RANDOM PHASE MULTI PLE ACCESS COVMUNI CATI ON | NTERFACE SYSTEM AND

METHOD FlyizbBoogs117284[ 0001] Enbodi ments of the present applirRRbéc9ss743
relate to the field of comrunications. Mre specifically, exenplary

enbodi ments relate to random phase multiple access conmmuni cation
i nterface systens and net hods. BACKGROUND [ 0002] A nunber of
nmodul ati on techni ques have been devel oped for facilitating

communi cations_in a network where multiple users are present. Such
t echni ques RANREGVEBHASE, MULTIRLE WE&%@MIGAHON

di vision nultiple actNBEREMOE SASTEMANDWMETVHODN nultiple
access (FDVA). CDVA is a spread-spectrumtechnol ogy that uses
pseudo-random nunber sequences to nodul ate incomng data, nultiple
transmitters transmtting on the sanme signal, and orthogonal codes
(Wal sh codes) to correlate differeWEEDMmuni cati on channels. TDVA
uses tine slots to coordinate nultiple uplink transmtters that are

transmtting in the same sub.slots. Users transmt .in.rapid

successi on. MR o EFuwaetts of e Presribatra ARerR ATIHEE e s ot
al | owi BgmihichibrR, Madel PBSfitANYS BABIAYRnSInért@FSAtE &SiafBoPhbdeM
(e.g., radio frequency channelf whi'l e "usi ng on&ea portion of the

tot al medipleptcssyoramigicetiorinifage systemseandangthedsent users with
different carrier frequencies of the radi o spectrum [ 0003] In
addition to nodul ati on techni ques, protocols exist for determning
how net work devi ces respond wheBAGIEGREOUNDs attenpt to use a data
channel sinultaneously (called a collision). CSMY CD (Carrier Sense

Mul tiple A / i ai . > _
Yo, physt cal TG0 RbnA i o hddeldich kaRhius HAE Do bl 30, ASHMRRES
st at i 0BSmmbhicafodsiaRgEtwekarhdrémultiplérasepd @€ praaéntt ISach terknighéminclude

particular station can transmt. |f two statigns atte transmt
si nul t geflegtivision reytipleageess SCRMAY), fimg dvisiopmulHpleacegss gﬁb@b <§

Pﬁ;i | gg?&l‘éggg dgs{i%?{%ém ﬂ'@ﬁgpééb‘%c%gs & ﬂm‘j{oms 5 Eﬁr@ﬁdl-?ﬂecu{l{ﬁetemwg’?'iﬁat
uses pseudo-random number sequences to modulate incoming data, multiple transmitters
transmitting on the same signal, and orthogonal codes (Walsh codes) to correlate different
communication channels. TDMA uses time slots to coordinate multiple uplink transmitters
that are transmitting in the same sub-slots. Users transmit in rapid succession, one after the
other, each using his/her own time slot, allowing multiple stations to share the same
transmission medium (e.g., radio frequency channel) while using only a portion 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



WO 2009/ 117284PCT/ US2009/ 036743 transmit again. If another collision
occurs, tRg bediB7isht ervals from which the random waiti ”Qérhfg%edsvﬁl 6743
sel ect ed are increased step by step. This is known as exponenti F
back off. [ 0004] Existing nodul ation and col lision preventing
techni ques (including those described above and ot her known

t echni ques) have a nunber of inherent disadvantages that limt the
capabi 'tﬂahirﬁﬁ a H it iie? Ballision@Rc@s tﬁ@ﬂmé@h@ﬁﬁals%rﬁmﬁ&{%e&'ﬁtd%& them
SUMVARY 005] An exenpl ar enbodi ment uses a random phase

mul ti prv@ltatg:tms isce® | agairicogasechstep by step. THivisiknpwnfas cspawntial back off.
communi cati vely connect to systens and deV| ces using spread spectrum

nodul ati on . .
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transm ssion without needing to be assigned a unique "code." All
users transmt using the sane PN Eseudo noi se) code such that a PN
array despreader at the access poPHMM&ARYe used. If two signals are
recei ved at the access point at the sane PN offset(or the sum of the
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retransni ssion scheme and a new random zed offset |s used to get
through in {twepexin atdngifiily. random phase multiple access communication interface

communicatively connects systems and devices using spread spectrum modulation methods.

The random selection of chip (or timing) offsets as a multiple access scheme allows for non-
coordinated data transmission without needing to be assigned a unique “code.” All users
transmit using the same PN (pseudo noise) code such that a PN array despreader at the
access point can be used. If two signals are received at the access point at the same PN
offset(or the sum of the PN offset with the transmission delay in number of chips yields the
same value for 2 or more transmissions), then a “collision” has occurred and it may not be
possible to demodulate these 2 or more signals. The randomization of timing offsets each
time means that any “collisions” that occur only occur during that frame. A retransmission

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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[ 0007] An exenplary enbodi nent includes a transmitter at the tag

(upl i nk) od of transmtting signals fromthe

access péiﬁggf"@ﬂ%gt ag includes its own transmtter whi %Eg{ﬂrsg%g}r%?gs
information in the formof franes. A frane can be fornmed from

i nformati on provided on a channel having a fixed data rate. The data
can be spread using the sanme pseudo-noise (PN) code, and can have a
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access pol nt SO I Nnc a preéa of appr oxi 9 synbol s
allow for rapid acquisition at the tags. [ 0009] Anot her

exenpl ary ef®98] meAnotherdxedgdary eodndignanhinshudas a demodulgton adthe tagsmil ad
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poi nt aadpatatieidleavifigy indkerbditldata path.si gnal s received at the access
poi nt. The access poi nt denodul ator has capacity to sinultaneously
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i ncl udgsin afd\ el HLERMSRIMing signals received at the access point. The access point

demodulator has capacity to simultaneously demodulate several thousand or more links

received from tags. To demodulate such a large number of links, the access point

demodulator includes a PN array despreader.

[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.
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first signal from a first tag, wherein the first signal includes ﬁrst payload data, and further

.-(U

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

4
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i s spready@izbdedrggcond PN code, and further wherein thecgaRod 05N
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code is specific to the first tag. [ 0016] These and

ot

features, aspects and advantages will becone apparent fromthe

foll ow ng description, appended clains, and the acconpanyi ng

exenpl ary enbodi mrents shown in the draw ngs, which are briefly

descri ieg thehvdereiBilerir@iphhlliF Ipehd it hiskcdABMN BER, and furthePRhdkinthe .-

1 is a diagram deplvctirhq an uplink transmtter according to an
8 c to th

exenpl 8¢opne Fhoendadhipect

downlink transmitter according to an exenplary enbodi nent.

¢DBIBR- Fig. 2 is a diagramdepicting a

[0016] These and other features, aspects and advantages will become apparent

from the following description, appended claims, and the accompanying exemplary

embodiments shown in the drawings, which are briefly described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Fig. 1 is a diagram depicting an uplink transmitter according to an

exemplary embodiment.

[0018] Fig. 2 is a diagram depicting a downlink transmitter according to an

exemplary embodiment.

[0019] Fig. 3 is a diagram depicting slot structures and assignments in an

exemplary embodiment.

[0020] Fig. 4 is a diagram depicting a PN (pseudo noise) despread array in an

exemplary embodiment.

[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 is-a 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.



[0019] Fig. 3 is a diagramdepicting slot structures and assignnments

i n an exegghgjoy1empodi ment . [0020] Fig. 4 is a di pgrahe0s/n36743
depicting a PN (pseudo noise) despread array in an exenplary

enbodi ment . [0021] Fig. 5 is a flow diagram depicting
operations performed in the tag processing of a broadcast channel
froma cold start in an exenpl ary enbodi nent. [0022] Fig. 6 is

a flow di agieonsjiepFigl 109 Diepak dupsctingafdeivaédicBmitifidaéion ﬂ’iﬁg@ﬁﬁﬁhng
of a dedicated channel froma warmstart in an exenpl ary enbodi nent.
[ 0023] ersmplary gmabagdigdenlyr am depicting a tag receive data path in an
exenpl ary enbodi nent. [0024] Fig. 8 is a diagramdepicting tine

tracking in X ' ;g HGrmed dudi Lagram
depi cting ar@%zz (a 'g%ﬁf@?%ﬁ@‘éﬁmgtﬁ?ﬁg ropgt | onecaldr‘lﬁlg% £
exenpl @pint esvbivd ipr@uessing in an exemplary embodiment.

