RANDOM PHASE MULTI PLE ACCESS COVMUNI CATI ON | NTERFACE

SYSTEM AND METHOD FI ELD [ 0001] Enbodi nents of the
w@e@ean28appl i cation relate to the field of PCT/US2009/036743

conmuni cations. Mre specifically, exenplary

enbodi nents relate to random phase nmulti ple access

comruni cation interface systens and net hods.

BACKGROUND [ 0002] A nunber of nodul ati on techni ques

sl G

(CDVA), time division nultiple access (TDVA), and
frequency division nultiple access (FDMA). CDVA is a
spr ead- spectrum t echnol Sl%t hat uses pseudo-random
nunber sequences to nod incomng data, nmultiple
transmitters transmtting on the sane signal, and
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frequency channel) wﬂﬁ?@@?ﬁgﬂm y a porti on of the
total avail abl e bandwi dth. FDVA al |l ocates different
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I'sion occurs, the time intervals fromwhich t
transmlsmoiomedlum (e.g., radio frequency channel) while using only a portlon of the total

available bandwidth. FDMA allocates different users with different carrier frequencies of

the radio spectrum.

[0003] In addition to modulation techniques, protocols exist for determining how
network devices respond when two devices attempt to use a data channel simultaneously
(called a collision). CSMA/CD (Carrier Sense Multiple Access / Collision Detection) is
used by Ethernet networks to physically monitor the traffic on the line at participating
stations. If no transmission is taking place at the time, the particular station can transmit. If
two stations attempt to transmit simultaneously, this causes a collision, which is detected by

all participating stations. After a random time interval, the stations that collided attempt to



waiting time is selected are increased step by step.
This is known as exponential back off. [0004] Existing
worewahg2son and col lision preventing techni queBCT/US2009/036743
(i ncl udi ng those descri bed above and ot her known
techni ques) have a nunber of inherent disadvantages
that limt the capabilities and functionalities of
comuni cation systenms using them SUVMARY [0005] An
transnek ggam. alf inetiriochil igon ocuses the timetheervgh fiver whichitid mndom
... access co nication.interface,. The interface can
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access schene allows for noncoordi nated data
transm ssion wthout n ' be assigned a uni que
“code." Al users trangﬁﬁvﬂgéPﬁa the sane PN (pseudo
noi se) code such that a PN array despreader at the
apilesSh PG dXempldty bmbudiatknt hdes bwandoingpledse maultgple ecesy ed
at the access %oint at the same PN offset(or the sum
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possitile endenadnlatothese 2 or mode sigmgls. Tl epdorizrtiercef typing@iisets each
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scheme and a new randomized offset is used to get through in the next attempt.

[0007] An exemplary embodiment includes a transmitter at the tag (uplink) and a
method of transmitting signals from the tag to an access point. Each tag includes its own
transmitter which transmits information in the form of frames. A frame can be formed from
information provided on a channel having a fixed data rate. The data can be spread using
the same pseudo-noise (PN) code, and can have a randomly selected chip offset. The
transmitter also applies frequency rotation and sample clock correction to match the
reference oscillator of the access point. A plurality of tags is associated with a single access

point to form the network. Each of the plurality of tags transmits information using the
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point to formthe network. Each of the plurality of
tags transmts information using thesane PN code al ong
wawrab/1g728andom y sel ected chip of fset. The phaB&T/IS$2009/036743
random y sel ected each frame over a | arge nunber of
chips (i.e., 8192). [0008] Another exenplary
enbodi nent includes a transmtter at an access point
(downl i nk) and a method for transmitting signals from
same PNeode alosg withi axandanlyrselectrd shipliféset cElesphapoismandomly selected
h ransrrittler can be%ts'rrilar é@ hat of the tags. :
cac QYST @ 1grge nunuber Clﬁlﬂsrﬂ‘e't Hdnitter uses a unique PN
code for each of the tags with which it comuni cat es.
T{ono8pe AotHéreixemplarybmbodfenf iBEludecd trideniéit afl @6cess point
security and allows each tag to ignore signals which
(downdink) ad- awethad dorfrangmifting ﬁlgpglg £romn%é apgesprbeint fodhe tAest dhe
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applied to signals received at the tag.” The AF

includderpptatde ofraprroximately P spmbsls 4o allew foraapiglagguisitien at the tags.
with a 1 bit conplex output such that gate count is
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nbodi ment i ncludes a denodul ator at the access point
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| ar ge nunber, of |jaj’l s, the access point denodul ator
compyigional savingspr the Bl dg@aPateader . [0011] Anot her

exenpl ary enbodi nent includes synchroni zati on of the

t pl‘m t ha fotHBSdx@pldrieRSodinehiRcRA6ES BerBOdulitor dilthe access
access point can periodically transmt a broadcast

point amdaarmethodrfondenaodudating' signialsiraeei vedpli il access Poittie Tbggccess point

es |ts PN.despreader t na I
demodffer hesioepry DFRG RaLPer Y AP slerd RRREREG R TR
receive@ fidnt {as."Wo deMbidhfeisach 4 Rargoastiee df tinky deiccessgotrit e
when the tag is first introduced into the system
demodghflater inclusles a PN araycdsspreadsdui sition, the tag can
performa "warm timng acquisition each tinme the tag

[0011] Another exemplary embodiment includes synchronization of the tag with a
master timing of the access point. The access point can periodically transmit a broadcast
frame. During a ‘cold’ timing acquisition, the tag uses its PN despreader to analyze the
broadcast frames and identify the master timing of the access point. Cold timing acquisition
is expected to occur one time when the tag is first introduced into the system. After the
initial cold acquisition, the tag can perform a ‘warm’ timing acquisition each time the tag
wakes up to transmit or receive a signal. The warm timing acquisition utilizes less power

than the cold timing acquisition.



wakes up to transmt or receive a signal. The warm
timng acquisition utilizes |ess power than the cold

WO povongr28Equi sition. [0012] In at | east one exeP@l/HR2009/036743
enbodi nent, each tag separately generates a PN code. A
gold code is an exanple of a PN code that is
paraneteri zabl e such that each user has its own. As
such, only data destined for a particular user is
vil1B] e Inat least dusiengmplaryerabddimenic each tag sepgragid gemasates a PN

cote BBFRSHLF B MBI iR A R v

has it<COMTUAE Sidhl ofilyidataaleb@ged fons partieslar eeeiswisibledo fit. M%ing unique
signal froma first tag, where the first signal is
PN codps, @4ei desismgt propess detaghatiineef ilss¥{to- noi se (PN) code,
and further where the first signal includes first
0 q . : i
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signaldy spreadisifigsd Predeteraingd piudogpise 2@?5 C?Cfl?, E;‘%P: '[%f'\fm Where g first
signal 3hd18des TR SIYSRAG ata | PEsRBRP BN tREded fbm { §c2Bhd BB, The

second signal is also identified at least in part with

second bign#iNs spread/usiesthe paaistermired P codle, endethpiseqopd signplsineludes
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sesond SSATEHE) S BOPal 0L Bplbt B Rt Rins ey por
with al 29 arr@)despread6ic ERtfe seedridipayloag dafarfidm tiegsebasl sigral issdlso

transmtter configured to transmt first payload data
identified af le4st it past withthe Rif aray desprrades r st signal is spread
usi ng a predeterm ned pseudo-noi se (PN) code. The

S i . . _
AR, A8 ha 3SR LORAISER, BRI sl
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redet erm ned PN code. The_.access int isin )
has a gtﬁﬁﬁ_ﬁ‘?ﬁ%‘ﬁ?‘i gt t"_? Fraosopif st p O%ijﬁ%at? He? ﬁ?& ggaaly gBerem the
first s%ggl is e%ﬁsﬁn%%?%a@ie}‘rﬁfnea B0 ARIRI(PRY cédd. abhe sEBéhd tag has a

celver Is ¢ igured to receive the first signal and .
second kranggittenchrdiggredl to trihemit eeqoné paylasd daja insa sesand Fgndgwherein
despread.the first signal, an 0 ' e
e s SR Bl L Ok ed PR SPECRA Bty

commABfBEen GARNEfifbtapQAd Siksdecond tag avdl arhalepn oeebeoand adespread
receiver in comunication with the ﬁroc ssor, .and a
A

array.t Thwsaviveris cprfigisphiareeaivs e fifptisteng 6 8ee98ad signgh Jfhe
receiver | f ' fi 4 gagh from
desprG BT et fRsh BiRtnd. B FREFIEER Bahd SpBLBEAY, 1
payl oad data, and further
[0015] An exemplary access point for use in a multiple access communication

system includes a processor, a receiver in communication with the processor, and a
transmitter in communication with the processor. The receiver is configured to receive a
first signal from a first tag, wherein the first signal includes first payload data, and further
wherein the first signal is spread using a predetermined pseudo-noise (PN) code. The
receiver is also configured to receive a second signal from a second tag, wherein the second
signal includes second payload data, and further wherein the second signal is spread using

the predetermined PN code. The transmitter is configured to transmit a third signal to the
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wherein the first signal is spread using a
predet er mi ned pseudo-noi se (PN) code. The receiver is
W@bk®o/1tasd i gured to receive a second signal freeI/ES2009/036743

second tag, wherein the second signal includes second
payl oad data, and further wherein the second signal is
spread using the predeterm ned PN code. The
transmitter is configured to transmt a third signal

first tagpwhérein the thitdagjgnabiisespetad wittea séviondi P gpda) andsugherewliprein the

h second PN.cqde, and further wherein the second
Secon‘&#c‘:(?a%lsl Peglgle fqegﬂftotag‘he first tag. [0016] These and
ot her features, aspects and advantages w || becone
a@abENtTHes©Md dtherf fohthfus] pedeant adviahtages widiissed@d apparent
cl ai ms, and the acconpanyj ng exenpl ary enbodi nent
from the iRllowing derstiptiensiappendediglianps, apg thsracedmpanying ¢4
] g%ﬁga T Pﬁémhyg§b 17] Fig. 1
m“b“?§k§&§P§§$§§9‘ep.cbgﬁgﬁgﬁgﬁﬁﬁﬁgﬂ transn1t§gg'according
to an exenplary enbodinent. [0018] Fig. 2 is a diagram

depi cti ng i ] ' 0 an

exerpl ary SRIRHDERERIPFION OETHETRAWAGS ] 20

depicting slot structures and assignnents in an

ejoo1p] aFig. éribodiagesmh defiCiy@0dn Upligpk teénsmiter décaglingto an

depi cting a PN (pseudo noi se) despread array in an
exemplazy gIbQiMeNhodi nent. [0021] Fig. 5 is a flow di agram

depi cting operations perforned in the tag processing

ofpeasPr eadoash draan abpittita dovwklik tedndmittdrAc@iding to an
eLeonar%genbodinent.%&Xgﬁg Fig. 6 is a flom1di§gram

exemplapyientbodgnenser at i ons perfornmed in the tag processing
of a dedicated channel froma warmstart in an

€ a ' i K | %d AsGbARERE

depi ii ﬁ%@g’gé?%éiaﬁﬁ%@fig}%gﬁ‘g’%ﬁpﬁr&ﬁ |enS an (Sex npl ar;?an

exemARQ@bIthent] 0024] Fig. 8 is a diagram depicting tine
tracking in an exenplary enbodinent. [0025] Fig. 9 is

CUNEPD! 5 G e Sapie WA BN P BOT D BEy n

tSed di agram depi cting a dedicated
examggﬁﬁﬁﬁgggt?gn finger in an

[0021] Fig. 5 is a flow diagram depicting operations performed in the tag

processing of a broadcast channel from a cold start in an exemplary embodiment.

[0022] Fig. 6 is a flow diagram depicting operations performed in the tag

processing of a dedicated channel from a warm start in an exemplary embodiment.

[0023] Fig. 7 isa diagram depicting a tag receive data path in an exemplary

embodiment.
[0024] Fig. 8 is a diagram depicting time tracking in an exemplary embodiment.

[0025] Fig. 9 is a diagram depicting an AFC (automatic frequency control)

rotation in an exemplary embodiment.



exenpl ary enbodi nent. [0027] Fig. 11 is a flow diagram
depi cting operations perforned during access point
WO emelivesprocessing in an exenpl ary enbodi nent PCT/082289/036743
Fig. 12 is a diagram depicting an access point receive
data path in an exenplary enbodi nent. [0029] Fig. 13
is a diagram depicting asynchronous initial tag
transmt operations in an exenplary enbodi ment. [0030]
FlY2614 Fig. ¥ idiaatizgaamdiepicting adedirated eemimpnisatien fiegs iman
ces 0|nt and a tag in a slotted node according to
exmﬂ@ﬁ“@?@ enbodlnent [0031] Fig. 15 is a diagram
deplctlng data transfer between an access point and a
t pE02aF c aFigdi Ngistadlown diRgerpdei stingroperhtiorperfdriied Arifrg gecess
16 is a diagramdepicting a nesh network forned with
point [IORIKE PEAFCLHLE m[a@@zsqnphng mbagdipgnty §i agr am depi cti ng
t he association of a mcro- repeater to a nmesh network
iy 7R LER RS Q34
E%dr%gfa\rq? eﬁo%ﬁ%ﬁ%& arlgtldescr I be bquéwéo‘]vé (tg\tkl bétd ko
exemplafyemshdentrd. t he acconpanyi ng drawi ngs. It shoul d be
understood that the followi ng description is intended

t cri.be X | ar nd | it .

| RS LSRR L AR B0 P e epilperacons
1nanéidbpk&ybhhbﬂﬁﬁ@ﬁes an uplink transmtter 10 which

i ncludes structures such as a convol uti on encoder, an

interl eave nodul e, a npdul ator, a, pseudo-noise

s (038berFigal 4 islat‘lé?%m& dspisking nteragiions BRIwRGh ghapsess point and a

ot her such
tag in a S?O%é Er?é’edg %%%1 téﬁ?%?ﬁ@@ églg?c%dzr??nntoper ations
deplcted in blocks 12, 14, 16, 18, 20, and 22.
Tihe031hn skigt 1jamtalﬂ1agramplepmhng datn sransferbetweer & accessdwint and a
spread soectrun1 veforn1 In an exenpl ary
tag ac%ﬂ"glﬂ% tR@RExe Pﬂlé%?ﬂﬂ?%ﬁmf? ansnitter 10 can be incl uded
in a tag that conmmunicates with an access point al ong
Wi6032pt NEik. 1AB% disirag dépivedy b aie’H network formed with RPMA

devices.

[0033] Fig. 17 is a diagram depicting the association of a micro-repeater to a mesh

network formed with RPMA devices.

DETAILED DESCRIPTION

[0034] Exemplary embodiments are described below with reference to the
accompanying drawings. It should be understood that the following description is intended
to describe exemplary embodiments, and not to limit the invention defined in the appended

claims.

