23.7The w rel ess

first recelv sanpl e sequence.

recej yer. aj - i Lrcyl ar .tinme;d in
o er o DL R Gl g R
PCT/ US2004/ 01,2698. conputing, an i nverse Discrete
FoHi"F‘é}tyf’ B@F@W%éiﬁeﬂ’ée%?‘eéd% of a Discrete
Fourier Transform of the adjusted first received
sanpl e asentolle epjnlehtodhexeseiver andssumiler; Tr ansf or m of

the data corresponding to the preanble signal. 5
for performing a correlation between data corresponding to the

preamble signal and data corresponding to a first received sample sequence to
provide a correlation result; and
for comparing the correlation result to a threshold value to

determine when the preamble signal has been detected.

19.  The wireless receiver of claim 18 further comprising:
a power conservation circuit coupled to the controller operable to reduce
the power consumption of the wireless receiver until notified by the controller

that the preamble signal has been detected.

20.  The wireless receiver of claim 18 wherein the sampler is operable to
collect each of the plurality of received sample sequences for a predetermined
time period, and wherein the preamble signal is periodic over an integer

multiple of periods over the predetermined time period.



24. The wireless receiver of claim2l wherein the data
corresponding to the preanble signal are clipped to

wo pevistiotsb® nunber of non-zero el enents ther ebyPCT/US2004/012698
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reduci ng the nunber of conputations to estimate the
frequency offset. 10 25. Thetadnmirel ess receiver of
claim2l1 wherein the controller is further operable
to conpare the correlation result to a first threshold
val ue corresponding to a w de-band noise netric. 26.
The wirel ess receiver of claim25 wherein the

caontro further 0 CO

col, & aeoress dPeen of Bl AR L T R Wifher
corresFondlng to a narrowband noi se netric when the
propardblestosi gnal  conprises a plurality of tones.

estimate a frequency offset between the first rec’eived sample sequence
and a nominal frequency of the signal source as a peak Qf a correlation of a
magnitude squared value of a Fast Fourier Transform of the first received
sample sequence and a magnitude squared value of a Fast Fourier Transform of
an expected preamble signal;

adjust the first received sample sequence according to the frequency
offset to create an adjusted first received sample; and

perform a circular time-domain correlation between the data
corresponding to the preamble signal and the adjusted received sample sequence

to provide the correlation result.

22.  The wireless receiver of claim 21 wherein the Fast Fourier Transform of
the first received sample sequence is computed as a zero padded Fast Fourier
Transform of the first received sample sequence resulting in a frequency
resolution greater than a reciprocal of the time period for the collecting the first

received sample sequence.

23. The wireless receiver of claim 21 wherein the circular time-domain

correlation further comprises:
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computing an inverse Discrete Fourier Transform of the product of a
Discrete Fourier Transform of the adjusted first received sample and a
conjugate Discrete Fourier Transform of the data corresponding to the preamble

signal.

24.  The wireless receiver of claim 21 wherein the data corresponding to the
preamble signal are clipped to limit the number of non-zero elements thereby

reducing the number of computations to estimate the frequency offset.

25.  The wireless receiver of claim 21 wherein the controller is further
operable to compare the correlation result to a first threshold value

corresponding to a wide-band noise metric.

26.  The wireless receiver of claim 25 wherein the controller is further
operable to compare the correlation result to a second threshold value
corresponding to a narrowband noise metric when the preamble signal

comprises a plurality of tones.