[0028] Fig. 12 is a diagram depicting an access point receive data path in an

exemplary embodiment.

[0029] Fig. 13 is a diagram depicting asynchronous initial tag transmit operations

in an exemplary embodiment.

[0030] Fig, 14 is a diagram depicting interactions between an access point and a

tag in a slotted mode according to an exemplary embodiment.

[0031] Fig. 15 is a diagram depicting data transfer between an access point and a

tag according to an exemplary embodiment.

[0032] Fig. 16 is a diagram depicting a mesh 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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WO 2009/ 117284PCT/ US2009/ 036743 [0026] Fig. 10 is a diagram
depi cti ngyg 261 gaked comuni cation finger in an exenpl %@fmszoowosﬁms

enbodi nent . [0027] Fig. 11 is a flow diagram depicti
operations performed during access point receive proce55|ng in an
exenpl ary enbodi nment . [0028] Fig. 12 is a diagram depicting an

access point receive data path in an exenplary enbodi nent.

[ 0029] tfah@nit pahiot uplifk BandmELPd id da)qe&ﬁlymgp%a%ayéuﬂrﬂ 'wta‘v@f'on’ha% an
transmt operations in an exenplary enbodi ment [0030] Fig. 14

i s a dicsgmplanyophatimert, thﬂtmllakﬁnanmltﬂgeiﬁ)\e@b@nclad@iawmﬂhﬂt and a tag
In a Slcgrtn}n“atﬂwg%g%ﬁdcacnoéc% gégl)otirﬁ a?&ng%%ng t)égeng)n?gd denrgoéulated

communication channels. Additional, fewer, or different operations may be performed by
the uplink transmitter 10 depending on the particular embodiment. The operations may also
be performed in a different order than that shown and described. As used herein, a tag can
refer to any communications device configured to receive signals from and/or send signals
to an access point., The access point can refer to any communications device configured to
simultaneously communicate with a plurality of tags. In an exemplary embodiment, the
tags can be mobile, low power devices which run off a battery or other stored power, and
the access point can be located in a central location and receive power from a power source
such as a wall outlet or generator. Alternatively, the tags may plug into an outlet and/or the

access point may run off of a battery or other stored power source.

[0036] Inblock 12, a data stream is received by a convolution encoder and
interl;aave module. In one embodiment, the data stream is 128 Bits including the preamble.
Alternatively, data streams of other sizes may be used. Once received, the data stream is
encoded using the convolution encoder. In an exemplary embodiment, the data stream may
be encoded at a rate of . Alternatively, other rates may be used. The data stream can also
be interleaved using the interleave module. An encoded symbols stream is output to a block
14 in which a differential binary phase shift keying (D-BPSK) modulator is used to
modulate the encoded symbols stream. In altemnative embodiments, other modulation
schemes may be used. At block 16, the modulated stream is applied to a PN spreader. In an
exemplary embodiment, the PN spreader 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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[0031] Fig. 15 is a diagramdepicting data transfer between an access

poi nt an%azbtg?n%gordi ng to an exenpl ary enbodi ment. PﬁTﬂﬁk/@%%Ms

Fig. 16 is a agram depi cting a nesh network forned wit

devi ces. [0033] Fig. 17 is a diagram depicting the association
of a mcro-repeater to a nesh network formed with RPMA devi ces.
DETAI LED DESCRI PTI ON [ 0034] Exenpl ary enbodi nents are descri bed

bel ow wiltd%ro%ﬁ@srsfﬂg@cf%ﬁets%fvea%iaﬁm%ﬁ% R8s g,la}ne%mgh@eraﬁl

under st ood t hat ow ng description Is Intended to descri bBe
exenpl drawrenabdaotinoéfsets, TherRIN spreadep i deseribedlin more detril belosiewith eefelience the

apPenfih i h B cxouplenl SR RmEhin Bubl NGB! SRRt bi ot 1 RS e
i nt er | gage cAREr Secodd TRIbRL R MternivRBE Bher idsSBayshe gdder, a filter, a

bank of taps, an automatic frequency control (AFC) rotator, and other

such structures. These _structures performoperations depicted in
bl ocks 12, 10037 g Atpockok$, tl-grfgatazg:.re%qﬂéupsamp ed bya4xovers%mp&e glter and

time tracking logic is used to ensure that all of the frames land at the same sample rate
consistent with the frequency reference of the AP, Block 18 receives a sample slip/repeat
indicator as an input. In one embodiment, an output of block 18 may have a real frequency
of approximately 4 megahertz (MHz). At block 20, an automatic frequency control (AFC)
rotation is done including a frequency offset to match the access point’s timing offset,
ensuring that all of the frames from all of the users lands near the same frequency
hypothesis. In one embodiment, an output of block 20 may have a complex frequency of
approximately 4 MHz. At block 22, a delay is imposed from the start slot until the correct
access slot occurs. In addition, a random chip delay is imposed on the signal, In an
exemplary embodiment, the random chip delay can be from 0 to the spreading factor
minus 1. Alternatively, a different random chip delay may be used. The slot access can be
described by A(i,j) where i is related to the spreading factor as 2°(13-i) and j is the sub-slot
number corresponding to non-overlapping slots. Depending upon the selected spreading
factor, there are generally multiple transmit opportunities in a given slot. For the uplink, the
access slot can be randomly selected along with a chip offset from 0 to spreading factor
minus 1. As such, the probability of collision between uplink users is minimized, while
allowing for re-selection for cases where there are collisions. After the signal has been

delayed, the signal can be transmitted to an 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 (AF)
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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tags can bé nobile, |ow power devices which run off a battery or

ot her speifieitopberag, whinkl ix neecise thegith gafn sireapanAbempbvdy.cdhérvodessaik Ak

| ocati @n and,regei ye r et
or *genBrosfitt EAToNE DRICkIa O, 3; BAEPRA0 SERES & Upal ittt ek
t he acaegér ﬂh@i[ngio %%’f}ﬁ}!tréaﬂg.l %i oﬁbu@ofﬂ:gédke?&/axﬂfor@dtﬂtmmlbed;@glmb in
source, I n o] 12, a data stream S (eceive a
convol &lackn4@ ard e %asathefffa&ﬁ TESRARAEE 19 ﬁwoﬁllfét%m%md,y the ph
data s i j i d¢ 1 t
b1 oan bEM oSk Echal oG IORCE 4 BEHRITATR s ofl AG! ek TR,
encode tardsdenigidnHe alsomvaleun bimck S8 odues all positive wymbess aeynappbd i drend all

the data st b ded £ .1/ 4. - nat | h
ot es PRGPAIE HBLET 9 BeRRILOd: Al e e e PSR SS mr e
interl TR SRelifent Bn l@ﬂ@@ﬁi@mém{xﬁy %&f@@{(ﬂt& §f Dbk BU10 MRpa bl ock 14

in whi a differential binary phase shift keyin D- BPSK) nodul at or
i s usedltecnatively) ather tabes resychsiendd s Thio sbm ovtnue am blecksd2 isrupsampled using a

enbodi nent.s t her, d i on schenes. may . t he
modul adres ARl lsRR SRR Foute 07 Rtk S4 off RV gy
enbodi mRfhencyRE 4ENER! AdLRTati0dR, sther fequentiey magbynsed. Nutdhewnlés a
channel using a selected spreading factor. The spreading factor can

be a néwhenisgpn phen sdiacer frequengy thajds a single sghafhroadeast feamesat ¢ araximufgy,
ot her .an . [ c WalitieGseadin
gi ven SOVEUAHCIEPEENE PSOLECAREmERY(IS diREISy RGN SR eating
sel ect ggbtelthpy B hisedt . The | arge range of possible randomy sel ected
chip offsets increases the probability that a particular frane wll

not collide (or, I ther words, .have the sane _chip.ti.Rln t the
access poi nﬂéOWt ﬁq%%o‘t]}]lﬁéﬁratﬁgﬂ%swms gtaﬁsé‘m? ﬁgm%t?%qsgo e
pr obabigl b ¥infint GRakd dtfh@0 Mckides 4biM2 sof 740 QRE T NGI0t FRACAL K PHBMags

