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AND W RELESS DEVI CE EMPLOYI NG A PREAMBLE—FO—NHHATE——
COVMUNI CATI ONS FI ELD OF THE I NVENTION 5 Thj s i '
relates in general to comunication systeﬁﬂl“ﬁ@%@“& HN
specifically to a method and apparatus fo

and detecting a preanble that is used to initit® a
comuni cati ons exchange between wirel ess equi prent.

BAGYFIHDB SNDTWEREMESY DEVIEE: EMPEOYVINCOATRREAMBEOR TO

systenms It is normally necessary for a receiver to

det er m ne whet her ] ﬁ@&' Ffi to initiate
a comuni cati on. Fﬁrgtcﬂ qgés eggﬁghgﬁe the

transmtter is normally active or systems where the

air interface includes scheduling information, this
issue is readily resolved. However in systens using
an asynchronous pr dlEES OFcFHEJANENTEONons, 15

determ ning whether a communication is desired in an
5ef fi ci erfthistmveaetion relasdsiih perseral 3¢ gornfiupEationpsyskenesyandrmose
problemis further exacerbated where the particul ar

f r age@nelly tefa hétBod aiappadis fonprol ilingmiodunccaing alpyeamble
frequency m smat ches between the transmtter and

r ec:[ﬁét\{g l:lsed%lﬁﬁi{'} Wb hdiatiBAS &&h¥ndel HeBve@ngirdleséquipment.

appl i cations. e power consuned in nonitoring for an
asynchronous 20 communi cation from another device to
determ ne whether an attenpt to comunicate has

occurred may significantly r life and
thus avail abl e%ﬁﬁwvﬁ%sgﬁﬁﬁ%ﬁﬁtﬁﬁﬁi t.
Clearly a nethod and apparatus are needed for .

10i dent i f yinmgdintsemnuwinatinh sxsteranis igpamaly neeegsary for a receiver
preferably in a tine

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,

15  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 transmitter and receiver, particularly for battery life sensitive
applications. The power consumed in monitoring for an asynchronous

20 communication from another device to determine whether an attempt to
communicate has occurreci 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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power efficient manner given frequency offsets between
conmuni cations devices. BRI EF DESCRI PTI ON OF THE
DRAW NGS The acconpanyi ng figures, where |ike
reference nunerals refer to 5 identical or
functionally simlar elenents throughout the separate
views and which together with the detail ed

de%ﬁﬁ ?B%Pé‘fﬁ?ﬁhpfﬂaﬁ’ﬁ& iR OTdARE Ry RS R RRFkeh QbMm¢ations
of t speciftication, serve to further illustrate
varéous enbodi nents and to explain various principles
an 55@%ntages all in accordance with the present

invention. 10 FIG | depjct [ inmplified and
r e JPRE DESGRIFZION OF; E@ﬁwlﬁf’%m nts of a
Wi rel ess communi cations environment; FIG 2 depicts,
in an exBrepcaempdnying figurpd, sdieredikegetenense NHMEFASHRTL? er
arranged to transmt a preanble signal. 15 FIG 3
5deptieitizal érfuadionxkyrpindlay efeorents throbblomit thtti garate oéwsand
wireless receiver arranged to detect a preanble
Si apRkh tdgeffer Fithlthd/ddtaifldeRes@igtioabeBvt dr@lincoingitated in and form
pattern and an associ ated receiver sanpling pattern;
Fi 5 i . . '

art ofthe} L;P%‘Fr{)ff&égéjé?ealfvf: %‘tﬁﬁgﬂé}' glglst'iéllt% RafioRHnisdfnents and to

show ng, ; . 4 transmtter
ggﬁqa;(@ l'x?e 8%&09}5 p?‘lrrllgip?esssag Ia \t/a% agrese acl knvz?crcorscﬁﬂpé §ith the present

invention.

10

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.
15 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
20  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;



timng. FIG 6 depicts a flow chart of a nethod to
detect a nessage identifier in a wreless receiver; 2
FIG 7 depicts a flow chart showing a portion of the
flow chart of FIG 6 in nore detail; and FIG 8
depicts a further flow chart show ng another portion
of the flow chart of FIG 6 in nore detail. 5

DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENT I n

over Vi ewGt ARe HERIFYw SatCIHBSME FEHRGR bR theVilovetIRESOf FIG. 6
connunlcatlons devices that support two-way

conmuni ¢ More particularly various inventive
coﬁ]&gﬁ)tr% ea?id’ apr)lpl nci pl es enbodi ed i n rret hods and

appar at us f 10 ef [ i den an Lniti

of a co&ﬂ@ng@S‘Fﬁﬁfﬁﬁg JE%”¥%¥%§Q QHGHPgﬂg%s ow
communi cati ons nessage, between two radl 0s, such as
porchatbb8FIGi& islreers detimuni cat i on devi ces, even when a
frequency msmatch exists between a receiver and a
Stransmtter, are discussed. The wrel ess

comruni cati ons devices of particular interest are

t NQSETUILED PESCRIPTYONOFIPREFKRRETY EMBODIMENTency
hopplng protocol, although the inventive principles

and cong F})g/gﬁl &P Rhé’ prte%sn\( ?f sbe's'u?‘re @8Hée?ﬁsswh‘§lb§hg:o¥rﬁﬁ1hrﬁéﬁlons

fornB of at i on urt her di scussed bel ow,
ous i,nventiy

rinci f
AL B A AL B
facilities within the wrel 8 atlg devi CF SO
as mber)@wg\(;p@f@p@fqnp@in@ﬁlﬂ)les em o ied in met 0 apparatus or

10  effectively identifying an initiation of a communication message, preferably
asynchronous communications message, between two radios, such as portable
wireless communication devices, even when a frequency mismatcﬁ exists
between a receiver and a transmitter, are discussed. The wireless
communications devices of particular interest are those using frequency shift

15  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 efficient

20 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.



20 identification of a preanble or specialized

preanbl e nessage thereby mnimzing power drain. This

is acconplished while providing a frequency m snatch
estimate for adjusting the conmunications device
frequency to match the transmtter originating the
transm ssions. 3 The instant disclosure is provided to
further explain in an enabling fashion the best nodes
of maki ' i PP dirRPESp1hN iRER SALARE €

Wi th th?ﬁ?@%ﬁ?qs{aﬁ’%ﬁt‘%gﬁ@%@di e e
of fered to.enhance an . ' tatl
Forhee (VBTG oF ekl Ed LR A ARG RE kel s ance
rather than to limt jn any nann he . nvention. The

| v therosent gupiaa B fiatig ey N e PRI Bfdicsen

i ncludi ng any amendnments made during  the pend nc¥ of

t hivndegstanilingtand apereeiatien fos dha IPEEYEPIIHEIPIGIGEE ag}’ S

as issued. It is further understood that the use of

5r el théreof) adthdreharsto lirhit anany rearvier the invdntion. Hrednyentionds

top and bottom and the |ike are used solely to

di sfcredssibiydyane dfpehiantianatiheudigptahy ymendmaeits orade during
wi t hout necéssarily requiring or inplying any actua

suche hgrlnc%kn/bgﬁtst@;spatp licdtiof&hd Qﬂte&@igﬂleﬁﬂé%@ 113t tlaiB$aiksued.

actio e 1nventive functionality and many

of the iolgyﬁghgrgv@é{sg@gRg?%%lllena{eeoﬁ@gaoaamr@%@Bﬁﬂ' stef &8

or in s sStrucirons an
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not wi t hst andi ng possi bly significant effort and pany

10desfrgn another e@iy npadtigatveithay)necesRarbxisaPIrag CAVEPIYHIS 48Y
time, current technol ogy, and economc .
COoNgdteke kadh reRSionsMie or grdediswban tuch eotisayiastiensd
principles disclosed herein will be readily capable
of gener giicRYf BGRvaEihE WaicEohdIBY hntinagy sf thadnventive principles
are best implemented with or in software programs or instructions and
integrated circuits (ICs) such as application specific ICs. It is expected that one
15  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
20  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.



prograns and 1Cs with m ninmal experinentation.
Therefore, in the interest of 20 brevity and

m nimzation of any risk of obscuring the principles
and concepts in accordance to the present invention,
further discussion of such software and 1GCs, if any,
will be limted to the essentials with respect to the
principles and concepts of the preferred enbodi nents.
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V|em10f vario system el enents of a wireless

destrBarm R R ity oﬁ‘gﬁ%iﬁﬁ‘i%?%lbﬁ%%ssed
to recei 102 from

as apdd PS"'&’E’ ‘i gwfﬂss iWP%%I%Iﬁ%%VﬁC@r i g&gé%regewe 3mal
comruni cati on deV|ce The freguency of t he received

si gi9alfronn2 fixedgansmitpr K4 asyvell as aatignpl {08 Spmyanotherwikelsss
by the frequency of a signal provided by a signa

55 Ouwotnurieatioheevicariire frdqaencyodf thoweceiivedbigaal 102, 108 is directly
communi cati ons devices 104, 106. This frequency w ||

|i kelaedis of étbRRiaRd by fiRMdquendyr dqusgiay peivided by a signal source
correspondi ng signal  source in the receiver of the
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hese requencies translated to t’he
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part or in conbination with other non-idea

10c haaawtar thetei teo fraquetmesiranslateddo shamaminalahpene! fegpengy or
can result in mssed 15 conmunications attenpts. For
eX afkp iR quértly $hdt tieMigmt yn thesthatod i oippegedrtd be ot isgalleder
900 MHz range can be as much as 9 KHz if both signal
SOUfcfGRdB S 1R fRoquBddytmidgiatdliHetwern thotrensariter anddeddive. This
is typical for the wireless comuni cation

frequency mismatch in part or in combination with other non-ideal

characteristics in the wireless communication device can result in missed

15  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

20 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



devi ces 100, 106. This large frequency offset
particularly arises when the wreless comrunications
devi ces 100, 106 are engaged in tal k around or direct
20 conmuni cati ons as suggested by the signal 108. The
| arge frequency offset encountered in direct
communi cations scenarios is further exacerbated since
t hese conmuni cations are ordinarily entirely

as %%%H{If?\ﬂﬁ Ustion! Rnﬁtg¥ﬂgwe%9¥'misgn89gmi onhRiSatioR$s that

recelver has no I ndication n the transmtter wll

att t 5.a co ni cation. ,Anot. [ e. W C ot
as mﬁém%%mé Wﬁf‘@tarf)flgﬂely gv%lﬁg[e angﬁfgecwy}“eltegs communication
synchroni zation is not routinely avail able and the

wi rdevies 4 08 astivieameadolag ioQy eeme ARy 18 e Oggets Bétween the
met hodol ogy to overcome any timng offsets between the

r egpspettiveeclotksc Kbe infreguemtfand qoprediciable waipeadidireetbl e
nature of direct 5 conmunication nmakes it inpractica
5t 0 degEnENEHtioh Akes itdmpractica ad usersynolebhadsommeuméatiodue

to the power drain on portable unit batteries to

mai fLfbds, ndal@HHEO M PwE dFaidbnSpoMaBleQii st 88 to nfaifin
asynchronous environnent, the burden of identifying a

val lengtugrlr\]cgrga | atﬁqigg ggﬂ{hﬁ&{lieﬁﬁmf 9 ad E%H%Hé{usaéﬁ%rhmﬁlgthe

m s ¢ € receiver. e concern for

battery |jfe requires,that 1Q special. censideration.is
pai R4S GRIBFIHTEEE AaTS SHGEI OO R THY Edof Tt LEL Bhd i
recei ver nust be active when detecting an, .