[0035] Fig. 1 illustrates an uplink transmitter 10 which includes structures such as
a convolution encoder, an interleave module, a modulator, a pseudo-noise spreader, a filter,
a bank of taps, an automatic frequency control (AFC) rotator, and other such structures.
These structures perform operations depicted in blocks 12, 14, 16, 18, 20, and 22. The
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communi cation channels. Additional, fewer, or
different operations may be perforned by the uplink
wo e@nani2e4 er 10 dependi ng on the particul ar enbCHUN®A036743
The operations may al so be perfornmed in a different
order than that shown and descri bed. As used herein, a
tag can refer to any communi cati ons devi ce confi gured
to receive signals fromand/ or send signhals to an
transmit path of pplink tranfmittardOds 8 cpdsdrand saread epestrumowaypform. In an

omuni gat | devi ' d.t il
exemiig A AR e RO ey o Pa g A R ary
comm@fiads Weftan dcb&s Eaﬂ@ aloaf with JIRRItA®R, usim@cp@alatade Vi ces

which run off a ,a_tteréé‘or ot her stored power, and the
commygisakien ghennels.c Addiienslp kexyearidiTerentaperations Biaxbr parfarmed by

. i . ] - S .
e Pt A A Em SRR MEER? The Wik oy s
be perfdtiedan a diffdrénit ordet/thdn thbeshasaangd dpatibed.mAy usadrheodih, 0fag can
a battery or other stored power source. [0036], , In .
refer tpjagy Rorppiunieatignseyicesq g legispuesigyils SBrAarcehsignals
to an %ggs@q)%{nt.a e hBLES (ﬁﬂtv&nqpféy*oeanyl B SRS HEREE conlfdfired to

ta'streamis 128 Bits i1ncludi'ng the preanbl e.
simultahé¢omstyatomnabnicatelwith aqlurebitysofadgsotimen ex¢maplsrynaybdsiiment, the
used. ce received, the.data r i s_encoded . usin
tags oG BORTGIY PONCEICATS I DTER BTy BROSTEAeR o and
the acbd¥§ poat BarShd ReAdRYa EtANREESh AHd r8cdivd fovr ém a power source
Al'ternatively, other rates may be used. The data

such astageelelmmm omgensraier. i Adtasnativalve thefagsigay plagiinfe @pog¢teand/or the
nodul e. An cpd synb ' t ot bl ock
aces Sy A SEET LRI SRR R (0,2, 7 o

(D-BPSK) nodul ator is used to nodul ate the encoded

SY0U36| S [ bloeRND, d databtreinniiresttvedriyartonsohusion ebémeer and
‘modul ati on schenes_my beee(gased. At

. . bl.ock 16, t.he
interlqpyeigIoqbls 13 pe SMPPEMEPp Tttt Bicampy 128 EisdRsiudif thepreamble
Q | i . e S .
e L AP0 5, 0 A o gomon
encodtdasing theldoavslotiem eicoger. dotaprexeaplaiyeerabodimgnt; thefdagagiream may
64, 1

set , 128, 6, .... 8192 Alternativ
be enchFH Lo Tt ALEE S Ry rics o e T geed By gy also
be inttii@vE@ESin@ thedn@HyAR headAnenéodel @ymbéls speamads duypithea block
same PN code with a randonly sel ected chip offset. The

14 in whichen diEfengatidifbinay phaseshitbkiying (P-S8SK masulatorgs Y3eddet s

| ncr eases, the [ 1i . ' i,
mod i g g PO SRk, |y @ DA ol AR
schenies Mdybealsed.N&t BIock 36, theifvidhlavddtstreamas spliefitaa®N spoeader. In an

exemlz)ilr::.royt eqr?tgodtir{mgl?t?tr{lietPtI\Iegﬁreilgre can use a common network gold code channel
using a selected spreading factor. The spreading factor can be a member of the set {64,
128, 256, ..., 8192}. Alternatively, any other code and/or spreading factor may be used.
Each of the tags at a given spreading factor is spread by the same PN code with a randomly
selected chip offset. The large range of possible randomly selected chip offsets increases
the probability that a particular frame will not collide (or, in other words, have the same

chip timing at the access point) with another frame from another transmitter. The

probability of collision in the limit of approaching capacity may become non-negligible
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probability of collision in the [imt of approaching
capacity may becone non-negligible(-10 %or |ess) and
W@ 2009h€72801 ved via retransm ssion of the sanme PCEHOE2089/036743
a differently drawn random offset. The PN spreader is
described in nore detail below wth reference to Fig.
4. In an exenpl ary enbodi nent, an output of block 18
can have a rate of 1 bit at 1 nega-chip per second
(~10 % N pes3). andicae ba aolived vig, retoartsenissroat Qfsthmwynmgams etk difeoany

arawr e e et B8 S50 R RS B ot e bpgence o
Fig. 4S NS Exenfiiry@mboaimdrteanf fudpR of bRRE 181cak hevesaiiee SRIMpit &t 1
rate consistent with the frequency reference of the

mega-plEip per srsknd GMepw eiAlsmnativelangher rates mravdisered.i ndi cat or
as an input. In one enbodi nent, an output of block 18
v lo fr i ,
TP B Bl R T, G R T R A v B TR nd
time t{abki} logit Btised td ensdrertbatiatiadfulk figmes fand quthn sgme fdrsple rate

o S S S e 310 B S, O b e
indicaB'38 ah § n Hgﬁ%fmnﬁé{t,san dulp @ bRIRAYI B Mavedlteal frequency

out put 20 may have a conpl ex frequency of
of appag@pimatd yd nelgghettzNNEHZ)AtA thil eaki2 02 2n avtonhatie frefreenchnsoriee] (AFC)

fromthe start slot until the correct access .sl
rotatiqaig PR mefpdigch FrBimeo e R o e QLS B ofe
ensurihB ¢ha? bl BRthe ftdndTrds ANPK Bieluseriads Meat the bdige fraqetmnoy
chip delay can be fromO to the spreading factor, m nus

hypothesisalln ene ambodiment, an gutpg pEblock A membarg » coraplsy fisgyensy of
used. I S r i
oy T, SREE235, S0 R DS h  fre
accesd §ottd'b%u1%iu fbn Sd.lcﬁtiomllm’aﬁdom oliipelsfagrislimgpsedon the signal. In an
non- over| appi ng slots. . endi t | ect
exemplpryecarhodymenicths randopRiEP SR8 s b e Fagpading factor
o S it . 9
iR P B 0 O ) ST o
descrilAib;d by Aﬁgb\ iv&ﬂlem‘ ifis edlatbd anth® spreadipg Saetiirrag 21 €Stid andyj 1dbe qp%-slot
such, the probabilit f lisj. bet ' :
P S e e B PSPt i
factor! (HerdSe généi\‘ﬁlf}r Rultiped RarRhft GYottusitiedh a giveeslot. eorsh@mslink, the

has been del ayed, 'the signal can be transmitted o ?n
accesasloess heanmiomly eelegpd Hogg waithi  ¢hip pHizat deomy 0 4o s#i3diRg factor

. trapsmtter 30 includi . : ' - .
il ST i ARATBY S50 DS EPUERLAR imiva, whi
allowlH2dut Rilectian ReMs-witrsthetqure acléisions Aftkt the sigaaldesfbeen

of taps, and other such structures. Using transmtter
delaygt the ﬁglaéggég%trwpmtect tep#n access point.

[0038] Fig. 2 illustrates a downlink transmitter 30 including structures such as a
convolution encoder, an interleave module, a modulator, a pseudo-noise spreader, a filter, a
bank of taps, and other such structures. Using transmitter 30, the access point (AP)
transmits multiple channels each destined for a particular tag or user. These structures
perform operations depicted in blocks 32 through 54. Blocks 32 to 40 and blocks 42 to 50
represent distinct data paths that can be replicated for additional data flows. In an

exemplary embodiment, blocks 32-38 can perform operations similar to the operations
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transmts nmultiple channels each destined for a

particular tag or user. These structures perform
wop@patizehs depi cted in blocks 32 through 54. BIDURN08®36743

to 40 and bl ocks 42 to 50 represent distinct data

pat hs that can be replicated for additional data

flows. In an exenpl ary enbodi nent, bl ocks 32-38 can

performoperations simlar to the operationsdescribed
describgd with e¢fereaercte Kig. Foma fitst datagtreams Sirdidardy, dlacksAZ-48 can

Simlarly,. blocks 42-48 ca r form operat i I 1
perforp Sefiopy s+ S e BB ETt VT BRER 8% M gt
data s@Ean@WHYréin dad Be Shy @A, THEhButito GRLKI3E daf be waloltBeodERPecific to
i nput to block 36 can be a gold code specific to the

the tag whichtis torepeive Berfstedatasticnm, and S it &0 Bloek dfrrambria gpld code
speciflcgg lﬂ}tlvﬁ]tltag r\]?Vtil:I(g‘lCilé rélc%i\%am% Eg‘l (%tt%ﬁ%g{nc %?erﬁﬁﬁn%i)r, bfhet gocielg Suchas a

recel ve a strea
broaddist g410 3bde; alnyn-goldesder dgBershghbessed th srasitths firgalath stream

and/or g it asq et TSP SERIGKk S raaRt hioak (13 can beaeTEan
block%li?(% %Efs 5(21%1 LLogk 436 18Rd /c:&rre%gﬂtgg gtgth_% FHistRfta \Ricaitt £ thénth

and 50 1 n case t ['i nks correspondi ng
data streant hee dfiunsquall powers tOmzrweighted, the paths atatsumateddambigck 52. A

rard Rlhg R B3 S S AT BB PR T
negative nWABES afd hapRlith i1V AIRHIGES, AQHfNERBEM deistbraney BE nade.
negative nunbers are nagﬁgd to 1. Alternatively, a
¥y

In oneckiniashiment, frmoutputarfibde haverpadte of | Ibibatd 0 Mcps.

di t t put bl .
eGP, B0y SRl g oy A AR5 s Aol ding
4 x ch¥$ BHer it BfockWA Ghl bR Embbdiffichl, as bufpdt 6Sblogks Spdncithve airea)

a4 x chggbfllter in block 54. |In one enbadine

frequepgy plif0 MHp| HHRmEUVypthea Fesquenicies ma Rejtie c?‘%&owag a
transnyission &? éﬁéﬁ}?&én\( ﬁjeéfueng a6t i 4 ﬁﬂ%@ B&GI FDroA¥adp GraHR e bt 2 Makimum

ransnrssion on an adj acent ftrequency that
downlisk §reddingg factoedf p048hrAlsanabiely, ndnffgenttmaximami dawnlink spreading
downl i nk spreadi ng factor of 2048. Alternatively, a
factordngy ks @88 maxi num downl i nk spreading factor may be
used. [0039] Fig. 3 illustrates slot structures and

256139 migg 3 il1hétrads JQaBhCORS BT hGiRts. dat Rastoneam
7gﬁ%nglu eslslo{ 72, slot 74, and slot 76. Slot 72 is

embodimeAR-deta-stragm 7Odnetudiscdati’gnslosT4eend glot 26.aSloh gL istag Afto-tags

co ni cation nd. sl 76 ] -1 Q- -
commigiatitp ot ran » PRC4f AR cafiniafs Ao ind dal 8 an AP trtegy,
communRhfion ah dhoskemply E@bbdimeat, eachlofthe slotcan have a duration of 2.1

Alternatively, any other duration may bg_used_ and/or
secongs. f Aberaptively, @y oﬂ@y dpgatin may be used and/or different slots may have

different durations. The data stream 70 can be implemented in a half-duplex
communication scheme such that at any given time, either the AP is transmitting and the
tags are receiving, or the tags are transmitting and the AP is receiving. In alternative
embodiments, other communication schemes may be used. As shown in Fig. 3, data
channel 80 depicts processing gain options for data in slot 72. If a data link closes at a
particular gain, the tag only needs to be ready to receive (in AP to tags mode) during the

duration of the slot with the corresponding gain. In transmit mode, the slot selection
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different durations. The data stream 70 can be
i npl emented in a hal f-dupl ex communi cati on schene such
WO baw/1e284ny given tinme, either the AP is tranBei/Us1009036743

and the tags are receiving, or the tags are

transmtting and the AP is receiving. In alternative

enbodi nents, other communi cation schenes may be used.

As shown in Fig. 3, data channel 80 depicts processing
govergsitha trapsmissien fiiom thattag forthe hasessawint|shclathdbithg tag edn minimize its

o i35 SRR LA T Saes

1.6 mSIsI6E¢A QN Dhtatchgnrfel 82 d¥pitts pkdiRssimy s£6 ppficHsTor @ah th slbt74. As
transmt node, the slot selectiongoverns the

can be segpctht BeVeTUsed inattagcandlp selpctedsugle that each diatalink pgrves at the

g can mnimze its ontinme in the power
APatg%eﬁgsaﬁ{rﬁrbﬁoée?'ransrﬁt node. For exanple, a gain of 18 dB

only needs a 1.6 nms slot (A7,0). Data channel 82
d§g040] s Thieve Bssyngnetay betwpén prosesking adatga numbst of simdltaneous

wavelggme ot s AL He1apdne BORCTE Fheav Ao Sas OfRs onbedpe
side. WALy conBBFAHFAY) ﬁﬁl%—&a%kﬁlﬁﬁﬂm;rﬁﬁd YraR@UMERP are known

processing a I'arge nunmber of sinul'tanéous waveforns on
on thet AR side du tkethednd thdt ¢hepAB deths immgten b1 thigee pashmetesse Hawgver, AFC,

i FESELOTE B8 0 e AT B,
PN arfdy debfredRr pedormiiiBe bfuté Rcd sisdratidhedssddiedWith SotH) hich is an

~master of these paraneters. However, AFC, ,
efficient fraplementatipg fofrexploring pequisitipe hypathesip/deampdytating. Another

r i ped. at L.Slt] he . [ T -
wrec T, D6 pBL S SR e S e ey v
contirﬁ:%ﬁfl? ioﬁttl@éjAW(Whifthhbuldilm inefitet ecausesif Ednbeepltgged into the wall), is

i npl enentation for exploring acquisiti
only myRing HEERS 2 deHd BRI R o 4y hiSE 51&135] bippeprarelys Cold

isi ' PP SGE < ' ' | Yyith YeTERnECHo 1489, 5 and
acmn%ﬁghakh?%ﬁ%?%gﬁ%gntlnggus sggﬁ&?héﬁﬁél%&gich ghould%‘tan
6, respeatively. because it can be plugged into the wall), is

only running during a "cold" acquisition on the tag

ATt R uPOPREC, PRiielio, AR SR b Sy lfRfats born
the acﬁﬁfsﬁfoﬁr@ﬁ@ strpldwageforn 8f theftag, rand Pawtt-foree Yembdildtign & gultiple

illustrates a PN (pseudo noi se) despread array,
wavefgning An thecAPi Imerexemmlary embodunfnt.dhe Pdidespread ayrgygas perform a

. vefor . . tion of
i S HFIGELD ik S BRIt Sl
enbodi nent, the PN despread array can performa

[0042] A PN despread core element can be a simple counter that is incremented or
not incremented each clock depending on whether the inputisaOoral. Sinceitisa
complex data path, there are two counters: one for I (in-phase) and one for Q (quadrature-
phase). Multiplication by a complex exponential is generally a set of 4 rather large scalar
multipliers (4 x 1000 gates is typical) coupled to a complex exponential table. In contrast, a
one bit complex multiplier is basically a simple truth table, such as the example table shown
below, where the negative denotes the inverse (0= 1 and 1->0). This truth table can be

implemented using just a few gates.
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1 bit dot product of many chip-spaced tim ng
hypot heses si nul taneously. [0042] A PN despread core
web@agr2s£an be a sinple counter that is increPERUSWOVO36743

not increnented each cl ock dependi ng on whet her the

input is a0or al Sinceit is a conplex data path,

there are two counters: one for | (in-phase) and one

for (quadr at urephase). Multiplication by a conplex

exponentBhabe i § gene@ral l|ly alset of 42rather |arge

scal aF—u-tipHi-ers—{(4x1000gates—is—typical)—equpl ed

to a conplex exponEntiaI tfle. [In ébntrast,Qa one bit

conpl EX TEH tT g ergis hasicat ryra sigipt ef trugh tgbl e,

such jas the exanplé table shown|bel ow, where the

negative denotes the inverse (0-> 1 and 1->0). This

truth table can be_inpl enented [ just .a few, _

o431 [ Gy didepiets a BN desnreackarceypiiy ddptecza bamany ingentiations
(e.g., 238156 n BRe BRDYdiiAl) 3P phid! ¢ fQUdBnteRs Br theZofpiix dB8pRad N

one enbodi nent) of pairs of counters for thé conplex
operatites pFieatN dpspreadiapray 100 caPbe thdsay chipdatgrvithyadj@@ntiggtapiations of

fed at. chi te wt [ acent instantiation f PN, .
PN degrca daionR AN ot 6B op G5 brReER In e e
apart. MRROL b€ 8Gaplek Ahtads Send frof PbldFIR1 14 toldleémdntDi102,00APAIRX106 where

~ data is sent froma block 114 to el enents 102, 104
it is cambinadwithadie signalifrone Bhigenerataxi 1t . RNRnenal genaratpr b ¢ag be

enerator 110. PN sSi . .

o SR Bt 8%y AL QEBA gt I RE i
data. (ih@eARsd of ebi@nd0nghé berotheddadatd 8 combiredSmood spetifielhy, 1 bit

102, the derotated data is conbiq S (pore . . £
compley ayltiplied) Wjth the BINsig3hi| 2650 mRIPE] § P-eligal i HopgBammgarts o
this ccﬁ%lgﬂgt&onﬁ%’e 0L ut 1 QourfREia11806hd THA! MdeXoRREdsS 185 and

I's conbindtion are separately Input into counters

120a shif thecbitistiafivout Tipen cwcipt ef sregdi@ignah til 21 Mdaresipetifically the data
) bit stream out upon receipt. of reset .signal 112, .
i the geynicrs S 4 esharir (o e et sienal. dhe RSP Ltegs T fgto boh

Y

count%xjs'.s ThOHuRipl&r 1D aliG%$for Shgiabs the RErre@BLalidi @Aders for that
orces zeros Into both counters. The nultipl exer 108

fingersthatdias ufignelyfinishied its despeeadine eneratipn\ah fhagparggepeslgck. opther

that ri r that ha ni quel y finjs ' '
ctemehf3h 4t PR S0 R Sl Bl Fof BB ol s
data b3k 45 BAEasBInERY Wi FIP eigatleafter midelay liyimpdsedrbntelay
104 receives derotated data fromp] ock 114

block ddfmindement 192t Tha cpmbiptpmis eatared Infp eRUNLRFS ?&qﬂ Ho28h, which
; C

N

delay $foif 4 éelapulockfl 2¢helikowistcelsmepdio aecsivpa derotatedhilathy érom block

114 arrlde goerglbi?li:sgi? %Jithla stigtna aﬁ%r a rgggg%ﬂ imposed by delay block 116b in

element 104. The combination is entered into counters 118c and 120c, which gets shifted
out of the counters upon a signal from the reset signal 112 with an imposed delay from a

delay block 124b.