3. &

become non-negl’igible WD 2009/ 1172831PC_T/ Us2009/ 036743 (-10 % or
| ess) aouinumication,shitvidds eitagsrtetAR eemimyaicationy fnd et SaiseniARn-tags a

di f f tly d dom of f set . - i hed: |
Getar | HORBERRLR FERCPERERINY Srobliork N SR ERYSlon CuithoE biddfifon be T °
out put sgfonké.OBlerhBtivaly, dng'\othet diitienaefaylbeised atd/dr digfgeent blots may haecond

Mops). Alternativel ot her rates nmay. be used.
(Mops) different durations. %he data stream 70 can bg 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 Iinlg closesata
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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[0037] At block 18, the data streamis upsanpled by a 4 x oversanpl e
filter anglobbditdsacking logic is used to ensure that ablkrRfs2809836743
frames |l and at the sane sanple rate consistent with the frequency
reference of the AP. Block 18 receives a sanple slip/repeat indicator
as an input. In one enbodi nent, an output of block 18 may have a real
frequency of approximately 4 megahertz (MHz). At bl ock 20, an

aut omatgbGerh§ SRUAMEMIsSMtFh tHe'¥aEto the hddesOPoihBsudR Mt tiCtag dhdfhidmize its
frequency offset to match the access point's timng offset, ensuring
that alon tisme infhe ppuprpnsHBIMEAransit morle. Fonpxamplaceaieaf 1§ HB oalingeeds 2

freque esi I i : ;

have o oTRPRLUTY Dot el SO TURIIS TR i e oBbp Plor MO0 100K o,
i S i npesebe fgenheipowst asdd i) Dtag wat bé sdlduvtedcsmch det eachodatslisht ativecatths .
In addition, a random chip delay is inposed on the signal. In an
exenpl %Pyatéh%%’??m‘?r-the random chip delay can be fromO0 to the
spreading factor mnus 1. Alternatively, a different random chip

del ay may b%m;d-ﬂa@ i$) Yme sémfeaagi%eﬁﬁ%m huttbef ok sitnulwh@is |
is related to the spreading factor as 2"(13-0 and j is the sub-slot
nunber wayefoenp onthadyP sisienand e pracagsingef the rlativedewarnvefogmaporthe g

sel ect ed, spreadi.ng.factor, ther , general | y.ul ti-pl e transni
Soport et PaBstRafrefiehey bt (REE. Bnfb i dnf nb sk A RSR fnoym o
r andompy teeheeidediuelte e fttthatah€ APAs eHefriter fof Givs© pirame i€ Adbwever,oLFO)

mnus 1. As such, the probability of collision between uplink users
i s nintimeseckingdrifs aad femaimmgrmarbedstamingtptpequisiion on firtes sidre fbe

Lo . _ . _ b
Fr anonit Sl {Gesphd i pelBfinS dtohie ti2e BERIAFAREReq Wi B Al in"C
downl i effidi¢m hapiehtentatidfl fomedplatinggcquisiion hypathesis deracdudatingn alatiteron

2711t aincetotshines Bt i BrechnenBndag fra (URDALEO BeRg: FniR e
trans méBﬁtﬁ{uoﬁgiy ohlBe APGGHICHDbMdn D tet HAATEH it Sarl™be Hlupbed HRAMBE Hal), is

each desti ne or a particular tag or user. These strucCtures éerform
oper at ionlysudeipi dugdg afctlidd etgnigtion on thedég which Bhodid happenrereln Geld

For - adartigRaR b T Acusiep e teasiont e festl oo e s e S0
can pe@ffbggécgpgzati ons simlar to the operations WO

2009/ 117284PCT/ US2009/ 036743 described with reference to Fi g. 1 on a

first data stream_Simlarly, blocks 42-48 can r f or m.qper.at,j. ons
simlar to d9MIdpdiatd Bivstratese PNJBeevdp npise %P@g‘ié“% Vﬁvgh {’afhﬁﬁesa‘wth

nth datt]:?e dﬁggﬁﬁ% m%irf‘glé'wﬁ%}‘oﬂﬁ‘ oﬁgﬂe | dﬁ'ﬁ:brﬂ::t@@of-c@ Rt ol Rlafib SKmaRipkan

be a go e specific to the ta ch is to receive the first data
st r eamwagefbrink en ithepAP. fmabexmipldy emshodinmerd, theo P dospread peray ancperformise

tag which s recejve the nth data stream. Alternatively, other codes
such aé%é" @a&%ﬁ’a&?ﬁa%%d%ﬂa?ceﬁ%%ﬁg &‘O&heé%l%fnug?‘n?ﬂ t may be used
to spread the first data streamand/or the nth data stream The

out put of bligirde) 36 aNRprell 0616 efdindii Barlise i@ Esbiter tidt dcHnsefEnteddr

50 in case the data |inks corresponding to the first data stream and
t he nt hotiacrementedparkelock flepandingan thegaput inailertacl, Singeitisd hs

are sumed,.| bl,o h ecj si I }

where &b Ipplﬁ(’){ga aiR/aéh ’%eﬁgées&&%mn%gsﬁeddl %t o{%&%ﬁg&y?ﬂ%a o%ﬁqﬁ%&‘r tgfes'
ar 3 maph&sd).t Mtﬁgpw&dtieh bytal coetplex éxpd:h?ﬂt'ﬁll 'Brgkenélaﬂyl adeiﬁcifsi mthentay'gm]?lar
made. I n_one enbodi nent, an qutput oc 2 may hav rate of 1
bt at TR a0 $7eS w&weaaﬁﬁ%@fédrtaﬁée %axﬂ%r@af ta% gprast, a
gzt put ohE eﬁh&hgrelx ré&tipﬁeﬂm@ém?% $dbRYruAh thble, SibPasithé &;@ﬁnlsuls' tadleAdwn

I n one enbodi ment, an out puf of block 54 éan have a rea
f r equebelpwpfvhd® theegative denetes theligversst(fer] dndekm@@h cThig truihytable aas b

Not sh?%eh%n%&tugﬁgﬁ&t%%&nga o an adj acent frequency that is a single
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[0039] Fig. 3 illustrates slot structures and assignnments. In at

| east oneygrbhgdifRet , data stream 70 includes slot 72, sl@tusichonddrds
slot 76. Slot 72 is an AP-to-tags comrunication, slot 74 is a
tags-to- AP comruni cation, and slot 76 is an AP-to-tags comruni cati on.
In an exenpl ary enbodi nent, each of the slots can have a duration of
2.1 seconds. Alternatively, any other duration may be used and/or

di fferent slots[may,RgvVeldi THETENt dujati g am 70 can
be inplenmented [n_a halfidupl ex comuni cati nat at any

given tine, either the AP isltransm t-€i ng Fecei vi ng,
or the tags arepH+apsHtHng_anrdthe—AR+S [ ernative

enbodi nents, ot her ®ommupi catd on |schefres 1 DWN i N
Fig. 3, data channel 80U deépictS processing gain optl ons Tor data in
slot 72. If a data link closes at a particular gain, the tag onl

needs to be [031y Rig 4 depitty @ PN despiead @m:sag@ rfﬂmq cmbq meny metagtiatecms on

f th I h th di h I
Sel eot KBk 2aboamnts HoDe oriRBRRabl iRt Bt B T o aehBBar oy
écrﬁ@tmﬁhﬂ@ls of

such t !a?éraﬁ&ﬁ‘ Tl@é]PNQl&sﬁi’eﬁtl mﬂysl 00t @n®e fed SRchigratdwitha
transmt node. For exa ain of 18 dB 0”'%’ sl ot

(|A7, 0) PNigspread lement 2@&% and 106 weosking A tigins, mﬁf@ﬁ%th%éreaggw in
7
1 o TR PR B 08 PR (AR LaAR B GELAF 6t e