as yintshatahes falls emimiceeiveron Thgcopsein fﬁébgrfﬁ"hl‘fﬁ oA Eesthd
processing steps required to anal yze an i nconi ng

10si oepatial @nsideratios soppid icmimiinizedhe kehgth of tiemecawirsleagyeceiver

asynchronous communi cati on attenpt has been made. 15

M t ingathe @Bt whéredstedtiny aafabaehronbusritargmahicsedn anwell as

power -efficient mnessage identifier detection are

achi, RO GR prdi@sdhd SbHSRqERTITANEIREE ADincoming signal for a
‘message identifier that indicates an asynchronous communication attempt has
been made.

15 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

20 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



device and its conponent wireless receiver are
arranged to operate as descri bed below The w rel ess
comuni cation device 100 can be a typical cellular

t el ephone or handset such as those available from
manuf acturers, such as 20 Motorola. One such handset,
comonly referred to as the nodel 195, can

advant ageously utilize the principles and concepts

wheyRBOARE Qﬂﬁ aAsnderes 20Ed commhdnts bRhluR¥alens infrastructure

di scl osure. The essential elenments of the transmtter

of FIG 2 .can used: n. hot [ '

and BT SR o PEr 260 el e Kb SR 39 ikt Fystlhe
The transmtter 200 is co ntoc ni cation

i nfiFoss M%E‘Pﬁﬁr ad wipized Hnedyvag SQPWE?% &GPt IESV%"’& jugh as
Enhanced Network equi pnent available from Mbtorola
andNext¢!|Gomrguniatinas woltRmati pely dhe frapymigey G Gis included in a
provi ders, such as Nextel Communi cati ons.
5Al tsecomtgorable, witdiessthandsetyiviltessin Both hiapdsetscdre denfigunedatos
second portable w rel ess handset, wherein both

hangdsgh it dir Qi vk Sk drfdthef aMaTdREE b@ntinicatbh yhode b
one another in a"direct comunicati on nbde as noted

abQ%g(iﬁﬁkgrring to FIG 2, an exenplary bl ock diagram
of a %ransﬁltter 200 arranged to transmt a preanble

signal i i Scus nd described., The 10 ):
200 compteieieedd g geEp abor oo duishCetd BtaHhir0
204, a transmtter circuit 206, a control cjrgcujt
208rranger teriransEicy RIGHEPIF sigael 18 eyt and @“c?ﬁﬁ"%’gug‘f
depicted. The transmtter circuit 206 jncludes a
10c orntranshitedr 260 icompoiges a digntal enecason? B a signali@urcs 204paibl e
of selecting whether audio/data fromthe audio/data
i NpdnsAler@ircait P0G andoheolririt@afjine =i aydi/data inpat3Hyeter
identifier 15 generated by the signal generator 202
Wi | LouBRd%R\dBpigRd! Pheiishshiddtoifchit 06 icludes a control circuit 208
that is 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
15  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
20 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 Tand 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,



broadcast by the transmtter 200. The bl ock diagramis
depicted in this fashion for clarity. In alternative
enbodi nents the functions of certain entities, such as
t he signal generator 202, control circuit 208 and a
portion of the audio/data input may be included al ong
wWth others in a signal processor 212. The control 20
circuit 208 is coupled to and controls the signa

S0YnE&yiglsh ihRca6H sibha oM hildal odcliREENCy Thb Iédatoscillator is
transn1tter 00. The signal processor 212 outputs |

an < %le? 'B?’iétg) 1o 8L 2 fs%aézr{fsthfo%%ﬂ 'é'p‘l‘x set derd '2911 134k shifts the

converter anal og outputs
of the DA converters 214, 216 are conblned inth
m bess oftRe injecpion signltbyaR 2iradiaks formien A4l TheoRHBits of the
| ocal oscillator 222. The local oscillator is coupled
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that shifts the phase of the injection signal by
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are a circuit 226

o b HRDIehED eisgha qu»me?’r%é"?’a}"??&lt“P %%(Eﬂrgﬁiéheed *°

that is established b¥ t he signal source .
f i |sidabapdsandiafinat amphliersd Addperaerss HRPoyvef P e %@Sﬂl*}t?‘f ghrmer

232 increases the power of the nodul ated carrier for
br cfagibraticdst roman aatineaddd.234. The conponents in the
transmtter 200 and operation thereof are well 10

known anpheyhonbhts in tHettfainthitee 20@pid eperafonttherest gaaiell
generator. The signal source 204 nay be a

fr L r.
Of [ Ialgrgar n%gc?%ﬁéﬂ“ ﬁ{el?lg%%e-mg?gf %H:?IS oﬂ%ﬁ‘fagg Thédignal

g??%/?gl?(%eezg)gén 1616 a F Fcetiongpﬁs nl?hP &ére'ﬁ"hg%ﬂ)% 20l 8, 99HTHRY ilter

( re arr conmer y aval l'e and known
|t amalifiens Pa DR Rl eE8 e lers 2l o bhglE Yhifier 224 and
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,
15  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,
20  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.



15 in an exenplary design may be one of severa

devi ces from manufacturers such as Mtorola, Inc. The
control circuit 208 and signal generator may be a
standal one circuit, such as a commercially avail able
field programmable gate array or, as nentioned above,
may be included in the signal processor 212 and
implenmented in or facilitated by a software program

The si gnglop@RReh ahe frakiditter?fD0G3 BrrREzeld T L%t 8 Grdathble
har dwar e uglng, for exanple, a field programmabl e gate

arra upl.ed t . g
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In operation, the transmtter 200 is arranged éo

{ r cepERATiSCRa data spdieace ipgis FEriedc REK RIFAPRlE getiod and repeated
recei vers where the transmtter 200 conprises the

5si gdalnggepleratityoof tBHQ pérads or Gaeistys.t e pansaitigre08iagival .
The preanbl e signal conprises a data sequence that is
per iglhrfseOMRIsighaPscuacel 08 tharproddesdsige: dat estalilisties thag
a plurality of time periods or time slots. The

t . | : : . .
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provi al that establishes the

transm t.ter .0 atd.n I V] Mol :

or cibar HEREARRE IR YOGS PRI TR il Ather jncludes

of time slots or periods. transmtter further
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that is coupled and responsive to the 10 signal source
1Q04sigualtspanse 204 ta trn@smngtgalslgﬁ@ldmcat@ad By therjae a}é‘ﬁﬁ’tgl“%l

signal during the plurality of tine periods. The

t r aBehid the plufldty iof tiare perieds Theofanamithey-200as/ar eeingnt of a two-

system In one enbodinent it may be a part of a

st adakR1E syshdnk eth ofa&gbadithént i0kay bera pabiiestandalone, fixed

enbodi nent the transmtter 200 can be part of a

base unit 104. In another embodiment the transmitter 200 can be part of a

portable transceiver 106 arranged for direct portable-to-portable
15  communications.

The transmitter 200 and the herein described preamble signal are
particularly applicable 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

20 transmission or frequency of the carrier is changed to a different frequency ina
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



portable transcei ver 106 arranged for direct

portabl e-to-portabl e 15 comruni cations. The
transmtter 200 and the herein described preanble
signal are particularly applicable to systems using
conti nuous- phase frequency shift key (CPFSK)

nmodul ation of a carrier signal. Furthernore this type
of carrier can as here be used in frequency hopped
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transmt the preanble signal with predetermned 9
chdrequemaigssti cs for use by a receiver 300 in detecting
the presence of the transmission. In a further

s5exenpl arBefermingdrigfnto FIGhet, therexemplare segiendesoffthe preamble data
transmtting the preanble signal are always on the

SanBinkhiSRnRI0edRbWaeR firkttRite eIved fdatbirdRfredsidnn drhe first
briefly to FIG 4, the exenplary sequence of the
i
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slots o ransm ssion. T Irs nom na

mlliseco sl.ot 404 is.at freguenc . I
pamﬁ‘é{npfeog% IBQE?F;SP%‘? flﬁ? %‘e&ﬁafl Tgtgﬁon%’s?%eofrr "ﬁg&eg et Sl
transmtter to change frequencies, a second ] .
90 rrmmﬂ%ﬂh%@@%%%ﬂ%éﬁ%% s madga e%}{e“?)é@g {?&E‘?’LW mnga
f2. Following a 10 simlar brief pause, a third
10norsiméhr 9efpande] s dishepminalHhmiisespndimansimyssigitit08is made at
frequency f3. The frequencies fl, f2, and f3 are known
by trétRiehé 313 Mibetfaiquei@es /Ana, ind Anrekevpl by the troghitier 200

300. Third order diversity of the preanble
and by an exemplary receiver 300. Third order diversity of the preamble
detection system is achieved when the frequencies f1, f2, and {3 are chosen to
be sufficiently well spaced throughout the available frequencies in the set of
15  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
20 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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detection systemis achieved when the frequencies fl,
f2, and f3 are chosen to be sufficiently well spaced

t hroughout the avail able frequencies in the set of 15
frequencies or hop set. As is known if the frequencies
are sufficiently different from each other

cancel l ation of the signal at one frequency will not

be <correlated to cancellation at another due to

mu lp‘i%de%ihe'd%e%%&%ge&?s@t s e E)Fé%fnblégé?gtlnal ahvds@mthiepémg
on‘three frequenci és In an exenplary systemis that a
receiver nmoni.tori ng the t 1: 8SI i L

| e &M Sﬁgﬁg‘ﬂé’ﬁlogﬁ a ﬁ?nous é\%%? @fgﬁ%&l%é DoF ea?rla'?%n.
FIG 4 will be explained further bel ow.  The choice of

t héntsgeranwtiplesfZarradipmonrves therpiparahle peraefl: af hgmogwation of the
particularly relevant in an exenplary enbodi nent. The
datpreasisle @anenisfion ey bp aelatdseguincanempsysinga tons or plurality of
sel ected and then adjusted, if required, with a 10