[0044] After a number of clocks corresponding to the spreading factor, the PN
despread element 102 has valid data which is selected for output by a multiplexer 108.

Every clock thereafter, the adjacent despread element 104 or 106 is available until all data
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delay froma delay block 124a. Likew se, el ement 106
receives derotated data from bl ock 114 and conbines it
wowaok/1g728N si gnal after a delay is inposed by BEI/EHS2009/036743

bl ock 116b in elenment 104. The conbination is entered
into counters 118c and 120c, which gets shifted out of
the counters upon a signal fromthe reset signal 112
with an inposed delay froma delay bl ock 124b. [0044]

has beah betpubwhighiven oofur duting theammbes pHeldekspormgspanding to the

soref Py B i P LB SR R Bt govems
operatiBH &1 tRis @ @hardif8 cafr¥8 a\sold @Ak phiagicta{ze by atvaRicadh akehktive
despread el enent 104 or 106 is available until al

~ embodimentsacthpe®N codespnay b can occur during the nunber
of clocks corresponding to the spreading factor plus a

P : = 2l .
OHORST  Hige MASRRSBbrdstint BBl Bl tne B0 SrddopnftEesting of a
broadmngdldapﬁélagﬁémbiilﬁeﬁ tli)?'\lac&essqiolim?s ttaglsmlitt\eegfeﬁtﬁ(% Lelkddité(_)nal, fewer,
__enbodi ments, other codes . : .
or diffierqnf, gpqrations %iyebea&qrgﬁ@eﬁg g?rfea g orithe 35}@%@%@@# b The
operatifdi3 AlEkaé’lBerﬁ)rB’é@ adlg ater&h 380 1Rhcd Mafl 8150 Shilvai ghd di8cribed.

access point's transmt waveform Additional, fewer,
or different operations may be performed depending on
t [04phr tUper the intiblaiwestip of tedagmerperarasierssag kngvgpregarding

e S e s b s 890 o

or othﬁa&de?bﬁraﬂiﬂéﬁe}\%iﬁoﬁ&l@, KRS ma¢ @t kivovg witheuffitiait protision what
except for the broadcast channel PN sequence (

the relative fraqueneyipEet dobeiweatihe AP widihe tagsine QQF%H%IP’EY%@CC

Addi t 1 ona , ta ' ici .
A
of par&ehaeillid@pAY deifitbetwieentthg ARt und thee tag aid dxplared.vhr dneopeeation
150, aggé\ga{et%é; ggfié gveggg(@té{]ogq ttoa @Eltﬂg‘i tlarg)t,(gj g.%e % gb?oaﬁgéislg rc]llla%%el. For
examﬁg,rgﬁrﬁéégﬁ'hg g?%tr)éeggﬂ a$RRMonds sl HBENDLHRg EXpl8fatioh BEone half

are e I’'n an operation 150, an iteration is
of thertygethesesy the magtast shanoelegaatbeacti v andiduning expieration af the other

rogdcast .channel. Fo l.e,. ' '
half of 0 e AP BB e BOeBY PPN G BPRAG Cotbr orste eaoBral e
hypothéded c4f bd é}ég)m}é@ ting s Eost sl entif@astBag asplthri@ls staninggoint. If
active, and during exploration of the other_ half of

no en¢rigy it fppod ket dirsthisrasionasissend deratirls ReaiorBed.i ldbe serond
v i B L PSSR T rons
startir®! poihtiuded ROthd firstliteration. As such, hypotheses that were explored while the
broadcast channel was active can be explored while the broadcast channel is active. Once
the energy is found, the tag can tune to the broadcast channel. In an exemplary
embodiment, operation 150 can represent a starting point for ‘cold acquisition.” In an
operation 152, a coarse automatic frequency control (AFC) is initialized. In one
embodiment, this initial value is set to a most negative value such as -10 ppm offset. Using

a known gold code generated PN sequence for the broadcast channel, in an operation 154,

non-coherent metrics for all Cx4 spaced hypotheses for a given coarse AFC hypothesis are
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no energy is found in the first iteration, a second
iteration is perforned. In the second iteration, the
w@geonakinenous starting point can have a one s|lPCT/U8508%036743

fromthe asynchronous starting point used in the first

iteration. As such, hypotheses that were expl ored

whil e the broadcast channel was active can be expl ored

whil e the broadcast channel is active. Once the energy
calculatedf Bomnekantphe if tag spreading festdardias héenigthoeiRO481 the manteeherent

metric G BRI BB TRGAUSIRE: ( of - col d ‘acqui <1 1ion. In

an operation 152, a coarse automatic frequency control

( fjgoQ@Y] i SIniopkdatiahd Z3and! I580Mhe cofiee AIRTEipottekis $s indicmented until

value is set to a npst negative value such as - ppm__.
LFé‘?ﬁglél Fig. 7

the eng of herpprueangg Boashogses 4edupotieriorthe Bardprreday

4,Th
vl o RSP ERGEPPEMEyyf BREL AR ey
despread Qimd @ s wsed e gendrdte lhepm;llsresd sutputerfd smotasied syrtkbols.
eGSR e, AT S5 IoBuhEBal LB Bes
symbcﬁ@isq}iéﬂ"&ﬁé{ll?] y&) 0A 7kt bN PPRI RE LAY %ﬁgﬁnﬁﬂé tdpihetrid %longfwuh

coarse AFC hypothesis i's increnented until the end
their asmlqmmparamgters dFomapdtihediver data SIRCHUTY p Aistless flewcharicof Fig. 5

e SRSl sy R B8 B Apotess

chip xX'WRQSI86H fre ckPRr&INVAR HY pectatidntiat the Wemtng (.egentdpoe will
the despread output of 8 successive synbols

be repNSle@tledu in thealata stwctves. Alonperith the rrsp;hb%xdshya?agheﬁé thezegenepelly
tends Eo 3 Cl%i?sg{e élglﬂt- t§ éf:f?eclngﬂfe %gjageﬂ 'ﬁ?%(ﬁaééee n%(ﬂlgﬂ%%omeses where

appreBBIE lefidr g hedighiMatidh ik BEll predafoasivodl g ¢nairelyrinvalid hypetheses that
mai ntained in a data structure. As the flowhart of

have gangratesl qnaielaslydarsermeetien duedo NGG¥aAEsci | | at or ppm
uncertal nty along all the timng hypotheses at chip x

. |[1 0R3P! Ui iibre (ﬁleﬁ?ﬁphﬁfrﬁg £ atlhclﬁllhﬁ 48%RRE 13 btBBsek gt each

nni ng l. one w be repr esented in
coarsd AECdah he stmuumniated tAIa(dlagi siucture. o areperafign j1§0, the data

ot hesi ere er al tend ANo) be e
sructiR PR AR AT GEE PORET oAl s RaNr P osPLR 1T yia i 4
ummglup@kﬁb%fs fonVBsHePerd RRIGE VAh)e The e‘ﬁgmlsas:wmsmdm th&: N

present, as well as entirely invalid hypoth

dedlcathdaﬁngﬁiv o Wﬁtoédl 63n &igah ﬁagfrrynmbeg@n%etly pasaingisaizg,by a chip
x4 tlngl nlgsvgmvegarn;q aa?f:%grsren Ang 0-{ SisWle gqﬁ&%@ﬁdéﬁ? bf theSufr@ht coarse

eses coarse AFC can
OB Rl rthé PN&ie@pﬁe&d siray cSincefratha tianing senginllp onknown,

each desgrea(ti Igyemgcﬂttl?at is output by the dedicated finger is hypothesized to be the last in
the frame. Thus, the buffered 256 symbols undergo differential demodulation and an
additional set of iterations based on multiplying by a constant complex value to perform
fine AFC correction, as shown in operations 164 and 166. An output of operation 164 can
be a complex cross product from each dedicated finger. In operation 166, a symbol-by-
symbol multiplication by a constant complex rotation (as determined by the fine AFC

hypothesis) can be iteratively applied to a postulated frame of information to determine

which (if any) of the selection of complex rotation constant values uncovers a frame which
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structure keeps track of the greatest non-coherent
metrics (e.g., coarse AFC value, chip x 4 timng
wWoypotikie8d s, non-coherent netric value). The PCT/US2009/036743

"finalists" are assigned to the N dedicated fingers in

an operation 162. Each finger may be uniquely

paraneterized by a chip x 4 timng value and a coarse

AFC hypot hesis which is independent of the current
passescoepclie rafagd ngychhds(CGR Go vidrineanget m@'umod@smem@narhea@a

fra i s.initial des

eyetic Spgmaitect (RGP paY bh fersribegtot i BYPopRGE Frany &R cre,
a paylDaPRbRNaRE Zlgﬂaltcﬁn Be sédt € MBS, dnd retifork parenetekb Usn bé Esidered to

buf fered 256 synbol s undergo di fferential denodul ation
beknewil an additional set of iterations based on

mul tiplying by a constant conplex value to perform

fi F Iy 4

1 [Asf I chalibR T8 Bk Sl AL B IR s
exemmmgabnﬂiodﬁnmt; t:hacbmsi@élFGdtypdthﬁsers @eﬂomatad witke tlartm@?m Sll@@ssful

T TR e e
AFC lﬁﬁapﬂggs l}eLEPIdr¥e e BBRLIRYD vafaRle RANINGLEA] TR AFC which

ormation to determ ne which (if an%/) of The
is the Bséd:\{ant state informatmm wrd rmfumrr: mnmhemSa\M ck graatly namewy Hiegange

o cosg AP hEAP R o ab SRR TR BR S Sy ER oo

deviaticdy RElRAGH g m&kﬂ{e@%ﬁlaﬁﬁﬁnﬂ%vﬁﬁm% ©6£f5c€iof DMikAE br so.
hypot hesis.” For any valid CRC, a payload fromthe

[ can be sent to MAC, and net V\/Oﬁk paranmeters.c
b i080hs Rigr @Hlusigatpeonrgi@igns praemed ingheize pReestReo adaglicated
chann@t G5 a5 %t% MAEenY G%aﬁ/ev%e?e A& aht ét&g mfbﬂnéfﬂ)n is known. For
exenplary ment e coarse AFC hypot heses
exampsls, Stbﬁncaﬁmdlg/wmlbeﬂdmewmd asomohdighten rar@REd coame BEC hypothesis

| st AFC
o ST S O R TGy R iy s
assig;n{:lé}a?r(t:sf]ﬁg mid ﬁof1 o%RE bRAPLEthE 3lsk B oNNEAMBle_ Bk ERIvAIy any other

st re evant state information used in future
numbér afisymbblsonay kdmise. greatly narrows the range of coarse
AFC hypot hesi s searches because the part-to-part
variat i of os 111 I
¢ R elhgBarrrSion Sh e RS RATY RS By Uhe i BB ine
hypotRésiStbcateAhdramt Gimifig isl knesint dhgeadajfarsilgiadreadvestiohamred, a

dedicatid a0k 5 vkt o 3n SPEIBNER O LASOEF S TR0 is Sehnfed. In an
exemtlglépmdgrg&lt' the IEBB“.Q@ COlan Bt 20RINRd obéﬁrﬁnél%:fﬁl@&t&@@om for

a huch t er range of coarse AFC
small fixegodree slirist since the last time accessed. Using a known gold code generated PN

sequence unique to the tag, in an operation 204, a non-coherent metric for all chipx 4
spaced hypotheses is calculated. In operations 206 and 208, the coarse AFC hypothesis is
incremented until the end of the small ppm range. In an operation 210, a data structure
keeps track of the greatest non-coherent metrics (e.g., coarse AFC value, chip x 4 timing
hypothesis, non-coherent metric value, etc.) In an operation 212, dedicated fingers are
assigned based on the data structure. In an operation 214, symbol cross products are created

using current DBPSK and previous DBPSK. An output of operation 214 can be a complex
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may be explored. The nodem begins its processing
sufficiently early so that valid finger assignnents
WQe@omreted prior to the end of the 9 synbol prek@82009/036743

Al ternatively, any other nunber of synbols may be
used. [0051] In an operation 200, there is no need to
iterate over a two slot timng hypothesis because the
frame timng is known. Instead of using a broadcast

cross priodnetdtom eadhettidicated dinghmninein strausedw,l framags amp aterldaged and

decodg oSy AR TR E o B e TRAE M B ST aih (MAO)

layer. M@ opefiiBh P18 31H& sl tﬁﬁﬁé’ﬁﬁtotlﬁéﬁfs &6aidd. fTh afl¢eatylary
drift since the last tine accessed. Using a known gol d

embodinuat, geares AFEchyPNhesesssnsiateshvijh tharmost sacaessful ¢RCagan be
nmn“?%ﬁ%ﬁégﬁggégﬁggghnoﬁl% Qherent netric for all chip x 4

PS'RAT cul ated. In operati ons 206 and
208, the coarse AFC hypothesis is increnmented until
t [005enhd FEig. T limstgams & tagpecaiandata pdth dapictinethattagind@hodulation

dat a stru ture eps tr ck o he at est
ProcessHie- 18 GREAT ﬁweﬁeﬁw%egw{l@ adimeat TSR, dhe bt gomplex
samplkd S BArB¥AGH Q%&'nﬁle HuPfer Qﬁ’@ﬁfcﬁ Mhat FREUSHCdaYRlsYReseBl 6 maklen

an operation 212, dedicated fingers are assigned based
reliablerdetdetionl af walik engrgyu rExeniphary walapaaaratpnr@ndezim the sanpe buffer

block %?@V? ! odu { §R arﬁﬁb%@}%%&f lgllbf:f' gg}ag.‘ﬁ?lgﬁ TIET%B gﬁ/e%ﬂ'ﬂ)omments

other ¢20%Y rﬁ%fﬁ@ﬁ&dp rFPl@ Wrhples @iy @R Ghp A Fdnt e @hinRY @id Qlcha@iel into
operation 216, frames are interleaved and decoded. For

this pmgwoua Ibuf,femtxemt: atthe synabaenova sample setp of elipx e Mz
Alterrg? 1%¢ yt ?t Orﬁta g@@gl %aX? fhe f!lJt] %En‘ﬂ 3:185](@]#%!3 s&hﬁ‘l‘éé are

are tri e an exe

used t8RRPQEITRE tvan@@s&fo‘éﬁe:@ff@ RyothdaRs ms%smmemnwmnem
nost successful CRCs can be nom nal startlg1 coar se
et

hypotheses. Hinsdtaskugs's PREerSIed atpip X74 Tesplyion apBse Hicsagpe timung
refere{lge ﬁ L& ga&'ﬁleﬁ)%{mthg Rirfel ﬁ@@ue&@? ahPheSat Méﬁk@toh%th the AP

ocessing I n accor ance wth an exenpl ry enbodi nent .
and théstag hawarse ARE hypetlizsts veitdnpkesows earpbleﬁxetmeecw@ﬂnﬂén@wly maptoa
a_sanpl.e buffer 220 such that enough data is present
knowp gatggiime diafkiBge detection of valid energy. Exenplary
val ues are provided in the sanple buffer block 220.