Ther fe itSs ao:ﬁbiaiﬁ@hi% d)le}gmal gm&ﬁ% géiegater 114X QEE}I sigdl eenabitos il i0 karabeous
wavef orns. on t he side, and the processjng. of .the relative

wavef ohaidwsEe hAowaYs faRameGaUTASE pE s %ﬁiﬁe‘ﬁ% kﬂ%t%?ﬁ’(lﬁxﬂsza ing the
time-tr f1 KO fRdaflo. O to
t he fa((:i?((El t gﬁﬁc%ﬁ%éé\ lé’ﬂﬁ@mhlé)Q %se?'g{& 2gfgd %ﬁgée par%éyrtn{edri‘gsﬁr?lémgvgr AFC,
time-t rcamplengmdnplﬁad) vittoithe PAhsignal ot mgonfelytem&%eﬂ?@ﬂmtﬂemaamaw parts of

acqui si tion
brut e

s Sambgaliol 16 acedeie i

SRR e R 170

€ co&g 5] Sﬁeand

| mpl engAbALHiR 'i‘héflﬁf st?éé?d St UpBn 6t OF hiréyet Ayl mESWréi speeiiivatly, the data

ower - consum ng circuit

eseh aigag Totges E‘FFO%H'{%P%FH t

Anot her aspect of

his is that this |ar

e
(when mthewe)lntetsm)u@iid jugtpriorgo dnresal Q@}gll

matt er begcaus i

dur i ng “§" 5

Col d agmgksthii 1B

with reference to
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both t
dermdulragtil on o

S.
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a3y 'b?)'cf: 194 aﬂ{i

- muffier D A5 et
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t he AP.

I n an exenp ar

enbodi iok,1160m ﬂéindﬂsmzeéﬁ'lcannﬁ;wauan 1qomt¢roal inta cqurttérs 1830 apd glﬂlmwhtﬁl

ospr oS8 sbiied art e SHurtebobat & et bvrm A Eeibiate! 112 wita radiftes
not 'n%l% g qerg Bl&&qczha dﬁ%wwaeﬁﬁnﬂmﬁ@dﬁvéshﬁmtﬁtﬂﬂﬂaﬂaﬁ(ﬂn Bloﬁk a

1. Since

Is a COﬂp eX

data pat h,

there are two counters:

(i n- phdéé)mtémmbmes ftovith PYsignabafterapsielaydy impesed byideleatiesk g ldoge

i Tl e R D

ofhtet

coupl'e

{RLNGE 1264 %@Fgété‘gmﬁcd

exponehi &t thé erers ok @ @ighalsﬁomah@fwettsignapmmdvﬂx amﬂlpasea idelayiftom a

basi cal |
bel ow,

[0044]

a sinple truth tabl e,
blockH@4begat i ve denotes the inverse (041 and 140).
truth table can be inplenented using just a few gates.

After a number of clocks corresponding to the spreading factor, the PN

such as the exanple table shown

Thi s

despread element 102 has valid data vs‘rhich 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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has been output which can occur during the number of clocks corresponding to the
spreading factor plus a number of PN despread instantiations. The PN code that governs the
operation of this mechanism can be a gold code parameterized by a value. In alternative

~ embodiments, other PN codes may be used.

[0045]  Fig. 5 illustrates operations performed in the tag modem processing ofa
broadcast channel to demodulate the access point’s fransmit waveform. Additional, fewer,
or different operations may be performed depending on the particular embodiment. The

operations may also be performed in a different sequence than that shown and described.

[0046] Upon the initial power-up of the tag, no parameters are known regarding
the waveform except for the broadcast channel PN sequence (e.g., the particular gold code
or other code parameter). Additionally, the tag may not know with sufficient precision what
the relative frequency offset is between the AP and the tag due to oscillator variance
between the AP and the tag. Fig. 5 depicts a scanning mode where the range of uncertainty
of parts-per-million (ppm) drift between the AP and the tag are explored. In an operation
150, an iteration is made over two slots to enable the tag to tune to a broadcast channel. For
example, processing can begin asynchronous to slot timing. During exploration of one half
of the hypotheses, the broadcast channel can be active, and during exploration of the other
half of the hypothesis the broadcast channel can be inactive. In a first iteration, all
hypotheses can be explored using a first slot timing with an asynchronous starting point. If
no energy is found in the first iteration, a second iteration is performed. In the second
iteration, the asynchronous starting point can have a one slot offset from the asynchronous
starting point used in the first iteration. 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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calculated. For example, if the spreading factor has a length of 2048, the non-coherent
mefric for 8192 hypotheses can be calculated.

[0047] In operations 156 and 158, the coarse AFC hypothesis is incremented until
the end of the ppm range. For each coarse AFC hypothesis, the hardware depicted in Fig. 7
is used to undo the frequency offset represented by the current hypothesis. The PN
despread array is used to generate the despread output of 8 successive symbols.
Alternatively, other numbers of symbols may be used. A non-coherent sum of these 8
symbols is then calculated. A set of N (8 in the one embodiment) top metrics along with
their associated parameters are maintained in a data structure. As the flowchart of Fig. 5
indicates, the entire range of oscillator ppm uncertainty along all the timing hypotheses at
chip x 4 resolution are explored with the expectation that the winning (i.e., valid) one will
be represented in the data structure. Along with the most valid hypothesis there generally
tends to be lesser multi-path reflections, adjacent AFC coarse frequency hypotheses where
appreciable energy accumulation is still present, as well as entirely invalid hypotheses that

have generated anomalously large metrics due to noise variance.

[0048] The non-coherent metrics for all chip x 4 timing hypotheses for each
coarse AFC can be communicated to a data structure. In an operation 160, the data
structure keeps track of the greatest non-coherent metrics (e.g., coarse AFC value, chip x 4
timing hypothesis, non-c;oherent metric value). The “finalists” are assigned to the N
dedicated fingers in an operation 162. Each finger may be uniquely para;meterized by a chip
X 4 timing value and a coarse AFC hypothesis which is independent of the current coarse
AFC hypothesis governing the PN despread array. Since frame timing is initially unknown,
each déspread symbol that 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 compléx 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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-Q [0043] Fig. 4 depicts a PN despread array 100. There can be

many 1 nst ' e.g., 256 or nore in nbodi ' f
many 1 nStgBlh@i?a (e in one_embodi ment} G, AloLs 9

e conpl ex despread operation. The PN despread array
100 can be fed at chip rate with adjacent instantiations of PN
despread el enments 102, 104, and 106 working on tim ng hypot heses that
are a chip apart. The 1 bit conplex data is sent froma block 114 to

el enen Aedidfidn ht T | T | l, from
PN genﬁ%ﬁ% %%cﬁélh% e(I13'N suéﬁ%‘%ggg% %ﬁf%}g‘%gﬁ e rgro r?tg&?ﬁg%@a

out put sytliveredamignsecheek (EREY) nGy tempebrosmed fon eadhi Igipothiesis APor anysyaliddCRGg
the data. |In.the case of elenent th erotated data i S conbi ned
(or o aadons B 8 3ngl eantirmenn MR, Pyt mehe BB cierds
conbi nge kdawa. Real and inmaginary parts of this conbination are
separately input into counters 118a and 120a. The counters 118a and

120a shift the bit stream out upon recejipt of a reset signal 112.
More speci f @49y, Iniancongration; 168; efhercsdefitinging hypothesis greftied: Ivanor to

the re ' r | ' .
The mirtepiad thtodhent 8RCheSt OB niRESS £8ARed MR BORBQUENe.
for t h@Rds cagéde nohAnal stestingéansel AFEC hppathesds.i Osceaihe pnb@dange afpeamti on
at that particul ar cl ock. her elenments.jn th N, despr ead ay. 100
oper at QHHO&}qsx)s:ar@)gﬁgwfl%g&agr%@ %@ahkrc@h‘é‘f@g dafta ‘F?B‘?#ﬁ(f)ﬁ’ﬁw%M
and_co0eevdns Walelnforiblion ARl in Bt/ traslfloRy whith! JFORGAHAndY IR Alige

bl ock a in elenment 102. The conbination is enpefed intp counters
118b anflcd2gbAFGypbthegsis seasdhics bechuseithe phrtithrpad vanateomsofigsoillator ppgnal

fromthe reset signal 112 with i sed delay froma del ay bl ock
1ogn  SFeies i dres: tin e el TERG: fRelhbpiT rRafsfiee 554
and conbines it with a PN signal after a delay is inposed by del ay

bl ock 116b i(gtmsa] engigt 6 Qktratbh eperatibisiwtfofied & thotagpeocdssing of e dadiedtsd
118c and 120c, which gets shifted out of the countfgg ypon .a signal
fr om t Beanngkfemas werm start vhigh 15 ta gay whers st styterpiormationeiskponno R