5Pr 648l RIAT (38ES. FTHRAIE BEWVOb B6ie toRestii@n prkanpibtyedesiggmeduces
traverses an integer nunber of full periods and when

usi tF? be@@%ﬁﬁt}ggjléfrsglgﬁgﬂsbﬁéﬁﬂ‘a ShebE aBh 28R validbRARDle

mul over the preanble period. The

nodul at i f the reampl e, tr ] SSi ta
SecBitoT e PR ones B ARIRLT s Fin a0l 42
i ndi vi dual tones. The use, of t or nore tqnes.ip an
ex eqhppeiy tp egbibitdawcaenpscarelatipg W é’rBl?PBiCP?i?"V)rg? k &PEb‘I“i)e
interpreting a spurious signal as a valid preanble
si gufédet anfhizeqiehey sffsptieAcedersst campoising agengurasy cyglic Bose-
chosen froma code set chosen to exhibit |ow

10CT OSKaudBii ¢ Rhaigheint(BC)vede obotiengtb is suchlaatode.t iThe use of
of fset and frequency offset. A code set conprising a

NoNgBHNRYs foY ebdif Be%en 4 QafehamshliEion Hocsma oo temHeRGEpP
code of odd Iengtﬁ is such a code. The use of BCH

COd&l%hfcgges%Fﬁ%gulg%@}wh&e%éj@é& dobSRSITEHS PN dats as such, but is
common, ut e use o
useful as a preamble signal because of its low cross correlation is novel and

especially advantageous.

15 A frequency shift keyed (FSK) signal can be written in terms of its

complex baseband envelope
s(t,u) =expljo(t,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

20 uell-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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such codes for nodul ati on where the code does not
represent data as such, but is wuseful as a preanble
signal because of its low cross correlation is novel
and especially advantageous. 15 A frequency shift
keyed (FSK) signal can be witten in ternms of its
conpl ex baseband envel ope s(t, u) = exp[jo(t, u)] Eg.
1 where u is the transnmitted synbol sequence. For
Mary FSK, each elienent u; of the data sequence is

cont ai neg(;iT n)theh y,anl>1set 20 u; E[IEqM®3 - M..., M
- 3, M- 1] Eq. =1t is not reqU|red that the data
synbol set fO||0M/thiS format, i.e., a non-uniform

fr egheosYs ﬁé@éﬂeﬂ_ttb QB tHEHModlﬂattd‘m'Sm, ahd Tanthecambol inteeval. In
phase of a continuous- phase FSK (CPFSK) signal at the

enqhgfe&(bkgsﬁﬁ/ fH%QJssWtio%qs th%t gie\f)%hnpdle #dnshidsi6N begind bt tithe ¢

wher e is referred to as the
nDduIatlon i n

t his 0 é’l)lzg,r\g t%o g‘fos§ QL8 grg:éeﬂ n%,tthgqhec‘ gﬁ%gg Ialt fughzué(?ig az onradxans

transn133|on e i,Ns wi t hou 0SS
Sof generl®d g ”Fﬁ anbf’iaﬂ@eﬂﬁé}éeeprﬁf‘m&er?ég"@l 15 an?rg{egay 0
radians. 5 In a preferred enbodi nent, the preanbl
si ofnismitting ekapaneldngh-N symbal sPquenerytareRerscely ﬂ}f%?ﬁ(;} gacof
synbol sequence uo repeatedly through each of the
pr eiie pesdeichaihep peantiletitie stots | Bieschafgreingthaseyever thephaasion
over the duration of one N-synmbol interval is

of one N-symbol interval is

N-1
@(NT,u,)=mhy u,; mod2x Eq. 4

i=0
10  For example, one embodiment may use an odd-length, M-ary sequence with 7=

1 that will have a phase change of ¢(NT,u,) = = 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
15  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
20  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

12



N1-1 Q(NT, uo)=7thlluo, nod27r Eg. 4 i=0 10 For
exanpl e, one enbodi ment may use an odd-length, Mary
sequence with h = 1 that will have a phase change of
Q(NT, uo) =it radians while any Mary sequence with
h =2 wll have a phase change of q(NT, uo) = 2ir
radians. Referring briefly to FIG 5, a transmtter
signal pattern showing in nore detail the FIG 4

£ 3030 Ad EImPAERFEALE ofthe 185800! PACHCE0GEI008i
san‘pgﬁ%e ﬁ%f énoIPFe%{é‘Ponotil m'tprylg W | fﬁébe' coeslgféelg&?r?otaflﬁlg be
cont.ext qf. the [.ren I SCUSSI exenpl ar

or dtispeedin e il B0e ASEERH REICTS show & cca

a {0 show a scenario

in which a known preanple waveformthat .is, periodic

i s transtheTeRptGddFasmesIQp qf\tlﬁ\ﬁleolﬁﬁﬁ%{ﬁl prelaﬂ’é’ll“sﬁkg? SCaPf %o
known preanbl e waveform denoted as so(t) 502 has a
durthtaugh adiPFSKTmedaleted sesulthén 8 npmiiral embodimipnb|in a waveform
duration, in seconds, and Nis the preanble 20

sdetwith perbd NTersalill Herdisysdedisbortlyhifomecetaresr sl prakessing
up and collects sanples of the signal for at |east an

| NteGRLoHEW] Plsicfratl¥ tHaedeRmal have peribd NODkS HlisBated in
12 1 east one conplete period of the preanble signal.

™ . _ S . ! b,
| E:FI| .-é?%%@%:aeﬁq%eﬁ‘giﬁogéf AR LR ThidSERn CRFSK

e t h- | e, d | )
PP Adssh RS LB RREE AR perdd K SRy, This
wavef orm 5vvithgeriod NT. As will be discguss

. d
showad demdnsiaied it Baed, vateresanypid-lepgi seaumhg! ough a CPFSK
point-of-view, it is desirable that the signal have

10per inodulbfbr wath hi + [l ustlergoesth phase fhagge §f mRedieng @ygr the course of
transm ssion of a |length-N data sequence through a
CPR&K data sequence. The CPFSK signal can be forced to have period NT seconds
by applying a small frequency offset to the preamble signal, so that a phase
change of 2 7 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, withh =
15 1, and a symbol rate of 3200 baud, there is a phase change of 7 radians over the
course of this data sequence. To force another 7 radians of phase shift, and

attain a total change of 2 7 radians, and, thereby, a waveform with a period

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

of, = —L2Ce 1977771 Eq. 5
9/3200 seconds
20 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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nodul at or doesn't necessarily generate a signal with
period NT seconds. This was denonstrated in Eq. 4,
where an odd-| ength sequence through a CPFSK 10
nmodul ator with h = 1 undergoes a phase change of it
radi ans over the course of the data sequence. The
CPFSK signal can be forced to have period NT seconds
by applying a small frequency offset to the preanble

si gRRliar SRflS0AF thRASRInNAAR0IOkighal s‘bﬁ S0, a98luskated in
attai ned over the course of the | ength-N data

seqﬂﬁnse. For exanple, applying Eq. 4, in the case of
a l'ength-9, Mary sequence, with h =15 1, and a

synbol rate of 3200 baud, .there is.a,phase change of

Y "F i dnonssmbofiRent & Sae S oS 4R i tdse Sapence
force another it radians of phase shift, and attain a

t otoflthe seamegeynifol gepieated Atimes resaking in Rsim@lytong PiRIdIGHARal.
with a period equal to 9/3200 seconds, an intentional

5f r eThieismot afdbsieibld choepsinedhnyppatioysaton€yetc. -may falsedhe| e

= 177.777 Hz Eq. 5 9 / 3200 seconds 20 This

denRASTEra4RBinOd}ee By SVEke 3 fYorRtpoe@r obnsgBatoRiriods. Ia another
preanbl e waveformw th period NT seconds by

J ep&%o%%tx%ﬁr A %@éﬁ&é&%@;ﬂﬁhéﬂc@w thd fpRAt h- N dat a

sequence ansmtter 200 with a snall

intentional f u f . a result, receiver
320 wi | I“Ob—e[ﬂ# g@eﬁ?é@%f@%'?fci rcul ar shlélg't68504 of
the transm tted preanble signal sq(t), 502, .as

| 1| which Agagiesibetwsndwoson fre %Cls%l%ai)ch%‘ﬁ? OB%SWBP@ value D

choi ce of the data sequence uo is a sequence of the

10s anshosidniiEobasedbpe tiieddrdwarg involved cand) the frgqyemey error that 1s
single-tone preanble signal. 5 This is not a
? Z ft)gpatbdﬁg' Fdiekaaplesifitarge deyl cspillatayesrotsore expected, andegn
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 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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receiver, and incorrectly wake it froma power
conservation node. In another enbodinent, a choice is
the | ength-8 sequence of the formuo = [+D +D +D +D -D
-D-D -D] Eq. 6 which toggles between two tone
frequencies. The choice of the synbol value D 10
shoul d be based on the hardware invol ved, and the
frequency error that is expected. For exanple, if

large | ol@@}t:rrfglg(%b IFf@t ?ran%&éﬂbﬁr)aﬁl%clgaﬁgféhﬁgf a WitBle&receiver

exenplary receiver O enploys analog filters 348, 346
alim
sho OOarBiéxg %t%sdé:ﬁ&?g %E %’Hg)}rea% Er?ep »le %ﬁ A5 gg&%:?] Y &@c@oed. The

| d t d h
o Bets eeire 300304 rodpeRLet tﬁﬁﬁvh%?eﬁgﬁé’ﬁﬁﬁngam%nﬁes

or preanble sequence may chosen from a code set
contfl0, $86land ispampristchofing 9 MEe cOMPponeats g glsgnents that in
determ ned that cyclic codes, such as non-binary BCH
5C 0d@ractiqercan iegleiby moo-idkas tlzmacteristion gpchhe frequetey destatiility.
the presence of tine and frequency offset from one

anofﬁk%E nof NERE chaFAAIMie £ SrisdIfRond ke atiscickl nhemghry vaation of
i f = 1 is used (or any other nod index 20 which