FPs053% AMPhEsanPIE bR D0 FedHiveR ebineiumiAtisy ﬁ‘tgﬁhls ovérthe I channel
alternative enbodi nents, other val ues

and thed@rphannehrelhse signgls arefsentrotines trackingiagic o 228 &n@gléeﬁa%fﬁ‘é fingers
234. iﬁﬁ%@g%aglflgllg E&?gg %@% al)l%(gI Egcg{vegg ?ﬁé}?e ﬁi:Ct}J%oﬁﬁéﬂg Qﬁd’fh@qégw 222
may reset to zero at chip x 4 parity. The time tracking logic 222 can have two blocks, one
with counters initialized to zero for even chip x 4 parity, and one with counters initialized to
midrange (i.e., 2°25) for odd chip x 4 parity. The output of time tracking logic 222 is
provided to a block 224 in which virtual chip x 4 phases are applied. Block 224 also can
receive parity from an acquisition state machine. Automatic frequency control (AFC)

rotation logic 226 is applied to an output of block 224.

[0054] Fig. 8 illustrates an exemplary embodiment of the two blocks of time

tracking logic 222 described with reference to Fig. 7. Stream 250 is a communication
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Alternatively, other rates may be used. At the fast
asynchronous cl ock, these sanples are used to explore
W@ b@Istgnsous coarse AFC hypot hesis. Based on tP@I/US2009/036743

current coarse AFC hypothesis, time-tracking is

performed at chip x 4 resolution. Since the sane

timng reference is used to drive both the carrier
frequency and the sanple clocks on both the AP and the

streant with an everaelip X AR@rity. pdiréras 252 isia dommreationcireangyith an odd

. _frequengy n .upiguely map. to a known rate, Qf..ti .
chip x4 BRI nG1E- P OGRAF i BmeAiAsine npelpn Yhste ek Affcrtil Shading
represeMEAdMTEah ip £ UGPaded seyihcé. NSanhpled @b Ritherdfistriel @r fpeated at a

channel . These si %nal s are sent _to tinme tracking logic
rate dipecslylepensing omwatrhiqurrgal AFS ypothes isiheing sxaloged gm}ltsglilqsl by a
. S .
knowif io e ogh I LATTe orf SRS B clirfer BkRREnESS TRiSAA b e ac o
locked tl6€k hysamiptiog td @dliapse2P?2-diraenshmubspaveddlw oks singleelimersion.

counters injtialized t fqr. e [ it .
The Vel NeARBIGH4 PAscORAEEnd SORPORENtguch ©onFdeBrigalioh tot sofficient

. g . . d i i . t i
iR S Ay bR ORISR Pt lB lon

given tintet (e redultpnixchip pivassgeereds tep demthtedingrk-bit Aatagiatipas shown
. cgn receive parity froman acquisition state machine.
M YIEAt omati ¢ frequency control (AFC) rotation |ogic 226

is applied to an output of block 224. [0054] Fig. 8
I !005_5] r atigsy aspiens egtuactionalityaditieAF Cqhutbimatit ieqixneg kentrol)
cof tine tracking |ogic 222 described with reference %)
rotatiqmj lggic 226 of Fég h Wisigh PRerates ARG PLRE Fordual chip X Phasgs 224 at a

. ven (Ghi - L4y i : i - o
B
desighidd® uhd@ithiel ARC eqatiai duerto Witereltioachrridt 8fif betvwees ltiztiengjver and

represents a different_chi ptgF4 spaced, sequence.

transneigfen,{os ghegrastubgtecherarseAEE hyRotBesis o1jass 1§ afnezpit tigngform
| rect| hedaRens) j el IShS piotess i
(repregée“rtﬁ‘gﬁye%ﬁ [or e%?l%P%EW%%Q% ﬁgergl?{]%e\%ﬁe% r gﬁlo bet vveeIr)] s
+/- 45t degrezanglhtivertattiee comtintiime of arlueeof the phaserdos to thei AF € drifteom the
.used._as a_locked clock assunption to col |l apse a
relat“?—‘bﬂcﬂ]@?%iog%%ealt space down to a single dinmension. The
val ue N depicted has a fractional conponent which is

begusekepthd AFElbRYioh Wgic2A6 dadi absot retdiveedarecAF@fypotheses as an
) precision. A particular parity of the 4 possible chip
input The BNalssaresding arase 228 Fig. 7A PEIQRS s Jpspread aperaiqn 103 ki

space% I(l}. otfalltgstisg h’%\%ﬂ%ﬁ? ﬁgﬁnﬁ'%aﬁlrglﬂhy%% A} Reit O c@re BbdrsdAFE
hypotheses, timing parity, timing phase, spreading factor, and/or gold code selection as
inputs. As the values are output for a given symbol, the sum is non-coherently accumulated
for better metric reliability with the running sum stored in the non-coherenf accumulation
buffer 230. The size of the buffer is based on the number of despread elements. In an
exemplary embodiment, the PN dispreading array 228 may have 256 despread elements
such that a pass through the sample buffer completes the non-coherent metric for 256
hypotheses. Alternatively, other numbers of despread elements may be used, and the metric

may be completed for other numbers of hypotheses. A signal-to-noise ratio (SNR) metric

may be used in transmission power control of the tag and for power control feedback to the
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[0055] Fig. 9 depicts the functionality of the AFC

(automatic frequency control) rotation | ogic 226 of
WO@9/17728di ch operates on one of the 4 virtual PCHUR20RI/E36743

phases 224 at a given tinme. Fig. 9 depicts a one-bit

denot ati on nechanism This derotation nmechanismis

designed to undo the AFC rotation due to the relative

carrier drift between the receiver and transmtter for
AP. Theélypoﬂlbsdsawiddthc darget mekTshypstotedsn 8 tofsN maeh data strecture 232

. t t h t |
e ARSIl o 4 s
f
b i e o e

relative oscillator offset. [0056] The AFC rotation

| 571 226 gc Hhilkustsges @é@l%e%@am@émmﬁ@m{w hBagkdedica
ﬁngelJ 1'[&9 le{%Ces;r &) gl[}lgggl?gl[@%gés][bgrcﬁfg{])@f S%@ glltﬁ a cﬁ)qﬁ?ﬁrsgl%tﬁxﬁ%o set
as parPof e :ppfaﬁmlem gf thie fmger248i grmygntr éi’;aeh \ﬁagenhas eustowmmdmted PN

) o T T

accurfihiHe @fh@ s?#%@%ccﬁﬂﬁla?or@'@é BAscAIHAE codrfieAPEMybSthesis, its chip

non- coher en accunul ated for better netric
x 4 timaigiphbsd, thqdepﬁmdcnt Yaxiableofi tnge -racking mitednd thenfpartputs a complex

non- cohere tio f
variatlo fyegy Spiesdsie B et SRS Jhe JeLsreRngrd dahiuhfica
with refer&e m:%r Y 8 hRE ke infuRe BN tHE Sdsiaduffer Z00; ayd 2B code
may have Z56 despread el enents such that a pass

selectidmr ough t he sanpl e buffer conpletes the non-coherent
metric for 256 hypotheses. Alternatively, other

n S .
4 B R s 24
throuih/ Poitvadhssquéezet PPathat edues de bitwidih{ BRRJficiett sforageey the
used in transmngssion_power cqntrol t ag ,and
oo S SRR Bt Pt 081 80
236 15#&01&@ R the HRRIHUTRE DB %vlﬁ&?m%? BE aQircMlafbifBd rﬁbdhaﬁlbm which

ta structure 232 which is used to control the
auowaﬁmtgmgmetal oasetdfqar@teshmga 856 symigd rftanm3s if theeurept symbol is the

asts§iovgl g et Mmoo it e S Bt RS S soppor

the spl:@iﬁblplré&wﬁg 66a ﬁraﬁ@%ﬁﬂh@ﬁn&@ﬂﬁdﬂsﬁﬂddlon finger. Each
dedi cated finger has access to each of the 4 phases of

chlé)x4sa nples with a chip x4se|gtor2 set .
pdPe5%: Freedwitrdiepuirats ﬂa%@mﬂwg@ﬁ famies, fonp fost ghipg receive

chain! AG6Es ﬁ@&ﬁ%&ﬁ Vﬁﬂﬁgﬂ@ﬁ‘bfb@f{ gﬂo g&lg&ﬁﬁ%@ A ti #ﬁgtl(ﬁf‘@f A€ Gurrent

generator I'S use esprea he dedi cat ed
symbf)ll wigle the complex conjugate of the previous symbol which is the conventional metric

for D-BPSK demodulation. A residual frequency drift may cause the D-BPSK constellation
to be rotated by a fixed phase. The role of the fine AFC multiply block 242 is to take a
brute-force approach and try different possible phase rotations such that at least one fine
AFC hypothesis yields a valid CRC as it passes through a de-interleaver and viterbi decoder
244. The fine AFC multiply block 242 can also receive fine AFC hypotheses as inputs.

The output from the de-interleaver and Viterbi decoder 244 is provided to a CRC checker
246. If the CRC is valid, the payload is sent up to the MAC layer.
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accumul ates into the synbol accunul ator 266 based on
the coarse AFC hypothesis, its chip x 4 timng phase,
wo b@odepehdent vari abl e of tine-tracking rate, PERtS1008086743
out puts a conpl ex variable every spreading factor
nunber of clocks. The dedicated fingers 234
illustrated with reference to Fig. 7 can al so receive
inputs fromthe sanple buffer 220, and a PN code
s¢0a6d] i orig. [ DOGE3ts Redneplaiyrperatiannperborfried dufing a¢asss point

.out put .f h i cat ed. f.i 34 th .
receivgiriEbsibg, SUTILEIE FO5R F R P qbeRbotn Loy bf PR Re gpnding
on thedrhbddiBBit. %ﬁha? ¢hd dpetdtidné Earte puHor@ed 238 differdi® dtder than that

sacrificing performance. The ouput fromthe bit-w dth

whichsig desczibed hgs. iThe grPoparfoears edratadonce aperation eleackmggll possible
. [.ch e a clrcul ff C ' ' I

i § O TDHE 8, 5t LT TRE L ARD

This all®wisffot iRo6tdinAed acsyddidgl the tagl Fertuaaelyssifidkothe AfP i lilge master of

rane. \Wien frane tininﬁ@is known, this

fral menor y. L
framefirpipgrand AR asrragistrencenel] tge e3F sampRnsHe éeﬁrfbel&ftarger drift and

r ' : r £
samply (R St AL T ) 00 pRXERALR G TOGH TR Rl
reducedcsintesthe APanaed nat explers the didieosiomality oproarse AB@ hybotbiksis or

240 .perf.orns the nmultiplication of the current synbol
‘"mnWWQﬁgWﬁgnEHﬁplex conj ugate of the previous synbol
which is the conventional netric for D BPSK

dwm&l athPfowéharestiFdall ghbwauﬁeﬁam%ie lof therBtilerfipustaterdiidig
D-BPSK constellation to be rotated by a fixed ghase.

upon Flhpossihilechip xthémirgrdfsat-epreading frojorp froakthe st [8192,4036ak 604);

a brute-fqrce.appr h [ . tf e S
and a%cl‘?i\sssimr% erfox Qﬁrg@cﬁﬁ% ﬁagpoq%tes%/g%{sl Eﬁeoﬁgﬁhuﬁg ’g\lilf%q B then
perforydat B@sias fine } RS searshathhtdh€Rag paffoirhs pagvesfor hsmalanmunt of

de-interleaver and viterbi decoder 244. The fine AFC
frequengy drifl betweascke BABRE savress 96 tedas b ieiARstomeeur since the Tast

transagé?rﬂ]{iﬁ%ﬁﬁd @ﬁ{ésnﬂé'b%sedr {rﬁgltoolgg R Cflﬁ}%'in THE flowchart of Fig. 11

erl'eaver and Vite ecoder 244 is provided To
illustrateERE selehiogrof a46ultildimehsor@Repacs. Undn oytetnimst [yap) dhpossible

ent. up to the | ayer. [ P060], Fi.g. depi ct s .
sprea 8 HAHes JeisEiP R IRET B P ARL By TRg JReE RS b 8 ppreacing
factors §6£1198, 9608 £53004, 2088 U (9608B2]. Iererfativell, éthérd spreading factors

operations may be performed dependi ng on the )
and/oemiobérsefispreading fagtors may be peadatin @rsscandloen adosublgsyb-slots

i.n a differgnt aorder th [ ' i .
for a il Eopr i Pl PR B o Bb By BB 28 BRS e -t
for a &4 thip 9phdihg fAkirind airglddlepgnénireaubatit for spraadipgpreading

factors, and access slots within spreading, factors.
factor. In a third loop, all possible chip x 2 timing phases within a given sub-slot are

searched. As described in more detail below, the various loops are illustrated by the arrows

in Fig. 11.

[0062] In an operation 270, one coarse AFC value is used. In an exemplary
embodiment, the one coarse AFC value can be 0 since compensation is performed by the
tags. In an operation 272, a largest spreading factor (e.g., 8192) is used as a starting point.
In alternative embodiments, the largest spreading factor may be larger or smaller than 8192.

In an operation 274, access slots are processed within a spreading factor. This process may

-18-



This allows for uncoordi nated access by the tag.
Fortunately, since the AP is the naster of
W0 e@oi2841i ng and AFC carrier reference (all tBOEUSZNI/N036743
conpensate both their carrier drift and sanmple cl ock
to neet the AP s timng), the processing burden on
the AP is drastically reduced since the AP need not
expl ore the dinensionality of coarse AFC hypot hesis or
be degenkratann the ease in whichgherf @068192 Fheeading dedienst lman ppeyation276,

shows an .exa e of .the ordering,.,of iterating, upon.a
despris PRI PP brib At bRl @ios b Bl it BRI factor.
For exanpR, 16888 lesyir efdifdBs may be peftbrméd tiecspecdigd fattor has a

nunbers for spreading factors |less than the nmaxi mum

lengthrpf 8127 Disspregbistsrirmmedor gil glementsryniess Arecpsedingrfagtanis less
o SRR, 2P e OB
reducahith HatfeanAPré@s<ing oontRiuac entahepeasibn P RArsdet¢rindmtiofli made

val i are ssed up to the MAC | r. The .
regarqmgawgﬁmsﬁ?rpﬁfg Rt e beroriednted @ @@P&rtﬁtwgewoglmem&
other Eﬁéh&!e' fine® Oél'u@sﬁﬁhy 5?3&‘3: 1} the 3PreR4 ERYEAFIRE nbORRN rélced to 64 (or

ossi bl e spreading factors are searched. In an
other predetpiminyd ealbe) proeatsing doatipuasey operaidors Pite dd thegspreadtfater has
4, 12 56, 512, .1024, 2048, 4096, 8 : .
becn tdarLia PFEF SISt A 5 AR HPHISCEBP SO TP Speraignary Onee
the neRf sani16 BEFfEs Filed &1 SpfBionDB2UsHRHrol teturds ELESRAlidnIR. In an
all possible sub-slots for a given spreading factor

operatiore2 % arftamechutfes of dgsargad elemands is ohiginade In o cxriaRlpR o
ub-slots f 6 ' r j i .
oL Sy P P Bed S54, 48y 3 P
pass bylth@PNhiekgtehd @pay. alinlonp @Bbobintene Hopa 5@ sthga PN glegireskaray, a
within a given sub-slot are searched. As described in .
pass thigneh sy FPdUSE PIAITABIYERSEEh HpEng 286 SYRGLIE I dipmative
eqar .0 qFi rat i
e 7Y b 90 8 o
the cuerehodlisprad DBFSK eyrebal eéittsthe pFe@iomalsymbalin chleulatediiner operation

conpensat |, [ f d by the t o '
286. frene campodigay the rass arenger b Brols g0 e lor & folhsg Hames.
Alterr?agirvéllg,s51‘%1t S RObNymbols AldVdialids \eayeindd "B drBoperdtfon 288,

gést spreading factor nay be larger or smaller than
the cugefPframe isadecogest andi phaseamultip sed o e ARG bypatrsiss Jagn

oero L PR % By T 5 R ot e

physi&R1BRE(FHY ] a6t @ ©.thé Mmediunoaestdoattol(MAClleAparadimple] the
performed for all chip x 2 spaced hypot heses, at the
CRCsompy brehesked a2 times thenumber of fine AFC hypothesis for each pass of a

256 despread array. Upon completion of the process for a given slot, the process is

performed for a subsequent slot as illustrated by the arrow from block 282 to block 272.