124b. [ 4]. f 0 aseadl Bddiesi
spr ead Fﬁadn lg’c@%ﬁ? Lpﬁﬁeé ﬁ{f %elg%rg%%dg %ﬁ%}gﬁﬁgg%éas valghl%g IA%Ivadt a’ ‘whi glﬁ IS
sel ect efhyfterexplorgllt THymedembegint #x procdSig sEffenigntlyl eadlly so ikt @alfid Engert he

e 2 poionent 104 98 oS d SnTblealbf. irhaiiely, 8) el

number of symbols may be used.

[0051] In an operation 200, there is no need to iterate over a two slot timing
hypothesis because the frame timing is known. Instead of using a broadcast channel, a
dedicated channel is used. In an operation 202, a coarse AFC hypothesis is scanned. In an
exemplary embodiment, the coarse AFC can be scanned over a small range to account for
small frequency drift 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 chip x 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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has been out put which, can occur during the nunber of clocks

COrr eSpoRg; e spreading factor plus a nunber of
instantigg?gﬂghg?ﬁg PN code that governs the operation g&&ﬁﬁ?@ﬁ@ﬁgms
mechani sm can be a gold code paraneterized by a value. In alternative
enbodi nents, other PN codes may be used. [0045] Fig. 5
illustrates operations perforned in the tag nodem processing of a

br oadc e it ] m
Addi T ST Do e e T B e
on t he dparded c Bouanyerdbid dTRE the payleaderrtetsenints amagdiamsocdse cpmrd]l MAEL) | n
a different_sequence than that shown and described. 0046] Upon
The. 1 nTAYERI IR gL, b o B S HETSATE e R ABVSPBEY ti g

the vavehadaKCBRise WHC hARIREAREATted VAR mBl SEMIGIFORCR ofiy be L he
particular gol'd code or other code parameter). Additionally, the tag

may nonokimabstaiting wafskiAdi@hypgiheses.si on what the rel ative frequency
offset is between the AP and the tag due to oscillator variance

Ponaethr i ddtRR ! P i Bfterc g recHFPUh Do RERAML A PAAMIRGIAD
and t hgrdcagsiny i ae¥grdaicedvith an exengiiayaiibodinidf., AsBhowsthé baebit somplde

over two slots to enable the t to tune to a hroadcast channel . For
exanpl Smplenaeduiveadn? EgHe DUl AR sishiha engugh St £ BFFIRGL OBRIh g

expl or %liaﬂféadr?]:ft cg@ﬁ ofdhiid Eﬁcréjh CEARAIYSARRSs aleRoRiHERHCHRE barhPRMIGEr Can

be active, uring explofation of "the other half of the hypothesis
t he br bhdka20. Fbrensaipleamelzmbodidnt beffers @ symbblss n alternafivessmbagiments,

hypot heges can be expl o using a fi,rst slot t.im W, t h .

o nchoBiG YEoG R BB e Sinpies Sndyitisrtp e gl il Shgpmet into
I terat ygp ing- 6 e §cheriel 2 thel sSnélRbAds RRdplelriteloTehipOcP B2 IMIgZ.at i on,
t he asyncﬁr ousS starting point can have a one slot offset fromthe

asynchidtemativelyaotherngtasanast bagsed. A therfastiasynohranous glork.ihesssamplen are

hypot heses, t h re expl ored ile the.br C S tive
cahC be Sagie s Blre erato R sfes ARG birdtiGi AFAHE 0T s SRR oal R RE
ener gy hiypotheuis) Bimel tiackialis Gerfotrtiitat ichipt: rdso ndida 2 Since ignvaale tithingan
exenpl ary enbodi ment, operation 150 can represent starti pQi nt
for ' coefereneeisiused tostrive hoth the capisr Areppsmcy god the & Jogksiamheh the AP
freque ro F LS.l b d el i ; i

s 1 S AR oal S AEC hpdelels Bich £ Row BiBESERACY Blniqhcl Fap to 0
Usi ng &néwavate gbtichedradkingener at ed PN sequence for the broadcast
channel, in an operation 154, non-coherent netrics for all Cx4 spaced

ot o1 e R bRt AR Gl fon S e he 1o
non- cohp eilQ BRidneE TiRise SikAdls AyPRhhRIRSe GadkitiElogi 222 AdeRdicated fingers

[0047] In operations 156 and 158, the coarse AFC hypothesis is .
i ncr em@dd.eThetitmeltrackisgdogic 822 alse rensives asgese ASC lnmothesis and thedpgic 222

hypot hesi s e har re depi.ct I I, Gk, | t

frequefdy TB‘T# Eoe;fer? 8%%8 érﬁj %%%y%?%{él%g llt? P ?kelﬁ% ldr@%%?%g?l I%VE %ﬂg by&lﬁs’ one
despr eagthadouaéerd initissieed toozepe freatiecliipe 4desity,emd one tyitht conhtefs initialized to
successi ve synbol S Al ternatively, . other nunbers of @éﬂb&l S %y be
used. Midwase OikerlRP) nrid chipretBagys Y RESFEUT & YR HACAPE DB +F S A set

of N (g{d 24dd 6 aHGKIROHIVIREE )mfuﬁpclyﬁ i ghasdlaP\ghpiell N BIdWRI 224 also can
associ ated paraneters-are nmaintalined In"a data structure. As the

f | owc haedeivefpaFitygfrof anndipuiattion stathmaching. r Automatje fshuesyicoheldAFSpm
uncertai nt, | or |1 the timng h t he at chip x 4 resolution
are exﬁ?tﬁ?éﬂgﬂcﬁ%@ﬁ@%‘ Qv tgﬁ@f’af ?zfvm nning (i.e., valid) one
will be represented in the data structure. Along with the nost valid
hypot hesi s t{gHa¢ ORRES AMhs¥rateR A exéplas; dritsitmentfthe fal bloclafdfemid ons,

adj acent AFC coarse frequency hypotheses where a%)r_eci abl e eneyr gy
tracking logic 222 described with reference to Fig. 7. Stream 250 is a communicatiofi

-15-



fine AFC correction, as shown in operations 164 and 166. An out put of
operatlorwé@éggﬁq%spe a conpl ex cross product from each g@ghg%g,gwm
finger. In operation 166, a synbol-bysynbol nultiplication

constant conplex rotation (as determ ned by the fine AFC hypot heS| S)
can be iteratively applied to a postulated frame of information to
determ ne which (if any) of the selection of conplex rotation

const a@ﬁeés{ﬁhh'lﬁfan%@@\émg% A phtitg M8 trekth 252 MM ommunication stream with an odd
2009/ 117284PCT/ US2009/ 036743 passes a cyclic redundancy check