Sr Oﬁillé %gi?lg@négﬁ)pusgﬁ i 9%' SnsthiBah bf tHeRGirdésk $&eivreB oGt ment
escCri ove

desct ° be used to produce t he S|gnal of
e desire act e [
e AT B B g o o
single or nultr&é t one %$ CH code set.
Ref Bpplanngd igerarepnsgmong 3rep) 1GER VY agr am of a
wirel ess receiver 300 arranged to detect a preanble
1Gi gnal WThére e stiveralisepagtsaniyatiaiipy aethe WETGEESS {CEFR SYNONg
receiver 300 is a conponent of the wrel ess
CONTAH Ma¥ be freq@ticy QSrratﬁﬁOFreﬂlﬁﬁxcawdrla@omxs wten ghegreplt of the
one or nore conmponents or elenents that in
inherent variations of the components comprising and surrounding 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
15  intended frequency. It is then necessary to mitigate the effects of the frequency
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
20 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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5 practice can exhibit non-ideal characteristics such
as frequency instability. These non-idea
characteristics arise fromthe statistical nature and
variation of the conponents used in the construction
of the wireless receiver 300, environnental factors
such as battery voltage | evel and tenperature, and

ot her unpl anned interactions anong el enments of a rea

r ecc%hyeg{}atlo%cz:lr-mﬁ BE0 Ha§ b%%%ﬁﬁﬁbné M%r thpl¥aehRBiab Finétions

e Wwreless receiver. Anong them may be frequency

! ot vl T T iRl oPReb B, opﬁegant%ﬁgsc‘%m@% Rlow.

and_surroundi ng a signal_. source and otggg fact
suckhepowes pprseratipr clet TORsFRLER OCRIHEG 4 RGWH 086%“1’“0“
Frequency variation will cause a received signal to be

s hi dttteeiwarblossecompmbic gionadevics 10f by reraaving oftrdreing the pqveer
then necessary to mtigate the effects of the

5f r aguweneysenvalrdigtitoor reberingthetreswkmgtedo cerespordingly reduce
signal. Another inpact of the wireless receiver 300

t hathe P tveDGnONAP G Burin@aietio8sibBinhotivit or R&luced activity. The
asynchronous environment is clock timng

?gpc lﬁse? Egﬁ%ﬂa g{l -F?lﬂh fgld ﬁ[ge‘?étgs lroerE@dc\é%fo“%stdgé vﬁfeh@lﬁkged

prea I'e si gnal
di scussed ahov r. a,simlar. s ec

mes¥HgEss rﬁ?ﬁi"?gﬁﬁﬁ? ¥ "501?‘88% f po;f)ain cou%lngﬁgmhgwmless
sanpler 304 for providing a pluralit

s angsinemyrigaiiancdeyiced 08 i igranpier kv 8%3/ fﬁ%‘i"nﬁﬁ? §°““°qler 306 is
including a digital signal processor (DSP),

10pr ecnipled tdetesbany 3d # comptisi@okite aeon-vpitile memor}'
conservation circuit 310 may be standal one circuits or

i npl enentREreasivELB It recdites adfigitah @1 € oorhpridihga pRAGbIcTHgnal at
preanmbl e detector 308 operates as described bel ow

The, RanR3 180MHE rRiveaRighhl 1§ Yhiped 1Y a0péiodtesency filedG2e that
t he power consunption
operates to reject out of band energy of the received signal and this signal 1s
then amplified by an RF amplifier 322. The signal is further processed at a
15  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
20 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.
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of the wirel ess conmuni cati on device 100 by renoving
or reducing the power 5 to non-essential circuits or
reducing their clock rate to correspondi ngly reduce
their power consunption during periods of inactivity
or reduced activity. The power conservation circuit
310 operates to reduce power usage when the wreless
receiver 300 is only nonitoring for a preanble signa

or the w e Ni&abh SanaleMnGRaylB8ich Dr hBarly match the
anot her l{)e%%gm%c rmde.JThe c%ﬁtrol I e?y1306 IS 10y

coupled to a, nenory 3 DI S '

morteorarc TRt FERE Fihe SR SRRl s ity TeBder or be
sigpal 316 conprising a preanbl.e signal .at antenna

3 1elpratcle 6ie) @B ABPEHAAU O SR AP BYAS P QuRngY, stch & 13.7
frequency filter 320 that operates to reject out of
barrdegahertzgit isfundérstopd dethgaliscyssipns|belavgwheiedhe signal jsoyrge is
then amplified by an RF anplifier 322. The signal is

5f urddi@tedao atlewshelingdctian isquéncgito 8@dect forsi fggpaeneyouisgatch
326 conprises a synthesizer 328 and vol tage

conf iR eGbcdisdd digral fat 330in tARRofitéRE hesi zer 328 is
referenced to oscillator (not shown) that is

typicall Mo?%)ﬁ)%b%gﬁjy 1 9. Bfd BLRIAE: Ydd ﬁb@uc@s QEE@ﬁﬁlQaﬁjﬁ&ion

per mllion synt hesi zer 328 controls the

freguency of. the vol e tralle ' o :
BRSO EEA SPOLGS B Sahtor Rk
down converting 20 the receiv g si gnal at. t.he nixFr o
324intermedigtedtRqueRty %lgﬂaéﬁwﬁaﬁeés 0 a1 Hh‘é‘}?gsf‘edsviebsh% Of guxing
shaped by an IF filter 334. In an exenplary djgita

I
10 ecwith dhe intenmedingrfedquency sigral at mixgr 34 3ced he Eesplipepaseband
band signals. 16 The frequency of the injection signa
332sipmils, Fdka Al Orefdraartb s MatdQ sigrals are Giered by basmbndifilters
the case of a zero internedi ate frequency receiver or

be 3gtehidersatalerti®if s Thesbugimisiithesaivet 202aspecifically the
i nternedi ate frequency, such as 13.7
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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megahertz. It is understood in the discussions bel ow
where the signal source is 5 adjusted to allow the

i njection frequency to correct for a frequency
msmatch wth the received signal that it is in this
context. More specifically a second oscillator 336
produces a second injection frequency which is
provided in a 90 degree shifted version for m xing

Wi t etotlagrdili%eﬂ ?%ig%it faf are MO AHER ANt Ok gﬁﬁﬂ)urﬁéslsg.i?gcoﬁﬁgller

and an unshi version for mxing 10 wt

i ntermedi at e, frequen S| . M ‘

- eses ry e BEMERT SpdEPE ot BpRbieid gt freaueney
| and Q.signals are filtered, b se band filters 346
ancPigassigead sQUES Y40 by 2 $HRUIEQ Sigh bfﬁ%s of the receiver

302, specifically the output signals fromthe base

band fi | Fherstruawueal shesvangicef tﬁ@wlﬁ@swﬁw@rﬂ@me generally known
depi cted. The sanpler conprises anal og-to-digital _

5C 0 nndraveilsbl & maylb85ddifled tJ operateaind gunaiodiig a¢cgrdance with
converters produce | and Q outputs that are digital

si aRakmeaivk pdiRipled dcoupdprsdieclosdierdin THeaignabsuubtee326
det ector. 30 anJ)the controller 306 or just the

CO%EQL!:,?{SI é&ﬁdpﬁ RGPkl AN s e AP Bk &30, 340, 342,

confi-gurati on. e controller 306 i's al so coupled to

or J.ncl r t . s f .
o e TR A e B 50 g i 550
354, algorithms, such as correlatjon rout.ines %5%, as
wel andzanalgaviefdegiial SSTEE 128651 are RHCORME fidyy avarabic an
corresponding thereto that is used in the further .

10pr okrewai inghoért.tlhéhe exsowlars ¢assi wrrae thgcopkspllergd6ds or includes a
plurality of other routines that will be obvious to 17
onepspP, wirdug dévicakird kndwut aridatailalle fioot mashfestarers fush as
our purposes. The controller 306 is coupled to the

Si ONRhorSRUIRETRZRcARE) 3 B, 0p@bAkihg vblatikdjndsiontvotatile memory
frequency
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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of the signal source 326 by a control signal 360. The
structural elenments of the wireless receiver 300 are
generally knowmn 5 and avail able and may be nodified
to operate and function in accordance with the

i nventive principles and concepts disclosed herein.
The signal source 326 nay be, for exanple, a
fractional -N synthesizer. The m xers 324, 340, 342,

fil i , jIfabRr PERiIDSRAY &
A LR M e b o A

CONMELL 81535003360 8 ol GOTIPLEIA doyraval | abl e and

wni n ar € exenplary case where the

controll er 306 is, or.includes DSP, vari oys devi ces
are knovR °BRRNeR-4he Q'HFGS"T ?8%"?1‘319191‘15&’? fnesdo aﬁt&% ajycammble
Mtorola, Inc. The nmenory 314, conprising volatile and
norsignel,steh s the piseipblg desgribed abgrsrpdiofXIty? SIRROY Sy gower
and known and may be included in total or part wth

5t hempdeomrabs bke whitrethe pesanidieisdietestadoThg o eless receiver 300

i npl emented in software, will 15 be inplenented in or

f acdohiprateardeyive20oPs@hn g 0&gaseonoushedmdt sequantiakyriéng
detector 308 is inplenented in hardware a nunber of

g? r%"ﬁ{él&{u?ltirﬁe a\gﬂsrhl?t?g)gpéé‘d%%hqi&ﬂ GG ALATRRIf6r tha (pReadibl@dignal.

ke ar or perform ng the tasks,
gi ven. the princi s, and conc ' 050 410
e B B ORGP R IREP sl Elfhine 4
the art and can be accongl%s& d by one o[ ordin rg 20
ski Wi berdisqpesedy (Thgireqsair S a1 CEBELISARRICA O W@F Fyences
t he discussion and expl anati ons herein. The power
10c o e dinveaintenyal dil 2.cdlidt a4l oatyhebraerpsedaigsinsd pregmble
commercially available field progranmabl e gate array
or fréqiehcieFPtHI8cdededédyd, /3. HEhernead fregiengigaidepepden the
control |l able outputs on the DSP and the power
I edpiiidi JFHhe REdIvEramanhsditrsiti eonsidegations disumded alsovetbuotan be
experimentally determined given appropriate governmental regulations 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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In operation, the wreless receiver 300 is arranged to
detect a preanble signal, such as the preanble

descri bed above and to exit a standby | ow power 5
node or the |ike when the preanble is detected. The

wi rel ess receiver 300 conprises a receiver 302 for
scanni ng, asynchronously and sequentially during a
wakeup time, a plurality of predeterm ned frequencies