[0063] Fig. 12 depicts an access point (AP) receive data path. Unlike the tag, an
entire frame at the largest spreading factor may be stored in a ping-pong buffer scheme in a
sample buffer 300. This buffer scheme can be a substantial amount of memory (e.g., 16.8
Mbits) and in at least one embodiment, it may be stored in a dedicated off-chip memory

device. The sample buffer block 300 includes exemplary values. In alternative
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For exanpl e, 16,384 despread operations maybe
perfornmed if the spreading factor has a | ength of
w@1®211Despread is perforned for all el enents BCI/ES209/036743

the spreading factor is less than the frame buffer

nunber (e.g., 256). In an operation 278, the spreading

factor is reduced in half and processing continues. In

an operation 280, a determ nation is made regarding
embodiirentse othtemalwrm@dbef aetoUnhike tHedag thetme édckiog beggic hnd the

| t at, nb t d
ARC {aiiop 3Ol Bey T OF HEPasitoB48F ABds B AL e BLsasiopod e semple
bufferl 0§ fhsdeR FrafieB €5 a PNESGHREIHE ﬁga}\" 3 WhicPERGR IR Drute force

continues at operation 276. |f the spread factor has
testingasedesembhdauevipuslp hereirh sThoyRY denpreading ey 3@2n@aat mglad@ pes

despriid@hents Mrimat i U5k Bhie? 6 eg Rl pAFE pPRTE e

The PRREehdifg drtdy 30DmaR aﬁbeéﬁﬁmngﬁﬁﬁmﬁlgfﬂaﬁﬂse(\ﬂuéﬁ fifay ®F chip x
despread el enments _is obtained, hi_an exenpla

2 resoaﬁwammﬁénhyp%hﬁélsmhm anglipy @reqﬁlmg faetor aipPRise g quiput fisg the
PN de%%rgg(?lelg gﬂﬁf3w}s%5wﬁ&f){@ 1?5I msn%&%? 3@1 ;ﬁﬂg bit\Width s ueezer

array. one e st age
304 redlae@rthaﬁzabf thy framqs,aw]snch lareoth g semh yo epfrania beffebRa ﬂ’her@am
paot heses ach ha 256 synbol s hi ernat i

butfer Qéeneludes Fremp é@]b‘F%aI& P VoEs) Wiw*@nﬁo? Beyalues may
be usJSB‘%?eg(‘)i}gg gﬁ thv\ﬁ/'\%rﬁﬁ(?ﬁléeﬁr %%eﬂgufféﬂ @ OG Way&lo Ui:es%%@ ffla

previ ous synb s calculated in
dedicated offehit nemoRBdeviden Theeest wb t smtnlln 1s simglac toths tag’ s theetve

proceesyBRF FORATC BUNETFurbOretel Py FRsraioRRa o 3 ot al

payloﬁﬂ%ywﬁﬁvélﬁie@RCE Beifl p%@d af kPthe 2885 MAE (6pbritdsils 3nane3ie). A
decoded and phase nu ed based on the AFC

non-Chlyqnmthe@usulhﬁloraw&)lp eltsqi ﬁomtezwe aorNR apedrie sushias gigaalpstrength

any .val i d ent out of the
for usg ﬁ%/g?lgéflsﬁl%%owe(r glefe ad??o thte o "medi um access
control (MAC). As an exanple the CRCs maybe checked
f p006AP6 FignESillubeatasiadyachrofiodsiiniialag thagpoit bperagorfspmcluding
each pass of a_ 256 despread arra Up n, conpl et on of
two typge oﬁm@ﬁf@%@nﬁ giht fﬁ?‘ﬁ%‘ﬁ dgraotramfeﬁ%ff %Ea@ tg@‘%&?f EP%‘HPOS@S
of 1llub€£tlcﬁ1 a}g 8 ok’%{}g S t@ﬁZ(ﬁ%Ffelsédt‘ % sfht)t@ %@Moﬁs@Z%&ﬁr@%nﬁ h&UEss

272 0063 12 depicts an
point slotse S'€ofibStatt” {shiPhere érdag & abating pm the siystekwithdvé anyrglevant

s SEeBA S 5 St B E AEAGPH T L B
as sloB@Bingdhi% regdded rrm%@hﬁ’%ar@@ﬁFbﬁly@oﬁiéﬁﬁ tasdpiade. amount  of

nmenory e g.,

[0065] In the “Cold Start” scenario, the tag begins seeking access at a slot-
asynchronous point in time. Fig. 13 depicts a time where the tag begins attempting to
acquire the broadcast channel when the AP isn’t even transmitting it (slot 1). Eventually,
the tag’s processing explores the valid coarse AFC hypothesis during a period of time that
the AP is transmitting the broadcast frame. Fig. 13 depicts this occurring during slot 2. At
this point, the non-coherent energy metric causes a dedicated finger to explore the correct
chip x 4 timing and coarse AFC hypothesis. The finger with the correct hypothesis

continually treats each new symbol as the last symbol of the frame and pushes these

220-



Miits) and in at |east one enbodinent, it may be

stored in a dedicated off-chip nenory device. The
waa00phien2buf f er bl ock 300 i ncl udes exenpl ary vaPCEES20091036743

al ternativeenbodi nents, other values may be used.

Unli ke the tag, the tine tracking |logic and the AFC

rotation | ogic may not be used since the AP is the

master tinme reference. The sanple buffer 300 passes
hypothesiaed Stames shrenghithepeesadi dhgirawhery tIBOOR Cwhiedhindwates failure. At

er.f or rute. force. t.esting. as,descri evi.ousl|
the enf 3 51 T B (A RRE GrkBls FisTPe S aE SRtaor R BHiE oess. v
this p6ias Hcarag hed ®EBhS reldahestartihfoehtionht Dfapehtefiigaes “whrm-
despread el enents may be used. The PN despreadi ng
start” goplghaye 2ndrggntiflues to- camenlste tha samenrogdssing ghab ar Paym-start” tag
i may be chip x 2 resolution only), hypothesis
WO“I%‘#QI‘S%& and/ or spreading factor as inputs. An out put
fromthe PN despreading array 302 is provided to a bit
W{@X66] s A eazetters fhk. infEinectibn depiciet lin slqtié €W arn3 Start peitlee by a

.Lhe size g frames, which are then sent to.a fr
tansigly R0 6 COISUFY ZHREHBIERE BT UCHP3BE FARE BB gy dlevel Sat
infornSaHORRS AFpFopi@ttl§ Snaindindit A% Bl poitt, EIRE LIRES $ meRéh@hent of the

val ues may be Used. Depending on the enbodi nent, the )
receivied atrengtiu o f e bao@cast framiesnd eesghisrinfgrnation t9algtesmingdhe transmit

of f.- chin. ry.device. The rest of the s i
powergingsspikebing oY PAEHS esmbroutiTtdeni g VT o c
transoYiPs ARBbdze dased dre N phfflg tHeQfleas e rédeived Hretidast harhitPyignal

with all payloads wth valid CRCs being passed up to

strengtihandagelesting\Ge(mipemum spreadmeagprthatien bepsebio. detdhe Hek,
oSO8 P SR R P s 2 i

the mEBWRAT6EUNJIBroddeast kaainel sighdistremgh ahd Medbroidrty sel@ted spreading
illustrates asynchrongus injtial tag.transm C
factorgfhetag iratemitsiah e RGOy 9B socPripALIBe A ehigh ishat al
s I . I " I d .
wer ARy PISE S LBl b i i
densityepticRiviNo}; 8y far atittait Hreonslioinm $readingfactosnendopds selecting the

oint slots. " d Start” .| ere.t ag..I oM N .
slot e paREley et DD S PEl iR O GichPRut BpBrTi hpspaine
factora N ducHRalIRIdns” bSth¥AG e hlifintiddl drdl rax@ne sélbctidnent each

system information such as slot timng and a, reduced

transmigsige allew teallistonsE © bgrsselived inssubsequepi] ENSMISROEPPOTtynities.

the "Cold Start" scenario, the tag begins seeking

S8, 2oBr UL ST RO B Bl o
7 and 36disiasitive abkimvad edgeinenhbavkeluring elot 1 e TAP AlPsaither &ggeegates
severgl rA?(E]Igsrr}ntt(g 11 gi%g{etch(ag’rlle tcha]izléterliz_ge%nbtyuaaé(llg code, or sends a dedicated
message to the tag using its dedicated gold code channel. Note that the former method
requires some registration procedure (not shown) to assign the channel. In either case, the

tag updates its chip x 4 timing using the preamble of the message.

[0068] Fig. 14 illustrates a simple interaction between an access point and a tag in
a slotted mode. In an exemplary embodiment, the simple interaction involves no data for

the tag and a relatively static channel. For purposes of illustration and discussion,
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the tag's processing explores the valid coarse AFC
hypot hesis during a period of tinme that the AP is
W@ e@os 284 i ng the broadcast frame. Fig. 13 depPCI/BES1009/636743

occurring during slot 2. At this point, the

non- coherent energy netric causes a dedicated finger

to explore the correct chip x 4 timng and coarse AFC

hypot hesis. The finger with the correct hypothesis
timelis®330 repedsents taggaveessing Huregiths wltodndatsmelire I32gtpresamtsodccess

. . of the frame and pushes thesehypot.hesized franes .
point BRp BN AEEFBEL! L TP AT (R GY UCPriS ek dHEBEnas & maximum
possitl&Hnedth 8 Jov-Polver StateAla dthie vk Hkte] Whirfl is hl¥ent¥iakd dia a low-

frame timng is_achi eved as the CRC check indicates
powers lpye-Ereguenay crystad opastlaier whieh it typicady 32 kEzs dRsuperbthane
maxirr%tmqtt(g Iaﬂfeqatgﬁé)‘ lgﬂbntl&]lagniﬁat%@glt&%t h'if Qiteﬁlt.iﬁ@d %@Qrtﬁ@tlsaﬁﬁ: "rate
woul ave an ontinues to conplete the sa
cyclingli® ﬁﬁkf&iltl’tg' thdkdiv powatatane fok dHettag toachenb ifl by UXRIsetpd.is pending).
) 0066] A tag enters the interaction depicted in slot 6
Fig. ;f shewsihsrelatvaly simplemteggetionaf iag eqraineont ouigs Iow peeystate to
Sk Ar s A : | '
cheo TR RHEILIER L AR badetadie ndr
agreedrapoit sdtwedh th&AR dridshe Gigrduring hegisteaiomakes a nmeasur enent
of the received strength of the broadcast franme and

uses .t hi.s infor ion to determne the tra kL We I
ai@‘sg!)r eﬁ'tﬁ tﬁ§ wpﬁ@{ t&plel FOLEL 2, \y%@n %tﬁ% Sg&ggﬁﬁ%m@ ?1m1ng and

coarsd AROHYbbthedd ate’kndlwlto writhih@tibiRGrahged MEHE the makesSa iesshdgRent of
based " on: 1) using the neasured received broadcast

the reesheadrimpadsagireipnnsl pewet: Hignkd shews dhe segnariewhers thagppwer has not
spreadi nqg..factop t . '

B e A

transniit PbwerZdphéhdpfactot hastheTA R tasnRitedistiinguffibienteataseehk link. In

recei ved broadcast channel si gnaHo streng‘%‘g and %he o
slot 35the freratipmpls lecr@dTe baaTTHPHaRIdhen dem gethefians peng it
dedic%‘%li %ﬂﬁlcgg%k%ﬁ'l SEAREL L B2 AP nd8RORL Rt iﬁforﬁlafé)orgiﬁld the tag

user's are recelved by the A
immettely goositaek tordeapes of energy per bit to spectral
noi se density ratio (Eb/No); 3) for all but the

TG R A A T
e ShARRLY kAL A Ry St st
to an exsmpary smberineenth For puiposcs of Blystptionad-dissppsian, Greling 340
represfis s i PR EREHERmd (RRRE T RPBRPALR) plifar)
processig@lring tie slowse Heteltheig PHao infgrnaabne netsl andpbs propagation of
the ch;gg %\é\gfe:lg%lzgg Q(Ensibdae?alfal}g glgllcent%e alls?kPlthnse-lrclgi%nAFI)‘hg Icﬁrl}gr{t broadcast
channel power measurement has changed such that the tag knows that the subsequent
transmission would not be appropriate if it transmits at the same transmit power/spreading
factor as last time. Thus, the tag will send a re-registration message using the protocol
explained in Fig. 13 to alert the AP to use a new transmit power/spreading factor
appropriate to the current channel conditions. The new information governs the
transmission and reception of the frame occurring in slot N+5. The tag generates an

acknowledgement (ACK) message governed by the protocol of Fig. 13 to indicate a
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several ACKs into a single channel characterized by a
gol d code, or sends a dedi cated nessage to the tag
waigi0ng1i286 dedi cat ed gol d code channel. Note tPEE/USI89/036743

former nmethod requires sonme registration procedure

(not shown) to assign the channel. In either case, the

tag updates its chip x 4 timng using the preanbl e of

the nessage. [0068] Fig. 14 illustrates a sinple
successfitldransmissionb &f the &vClars succamssiullp oéaeivedntlie &ransagtipmisgronsidered

otted node. In an exenpl ary.enbodi nent, the sinple

compfeley EERTIE Bio B pfRubHG RSN he tag’ and a

relatively static channel. For purposes of

| (0073 r Fig. A6 iBiMratds HoUSEEOMay beBbineeted I ckIRP @6 AHhh

tag processing during the slots and tineline 332
networle pFag 2t kasacoaysupeation lpkde ayerorfgpentieri3eg véhieh ¥selfgpanects to
other Hl%rgerrgﬁ)e%tetrg 5‘?2 I8 BefSre gﬂec{i{lg%ot ?c%es%%% 358 TRE! mum

possiblie tine rn a’|lowpower s e - a state where
comnsyiheon linkd begween thederdl anentgdare ibirdiredtmnphaléduplex links that use the

| ow- frequency crystal. . oscillator which is typically 32
same gQIpMuGaly GFO(COY‘Fﬁ itlined AbeY¢rum t ol erabl e | at ency upon

AP initiated interaction is identified (i.e., this is

t pRO72Rt TheYelwdiR chilb@Rfimed dyRimichigy thesigdhane folbwahe f or

the tag to check if any AP action is pendi ngl). Fig. 14
represshiatige ¢thbodimient i Kashlevicer theinatwenrkbas dseedfvalner ddpe access point

conqing o it''s | ow power, state.tq c K |
nas o F@Afe RXD. gch hyeublt BRRNS bR bituS RE el hERyfiber of
connettiétls iPRaSAyIE (R Rc@&QPORA BHOEXakpleeRigufe] Gthiarodepéter 353
tag during registration. [0069] The tag wo

. g ul.d )
is onetappnession pwajifem e aeashpeings 14 anghierhas piseed Yaweequahionly micro-
o) e : it Rl [
epea S SREIREAE % i BRI S Mt e s
to 3. broadcast channel power. Fig. 14 shows the scenario
where that power has not changed consi derably since

JOAT SREEERTN AT
channg}'. 21?1?%9.115/% &y Ae dRest Yot ¢ @MHsnfiing bAKe bragddabtdhanhé). As each

, the"tag attenpts to acquire on the preanble
microampieat éreassagiatescwitia the nepeorky themigrorigpeaterscag é‘éﬂné‘é?tné@“tg’d?rﬁadca“

cpde.. A iC scenari o 4.S 1 ot . '
crann 50 YR R, i AR 3o rpese
353, heaid 3320QAQ thingmitda tHebioaliGasbchannel becaust tgtapelassociated with
i nteraction which involves data transfer and

the netiyerkeri el sesd calangf vigh groipaisdtanamtisdnneisages o tedgoadeast
cha.nn]%g 'rl%nc%ngl ﬁlats%cg:i | r%fé%-?&)etd@r édh d@f REBLA Y ETHIRHoRE Eeed value

purposes ustration and discussion, tineline
of the34éxived broadcast channel message plus 1.