Thi s c&hiped paiyuFie. Bolepictoibe tm&@wmgeqp@raéwey’dtereeace@{ﬂﬁ@awcsya iRgCc k
(CRO) r e

byl oadifeis it 34 GRECH AURALE®Fyrttel Ble A rd dribpealid ot o
can be ra:te ﬂﬁ'ectibjr@emdm@ en kvidsincurrent AF C[lﬁ@éﬂthmb is hﬂmg)@qﬂc&‘bﬁ,onulhﬁﬁed bya

ot her ot tim thesis are tr,ied. an exenpl ar i rent,
Cho. co ket KHO SHGITIBE SEntie ae saf B Tt SABenRY S (TN Aot AR e A
can bejnegy g@t]ﬁypgt@heﬁ t& CallapEe g%ﬁx&%rﬁﬁ@é& dNE %o aeﬁ RIileRsibnge

of coarse Al esls are explored notes a varl abl e
cal | ed ThewiinalN dupictedhafredtionhl ¢osnionentrwdiicly wﬁ:tooktkaptatm ahlowr fion suffinient

used in future transactions |ch narrouws ar se
PR e A e G B LSS b E
osci | | 3lyah tRRMNHRYeaAilANCHS r4Tt SéhukAdeds ﬂt&tf&fbtﬁtg@lﬁ ¢ibitl dtOpathlbé §Hown
over the coarse of a mnute or so. [0050] Fig. 6 illustrates
oper at iRig. Performed in the tag processing of a dedi cat ed channel
froma warm start Wnich Is to say where relevant state information is

known. For I [

range of coarse’ Al dgh %ﬁ%sﬂﬁgsﬁ%gy 18%é‘tﬁor e&q@%ﬁ%aﬁug‘t&%ﬁ%&g&ﬁé&?l
pr oces sétagorslebici zzﬁejfm §. 7ewhick operatesah one bf thefd mgeat ch‘gsx 4 mheses §2a atea
made prior to the end . of the 9 nbol anpl e. tivel

ot her BB EMEFIgHERMIES gopeHY cf%xg@pon ‘ge‘g‘am[sﬁ’@érﬁls ‘7’1'0 Rl 1
200, B@{ gnéd%o MRad RN EE rbttaf??(r?&@e BRL re?atmem%e?anhlb@tmnhw&tcew d
because e frane timng 1s known. Instead of using a broadcast
channelransmitterifor dtegubsttiatad edarssAGEdypothasianSinpeitista ene-bibransiorevar se

AFC hy ot hesis,is.s od| FC
can be ?ﬁ%?ﬁb&@r&ﬂﬂg%hl Pﬁ%%‘?%%g%%% ?85?6 @%ﬂﬁ?o& &gqu ?JC%% i
drift sjngeidsheskdstvd fotRe SRRSERADE viiesBf e lshMNIugad theCARE dﬁaﬁ&hﬁt}md
PN sequence unique to the tag, in an operatlon 204, a non-coherent

met ri c rélativescilletarpffsets spaced hypot heses is calculated. In
operations 206 and 208, the coarse AFC hypot hesi s is increnented
unti | Lhe et L AFR!bisBBIISA0 IS ol bi&kePRSE Al QA PEDypaihEdhas an
structure k eps-trac e gr test non- coherent netrics (e.

coar se idyuf: Thé BN, despriepding drrhy 228 (Fibyh) tp'effelsilssa,ts drspread hperation tozic Pc

val ue, etc I n, an eration 212, dedigated fingers are assi d
based éPPCFﬁgyE%tP%Sl%Qﬁtﬁfﬁrd@SPr? g AT 2R TPORES 91X CUTTH SPATEY

pr OdUCthg?&ﬁé‘seQ il ﬁ‘faaﬂ%’ Behi f)l'i&@tsp%ﬁﬂé fa&er, Bﬁ%f 8618 cHiPRfectiOn as

out put operati can be a conpl ex
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-coherent 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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WO 2009/ 117284PCT/ US2009/ 036743 cross product from each dedi cated
finger. IwoatoopRessati on 216, franes are interl eaved andpggaRgdadn;des
any valid CRC, the payload can be sent to a nedium access control
(MAC) layer. In an operation 218, other slot timng hypothesis are
tried. In an exenplary enbodi nent, coarse AFC hypot heses associ at ed
wi th the nost successful CRCs can be nom nal starting coarse AFC

hypot heg®esThe hypothds€dR#h tid Kirgedt thbtids bredtcesd i 4 88 N pARIQYA sthabrrdz2h
depicting the tag's denodul ation processing in accordance with an

exenpl arficleistsed teegantrontheassigpmentiod thededisated fingprsedd4s diglters Napaghs can

e e S e

provided in the sanple buffer block 220. For exanple, one enbodi nent
buffers 9 s)0@f¥]s. Fign1allwestmes a\dedieated domerhiation fingery Baule dedivatede

used. The sanpl es na e input fro he | chapnel,_and .Q channel _.into
Uhi s pIGETIRGCERP FotecB O Y Bhese ot S GRBI T oD ok 1e1or 28D e
2 or 2 a%&rt oﬁhie‘ifa?ﬁﬁét&%'o}f th aéﬁérﬁ%nﬂaﬂaéheﬁdg%ﬁﬁas iy va;ﬁ] 8edigféd PN

asynchronous cl ock, these sanples are used to explore the various

coar se gamgatoy po2 hed AFC Basetordfdtwhicleismseshio despread Timledgatechiinges |

{1 ng oparade ef Bie SiFel altypihbe Age b RSt Blse AP et B otie
sanpl e x4 gk phHash) WhdddpgeBd A varisblé bEtihagracking edte,sdAa dutpets Besinplex

wi th a known carrier frequency can uniquely map to a known rate of
time twvadehlpgvery spreadingdsdpr nuvebes gfplosks (fifecdedated fingers\234 illustrated
conmmuni_cat j | over, . .Ci I

oi gnal SaHsREeRe w3 TR el o AR RonEE chilflcofier O apa 3P Eoce
234. TRelettiore tracking | ogic 222 al so receives a coarse AFC

hypot hesis and the logic 222 may reset to zero at chip x 4 parity.

The time tr ' ogi ¢ 222.can_h t bl.ocks,. one with coupters
initializ ed?ﬁ@ﬁgr 136 ngiEn %‘ﬁ%% %@?‘F&fﬁtm ?Fﬁ%ﬁ“@% f?%"&%#t%’?%
initi a'ﬂh@ﬁ% b Bit W idrPRRRedek 296 thaf redBdesitRE biRkddmb ot offidiettdrbye inkhe
output o Ime tracking logic 222 is provided to a block 224 in which

Vi r t ualfrante effer 23§ mathest sacafigipgipedarmaBico c Khooupus fivm theitrwiddh squeezer

DA 36 ST RS B b5 R iy S G B ARG s
[ 0054] afbes ot thé petkdl ¥aSSofito€ssinB h@sy sgbeidiamnis ifthd dwerenneynitiod iskthe

of time tracking |logic 222 described-with reference to Fit%r' 7. Stream
250 i s last eymbalel ékg frespe. When frame timing is known, this memory structure can support

the specific processing of a frame with the known last symbol.

[0059] Frame buffer 238 outputs the hypothesized frames to the rest of the receive
chain. A cross product multiplication block 240 performs the multiplication of the current
symbol with 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, Ifthe CRC is valid, thg payload is sent up to the MAC layer.
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streamwi th an even chip x 4 parity. Stream 252 is a comuni cation
stream wWiwb 200v/a¢@4chip x 4 parity. Fig. 8 depicts the tpichHRshémbki 9
operation where each different shading represents a different chip x
4 spaced sequence. Sanples are either inserted or repeated at a rate
directly depending on which current AFC hypothesis is being explored,
multiplied by a known rati o between the sanple rate and the carrier
frequency. Tbo&o]caRighe1 depidtsagkempladf bRatidne prfossdd Riringhckéds Elﬁini: apse
a 2-di nensional space down tq a single dinensjon. The val ue )
depi ct SECHRYEPracaspings AsHIonab ApsTeor diffpreathonesatings maydistperiormaed érpepding
suf fici ' : i ML LS i DArd f

possi bih o eBEieRf Hdthel R biriiong e BE blofifih R T ditel orblndh the
chi p r atldclssqiesoribed hsrd. B AP paffatec broteafoiceltiperatiat ahgakiry dbpaskibien i n

Fig. 9... . [.O055 ig. 9 depi he f i [i.t, f the AFC
ok omshiRck 2 Hating REAPURts FOIPSGiRG fAGIar, fnf GEess o8 VHhik seeading FAotas.
Oper at emiOf WGP hndddRidattd B bFibERsg ForRlases A28 R ARIGhY Blkstol U