Ig'&nihl%@co‘?{d§,as%"%h@s1ﬁi'sgﬁféht sanfRed SériddRdrdhifedd forhohd™l G 4,

e representative receiver (Rx) sanple timng 410

o GSisShs RS A a0 n ST YR e 0L Bl EBLSntIRE B the

& sequences me | nterva

414, and 416 at the three predetermned. preanb
fr @qggﬁ@pg@’g tiapsTpHies rANIUSS1PTLPELIQ dﬂ%lpl’ng j‘g eNSjIsC {h$heeach of the

actual frequencies depend on the band of the receiv?r
angreamblelfrequeniciey wilbhe pwalable to fke BPaiXersiZdn ablsest OB o1 the
can be experinentally determ ned given appropriate
5govenhamBsioalperiedul ati ons and the [|ike. The receiver
302 may take these sanples, for exanple for 2.5

m | 1 seqeigsinkio $aG3, the vinbgceaverd00udonmmprisesithe
relative to the beginning of the transmt cycle, as

S hos}ﬁ%np%\é ri%b!ﬂ,ecoggfeg % 1H620ceivhi3be, fbhé‘olf&ﬁﬂ\%a Slurdlith OF rdceived

sca reata Ity 1t can be seen that if the

receiver collected sa - p&t b

as Slaﬂ‘@?et FARLHFY 18 %I}COE é,e?‘?en:l gt2 Hﬁzea%ggééncsgsunﬁ%i | Seconds,

and the offset 420 s such that the sanple seguenc

we rRdutaH R RIBHSISTRIRTIRUERRFH SBi08f eaﬁﬁgﬁbz%ggnme bertdas

frequenci es, one or nore of the sanple sequences 4aken
10i n 412p14,idn 6 erevedch 241pillisepands ) Hngrand Hlais CokesROR¢ES tg an

time when there was no transm ssion and the preanble

Si giRnedgeM@irhisbr b€ paticised thd preamblesignedénmeameforirhe)2. Note that

receiver 302 sanpling period is set to a slightly
shi it e&kefvati Qignhlort fRédnlasignaetian [#6sehOintthe Higitetenadser

so the subsequent sanple periods are shifted fromthe

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

15  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

20 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,

20



transm ssion periods, that is 422 and 424 are cl oser
to the beginning of the corresponding transmtter
transm ssion period, helping to ensure that each of
the preanble frequencies will be available to the
receiver 302 in at |east one of the 5 transm ssion
periods. Returning to FIG 3, the wireless receiver
300 al so conprises the sanpler 304, coupled to the

re Ceﬁf /&bred W mehRty § P4 1otdetdrRfnedwRdiiha pidain bl sif el BhyBétn
sanpl e sequences, mnth one received sanpl e sequence

? ?le ?ec&edd A powgrcgbngéwéﬂo% d:l&Ithrﬁb E%plgé q%g deiedi 5eg

Clr es n one e periods 10
412, 414, 41 are each 2.5 mlli 0
b apeiies S BIRALTe 15 CoRSPRSR R 8?‘5 %?Y%'é@oaflf’ !

the preanbl e signal or waveform 502. Note that th
r eceitified by.tmmnt@ﬂlep seesaifady pregimile dterionhad élwtprP'«Hnlflﬁe
digital receiver enbodinment is conprised of a

55 e (uigut haobecnalerpcted, Asphsussed aboye, theQasplgy384 ipeperable to
taken over the 2.5 ns wi ndow at a sanpling rate of,

pr e&ﬂfeé‘lmrﬁé,of e @Q&ll@oﬁ@fm{lﬁﬁsaﬁﬁﬂe Seqaends dﬁnri@éhch/o@the
sanple pairs in each 2.5 ns tine period or

ObS@I N {0014 18 Fr rp J@H&eﬁnﬁ@&@x‘rﬁf S6risd, 3N gh eRBAMAS case

sequence i’s conpri se multiplicity of sanples of
ormor,a.receiv
lliEgratas: B Boapo g sl oG8 By Gn iR R iplc o N
The mnreless recelver 300 alsg ngfriéfs %ﬁ
conpdlethus pesdelstpingd tim pesigd ap shavarahayg in g5 slisghgpion
sanpl er 304 for performng a correlation based on
1G5t oredaded todkin. i4rred R68. bet ween data corresponding to the
preanbl e signal stored in nenory 356 and data
Cor r es poRgiphyirgarcoptanen dewctianpebodaqgerteireothpt bei de
a correlation result and for conparing the
cor pRhblcigia® bl kinchfondzedlih Bsthalme mal fiequedy with the wireless
receiver 300.
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
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al so stored in nenory 314 to determ ne when the
preanbl e signal has been detected. A power
conservation circuit 310 coupled to the controller 306
operates to reduce the power consunption of the

wirel ess receiver 300 until notified by the
controller, specifically preanble detector, that the
preanbl e 5 signal has been detected. As discussed

abQVgrcufal inadBRh £ cdPdatich LRREG A2 E&Tesﬁ@ﬂdi%fq tB@Pre@ble
the plurality of received sanple sequences during each

of the,  tJ . § . Ay

1 AL e gty e Sp el Bhe SisBRRARML TR e the
The preanble signal is periodic over an integer
nuFPPEPEOBf“Wﬁ'synbols t hus predetermined tine period
as shown above in the djiscussion 10 relat?ﬂg%owgq. 4
and Eq. An exhepstivgiang saigbbiorwerd carwetaios o1 EsHYRBTSIRYY
requires that the preanble signal be synchronized in
5botdhilltterdeemad ifprcgimh givenin fhetine aviaflable ysing certegliga p06
300. The controller 306 is operable to estinate a

f r aQueNG BEdthplotRe tyeRmeAR doffcosthad pbier @msumption. If so the
sanpl e sequences and a nom nal frequency of the signa

SOU[L s g& GaMc fﬂe@ﬁe\@}g’ BirRatBeAll Ofinde SQUEILbBhE 0brr&lhtich for

magni t ude square ue of a Fast Fourier Transform

of the eived s l,e ' .
SquAPEATE T LEroRr ] M e PRUIGREE 0 Aty ttdiment
expect ed_preanb| e si gnal where the expected eanb]

i s st or ethe preaple ﬁléwgﬁl?ﬁ alggrithperPraces V"loﬂ(st%eaoﬁxe Minfber
correlation results in or 20 provides a frequency )
100f f AN ofoqomedey samples dfdhe EanvBb S gsUVhee Afiis kg prepble period

recei ved sanple sequence according to the frequencg
of f mekynibolse aiRBlgeis alre mobes o samplecpirseobgh ishally, Mesheuld
21

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 |2

re 1=0]1.2NN-1 Eq.7

1
P)=—
(1) JINN 2

(=]

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
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a circular tinme-domain correlation between data

corresponding to the preanble signal and the adjusted
recei ved sanpl e sequence is calculated to provide the
correlation result. An exhaustive and straight forward

conmputation of these values may 5 still be deened
inpractical given in the tine avail abl e using
controller 306 while still neeting other requirenents

Of (ROSEnNEsIIANRS toDANE YoRld Ner the achdl bdifplesisdledfed A0riAgl the
hoc Tt égﬁén%y estPnator and arsiﬁble sea?ch of the ¢

correlation.for ti : ' :

" ccopang B Doy e B BafE pel SrRirgP ARG Bl in e ad hog
detection al.gorithmor process works on a fixed nunber
10 fraquerpy SHMBI®X sanpl es of the received signal,

where N is the preanble period in synbols, and NSis .
the nuntidhe rodgnitadesarreseralupafity expesigd Prepmbipize oafiyding
be chosen to be a power-of-2, so that standard Fast .
5F0 Wiy driterti@ras froquent - Bifjet atidehatitipieansoatterhes daspriikpdeatove, is
I n one exenpl ary enbodi nent, the controller 306 first

COMREIcBMpated € Mhe RAGELSK this teriplatehRattiisehes edto paddeal length of
recei ved sanpl e 15 sequence, and takes the

magni - edin2, dcl 2 N, N1 -J2N, N Erke |
:O%@%?#gﬁﬁﬁﬁgﬁ&EgNN% 2 NSN k=o This conputation has a
frequency resolution that, is twice that of the
standard non- @m@-pa@ﬁ% FFT, where the frequency
resol utig@:‘rq[)ea‘,qv gs&@anda d FED,Jor2NDFFlis ebgdl to the
i nverse of the|odhservation interval or tinme period
over 20 which the sequence of sanples are collected.

Where this tinme period is 2.5 o
The matched filter correlation in the frequency domain is computed:

2N,N-1

10 C,(y= Y. P,(m)P,((m+I)mod2NN,) -L,, SI<L,, Eq. 9
m=0

where Lay 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:

7;/ . fracargmax,[C f(l)] radians Eq. 10

s

Q. =

e

15  where the "fracargmax” denotes the fractional argument of / which maximizes
Cy(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:

20 Py if R(D>n,
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nmsec the standard resolution is 400 Hz and using the
zero padded FFT this is inproved to 200 Hz. It has
been experinentally shown that doubling the 22
frequency resolution to 2NNS points over the actua
sanpl es collected during the sanpling period provides
a dramatic performance inprovenent in the ad hoc
frequency estimation. The nagnitude squared val ue of

t he expeﬁtﬁg_preanble signal, including 5 @ny
i ntentiondl’ frequency offset added at the H?gnsnitter,
as described above, is pre-conputed. The |ength of
this tenpl ate n@itch#E(bkerzer o- padded | ength of the
received signal, 2NNS. 2nk/ 2 N, Ni -J2N,N Pc(1) = Ac

Jso ke 1=.0,1,...2N, -1 . =0, The natch

fiIWhere &@#%%Prﬁﬁ?tslﬁmf‘%‘l\l %@hgﬁe"&ﬁ%&n W‘H&H‘éidﬁa‘f’é“%ﬁy decreases
computed: 2N,N1 10 Cf (1) =ZPr (MP, ((m+ 1) nod
2NN&¢ nhiBer of cothpstatibngxhelre)is r® noticéabldhdegradatian in the accuracy
chosen according to a pre-determ ned frequency offset

5 ariffhe REGRACPOITSY SHEHABASPERAIBS fBr €erasd Hlthe Bgoioprdamble.
expect ed maxi mum frequency offset. The frequency

of fset i sihgﬁﬁqﬁ%&%ﬂﬁﬁg@%ﬁnﬁ% 3t Ed. 118 theHeBERd sdnfplé

(1)] radian where the "fracargmax"

denotes the fracti ' i mi
sequence is corrected £81" gel:qu%xrlgyugﬁsgt: of | which maxim zes

x, =re’** k=01..,NN-1 Eq. 12

The preamble signal is constructed at the transmitter 200 such that the

10  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 o4},
and the adjusted received sample sequence {x;} to provide the correlation result.