[0074] Fig. 17 illustrates how a particular micro-repeater could associate with the
network. Micro-repeater 360 begins the association process by listening to the broadcast
channel. Micro-repeaters 361, 362, 363, 364, and 365 are also in the area. The access point
366 is also nearby. The strongest link that micro-repeater 360 can receive is link 367.
Other links shown can also be received by micro-repeater 360. Micro-repeater 360 tends to

acquire initially on the strongest signal received, which is link 367. Through a process like
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represents tag processing during the slots and
tinmeline 342 represents access point (AP) processing
walervng2she sl ots. Here, the AP has informati oPCT/USRENB6743
and the propagation of the channel has changed
consi derably since the | ast AP transaction. The
current broadcast channel power neasurenent has
changed such that the tag knows that the subsequent
the orterabnedyinsisioarepeater 3 Orobtailefrapptioypng atderelative refereacescernystal

devifin b0 EREbHERR e ARV £ REE L Pl RE e 5 23 o acquire
all of FRCIRG kS tAgitlche MiSbaeMat@3Bb dhdyadideithEndicrol@pédler with the
alert the AP to use a new transmt power/spreadi ng
lowest sgetl overpgartapr thagsboldo Miseo-tapeateni6Qhayingd otberfa¢toisda determine
hi The neM/ipfg;nﬁt{on governs the transm ssion and
w lcmrgbcé%f?pgﬁ “o1° & f r ame occurri ng in slot N+5. The tag
generates an acknow edgenent (ACK) nessage governed by
t p@073] otGaee imicfo-fep eater 3B 0tdetdrmitics athictasthieratied-tdpeater it
transmssion, If the ACK is successfully received, the |,
associgtes i itimpay then HaARSIK O TBIFTQ-FIPSRIET 202 1o RETNSLRN to 37804ialg via
: t ta 1 (RS LD k0 i1l ustrates
ink 34, FBS reflck PP RREY B3} Aporda b iaitn, 1
networ k. Tag 350 has a conmmunication link to
m{@076] r épwatssocREon whgrated pthet messageramaybe tramntitied between the

. _mcro-repeaters 352 353 before connecting.to . .
micro R DT8Py A ORI ST Cieen FRRES BT et varous
messdgBeRAMRYEFERERrsAN#8h Righell Ml seed @hlhedtnplvaing thodesneeded to

that use the same communi cation protocol as outlined
keep ABG\aad saroplip2iming gompensotien eensistrat thaeyahdthe petaverk aForexample,
I 11 h the fol |l.ow ng .represe | dj
i Fighth £ Bl et oR s R B R GG bt FerB I bRk b it

repeaePB60. RB$nidroSRpehtyrs misy teinslit coaRsl HelasE i@ Bpprdpvately power
has a seed val ue that_ equals the nunber of connections

contrql trangmissigys fremrstarated R TRRSRIRES: iTO-EsREAlSTe’04 4nd 360 can
both t@ngllﬂﬁt obfer cOtfdl ?faﬁﬁﬁﬁﬁgg 50 g‘ct%g ottrer OB&i e 'ﬂpi?eg{:i'vg ort¥A¥mber of
oM t P an ed val ue

e access ol nt SO0 has a se
conseewfir@ méssages front upstrepmahiero-Bpeaters mdyr teiggerdhesdcroanpeater to go

away fromthe access poj.n 54.s50 has. a seed val ue . .
back BifApavisgHon mpdscmapoiRRLT e 8.4 BRe BT ot b Rl with
If mid?@r&PeaeRB60 §BPSRECEivRR sBmRmARHeAST conbetiifiot mebddighd Rbiymicro-

only the access point is transmtting on the broadcast

repeateh 30 éf may\go badkintri asquisitiopanere and gssoeiate wish aipptentiplly different
microgrr%%%%gg@téerr] %emmg:crrg-_rerp%gt%ra Bz?sr as(s:oacri]atctu;] vevﬂhtt}rlearrl]e%vno}k, # transmits on the

broadcast channel advertising its own seed to other devices seeking to join the network

including other micro-repeaters or tags. The messages broadcast by the micro-repeater may
be at a set broadcast power so as to allow as many devices as possible to determine if this
micro-repeater is available for networking. For example, after association, micro-repeater
360 may now transmit on the broadcast channel to advertise itself to other devices seeking

to join the network.

[0077] Upstream communication originating from a tag is passed from each

micro-repeater to the micro-repeater it is associated with that has a lower seed value. For
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channel to other devices. For exanple, in Figure 16,
access point 354 and mcro-repeaters 353, 352, and 352
w@2amw9al1284 ransmt on the broadcast channel becBCBEES1008§36743

are associated with the network. The seed val ue of

each device is transmtted in nmessages on the

br oadcast channel. Hence, an unassoci at ed

m cro-repeater can set its own seed value to the seed
example] indiigifre tl hemicee-eépeatdr B Dpasserdtafio arigiabtimgeastag 85(phndsreceived

1. 0074 7 illustr how a parti cul
from ficcb ahealsn &b o ko roRaur 353500 R B AECHEPoIBl 354 Uttimately,
the mi¥&-FépehteRakICh s%@ah&%fﬂ&r&%ﬂ&ﬁéﬂﬁbﬁé fIthE a8&8S Poild Micro-
listening to the broadcast channel Cro-repeaters
repeat@6153 pAsses 3@ arigizatng afdic 9850 ageesupipt 315¢4. Thgs mpr gommyaicate
it PSSR ARLOL 0B oS 16AY Bl Lo gkl i
even 1|f ithik fesshoircoaanurat Ringlveith emidrvecpdater mithrahipkgraasdvalue.
M cro-repeater 360 tends to acquire initially
Tag 3?@1 @aythe@hbeégﬁogm&mater ‘Qé‘éﬁle“%‘&lcr%ﬁ‘fﬂ?h o7 353 pivda 15yt the 350 may
ok BEAUERI 3h00) LRSI 5PRE AR oo HAAERERR pover
comnmnicateabltldﬁm:ra{remtdr B6in Commeticatioks tegardlgss of direction, are
ro-repeater 360 swtches to receiv uire
transnaqttpd BFing ROl sode that ARIe PR Piihe.Sed ﬂ)\euerfgggfre StipdPn360
may select the mcro-repeater with the | owest seed
OY®U78f TRIvhRitrBarh RbASBChtioV izl Ber8Red b§ backolidi@Yepeater to the
other factors to determ ne which mcro-repeater to
mlcrogep@éQr clgseotpshe @ge Miererapenteptsh rass3duiieengipptingat access
ot her 0 t t
piod S5 PG 0300 o feBRRRSIZ LS, Wi
captuRdSREa |data%t1’utt@rd duttag3fpStredvh edhﬁmilﬁth:eﬁ(blefro&&ﬂe tagyto theearcess point

respond to grant association. a&go ce associ at
that hpssprgyighsly @asses dironghstha guerongpedid. MayoPIgEe %@%"Jéﬂutmg can
be usé(f\g 1 ${Reh %g‘l%\?)gfeﬁ%dgp thé Qfafrﬁaﬁﬁtvgl{tﬁ)nwlﬁ Bné AWEIhg method,

ere see ues may transmt vari ous nessages to
entne;rfarrpartmm abwtesinvthe Qath isgrxeraremoaybeeméedn bethchnvdéniidation of the

ok B35 D Hesdst Lo Kook 250 G0 S By LTS

repeaﬁi‘ 95@}11%%/ hh% SHtHEY or 4 foutBtFa 356 REAHSR s@hctufed Wrilries in the data
transm Corrpensat I On Nessages to mcror epeat er

structBI@Onayﬂalbo mtc mdhen dhpeedavieds iredirect eemampunication Vish theagicagpeepeater.
i SoERBL SR e PRLES BRI 0e i

code ¥RA t6 piks RAtaTolited Msdbdge Rlop&ids oarhtrizs i thartata szsuctme tTthe micro-

each other, Failure to receive sone nunbe{
repeater may transmit using either a gold code corresponding to a er downstream

micro-repeater or a gold code corresponding directly to the device. Hence, micro-repeater
351 would communicate with tag 350 using a gold code that corresponds directly to the
device. Messages received for devices that are not known in the data structure may need to
be transmitted back upstream. When the access point has no record of the device, the
access point may either wait for a message from the tag or may issue a broadcast channel

message seeking the tag directly.
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consecutive nessages from upstream m cro-repeaters nmay

trigger the mcro-repeater to go back into acquisition
worcee/18me4 potentially find a different m cro-rBEEHS®09/036743

to associate with. If mcro-repeater 360 stops

recei ving sonme nunber of consecutive nessages from

m crorepeater 362, it may go back into acquisition

nore and associate with a potentially different

m[@Q78] r agabmmunidation ta mécrmrqre@tersalpeabe essenigally unchanged from

ociated with t

the difsEp g é%gtcemﬂtéppia%fitﬁch‘%ﬂga‘totvg PAIch gest fha taes use

for inRRULARS ALK B8ad@st Rir} dnltrdt@tupBh etwtik WHE01Q1cHE&S that is
m cro-repeaters or tags. The nessages broadcast by the

lndepmdf;nbofrtbpemrefrepmscr lseedatHence.ewhdsr tog d6@ siterppiote associate with the
ow._as de a SSI b
netwetfy g S peliBls 8106 R oS RRRE Pt BofBHEI RO g e
perfordednpitietheahicRy repestorS ijidt kO the tag cduld periierat these3th BRYcdeeypoint
transmt on the broadcast channel to advertise itself
as explyngd fRAVedevi ces seeking to join the network. [0077]
Upstream conmuni cation originating froma tag is
PeGEsRf i AEY S@ﬁ&u@bférte hﬁ@epﬁ@ttfgr 1t§eff dechgs ﬁn‘ﬁfr@-réﬁﬁﬁ:?hﬁder
it 1s"associated wth that has a | ower seed val ue.
certaifroirewmstpices. To a&ogtphsh tigs, the tagona'yeqmametra 362adqastsehennel

tr ffi or.i |nat|n 350 recei,ved from .
message Qe e uBlter A Patsties o ol 4 o HER o g > S ekd PRt 35 g picro-
repeat@f, Q§g9§5(p68d1’d tramsdhit %ﬁdaﬂ@dsﬁ&hénnélhﬁesﬁégér AvetisRati REIF td\bther tags.

a seed value of 1 transmt the nessage to the access

The twotags conliddhar Bpetianein rasd tbamwmglabﬂ Myprearepeager and tag
t
normﬂ[yalgﬁm%qn \9§F %r?rﬁ 8? e%gprtég y onl ?%gsrﬁ?%f%&gm%%%%ssages a

particlifaf P&rdbrita he fifheds t O save battery life, even if
this results in comunicating with a m cr o- repeater

with a higher seed val ue. e ablg b d
C ORI ChedoTegoBERETPHOR 0 ewa@ ns hag beep presente
for pu%@t% %épll YatRinGlh td@s&@'ﬁ'ﬂh' NiGah& 1mehﬁ‘ed'@o®e(éxhﬁﬁﬁ% B to limit the
ase on nee | east transmt power to
presewtanvantion dd t;hemrcdnsenﬁonn disclsed tand neRlificationhand caakatiopssare

possERTgh 53 B S S ABT FRE0d BART P hal A Ot
invenH6S ! TRALHMBSImERR (ke EXVNBS hii EA¥CEBET M D gt ttd explam)th®principles
routed by each m cro-repeater to the mcro-r dt)leater

of thecprcagat inyventianeandaty premtlgal@ppbgpé@péqa enabbe ppgsskilied ip dhg arg to utilize
e N T T

to theGARicul# Ghsé Eblﬂerﬂp\lfa&ds 111Ii bl@dltidhﬁ ofle bt igrefiew Idégprams were used

conmuni cation_fromthe tag (}o t he_access. poi nt
herein. The use of flow diagrams is not intended to be limiting with respect to the order in

which operations are performed.
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that has previously passed through the mcro-repeater.
Many known net hods of routing can be used with a
wasvanmehbodi ed under the clained i nvention. PCI/OR®09/036743

routing method, entries for particular routes in the

data structure may contain both an identification of

the device and the seed val ue of the next

communi cation |ink that | eads to the device.

353 may have entries for a route to tag

WH@ﬁé%gg@ﬁgSétructure. Entries in the data structure

may al so note when the device is in direct

c brmuniAcatthod fori comniirscating tloonglpa atudtiple Moesoeanepeeitaion

351 could note that it is in direct conmunication with

interfaegthe gigthofrompsisiiec ode used to pass on a routed

nmessage depends on entries in the data structure. The

i Cr Or RREAAEY a fIRY sibhA T b it it4}) whlet e thedirGiQi ghat RGPread using
corresponding to a further downstream m cro- reEeat er

a predetermingd ipseudocwissd PN spdm alhsepinithe st signabhasaefigbrandem timing
He m cr o-.r epeat er. 351 I | e wth tag
oftset 50 Thtp g i g Bbuet IR P AT §E 11 )t The
devi ce. Messages received for devices that are not
known faeeivitg digdcand signed thromea s@Eopnd e wherdire thiersactsidisi gnablis
back upstream  Wyen t(Qde a}:lcess poi nt _has no recorng ofd
spread Wungyibg ipeedetarmined P gaden whgrein he seqopd 8 as agsgpong random

imi f i i bra$ HRhRADERBAS paflosd@iae!
timingd GHSA R FiREr iterdif theecdLILRE HRIACIIOBAE BEfl0

comruni cation to mcro-repeaters rmd%r be essentially
unchanigtedtifyingrhe Kigsthayloed datadromthedueissignabiand t opol ogy
descri bed above. Broadcast nessages that tags use for

initialjzation.may be br ' d upon
net vor MR TR aveed et AT SRE o fiRd ARaRERE
m cro-repeater seed. Hence, when tag 350 attenpts to
aQiS SCi afge mtiidd dffetaiimet, wTHeiein tHe firetypaykad alatads ibmntiﬁad deng a
gol d code. Power_ contraol comunjcatiqns, can, be .
PN arfpgrdesprRdsryinaH TG THEEB e LRy QA tecs R fipd geing the PN
rformthese with an access point as expl ai ned
mayg%gkegdgj[soow] It may be desirable to have the tag
itself act as a mcro-repeater under certain _
cBr cundhametiwnd dfelaimch viereim therfirst signabandihesggpnd signal are
both transm.t a(ga{oadce?st %h e%lel nessage that advertises
oth rpeedves 4t 8 PRGN ROWVEL SV Hence, if tag 350 were to
act as a mcrorepeater, tag 350 could transmt a
buoadc Tat nedftesine claiesk adrrag terfirstsiigig] istreedived durbighaetime slot,
tags. The two tags, could then function in nmuch the

and fusther whergin thg seqenfisignal is sgrsricd dugpg thedyne slot.

5. The method of claim 1, further comprising demodulating a plurality of chip
hypotheses to identify the first signal.

6. The method of claim 5, wherein the demodulating further comprises using a

cyclic redundancy check (CRC) to validate the first payload data.
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normal Iy function. In one enbodinent, a tag may only

i ssue broadcast channel nessages a particul ar
w@erearmége of the tinme. [0081] The foregoi ng PCT/US2009/036743

description of exenplary enbodi nents has been

presented for purposes of illustration and

description. It is not intended to be exhaustive or to

limt the present invention to the precise form

d7scl oFheimetind afethirhi 1 itrthen soraprising pioxidings thardesignal to the

ossible.in.ljght of the above te I Ngs or b :
firs gy rreutie ] SERE] BB EnE P B EN SRRy EH B Her aggein the
secon® PROGIBRNpRciie e e Ms@ag and described in order to

explain the principles of the present invention and

its practical application to enable one skilled in the
aBt t oAutystenier corampnicging thropghra mekiplenacgessicgppnunication

) [ wWth various nodifications as are
e G NRGh S0

e particular use contenplated. In
addition, one or nore flow diagrans were used herein.
The usae fiodt tdd lmwing afirshtrensnsitteradoniigtred de transmib 6rst payload data
limting with respect to the, order u% whi ch ogerations

in a figst gpdly PBFTRRhOVIRT siegalds APy §ing a predgieppind gSgugo-noise (PN)

code, e RhéRh thDERY Q%nﬁ‘l W lateir B rBn 28 BREnEOMTBENI cati on
Interface, the nethod conprising: receiving a first

signal froma first tag, wherein the first signal is
spr eadassdond tag aviniea sacand ranspy dercdonfigprsd t@ pysmbsrsond

rein the fi.rst signal,has 1 I St. T 1/ .
ponoff BT 4 AT R ey ERAPENAA Rt
PN coldk i fRaNdraattrelatia; scbakdiynah§asa seeond chndogrtiahinkrodfsetaand

second tag, wherein the second signal is spread using

the predeterm ned PN code, wher.ei he secqnd sj.gna
has a 3BASHKE PURHBFORIMHIGISR f’e@ttﬁe ﬁm& tﬂfaﬂnﬁﬁ‘éﬁﬂ“ @}%é?céﬁnﬂ tag,
2 idef g/ bQadk Waiiast signal and th
v REERI o R 06 SRR ALANG BBl ol an

secon@bkignal. ; and identifying the second payl oad data from
the second signal. 2. The nethod of claim11, wherein

the first payload data is identified.usi P
adspr odBesTRaT PP Aok iy BF ReEPoEb e ol Mespread
array 86tk to@RErkdd @6 fivstisiighal 4R ths@bndyigdgispr eader . 3.
The et hod of claim 1, wherein the first signal and
the second signal are ) ) )
10.  The system of claim 8, wherein the access point further comprises a
demodulator configured to demodulate a plurality of chip hypotheses to identify the first

signal.