Fig. 9 depicts a one-bit derotati‘on nechani sm Thi's derotation
mec hanifeame-dmihgsingnBliC catrign teferehes (AR Gigssrncompensate toth thielr casieadiiftend

carrier_drjf tween,t he receiver, and transmitter fof,th ost.ul at ed
Coar so SHERle st el theakh s TERnEL e Wher iR BREh 8 e SRRV e by
the trykduckdbihee thel AP el 10 erpigiecthe diréhsRBakiyPTesarse AP0 pothedis of he

process is +/- 45 degrees relative to the conti nuumof values of the

phase diknewn fip@e gngy i ft fromthe relative oscillator offset.
[ 0056] The AFC rotation |ogic 226 can al so receive coarse AFC
hypot heses i de i LAYGF4 Elif of terati
per for s it?‘ﬁ‘@ip@gﬁh%@% ?%%‘r‘llgf gﬁ@%&ﬁ g’ggl%g?%ypo?[&esig%fj T‘ﬁaémlﬁ\l
despr eagongll possibie 2Rip R yimingeffset spreadingtfactoafmen MeGehigib2 He%E s ,,64],

timng parity, timng ase, spreading factor, and/ or | 4 code
el ect DR 5std U ATDARS Kot ep B ars ess A e PTG S8R ALVATL! | ¢ he
sum1's r?@ﬁ@r'rﬁé)t}ﬁ@ SRMrrRCAROTYE AL al BF (DI RImETS Alldiy ftlal sl dnhotnpibf N

the running sumstored in the non-coherent accumul ation buffer 230.
The si Aeequéncyhleifbhdtiveen the tinzing doweestd{¢haagiond thef AR éxspecunsines tedast s.

In an exenpl.ary,enbadi t, the PN dispr j;ng. a a 256
despr cdtuaTen AT B bt P s b i PRNIAC RS ThE ol B PV P
conpl etiggstiafeR thdtafhliy ¢ miEL dikenfional 3pdceh 1P ai beeagost Mdpeal possitde v,
ot her nunbers of despread el enents may be used, and the nmetric pay be

conpl etsersadipe fastors araigarrbed. Br amgxsoiniary embodimeng there mayhs; &wpreading
SNR j i34t } k d
for houktoissELs A 3T 102 IR AT RRID YRtk Ohelippieting AloR!
| ar gestandfet numberabf spreading fictorantagbesaht In admtendslbopciipassibBlubisiath
15 used o control the SesLanent ot e dedlcal st Lnders, 234, T0E,
parity.cCOM SHfip’s I@ﬁ&)‘l?%&&sﬁ@a $Ghfle degeneratd KBt 167 QSI@(EHHJ kpteadiag es

d
a dedicated co ni cati on finger. %ac dedi cated finger has ‘accesS to
each offadttve 14 aghiad bwopohll phssibls chiip sediingg phiasds withdhagivensubslaseteor 260
set as part of, the paraneters, of,.t he finger assignnent. Each finger
nas | ¢ SEatedan SpRFRR g Betl el S onR g AR Db sreToERY (R
used tgp#gspread. The dedicated finger accumulates into the synbol
accurul at or 266 based on the coarse AFC hypothesis, its chip x 4

timng phase, the dependent variable of tinge-tracking rate, and then
outputs a cdAdx [nan eparaion &0y 0rg,FasEsi ARYC Malue &Y USetn b Stempldyks .

The deqfalftent | tHPEAS ot AFCYahicRhs Be p‘%sﬁﬂe 'E:gxfnﬁér?sﬁfé&é fs%eﬁ*oﬂnec? by i

al so receive I1nputs fromthe sanple buffer 220, an N code
sel ect itags. In an operpi@b3]2, Rdénzestisprpadiggifacterdelg,$192) istubel @t garting point.

oaucodh SRS Ao 8 et e gt iy el e E3h

In an operation 274, access slots are processed within a spreading factor. This process may
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[ 0059] Franme buffer 238 outputs the hypothesized frames to the rest

of the regein@/mahmyn. A cross product nultiplication bl egk46b0/036743
perfornms the nultiplication of the current synbol with the conpl ex

conjugate of the previous synbol which is the conventional nmetric for
D- BPSK denodul ation. A residual frequency drift nmay cause the D BPSK
constellation to be rotated by a fixed phase. The role of the fine

AFC nulbkidelenebdte tkthd 42sd in witdch thefe @e 8190 §réainefagr, Jach opethtibh 276,
di fferent possible phase rotations such that at |east one fine AFC
hypot héssrgeading ¥peporned for eRchinx 2 spipsd fxrotheses alghe suentispreading dacdor.
and vi j i ' 4 I

Focel ved] R IR IRk predd Bpraliihy BRbCimEd L A tpreling Pt 1l
de- i nt dergiao£d192n Megpread s patformdd forllelernents onesiate spreadinRactirécless

246. |If, t i lid, t d i Nt t he,  MAC | .
£ 0050] thdn]he Famg PRHer BBl ekt ot ot s Ton & B SRrIPE fASt b s s
poi Nt L&RREY T Mpﬁﬂsﬁ'b%sin@@@hﬁﬁ%@.akn arf Wiﬁonqmg& Bét%ﬁﬁﬁlhti&pﬁﬁﬁddepns

may be perfornmed depending on the enbodi'ment. Further, the operations
can be regarding mihgthenthe spidat dacion hasibgen redhend to1§4t Imalternative atebndimenss

here. The AP f b - f ti Ki I ] '
chi p x 0o PrRCRGTR T ABer o BBl TrOR R et el BedlreaRRR30 B4 o
W t hi n o8fex pesdeRemined tvalug), pfbdessiag benubost operon d7fatfale agesibictoy hihe
tag. Fortunately, since the AP is the master of frame-timng and AFC
carri ebemeéw@qﬁ%e 6¢athe system wails fepapert semaledyilsr torfill in engration 283y Qnee
q X Dl .
e AaTRL Ry APl Ot A R ATERBRG, P A"
di mensioperation 284 fa feane beffarad deypeddelementsis abtdinalurinfanaxemplany ng.
0061] The . fl t of Fig. 11 sh le, of th i ng.
|t er at FRPOUERALADS BREeQUEIcEimal s SOmB FiR g SBPERES LRt R F A8
fromt Eﬁss%ythé 800esfie88 array. fif'dne @RSbARRGRSTHr 8086 sPABE PRI $esprhd array

,a
spreading factors less than the maxi num The AP then performs the
si ni | apassi theugk@ayquodieet254ttinving hypefheses faphrhaving 286|symbplse Ia aliernative

t f i ft bet 2Nt tim the t
e Apettogiziis Biepil CormrenCArtia e d B e slair "o sttt @t oo
up to fhecdMibt deyfiad DIPSK lspuBbiawith fie prédouslsymibol 14Sdalcal6d i@ operation

sear chi ng of a multi-dinensional space. In_an outernost |oop, all
S

possi bR&6.s by enskmipdiments the wipss psediict mey inviohveadd besyebplslioy up thdil Frenes:
s006. otbopitdly; BHERRfters 8P AESS MyorEiine il voddea, Ko opdch 288,
spr eadiftiegeurgnt frtiie ivdechdediagbiphase multideblbmied owthe AFC hypsthedis. eln an
there. pgratien 20% YRS wms enedivn o dotcany et CRES B o icas s gof Stbr
and a gh?&éa‘? nﬂgg F’F}gﬁ’?&f‘dbfryetb b Hedhfh aeSlQABNMADY A3hNSafdR, e | N

athir oop, 0SSl chip x 2 I'imng phases wthin a given
sub- s| @RCGamagbeclscked] foxd5d dkassithenumberof fine AdiCGhypotedsisfor edeh passrafaus

| oops illustrated. by the,arro in Fig, 11.. 0062] tn an
oper at P SRR TR SRR SR AL g BB o & vahlek fegrargs i

embodi RBHérmddBr # BbseQadnt SlofSI1M8irated BRthek@ro® FbM GRodkoTEED HRKPT2 S
perforived by the tags. In an operation 272, a | argest spreading

factor (e.g., 8192) is used as a star_tia&)poi nt. In alternative

enbodi ment s [0063¢ | kiggbZ denipls aparerys peiat G¥P)reseivredqtapyby Uslike fhe tagan
han 8 i 4 | : Lhin:
tsp?Qa q %ﬁtgre aa@;[legirl 'tf?é?ﬁ.?%e%{p gggg eggg tr?gg‘/o‘f%?a? ve!s®rSd i £piREP0RS BEfferchihB irfa

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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be degenerate in the case in which there are 8192 spreadi ng factors.