15  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

_2md
N, N-1 INN

N
S,= Y se  I1=0L.,NN-1 Eq. 13
k=0

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

the frequency corrected signal {x}:
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gi'l) or the peak of the correlation in Eq. 9. One
sinplification of the <correlation in Equation 9 is
avai |l abl e. The data corresponding to the preanbl e
signal can be clipped to limt the nunber of non-zero
el enents thereby reducing the nunber of conputations
to estimate the frequency offset as follows: 20 P, (1)
if f (1)>77s 23 Ps (1) = Eg. 11 O ifP,(1)<rls where
77s is a pr)e;ldeéerglmed threshol d value. Wiile this
dramaticagl | creases er of conputatigns,
there i s*no tirceabl el'd@gragygb L in the accurg‘g‘l/ 145
of the frequEhcy offset estimte, especially for the
case of the 2-tone preanble. t he frequen
of { W5, QOFNUGHE &N FFVEES§, Dli@e&eﬁ@urlsﬁﬂﬁ%véﬁ Frﬁ]%éofgi agme
is corrected for frequency offset: xk = rke'5 k k =
0, Miscrete MdsiNer Tragsform meeadp;s&glrfgq:@vqﬁ sgﬁmle @ngl a conjugate
constructed at the transmtter 200 such that the 10
r eqBiset fuueienDia@sforgnditheaddnd dirtespending withapresimbiet sigrfal
the preanble signal with arbitrary starting phase as

5% Vt% HRd RN QimNBShaintddfreafBh bPtHe@vo306, using

ation routines 358, perfornms a circular

t| nme- donmai n correl ati opz,,,petvveen t he data
correspondi ng t&¥t'he preanbl e signal, int ase a
conj ugat e E E&z e and ’fﬁ@ladJ]Yké\{ 84 regléﬁlvlg
sanpl e sequ e %k} to provide the correl at| on
result. 15 Both sequences are conpl ex,
br uBye*rfsonn@t}mbﬁpwmhiﬁSlﬁ@%lllﬁp@@dl%@‘fﬁbth‘dlrpb‘?félm‘i/frame it
i ntensive. The use of a Discrete Fourier Transform
( DFIhablE8Yhe W€ oflg ettcililar ¢cerblat@ntdver Goepiviich isefbEicnthe
conmput ati on. Take a pre-conputed

calculated using the DFT. The fact that the correlation may start on any point in

(J'I

10 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

15  defined as:

c
C, = max k[——
)

k
N.N

Parseval’s relation:

2NN~

! 1 2
P()=—ro Eq. 17
,z =55 2
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DFT of the desired signal zthi H,I-1 NNS = N.sO
k e1=0,1,..., NS N-1 Eq. 13 k=0 20 A Fast Fourier
Transformis used to conpute the Discrete Fourier

Transform of the frequency corrected signal {xk} : 24

2nk! N,N1 -J NNX, =1 xke 1 =0,1,...

14

: , NSN -1 Eqg.
k=0 Thus, conputing an inverse Di screte Fourier

Transform of the product of a Discrete Fourier

Tr 3RS hIRNihtidnBcBFsUREREH 458 kdI&hnS pEWPEEN @redeived

conjugate Discrete Fourier Transformof the data

cor
cir

E S Rag n'%c&gltfang prl%e Weﬁ?&f&g%fﬁémfle ﬁéﬂ?% ?a?nzﬁrl@se N\

cor tion of t

'NNCk=1S Xek= ,1,..., NSN -1 Eq. 15 N S N
, =0 By | g;pg)that t he preanble si gnal isEﬁqgiodic

over the "or

cir
cal
cor

10

15

20

time frame, it enables the Use of a

cul ar correlatlon over tinme, which is efflc:lently
ed u5|n DFT Th hqﬁ

?él %‘ﬁf%i‘@ rlg%%e Bg'ﬁaﬁtwl]eﬁ e 51gnal -to-noise ratio is

low so this allows use of a high threshold, avoiding problems in distinguishing
undesired signals received at high signal-to-noise ratios.

In an embodiment Where the preamble signal is modulated with a BCH
code set the only requirement for threshold testing is:

C, 2z nP, Eq. 19
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 operable 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
X
C, =max,, ,{l—'— } Eq. 20

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

Passing the narrowband metric requires that

C, 2n,C, Eq. 21
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10 the signal allows correlation of N synmbols with the
m ni mumreceiver "on" time, reducing the battery
requirenents for preanble detection. The correlation
result is conpared to netrics for the preanble signa
using threshold tests. The controller 306 is operable
to conpare the correlation result to a first

t hreshol d val ue corresponding to a w de-band noi se

ne.tv{llileq‘e > detdagd P?resé??tgrgg%d fﬁre%ﬁ?ﬂdlfhéi ks ﬁ‘i’plerﬁ@mam}n Mecific

This net'fic is no y the power in the received
sanples. Using Parseval's relation: 2N.N-1 N N1 Irk

2 m@gd based qngystgm q@nfiggragign e’h"d’ﬂ‘?ﬁlepﬁag‘ﬁc Sfactor is
defined as the rel evant power in the received

sanpl es, Flfic 4outrensmytierignah patiore auibait gssedipisd recgivet fampling
received sanples: Pn = Pr (1) Eq. 18 r=1, If all the
enefagyrm s beaddistussedintsomeslegdtabsval In rakiew, a trensmitter 200 is
signal -to-noise ratiois 5 lowso this allows use of

58 it shelifh a prainBldiggml ePpaTSf d Rardifiisioroisgadricag02.
undesi red signals received at high signal-to-noise

ngtl?egg%ng&h&ﬁ%ﬁga%ﬁmwm@ [rifo EQ\B1 BRRATRY GheledR@bighd 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 f1,

10  f2 and /3. 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

15  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, 2 414 and /3 416 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

20  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.
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code set the only requirement for threshold testing
is: C, >71 Pn Eq. 19 10 where r), is a pre-determ ned
threshol d based on systeminplenmentation criteria and
experinmental results. The | ow cross correlation

bet ween undesired codes is relied upon to reduce

fal se detections. In another enbodi nent, the
controller 306 is operable to conpare the correlation

result tl&féhl%g@@mt} thnesighiey sbna fpﬁﬁér’h%ﬁ@@ﬁ@l adptdiDofathe
nar r owband noi se nmetric when, for exanple, the

Pr g0k ?raﬁé Htg} %%gﬁpfe' s?&%aé‘ aQoULafEld'rEé’elgr s&rﬁgl%%ollé—aioﬁ

extra tes al se detections on narr

| s
Pr%l@gvy be:ggvtl?%g sdescEﬁedc | Y Su}?ﬁ%ﬁglre gl"?‘%ﬂb 1stlhsed to
relevant subset of the recei ved S|2nals frequenc

s paepaatadly bradqagiapisamblesignat Ftllion @t ABietipe NTe%faquéswhere
that C, > 772C Eq. 21 26 where 72 is a second

5pr €F ehenwhbedseropdsieyrabaliaad N is thaymirabasof aymbels/preamble
specific and based on system configuration and

envieriodMaANdortespaeiny BeeifdrGrilldample tha psainbleesigrsal dovadn integer
pattern and an associated receiver sanpling pattern

has, hagp ofj?é%ﬁ%ﬁﬁrx’oﬂs. SRBhe LeIHdUI MR AUE reckef QiR foRonly

transmtte i's 5 arranged for sending a preanble

Si gﬂ@lﬁ?%illdgﬁi toorfmn%n {eQHeSé‘(} éﬁ’%}n of eVOﬁ:ée qgcel@ 900

sequence I's Into equa tinme slots

mhere the signal
Referrl%g to F?E‘v 6 a flow chart of a method to detect a message

10  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

15  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

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

of received sample sequences.
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each time slot is broadcast at a different frequency.
In the exenplary case discussed, the identica
preanbl e signal is broadcast during the first three 90
mllisecond tine slots 404, 406, 408 of a transm ssion
at known frequencies fl, 10 J2 and f3. O her
applications are easily envisioned where the duration
of time slots vary and the nunber dedicated to the

preambl e, g fﬁ?ﬁ%ﬁc?@ﬁ&@ 1S timhfcA GHE AYre A& sample is

criticality o nmessage being sent and

"o s PRI AR PENRAC st R Gy REGY Tl Well s

transmtter 200. The wireless receiver nonitors a
chdhndiscussiongabd€ent ed by the diagram 410. The

W rel ess receiver wakes briefly to nmonitor each of the
three fAeefifencpaelation wperigomerbetwpgen data gargesparding oy the
preanbl e transm ssion. The receiver wake up period,

5 N hbdsageeidentificarayd dataeprr8oniling its e fiost deceived shoplsrseguence to
the timng of the nonitoring processes in the receiver

ar €,8{1{ds @leofrbBAbA Rkt TR DR itioh réshit it s@rnipared foed threshold

sequence to inprove the likelihood the receiver wll
c ap\t/alflﬁeetoq{etednﬁ%%l%@rlﬁ vﬂ%‘ﬁ%r S RERaSY idbRSH R haa RN etected.
si gnal™ at one’ of e three sanplin periods. 27
Referri t |G 5 transmtter. si I r
shotie e Bt e rospive i aRaehf i RafRe Pk Te e
sl ot and associ ated recej ver, sanpl e co] | ection Jinjn
wi | fregeneoffashiticreats ap adisief erese saMPE SHARARH AR & FigyHar
500 is used to repeatedly broadcast a preanble signa
105 o( tisne S0 manf catelationdetwerngbe data sorregpending torthe gnespage
nunmber of seconds/synbol and N is the nunmber of '
sy nieh&fidraa dialagoreggondihg té\ theoadjessquloackivigl yaepdd segpence is
will sanple the preanble signal for an integer
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
15  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.
20 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
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nunber of preanble periods. In one enbodi nent, the
recei ver sanples for only NT seconds 504 to mnimze
the power drain of the wireless receiver 300.
Referring to FIG 6 a flow chart of a nethod to detect
a nmessage 10 identifier or preanble in a wreless
receiver will be discussed and described. An initia
condition 600 is set up in a wireless receiver 300. A