11.  The system of claim 10, wherein the demodulator includes a cyclic

redundancy check configured to validate the first payload data.

12.  The system of claim 8, wherein the first transmitter is configured to transmit
the first signal such that the first signal is received by the receiver of the access point at a
predetermined power level, and further wherein the second transmitter is configured to
transmit the second signal such that the second signal is received by the receiver of the

access point at the predetermined power level.
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both received at a predeterm ned power |evel. 4. The
nmet hod of claim 1, wherein the first signal is

WO eeeitvesd during a tinme slot, and further wherBCTIUS1989/036743
second signal is received during the time slot. 5. The
met hod of claim11, further conprising denodul ating a
plurality of chip hypotheses to identify the first
signal. 6. The nethod of claimb5, wherein the
dédrodulThe sysgenh of ¢laem 8;:whq:minshs acu:sissqg)int fosthéri comprises a third

r.edundanc heck I.da t
trans EoRREE TBINIAE Ard s 1 154 e g PERgT SEna i
spreacp\FvRH b dbBdPN Bbdedartd Si@br WwRerbiahé béc‘éhd ngsodwgpﬁbﬂﬁctta the
hird signal is Spread with a second PN code, and

fhﬂt&wrther wherein the second PN code is specific to the
first tag. 8. A systemfor communicating through a

Ip
oy | L BR5ER B FRIHK AL bl Bl Bfifer oifbrifh fbbnd
recelv'éQ ahd @.\tt’héd whereid &ESﬂﬂ;tttrafnsmﬁter pﬁghle(fﬁd tagisaconfigared ito' sttransmit
gnal , wherein the flrsé S|gnal |s spread using a
the ﬁrﬁtrsé@‘@i HrafesRoase SRl IPoRiy P BY HSNPCUUECeSHd f ur t her
wherein the first signal has a first randomtim ng

o 5 set A3 s&8 Bt F%sBAYA Hﬁlltﬁ)l@ 86RO IS BAtidn&ystem, the
configured totransmt secon payl oad data in a second

accesspantatompaisergei n t he second signal is spread using the
predeternined PN code, and further wherein the second
ignal has a second randomtimng offset; and an
accessaﬁgrﬁf Tn communication with the first tag and
with the second tag, wherein the access point

CONPr i §@&ceiver GEEIMANNICAITH Wit € froces e and eonfignréd tost
signal and the second signal 9. The system of claim

8, wh th t furth [ : .
despr oad. o FEGEGHP GUPEA FPE! BB Aot RIS T 1t snghigpludes

first p\?\ﬂga& 052 555284 1B Hﬁ%lgnall Qlas 4 Imgst SMRIoBIMiA ngCd ffeMafld further

rein the access pornt further conprises a
whereitetiedirstasignl Sopfdad using atppedttarmingddaseudo-roise @N)iopdegfand
chip hypotheses to identify the first signal. 11. The

system of ¢ lréaczlemelaOSeconde 1 S{aﬁ] frtoﬁle Qe%g}?(ij Hllg%ﬁérehﬂﬁle g&%ﬁd & gnal

cyclic
includes second payload data, wherein the second signal has a second random timing offset,

and further wherein the second signal is spread using the predetermined PN code; and

a transmitter in communication with the processor and configured to transmit
a third signal to the first tag, wherein the third signal is spread with a second PN code, and
further wherein the second PN code is specific to the first tag.

16.  The access point of claim 15, further comprising a demodulator having a
despread array, wherein the despread array is configured to despread the first signal and the

second signal.

17.  The access point of claim 15, wherein the transmitter is further configured to
transmit a fourth signal to the second tag, wherein the fourth signal is spread with a third PN
code, and further wherein the third PN code is specific to the second tag.
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redundancy check configured to validate the first
payl oad data. 12. The system of claim8, wherein the
wo peogtii28eaansm tter is configured to transmt tPEr/U52089/036743

signal such that the first signal is received by the

recei ver of the access point at a predeterm ned power

| evel, and further wherein the second transmtter is
configured to transmt the second signal such that the
s¢8.ondThe gerabs pant debiimeld, bheteirethe dowily §ignal fcompases an

access point at.the edet erm ned power. | eyel . 13 The
ackno(RdiegmeRmesagspat vepiiss tcriet s e ackess b G eispyand snal.
conprises a third transmtter configured to provide a
thord Fheaedess pointef ddimsts, hgreindhefibtisigrabistrbéeivkd at a
signal is spread with a second PN code, and further
predetgpaingd povprdexe caniupRercubrscindhe srsend signal ds rogeived pithe
ag- ystem of claim8, wherein the first tag
pmﬂc%ir¥ﬁé?°¥%Q%¥§Ses a second receiver, and further
wherein the first transmtter of the first tag is
c0f i gThedcdess paint ofathami 15, twherein thetacedsg paint fifrthgr comprises a

sponse. i s not. recgej ved by the. second receiver. 15.
democﬁxﬁata&efeﬁfs%u&& \RcerBftTatse pipraLbheh C?%\?@Oélz:eésss herein the
demo GRS HCARIES 2By E@MdahBiEcHREIE 88T ghedd Yo VaRARE kifd Mgt payload

processor; a receiver in comunication with the

data. processor and configured to receive a first signa

froma first tag, wherein the first signal includes

fiLrst payl t [ (1St S

rPhor Pt iRy PR iR Rdd Slan B poif S fmethod
compfiéihgt signal is spread using a predeterm ned

pseudo- noi se (PN) code; and receive a second signa

froma second tag, wherein the second signal includes

secondgﬁﬁymﬁﬁﬂiag%QF“m%erein the second signal has a

second randomtimng offset, and further wherein the

second sﬁrI %ﬂ% tHedaBPdtRAM With B GomRRnpsestRt fiisd Bk, wherein

code; a 5 a transmtter in conmmunication with the ]
the coprmoaeBN@odaisdised hy i gluralitytod tags ameermmugicetion Withthpprecessgoint;

the first tag, wherein the third signal is spread with

a second PN co '

code. 1 argiteirEneRlortid 14\ AAISELR bhalR ARG pilon o
timin%@ft!‘hb aédes€péhMmand, further conprising a denodul at or

aving a

transmitting the data stream with a randomly selected timing offset.

22.  The method of claim 21, wherein the common PN code comprises a gold

code.

23.  The method of claim 21, further comprising receiving an acknowledgement,

wherein the acknowledgement indicates that a transmission of the data stream is successful.

24.  The method of claim 21, further comprising re-transmitting the data stream
with a second randomly selected timing offset if an acknowledgement is not received within

a predetermined time period.
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despread array, wherein the despread array is

configured to despread the first signal and the second
weR@nal72847. The access point of claim15, wheP&i/nS1008036743

transmtter is further configured to transmt a fourth

signal to the second tag, wherein the fourth signal is

spread with a third PN code, and further wherein the

third PN code is specific to the second tag.18. The

a2 es sThoinethodfof claain il | Whergincthe datastreanh ¢ spréadswigna bpreading

C ri.ge o g t age that verifies
ﬁw““nggﬂﬁﬁ’%vfgﬁz’Q@@Q@?gpgﬁﬁgobgﬁiie second signal . 109.
The access point of claim15, wherein the first signa
| 36.r eCThy Afthdld of cRIAde] @hecitttle AR tredrt Yetransaiitied in a
further wherein the second signal is received at the
randomlyesetactad fubsipt pbadiansmaifglot. 20 The access point of
cl ai m 15, wherein the access point further conprises a
demoduirgl BleioQRrlcBithed, hRedfIME trabmlAsdbdiétditing dtfset is
chi p hypot heses, wherein the denodul ator includes a
betweery zdrd and e dpreading Yactdreninusond.i gured to val i date the
first payload data. 2 1. A nmethod for comrunicating

ipformation to an access point..the.nethod c rising.

ggé'fer afi FSEILFRP %ragis 2\ Br?lg%tﬂllgr{ﬁfotnﬁl ég(ala'ioaa%g% r %asg %Bgﬁ’ the
transoit Appafat&OsOMHsRpeudo- noi se (PN) code, wherein the

common PN code is used by a plurality of tags in

conmuni cation with the access_point; applylng a

f r equeA®seugpmoise (PY) spreades configuredio e wd ditd plgan and,spread

2 L . tdd g

the dafifireaBiluy § bERBRRTY LR, BREERRE S RinonTaF pldeigsRdvy &
pluralty b fags in2ébmmitne catizinhweith tife actess poiaf;, wherein the common

PN code conprises a gold code. 23. The nethod of claim

21, further conprising, receiving. ap ac W enent
aher i A IEHRCE RBHR O Ltran Co PR iSAPRL SR EE BN SpHEakr and
conﬁéiﬂ&ﬂ%%ﬁffi" PheffenPErdtatne daRaehd baskdc aktih.pattén altirding of
met hod” of claim 21, further conprising re-transmtting
the actése pdat;a st ream

a delay module in communication with the frequency control rotator and

configured to generate a randomly selected timing offset for the data stream; and

a transmitter configured to transmit the data stream with the randomly

selected timing offset.

29.  The transmit apparatus of claim 28, wherein the common PN code comprises
a gold code.
30.  The transmit apparatus of claim 28, further comprising an encoder

configured to encode the data stream.

31.  The transmit apparatus of claim 28, wherein the transmitter is further
configured to re-transmit the data stream with a second randomly selected timing offset if

an acknowledgement is not received within a predetermined time period.
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with a second randomy selected timng offset if an
acknow edgenent is not received within a predeterm ned

W pove/1pes4 od. 25. The nethod of claim2 1, wherBCTIUS1989/036743
data streamis spread with a spreading factor of 64,
128, 256, 512, 1024, 2048, 4096, or 8192. 26. The
met hod of claim2 1, wherein the data streamis
transmtted in a randomy sel ected sub-slot of a
t BZns nilhe gramgmit aiparﬁrhéeOMalhnlﬂ wfherdimthe data stigamrie spreadwith a

spread; o Gl N T 2B oo asl Bite 0S5 0 pF S | appar atus-

for comuni cat i ng |nfor mation to an access point, the

t BANSNThe apRafibbpRrA0NH dl&in 2B, wheRSE thidQradomiteer Q%ﬁ'ther

spreader configured to receive a data stream.an
conﬁ&lmdéadrapﬁ@ltdm cgat%,str@am% rapdemlyseiested srb-slogef a swmlr got.

the conmon PN code is used by a plurality of tags in

CoAMUNIrfatL Qi éﬂﬁr&t@@oﬁﬁ&m RtlePdin tift thh®ANGRENcted timing

control rotator 1 n comunication wth the PN spreader
offset anbktwenf zeyo pidla spreahing factorimisguemecy of fset to the data

stream based at |east in part on a timng of the

aggcess a del.a Sommuni cat

P queoge oty SR BuR AT tse P B UM i e
compﬁ%dorHy selected timng of fset for the data stream

and a transmtter configured to transmt the data

streamwi th the randomly selected timng offset. 29.

The traﬁrmmltam?aataw@nmmeg ai m 28, wherein the common

PN code conprises a gold code. 30. The transmt

apparatus o i\

cont qur ed {8 eReTcE® (PRYghioRter cORRL:E el SRR trcam and
spreachihp @aaatstisamfwit acom@8n Phhendej wherkim the eoramion PN cads is used by a

further configured to.r ransm it the data streamwth
pluralyy ¢ %ﬁ&‘?%ﬁﬂ‘ﬁ@tl%wg%fe}?&cf?sﬁlpﬂ@ of fset if an

acknow edgenent is not received within a predeterm ned

time perioda3Rqudity doh@blStatoran I@@;hﬁidn&:aﬁf)n ofithithe PR, spreader
wherein the data streamis spread wt

th
and configured to apply a frequency offset to the data stream based at least in parton a
timing of the access point;

a delay module in communication with the frequency control rotator

and configured to generate a randomly selected timing offset for the data stream; and

a transmitter configured to transmit the data stream with the

randomly selected timing offset;

a processor in communication with the transmit apparatus, wherein the

processor is configured to execute operations performed by the transmit apparatus; and

a receiver in communication with the processor.
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spreadi ng factor of 64, 128, 256, 512, 1024, 2048,

4096, or 8192. 33. The transmt apparatus of claim 28,
wab@paimss he transmtter is further configuredP@DUS2009/036743

transmt the data streamin a randomy sel ected

sub-slot of a transmt slot. 34. The transmt

apparatus of claim 28, wherein the randonly sel ected

timng offset is between zero and a spreadi ng factor

nmBeus dhetag3¥.clabmt3dg whereircthamensiveais qogfigmfed toregceiva ano

W LT PRI AT U R

of the dafafstrgath e§lsiceedsatei ve a data stream and spread the
data streamwi th a common PN code, wherein the commbn

PN code is used by lurality of tags. in
céfruni Tbaiqgcﬂf OJ/ﬁ"tnr?’Gta ngeliféﬂ:% §rap§;p1ﬁﬁer ISJ“FP@chEﬁg'}T ed to re-

transn%{)g‘lte Efﬂtv?"t h E‘ec%ﬁﬁ’%’&bﬁ@ 590 ﬁrﬂya%bg{s@{\lgﬁ% eader

cont gure requency o e data
ackno&zﬂe’@ameb(as adt mtedrahwtthmra maddteraringd fimepedgodf t he
access poi nt a del ay nmodul e in communi cation with the

freque I tor conf i ur ed t nerate a

SRt v el 15 WP o daf eptonwrend wiE f shinfind
factor @421 X8 Q?@@l?t ﬁf2409@f8‘ doogdrkpotransmt the data

streamw th the randonfy sélected timng offset; a

processor in communication with the transmt

apar ailbs fagfetaims s, mhersinbe swpsmitier sdhrthepfoatigursd to transmit
the dagapsgr;er aelll}giﬁ'gré(ﬁoéﬁlggglegtgﬁ fsﬁg Eﬁgpoibél tr&rﬂﬁn{ J1§hs m t .