COL{?%‘?& o612 Lo E’ﬁﬁfré‘qu aﬁﬁﬂ%ﬁkesrlotcé?é‘ﬂf;&ﬁei A thice T

are itnitralize ro. The wreless receiver
300 th élla}«gi)ee&} Ceﬁngan\lgeﬁv\g?{ deOr}CIII'I] rsgc%ggg i&){n d in the];

predetern1ned frequenci es fo : g

e MR ERARE eI T lseqsa PR o shrypling pregess

a plurality of received sanple %uences 602, one

r ecreswess a &0 Wheretha seanaingos pedoredat ooupTenpt WRKUp times it
plurality of predeterm ned frequencies. The wreless

5r eqaayeksuldiidicakitegtia varahhoplutahiey ofpredetrintipedofrequencies are
received sanpl e sequences for one cycle of the message

| deptdidciirand a%%ﬁ'afé difismoempaage identifier conprises
a perlodlc signhal that traverses an 20 integer

mul ti pl e rﬁ@ﬁqg’%&\ﬂ@l{t fRbr id d@eo?(gf 't}%dYésoJra&‘Pll 41808 isg

each of e ura recel ved sanpl e sequences.
28 604 a fr uency of f set est |
’lg\é(ad gﬁﬂp eﬂ}e WIT asdg?eé\éer g@g ?ll%eélg {flor?ﬁ.ghé‘rq;?ocessmg
frequency of fset. See description.of FIG 7
t hefreinggedused PEWSHERFSUMPHEN §B1S; AnsigRal SRITSE b‘ﬁ %F \éﬂauﬂeg
performed between data correspondlng to the 5 nessage
10i deacofdirey toghel frequeacy offses spooripengate dora mismatch egtwpenige
sanpl e sequence to provide a correlation result. The
Ccor fighiahl RequefSUblithe sviehRprceidet I 0aaridithe fhqleaicy vhthae
to determ ne when or whether the nessage identifier
has bty et RE s&fence. When fully operational, that is, when the wireless
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.
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Preferably, the first received sanpl e sequence is

adj usted according to the frequency offset to create
an adj usted received sanpl e sequence and a circular 10
ti me-domain correl ati on between the data correspondi ng
to the nessage identifier and data corresponding to
the adjusted received sanple sequence is perforned to
give the correlation result. In the exenplary case,

the pealRerap@pitd HiE. B AURMEChaR shbienCinbeltleddil for the flow chart
time-domain correlation is conpared to a threshold

val 44106 Eel G WOEL U8 P8 mgg £lofe803, bl StredBicy offset

beéh etecte ne enb i men a MAde and noi'se

nmetric, as det ed aboy sed whe

i déﬁqu@rnwng‘ ’Jfffﬂé‘F“%{ ?ﬁbﬁ (R efﬁ r&Fe‘tf%f e tgeﬁg‘ﬁ’%y of
set. In the case where the nessa |dent|L|er .S a

pl therdceiyedsampla sequeneris coipalad by & Jndiveigrenk valug i ded

to the wi deband noise netric. See description of FIG

58 dingdjubhey dlinsainiseirdaton efitbe data 20rrgdpending ¢o thegressree
identified is not detected the No branch of deci sion

POi jaéntfRe8 ah® tlfe&iﬁﬁfbcﬁ'&sllﬁiﬂingl th thdnecgvadleineplasagmence. To
preanble sequence sanpling plan has not been

ggﬂacih %qyett f@ffs%%s'imgte 259RRJ-paddel FasteFouliE€Pransform

etern1ne enci es over three sanpling periods,
t branch .i
f 1 cefuli By seals P a%”ﬁxe%ﬁla*ﬁ sy Wﬁ?%ﬁﬁ‘é&%ﬁ%sf‘)g;“’“
have been tak i od of , mseconds
e raendied o arst 30 Aerprden WBUTET mu ot Sty
mlliseconds. The sanpling process _resunes aE 602.

10V emartsfremed &ifasigF dusicp Erangioad Aamalghed, HEigrcoge afiqR &Ry e
times it 5 may result in diversity gain when the

pl ufreduchyy démgined éequericy ddmhimcapuesiation ss epraputed 4@ e den.
and appropriate di stance apart.
9) and the frequency offset is then calculated 704 (Ref. Eq. 10). The calculated
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
15  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

20 transformed using a Discrete Fourier Transform to create a transformed
sequence 300.

At 802 the transformed sequence is multiplied with the conjugate

Discrete Fourier Transform of the data corresponding to the message identifier,
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When the nessage identifier is detected, the Yes
branch at 608 is followed to 614. The wireless

recei ver 300 is wakened for further processing froma
reduced power consunption state. A signal source wll
be adjusted 10 according to the frequency offset to
conpensate for a msmatch between the nom nal
frequency of the wireless receiver 300 and the

fr ec%h‘ﬁ'ﬁg% a{f?&ddc"f' SequEREE WHGAV R DIsBreRSIBHPRE Tran¥¥oem dfdhd ¥
operatl |s when the wirel ess receiver 300

Of frgg Ung?qug%%e lg bom t\éﬁ : therfeH%EJggtrl é?éll(rjmar tﬁx?e 5Iﬁgllﬁency

pria tmen and

rocee
]P r SQUSE nﬁga}g TP t 3‘8%:3 I n n?q%{g&%@gltvﬂglrtﬁf figssage identifier
transmtted nessage. After the nmessage i s received,
t he(Rebdig. 1ir The Disarete Kewrierdl rapsorny i roatputsdaising akast Eourier
and put in wait state 618, in the exenplary case, 80

5m | Trafsfomndsd theRnaresBistgte Kourieefirdnsfpom isgerputed ugogan
If at 610, the sanpling plan has been exhausted, that

i s hhESEFsAPBLSS Trafkféraken at each of the three
perlods in the exenplary case, the Yes branch is

taken, ﬁc{l ?1% &4 &ank T Glowd & fg:fpﬁest foenRAHAGHs RAYRIthe

state an in wait state |nthe exerrplary
case, | LLseca ces
ot Toae MM aS FinG APy 0T Jing O p BT pOE R0FidEband
nore detail for the flow ch of FIG ..6 di scus
andteglds epplisd $04F&f the mestrer H%ﬁ*f iggpis atﬂ%‘éfa'f‘?ye‘aﬁ%‘}?é et
of fset between a nom nal frequency of the wirele
10 ecedraybaBOeshischetfoeméd 8Qfanscnroesssing gantinieesal 13- égﬁﬁ e
sequence is estimated by finding a peak value in a 5
f r efidgAsY iddanRéris e BUTeLadd ser) tiof narfoevtdad testumay bs pesidedon
to the nmessage
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.

15 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

20 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:
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identifier and the data corresponding to the received
sanpl e sequence. To obtain a better frequency offset
estimate, a zero-padded Fast Fourier Transform of the
received signal, in an exenplary case with twice the
frequency resolution, is calculated 700 (Ref. Eq. 7).
The expected waveform sanples are simlarly 10
transforned by Fast Fourier Transform A natched

ity stlﬁgf%?r%lﬂg rﬂd@lutaﬂ@n td ERUEERENRARIVEr BE proper tlme

9;eq Snch main correlation is conputed 702 (Re
an t off &
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used to adj yst the rece wav.ef orm 70
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of fset of the received signal follown 15 at 606.
Refustng awginimaiecsivgl sample.garacprddinesRoahigye bestes figaremcy
for the flowchart of FIG 6 is discussed and

5de seffsebedcul Fins and himifingtine @0mber dfonohrzequelamgnts adidatet ed
recei ved waveform sanple is operated on to determne a

ti n®rRbfciin &Qt) thd ¥§et1e8 preapmblsdigmako redaee the number of

frequency a

usted recei ved sanpl e sequence is 20

tra {
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to the nessage identifier, 31 creatin ro
secuabrments. i Ry Bies ARTEdsteungd, Wff&ﬁeﬂg?‘aﬁ‘gem %f t he
product sequence is conputed, thereby creating a

10ci r fredquancits foz-poombilesigeal trapsmaission fgther Feduges the bagglen on the

recei ved sanpl e sequence with the nessage identifier
( Refeceikeér antiG) chobbie addosding tothEenviremeTit,angfoesithesystem
conmput ed using a Fast Fourier

15

20

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
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5 Transform and the inverse Discrete Fourier Transform
is conmputed using an inverse Fast Fourier Transform
Since the wi deband threshold test applies to

enbodi nents where the nessage identifier is either a
plurality of tones or a BCH code set, the w deband
test is applied 804. If the nessage identifier is a
plurality of tones, a further 10 narrowband test is

pera{?gﬁsﬁfém%g Sp et ﬁfdoﬂlgé%iﬁ%nmﬂéﬂeﬂﬂ%eﬁtim@@geted fn the

ge identifier is CH code set, the narrowband
t est voi ded
o et L Bl T o e R HPEIH RS 1y drdRauiably
det ect.i to an acceptabl e Ievel The Yes branch at
SOG“F%egaken and processing continues at 608. 15 The
processes and apparatus di scussed above, and the
inventive principles thereof, are intended to and
wi |l overcone many of the difficult issues facing
systens using frequency hoppi ng CPFSK codi ng for
asynchronous conmmuni cation. Using the novel
application of the algorithns and techni ques for
preanbl e signal design and detection the goal s of
faster valid preanble 20 detection and reduced power
consunption are achi eved. Moreover, a nunber of
adj ustments nmade to the system ensure that the
conputationally intensive nathematics can be
performed in the time allowed using the equi pnment at
hand. Such adjustnents and i nnovative conbi nati ons
include but are not limted to: 32 adjusting the
preanbl e nodul ation to ensure periodicity over the
proper tinme period and nod 2 2T radians in a phase
shift system such that a circular tinme- domain
correlation can be applied for a mnimm/length of
time in the receiver
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using a mninmal received sanple, zero-padding to
achi eve better frequency 5 offset cal cul ati ons and
[imting the nunber of non-zero el enents of data
corresponding to the expected preanble signal to
reduce the nunber of calculations required for
frequency offset calculation. In this |ast exanple,
cal cul ations are reduced by as nuch as a factor of 13
in sone representative enpqd{jiggts. The use of a
predeterm ned, restricted nunber of hop 10 frequencies
for preanble signal transm ssion further reduces the
burden on the receiver and if chosen according to the
enV|ronnent i ncreases the.s m di versi t. mﬁlh
resipect A §1eHsip) & %Stséﬁ"cei“é?ﬁ T Fd ad??é?&?§§?‘3‘ 1€
intended to explain howto fashion and use vari ous
enbodiprsimgs i n accordance with the invention rather
than to limt the true, 15 intended, and fair scope
5and spi rgchndihgraspichrotoeslf ané gequngtlalb'schmngtal vgakeup timgtand
i ntended to be exhaustive or to limt the invention to
t heREReliveof S5 Hr&ipi0 3§ luralilystipkd dedrinGiied fRsquencies for the
vari ations are possible in light of the above
teach| enbodi nent (s) was chosen and descri bed
m?% dge%ﬂg "best illustration of the princi pl es of

éﬂibl o crraegmep i BF GEGNFF e s ComBtnk fryphase

the invention in variqus enbodinents and with var l? 84
mo T quadiadig seaienges of sAPRIgs.10ge £9581ved SppRlg sgauepgg collecte
contenplated. Al such nodifications and variations

10ar eatwiathofthe phirsltypé predetetmained isawdnsiesas det er mi ned
by the appended clains, as may be anended during the
pendencypéforiihSa ARrApinn leavemniatocorpapeiing wrible meksage
equi val ents thereof, when interpreted in accordance

Wi t faeﬁpﬁer*%rn@ @g{ah:oh@spﬁﬂtiﬁig tb Ayt stateivedi sample deqgack yo provide
and equitably

a correlation result; and

comparing the correlation result to a threshold value to determine when

15  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.

20
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.
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entitled. 34 CLAIMS 1. A nethod in a wireless
receiver to detect a nessage identifier conprising: 5
scanni ng, asynchronously and sequentially during a
wakeup tinme and irrespective of signal strength, a
plurality of predeterm ned frequencies for the

nmessage identifier; collecting a plurality of received
sanpl e sequences conprising in-phase and quadrature
sequences of sanples, one received sanpl e sequence
collected 10 at each of the plurality of

i f nej es. IR s
predet er. ?rgqu%‘? sgésiglrﬂrﬂ %v%ere?rg{hte%émndgglggalgﬂgr{cglgﬁ%llk%?er

bet Ween ondi ng

and data correspondin o a first. received sanple
sequenceollgctpigsrrlyat thg pilHPlﬂt&Oéf ‘?Cﬁﬁ’eg sayple.se nges for one
conparing the correlation result to a threshold val ue

t 0 ayeleafthmmesshgmidentifierhwhersingthe meswiepidentifier ¢parpriseen
detected. 2. The nethod of claim| wherein the

5s C greiodig signapthiaf waveedts ah iregen mbatiple of peviddswyet a tims period
resulting in diversity gain when the plurality of

Pr e@ehRIE188 e the SRUDTERSST Ui 6F reedi el fachpll ssqaaes.
apart. 20 3. %he met hod of claim | further conprising:

waki ng the wireless receiver for further processing
froma reduced power consunption state when the

nesﬁs.age Jl'}geerrrlltetlh&i SoF clgf’jln? 175 ner%g}n%%tsixel :

estimating a frequency offset between a nominal frequency of the

10  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.

15 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.

20 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
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35 4. The nethod of claim| wherein the collecting
further conprises: <collecting each of the plurality

of

recei ved sanpl e sequences for one cycle of the

nmessage identifier, wherein the nessage identifier
conprises a 5 periodic signal that traverses an
integer nmultiple of periods over a tine period for
the collecting the each of the plurality of received

sanpl e HRAYARNE 2 cireular e fRhh9dcstelftlon betvkednUthé bt
conprising: estimating a frequency offset between a

P ? gaﬁgslrpggr}crl%g lﬂ? ﬂ'lgeeré)sfs%éenﬁenti’lfgr \é%ﬁ 848 %?réés?gﬁéli\{ g Eoeﬁggdﬁlsted
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sanp eque
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finding a peak value in a_frequency domain correlation
Sela Heflofs

of Te¢seved,

AR ENEIVA PSS e identifier

and the data corresponding to the first received
sanpl e sequence. 15 6. The nmethod of claim5 further
conprising: adjusting a signal source according to the
5f r eqquenciheahéthed of dainc dnyherssmthe performingiagingileh imetdoaain
the nom nal frequency of the wireless receiver and

t he ol REUE BEyhe®tompasdsi r st recei ved sanpl e sequence.

20 7. The nethod of claimb5 wherein the performng a

correl at .i'a%gfofrﬁlﬂmg}lﬁé acéjﬁggﬂ’ kdc8Red safpld %Ef%déﬁcé iMind A Dedcrete

receiveJ sanp
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e sequence according to the frequency
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10

15

20

Fourier Transform of the data corresponding to the message 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.

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.

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.
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recei ved sanpl e sequence to give the correl ation
result. 5 8. The nethod of claim7 wherein the
performing a circular tinme-domain correlation further
conprises: transform ng the adjusted received sanple
sequence using a Discrete Fourier Transformto create
a transforned sequence; and nultiplying the
transforned sequence with the conjugate Discrete 10

Foypi er %ﬁ(ﬁ 5 Qlint NEwWHALR RO THrE&HBRNHI ROfuttBer ddnprises:

r

nmessage identifier to create a product sequence, and
conputing an inverse Discre ' T :

Che. pr odtEroNBAHGARS: MRy S5 ERhy:Fhps aicE tinises
ti me-domain correlation of the adjusted received
sapraliyedi@ifée with the nessage identifier. 15 9. The
met hod of claim 1l wherein the conparing the
correlation result further conprises conparing a peak
magni tude squared of a circular tinme- domain _
scorinel atA enreless tdeeiveharesiged th deadatie praambd¢ signtte exif astandby
when the nessage identifier has been detected. 20 10.

The o RESRE nRfde Cth@wieR syhRERENcngisity: eshol d val ue
conpri'ses: a w deband noi se netric, when the nessage

i denti f iae,re_caggq*?}l g%fmigg,easyﬁclﬁom%wﬁhiséa{uoeaﬁamﬁw&gamd

a code set met hod of ¢l aim wherein the

threshol d. val ue furth i ses: ; !
e oL SR L, o B0 QY

plurality of tones. 5 12. A wireless receiver arranged
t o fiequentiesalop thepredablsiSERal to exit a standby |ow

power node, the wireless receiver conprising: . .
10 a sampler, coupled to the receiver, for collecting a plurality of received

sample sequences comprising in-phase and quadrature sequences of samples,
one received sample sequence collected at each of the plurality of
predetermined frequencies; and

a controller coupled to the receiver and sampler;

15 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.

20
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a receiver for scanning, asynchronously and
sequentially during a wakeup tine and irrespective of
signal strength, a plurality of predeterm ned
frequencies for the preanble signal; 10 a sanpler,
coupled to the receiver, for collecting a plurality of
recei ved sanple sequences conprising in-phase and
guadr at ure sequences of sanples, one received sanple
sequence col |l ected at each of the plurality of
predeterm ned frequencies; and a controller coupled to
the receiver and sanpler; 15 for performng a
correl ati on between data corresponding to the preanble

si gnal d data correspondin o0, first. .received

s aﬁlg‘l' e 2@&%‘1‘}@%5558“&66\9? 8@‘"&q 2 %‘iﬁﬂ}eé FAPPEN Fesul t; and

for conparing the correlation result to a threzgﬁld

val ue t Gt RIBYSCANSEEVALiRA SHCYiheoyplesiRphecantioliey operablgiogigduce
detected. 20 38 13. The wireless receiver of claim12

5f urthlgowencomsumptia ofthp vivetest masizenantil oatiGed bythe controller
coupled to the controller operable to reduce 5 the

POVYRAL 1O BredfiBld GEnabhad been\deteeledtss recei ver until
notified by the controller that the preanble signa
has been detected. 14. The wirel ess receiver of claim
12 wherein the sanpler is operable to collect each of

t he, pl lit f '
B e e R e
preanpl e sj gnal

| I odi i Ltinle.
of g{l],epbqgigh g the plth%é 1&{0'4‘3%4&32\{2 %ﬁl&la%?%e@getnggs?{osg%retde%n%med

10  time period, and wherein the preamble signal is periodic over an integer

multiple of periods over the predetermined time period.

15.  The wireless receiver of claim 12 wherein the controller is further
operable to:

15 estimate a frequency offset between the first received sample sequence
and a nominal frequency of the signal source as a peak of 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;

- 20 adjust the first received sample sequence according to the frequency

offset to create an adjusted first received sample; and
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15. The wireless receiver of claim12 wherein the
controller is further operable to: 15 estimate a
frequency of fset between the first received sanple
sequence and a nom nal frequency of the signal source
as a peak of a correlation of a magnitude squared

val ue of a Fast Fourier Transformof the first
received sanple sequence and a magnitude squared

val ue of e?foEﬁ‘ﬁtcuEﬁle iu%E dbhARSEREAR beBlecptREE4Ed
preanble signal; 20 adjust the first received sanple
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an a rstt recelv orn1a
C|rcular t main c rrelation bet ween the dat a

cor'P BLPdfd ﬁﬁo?% %b“ﬁ?éanble signal and the adj usted
recei ved sanpl e sequence to provide the correlation
result. 5 16. The wirel ess receiver of claim15

wherein the Fast Fourier Transformof the first

5r eclé. ved'ieanipdlesssexpiren ofclasn ¢ mhgtedw theF ast Fanrisr pragdodm of
Fast Fourier Transformof the first received sanple
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than a reciprocal of the tinme period for the
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W reless receiver of alm15 wherein the C|rcular
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of a Discrete Fourier Transform of the adjusted first
r edESIERy samplt EaHERFea

10

17. The wireless receiver of claim 15 wherein the circular time-domain

correlation further comprises:

computing an inverse Discrete Fourier Transform of the product ofa
Discrete Fourier Transform of the adjusted first received sample and a
15  conjugate Discrete Fourier Transform of the data corresponding to the preamble

signal.

18.  The wireless receiver of claim 15 wherein the data corresponding to the
preamble signal are clipped to limit the number of non-zero elements thereby

20 reducing the number of computations to estimate the frequency offset.
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15 conjugate Discrete Fourier Transform of the data
corresponding to the preanble signal. 18. The

wi rel ess receiver of claim15 wherein the data
corresponding to the preanble signal are clipped to
[imt the nunber of non-zero elenents thereby 20
reduci ng the nunber of conputations to estimate the
frequency offset. 40 19. The wirel ess receiver of

cl gigm 191 uRErRisE rdddReF ONdIaiRt | SWhbid ME ChRTollPREfupBbe
to conpare the correlation result to a first threshold

val ue rres | 1.de- ' l.C. 5
20.005iale LR e Seruforl U AN ORISR A
controller, is fun%hgr qgerable to conpare the
corrPEFsPOndiRe e & yyife-PAdNUEIBAECt hr eshol d val ue
corresponding to a narrowband noi se netric when the
preanbl e signal conprises a plurality of tones. 10 41

5 20. The wireless receiver of claim 19 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.

10
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