I'n comruni cation wth the
processor. 36. The tag of clai m 35, wherein the
r a0ei vahe tap afeifim@ s, edetein the caidomlyp selactkd tmlieglofiseb isthetween
and further wherein the acknow edgenent indicates that
zero apd pSpreading SAC4er HINUE ABS-data stream i s successful . 37.
The tag of claim 36, wherein the transmtter is

fygther, bl S Rsphadirfy dpf ARt tHehBetHad orfiprigiagn Wi th
augecoﬁd&re%ndom y s?té ecﬁttggegclilJ tim nag off%et i f 1%

acknow edgenent is not received within a pr edet erm ned
tine pegcevang a data stream by multiple access communication, wherein the
received data stream is spread using a pseudo-noise (PN) code;

multiplying a first portion of the received data stream including data from a

first user by a first portion of a PN signal to obtain a first product;
providing the first product to a first counter;

multiplying a second portion of the received data stream including data from

a second user by the first portion of the PN signal to obtain a second product;
providing the second product to a second counter; and

determining whether the first portion of the PN signal and the second portion
of the PN signal produce valid sequences based at least in part on the first product and the

second product.
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38. The tag of claim 35, wherein the data streamis

spread with a spreading factor of 64, 128, 256, 512,
waomg/112e48, 4096, or 8192. 39. The tag of cl aPen/BS2009/036743

wherein the transmtter is further configured to

transmt the data streamin a randomy sel ected

sub-slot of a transmt slot. 40. The tag of claim 35,

wherein the randonmly selected timng offset is between

zd20 ailtic metipde{diany 4lawhercimibaweceored dath strea isreprhatiusing the

f.or .de-spreadi n read data, the nmethod conprising:
PN COFgEVéﬁV} ng‘gng'aﬁegcieﬁrcg‘g’rﬁtgv{nul tipl e access
conmuni cation, wherein the received data streamis
SpB.ead THS infethod dFTREMOIN AhsRir Mdredet@da datistichiliy b B@gR bit
) first portion of the received data streamincl uding
input &amapaﬁﬁeﬁa alurality of arpdog-fydigitali(ARC)gvedulem of a PN
signal to obtain a first product; providing the first
pugductryt ?he%crd' Jrhain @) fififher B3thpridhy 186mAniRGAMeher the data
portion of the recelived data stream including data
streanf isosalid vsieg @royclic redutdanci ehdckimptchpdt.t i on of the PN
signal to obtain a second product; providing the

oSt R Aiedid AftiBgls Sitthst St Ting BRHEF ST AR spreading
factorS BREINA1IRQEdUcABestre B&iEmAle@i gnal produce valid

sequences based at least in part on the first product
and the second product.42. The methaod of claim4l

wHér ei Ahe methascaficlam 4Havhersin s seeond portiondofiihe RY signsl is
. P j ted chi ffset. 43. Th
Obtalnﬁgpﬁglglsg%%Fggﬁgﬁg?ﬁ%efﬁgfh: r gclegovgd th a str eame

is asingle bit input fromeach of a plurality of
adal ogThe mikitlgid aflcldim) furthdntesprisidg ufiliwingre phwalityof
.claim42, further ¢ rising determ ning,whether the

contigugps, imingumpothesis é‘PPﬁ‘r'q;’éli SHEUeRCeS AP figte%](ﬂ'gqrd ancy

checki ng check. 45. The method of claim4 1, further

CQRPr | §hBohdthdl GHdldimh AY BlrtHeH béhplieng ReaRE bgerifaetatdnatic

until valid sequences are determ ned. 46. The net hod
frequankcy chairoh(AFC) hipethesis wird velid seayeness aresietamingle PN

signal is

49. A system for de-spreading spread data, the system comprising:

a first de-spread element comprising

a first combiner configured to multiply a first portion of a data stream
from a first user by a first portion of a pseudo-noise (PN) signal to obtain a first product,

wherein the data stream is spread with a PN code; and

a first counter configured to receive the first product from the first

combiner;

a second de-spread element comprising
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obt ai ned by inposing a delay on the PN signal. 47. The

nmet hod of claim4 1, further conprising utilizing a
webkweali2sy of contiguous timng hypothesis untPCT/US10091036743

sequences are determ ned. 48. The nethod of claim4 1,

further conprising iterating over fine automatic

frequency control (AFC) hypothesis until valid

sequences are determ ned. 49. A systemfor

de- spr eadi ng sepmdzdmbiinten contfiguresd totrawttiplyrgsecendigprtian of the

data SR i &P Wt PV g 1t PFeE Op B e (g SRRLE Soond

produétt k@gm froma first user by a first portion of a
pseudo- noi se (PN) signal to obtain a first product,
wherein the data streamis spread wwth a PN code; and
a first coudsefondsprntgieandigured ie seseive thyecend product from the

ﬁrstc&ﬁaf?ﬂl%xmanﬁr omthe first conbiner; a second de-spread
el enerit conpri si nga second conbi ner configured to
mul tiply a second portion of the data streamfrom a
secondamsdtipleyertchefigured to woeive the foft frbdudPhhd thgrse¢ondgroduct,

T TR N A
PN sigral 8id heRB¢dna portfibfahéPNLsi diaPy@tuccolidgeq @scésbased at least in

receive the first product and the second product,
part ontheer faristiprothect and thepeesnskprpdudised at | east in part to
determ ne whether the first portion of the PN signal

apd the,secon [t . i . . '

255000 P ot 0, e TP R AT B coe
with s2afddrile ssReRbGhipiefbet:t . 50. The system of clai m 49,

wherein the data streamis spread using the PN code

with a randonly selecte hip offset. 51. The st )
oflcl alhe w,temﬁf elup 5@&1&?@5&%@@%%%@&con%)éufeﬁ% iterate
over rﬁl%tﬂf)1e%yi;ﬁ%?iélthaét61%rlﬁﬁﬁvé?i(ieé'egﬁ@ﬂcéd feQerBhRREI Ng factors

sequences are determned. 52. The system

of claim50, further conprising a delay nodul e
c62f i glihedystem of claim 50, further comprising a delay module configured to

impose a delay on the PN signal such that the first portion of the data stream is multiplied
by the second portion of the PN signal.

53.  The system of claim 49, wherein the first product is part of a first timing
hypothesis and the second product is part of a second timing hypothesis.

54.  The system of claim 53, wherein the first timing hypothesis and the second

timing hypothesis are simultaneously determined.

55.  An access point configured to de-spread spread data, the access point

comprising:
a processor;

a receiver in communication with the processor, wherein the receiver is

configured to receive a data stream that is spread with a pseudo-noise (PN) code; and
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i npose a delay on the PN signal such that the first
portion of the data streamis nultiplied by the second
weovionsof the PN signal. 53. The system of cPEI/BIS2089/036743
wherein the first product is part of a first timng
hypot hesi s and the second product is part of a second
timng hypothesis. 54. The system of claimb53, wherein
the first timng hypothesis and the second timnm ng
hypot hedespraderdn goinmanenstien yith éheprocessor, angsvitlnghe receiver,
Whereactzleis_s oiant configured to de-spread spread data, the
HLeESs E’bel ﬂ?rcgg}%l's Sing: a processor; a receiver in
comuni cation with the processor, wherein the receiver
I's confi gur edirit@erspeeat ekententladrapidingam t hat is spread
wi th a pseudo-noi se (PN) code; anda de-spreader in
communi cation wt the@grocess r a(gd Wi t

.n thgr .
receiver, wherei A FHEOPRIHP e t@rfﬁ\‘lpglé'sa s pertipn of the
i - Gbnal to obtain a fi
dun s RGP 4 SRy HFA 4oL Al RO Bt i
produstt ehm from a first user by a first portion of a
pseudo- noi se (PN) signal to obtain a first product;

and a first count configur tg.receive the firs

product from t he?fi" tscf’uI&tSﬁ%qnﬁdg}lfe%ato §%Cgbvﬁ3h%§55§8rr°ggét from the
first c8BieAt conprising a second conbiner configured to

multiply a second portion of the data streamfrom a

second user by the first portion of the PN signal to

obtain a sed&fPngdsHiraad e%‘ﬂfnéc%ﬁ‘éﬁﬁ%g count er

configured to receive the second product fromthe

first conbiner; Ad B bRk 8 aue ol BWEBH 4 Rcond portion of
receive the fi rst%gcr oguct and thegugecond pl?glductc?n POTHOR©

the dahetreainnfrathe seedmdiyskebethe ifsstpodibnadf the BNtsignal geohtain @ second

det eJm' ne whether the first
product; an

a second counter configured to receive the second product

from the first combiner; and

a multiplexer configured to receive the first product and the second
product, wherein the multiplexer is used at least in part to determine whether the first
portion of the PN signal and the second portion of the PN signal produce valid sequences

based at least in part on the first product and the second product.

56.  The access point of claim 55, wherein the data stream is spread using the PN

code with a randomly selected chip offset.

57.  The access point of claim 55, wherein the de-spreader further comprises a
delay module configured to impose a delay on the PN signal such that the first portion of the
data stream is multiplied by the second portion of the PN signal.

58. The access point of claim 55, wherein the received data stream is a single bit

input from each of a plurality of analog-to-digital (ADC) modules.
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portion of the PN signal and the second portion of the
PN si gnal produce valid sequences based at |least in
wW@2a009/161284 he first product and the second prodeCT/USHE/036743
The access point of claimb55, wherein the data stream
I's spread using the PN code with a randonmly sel ected
chip offset. 57. The access point of claimb55, wherein
t he de-spreader further conprises a delay nodul e
c69f i gliheecdess paimtadelamds, ahereim thh dirfredughsipagiudia first
. . that the first portion of the data siream.is .
timing POt a8 HiF seRandRsnahl it oo g maypPHhsip, angdurther
whereit¥8ie #4 eRHinP AL P thQfs Aldahé&bnd Viﬁﬁﬂi@)‘bomb@isra?@ﬁ tNip@part.
data streamiS a single bit input Tromeach of a
plurality of anal og-to-digital (ADC) nodul es.59. The,
ab@es s ThoreressolR] ofichAlm) S, Whete) the PRRCeSSOF i copfighiige o jterate
. fir i.m. Wi j hessecond
over rfible Sprefging IRt LT U RXREIGHER e B gd 2P 0N g
further wherein the first timng hypothesis and the
sét.ond Atmethod) ofiggpaitl isking sommemicatibn pt afagy the nGhodT¢penprising:
access point of claimb55, wherein the processor is

configured to iterate over nultiple eadi factors
o | Rt S frEhrt B S o Rl s SRl R oy e
(AFC LR ek & vhBresPIRENIraity 0P AT hyboti@es édifespotidtea timing used by
conprising: calculating a metric for each of a
an acqebspaalt; t y of aut omatic frequency control (AFC)
hypot heses, wherein the plurality of AFC hypot heses

correspon f .3 J . Al @
oo eBRR TR, i BASSS L s
hypotli®@kgvant AFC hypot heses; performi ng a check on a

denodul ated data streamidentified using the one or

nore rel evant AFC hypot heses; . identifying a.valid C

hypot hB?&%ﬂTB‘é% a ghegk qnay etm(?‘ﬁ’laﬁ%ff‘?at% ﬁtr%aﬂ?s%g ﬂtéfé?fi, usé?ﬁﬁt%e one or
mote ﬁ&gﬁﬂAﬁbqu&ﬁg§g.a frame starts based at least in

part he ¢ ’

art on t eck. 62. The method of claim6 1,
wherein the denodul ated data streamis a single bit

i nput fideatifyiaghvalid AFGIhypathesiy based ahlepsidn Pa gn ghe deck; and
(ADC) nodul es. 63. The nethod of claim61l, further

conpri %Et%gﬁining where a frame starts based at least in part on the check.

62. The method of claim 61, wherein the demodulated data stream is a single bit

input from each of a plurality of analog-to-digital (ADC) modules.
63.  The method of claim 61, further comprising:
identifying frame timing by iterating over a multi-slot timing hypothesis; and

using the frame timing to identify a time slot in which the access point is

broadcasting.

64. The method of claim 61, wherein simultaneously evaluating the one or more
relevant AFC hypotheses includes assigning the one or more relevant AFC hypotheses to a

plurality of dedicated fingers.
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identifying frame timng by iterating over a
multi-slot timng hypothesis; and using the frane

WO povong289 i dentify a tinme slot in which the aRCBEES2009/036743
poi nt is broadcasting. 64. The nethod of claim 61,
wherei n sinmul taneously eval uating the one or nore
rel evant AFC hypot heses i ncl udes assigning the one or
nore rel evant AFC hypot heses to a plurality of
d éﬁji c aﬂ'hel nfeitlmgle}fs:laﬁﬁ 61Tﬁeth¢ecdmpi'isi1ﬁg sihaliltm@)llslyfewahlhémg the

one o TR A T RGN Yo e P b B e e e
AFCK%BEHeE‘@?ré%ed%%e%@cﬁ&?th%‘dd?asﬁ%ﬁnhypm hesis is used in
check on the data stream 66. The nethod of claim

61, wherein the plurality of AFC hypotheses correspond

t 66.chi phe medwdidfglaitmyd o whersasthe plurality iof SFGhymotieses t y

Q arse..aut e
o BHF B PV BN SETD RS B e ol
frequebiy ¢ cordledlmaslancy check. 68. A tag for conmunicating

with an access point, the tag conprising a receiver

m?erel the rec &E onf i d.to receive ?. & d

Feam!Pf Bt W PN Sﬁ ek OMPTISELR Yl redundancy

checkCOMuUNi cation with the receiver, wherein the processor

I's configured to cal cul ate, based on the received data

stream a netric for each of a plurality of automatic

f 68quercipg forponphurigdtioR Wistpan trssssPointdida tag compTising:

nore rel evant AFC hypot heses based on the cal cul at ed

metrics; perfaorma ted.

et | Aed it O ERdhaciaft iSITRI @rEti () Burk LR Yrom
the acB¥BPbiesed; identify a valid AFC hypothesis based at

| east in part on the check; and

a processor in communication with the receiver, wherein the processor is

configured to

calculate, based on the received data stream, a metric for each of a

plurality of automatic frequency control (AFC) hypotheses;

identify one or more relevant AFC hypotheses based on the

calculated metrics;

perform a check on a demodulated data stream identified using the

one or more relevant AFC hypotheses;

identify a valid AFC hypothesis based at least in part on the check;

and
determine where a frame starts based at least in part on the check.

69.  The tag of claim 68, wherein the calculated metrics are based at least in part

on a pseudo-noise (PN) code which is unique to the tag.
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determ ne where a frame starts based at |east in part

on the check. 69. The tag of claim 68, wherein the
w@a2aleniased netrics are based at | east in partPCHUS2009/036743

pseudo- noi se (PN) code which is unique to the tag. 70.

The tag of claim68, wherein the processor is further

configured to assign the one or nore rel evant AFC

hypot heses to a plurality of dedicated fingers based

a0l eaThe tag gfataimer8, wherewmthe prencesyr iefurthersconfiguretite assign the

f.clai ' he,. is f h .
one o S PR e REE AP BL GRS AR st
part of @eetabiulat&aetiiepot heses to identify a fine AFC

hypot hesi s, wherein the fine AFC hypothesis is used in
the check on the data stream 72. The tag of _cl ai.m 68,

whbr ei Ahe ke fetrmnasatdareimthg Pseqeasers Arthergongerregte
il Y SATEARD Bt R0 KSR e arc

hypotiesi; e@dsrein the finerA @ hymoidsisgs nsal insheeheck de the duy Stomdch.
associated with the data streamto a nedi um access

o of e FE T yrBRinnde uiuinBE BlashioRndy § nete pi
input §Biieakh GBS pluplity BY BRAl &L igitalr (AFRT médulés. pl ur al iAt y of

coarse automatic frequency control val ues. 75.

conput er - r eadabl e nedi um havi ng conput er - readabl e i
i A8t r udbe agsofslaimes, Mhereinihe Pigrerer 1 iyRcS@bigiTed o plpvide a
. - e

payloft BGARRI e b Bauk YIPIh 3 ERARAChrE AR (AR

stream a netric for each of a plurality of automatic

f mgque Mhy tapooftalain G8ARGErey thetpheskty,of WE bypothdses correspond to

. plurality of AFC hypot heses .correspond to.a.tinmn

chip (A OBARANISEAOE 45610 PITARAIA £)arS Bllgmatif ey aeE sl
value&FC hypot heses based on the cal cul ated netrics;

performa check on a data streamidentified using the

one or nore relevant AFC hypot heses; identify a valid

ARE hy potdremiter-isadable medivaekavingcopmutergaadahle igstaidions stored

thereo%[] gvhere, upon execution by a processor, the computer-readable instructions cause the

processor to:

calculate, based on a received data stream, a metric for each of a plurality of
automatic frequency control (AFC) hypotheses, wherein the plurality of AFC hypotheses

correspond to a timing used by an access point;

identify one or more relevant AFC hypotheses based on the calculated

metrics;

perform a check on a data stream identified using the one or more relevant

AFC hypotheses;
identify a valid AFC hypothesis based at least in part on the check; and

determine where a frame starts based at least in part on the check.
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determ ne where a frame starts based at |east in part

on the check.76. The conputer-readabl e nmedi um of claim
wa09mke8£i n the processor is further caused tPCEHES10091036743

the one or nore rel evant AFC hypotheses to a plurality

of dedicated fingers based at least in part on the

calcul ated netrics. 77. The conputer-readabl e nedi um

of claim75, the denopdul ated data streamis a single

bi76. i ndle cbmpmeemddabi’e nzedphmo pfitlatny 76f wherein the processor is further

cuse 3887 Al AR e L8, T o ginted fingers
basedRii RASISA Partion thelédlRated Ridtri@ur ed to si mul taneously
eval uate the one or nore rel evant AFC hypot heses to

identify a fine AFC hypot hesis, wherein the fine AFC
hydot h §omut9§é@dawemﬁé1%ééklam Tp4tke égnadlﬁﬁtﬁééma stream is

I
s B FORLFOL AR B A Bl A o,

conputer-readable medi um of cla|n175 mhereln t he
cdBcul dthedomptiter-ceadable nixalfenl ofitlaine aStw]ilereipahet poesaor is further

seudo- noj se de whi ch
conﬁé)ure(tl to simu taneo&sly)evaﬁgatg the c|>n% or Irr?oré:J ?ellgv t }&%C hypo{"heges to identify
a fine AFC hypothesis, wherein the fine AFC hypothesis is used in the check on the data

stream.

79.  The computer-readable medium of claim 75, wherein the check comprises a

cyclic redundancy check.

80.  The computer-readable medium of claim 75, wherein the calculated metrics

are based at least in part on a pseudo-noise (PN) code which is unique to the tag.
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