I n an opegatsmi17%e, despreading is perfornmed for all chicRupsrdonbdesd
hypot heses at the current spreading factor. For exanple, 16, 384
despread operations may be perfornmed if the spreading factor has a

I ength of 8192. Despread is performed for all elements unless the
spreading factor is less than the frame buffer nunmber (e.g., 256). In

an_operctofiindtff otfich s £dg bR s Alielthe 2B K6 Thhd Padkief108R%nd the
pr ocessi ng COﬂtI nues. In an oper ation 280 determnation”i s nade

r egar diAfC Meumelpgzcheassmtémdlseasmm thead mélmmast@mmad raferefee. The sample

Fhe on Bk s QTR T G 0 S e leinds 307 VHicH Sen B forpEbrdieioineh o

val ue), temhg@@aescﬁge@grmdws&leaém OWRE BNIdeBprédding hiray 5@ ﬁl@ff arthdeaskor

has been reduced to the systemwaits for a next sa e buffer to

fill i espeadalements. séltemae@elwh@ym n5Ebgt of dagpread clieglemsrrn@dbq yped.

t
2" Fr el ST deop el il 30 Y Ak BALALL R Sfne pili] I BREREN Rt
enbodi mlas:qlutﬁdlmxﬂy)ahypdlhésiephm}an%r spropling fachirtae inpi Ay olphisfran ¢he
oo Ao AP ey 0 ek 4 b Aot i
pr 0dUC%035§hfcb§‘ﬂ:@ lej%l?%é’ﬁa%ﬁés QAfdh éi'é‘&ieﬂ dert 8 a?ﬂéﬂflbodtﬁfer hos.arhefRaki ve

enbodi nent s, despread array may have nore or fewer stages. A
Cross bu&dnbﬂbciow& imludns cmnplallerssphwa.d IrtBt%ﬁmtB/y wmivbdxmemhs otier paleea 0%

mbol | at.ed t o t
o o2 b St S ke BT e s ot o8 58 A R Bbted 0
Al ter ngedidaed offcmﬁﬁﬁxeﬂib&vpeéﬁc@fmmf%@dw{eﬁf 1sfsi’1ﬁifzﬁ'5to MRYtaf8 retef | N

an operation 288, current frame is decoded and phase nul tipl ed

based @mqesmgxwt;em@:@tfwé% hypotheﬁlsme @p@t@tumn (matlcm&@é Oand 3thekideall

and for_an ical yer
(PHy) RAGoHs Pich Pt CR i %3 i %Co(f"ﬁswa%’&}g%ﬁ'%ﬁ 3115?#2
CRCs maynkehérb@ccetnniatior 308 is used td dmernﬁnié)ar SNR rhétrie sidHCashygnal siemigth
for each pass of a 256 despread array on conpletion of the process

for a §Pnuss imfrapsmissien pewereantiol eﬁé}i’a}%l‘ ¥®r a subsequent slot as
illustrated by the arrow from bl ock 282 to bl ock 272. [ 0063]

Fig. 12 depi 66@4 n@@@@ﬂgﬁaereengﬁpbnsﬁqﬁrﬁémga%sm%emﬁahg eeridi

tag, an entrre |'argest spreading factor nay be stored in
a pi ngiwotygpebof frﬁera@tdm vehi¢hresulé ngrtatrinsfére frogoibe tapioshe) APt dor perpesas

R L e Pl T e M,

devi ce poith GloBAMelofd Btatth s wheieGke R2%s doasihpGias X SARMAWIthyRlaHS Seletant
al ternatl ve enbodi nents, other values may be used. Unlike the tag,

the ti state mﬁmmahgn hud) wamnstarthis veiRCe thettag is@waroef Be sysfem dafoaatippesuch
i th ffer 300
e o g Bl S AR b BP0 Ry B IRbEPLL o1 200

force testing as described previously herein. The PN despreadi ng
array 302 mg§0ashc| ncthe Z2661diStanT saedardd, dinetap begiab Bﬂkn'@acuedsyit aalloy- ot her

nunber of pread el epent be us The PN de array 302
e aSmeBRBP U aT PaTe i Ly aaet B iTia pheR dreige BEs

r esol Ul ARredRt ¥load EREPEiAAGET whét HRE AP 306 eRin t%.&:%ﬁi’t@lhg& (El%@lprmﬁtuauy,
inputs. An output fromthe PN despreading array 302 is provided to

bit wi mﬁagq@awwugwlomh &dﬂadxdmashAE@Ia@D&ws@mngd@cEgd ofﬂemgﬂwé

buf  or U AL S e e OB aEr ARy T Leldiia ty pErpis guiek oo Z K

enbodi @ESpSint, Thdiein-¥Her@ s ey BRotric QhsesRERRANM dAdier td\expRith @t dbRrdts
the frame buffer 306 may al so be stored in a dedicated off-chip

memor y CHBK %amlwdr@arsee‘&“@ herahesise hhedingeniththe eprrackhynathesisy ecei ve
continually treats each new symbol as the last symbol of the frame and pushes these
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hypot hesi zed franmes through the receive chain where the CRC check

i ndi cat esyhabhoi$gqAt the end of slot 4, the valid fra [ [

achi eved as the CRC check indicates success. At this pg?ﬁtr!'ﬂ?tzﬂgm?@as
has the sanme relevant state information that a tag entering at a
"warmstart” would have and continues to conplete the same processing
that a "warmstart” tag would undergo. [0066] A tag enters the

| nt er agboMedindd Biteh thfouph@he Robivi\ehdih Ihdfethe CRIC &Rtk Wdiéhtds ilgre! 1AQN
through a "Cold Start" procedure or directly upon tag wake-up if

r el evanke egdnfslat g healid dremestimingris petiicued oy theeCRE gheakdindisates Miesess. At
i : . the reca h.of th
br oadc 416 BeineRE R SR L RTRR e rel ool et E el e e

pover stk saitdbavethntiavhtifiudsh@ totpRtd the sabdprodessitig thiatta ‘aneni-dtst bagi N
slot 7. The tag transmts it's nessage based on: 1) using the

nmeasur &@uléerdeigd br oadcast channel signal strength and selecting the
m ni mum spreadi ng factor that can be used to close the link, which
mnimzes t g' i LS : J o 10 R Mg L
consunpti on?@%@usﬁiﬁggfﬁﬂg@n‘gg%?%ﬁlr:(%g}cs%dn@dg'gglcgﬂgﬁg chan gfth%r'b naal
st r engtitansition threughor HEold\Sta€] motatireqrdedilpgpdaegovakenipdf redeyant state
transm.ts at.the optinaljty .conditign of rec ion.at the AP which, is
that - aPHOTGRondS 3PopHREIBH By en RS Rpindh tagrakes  mEpigmegtof e
ener gy rRfvelistre@h P BfelUr8AdcBS Btn HIAMSIskY thidihfRmakbh Modeterdliné Bie tAhbmit
but the maxi num spreadi ng factor, randomy selecting the slot access
par anepewef andaspreading fagigo tay thedng subiseqpentis trengopitsoft in dot Yallhetagr om 0

to spr in - .t . " LS ’ t h Qi.mzed
and T o SOt o SR SRk ) line SR ank S dpodthod pdchacThnd® g
r esol vetengih stbsdeptianithd medifins §preddigpfactot that tarfise used to clo®Ohé]linkur i ng
slots 8 and 9, the AP processes all the signals received during sl ot
7 and Fdidsminipiss the @ aquing aubisdestOnRENMZING PRIV cOpSUrBPtion; &) Wng

ei t her %9& i : j L i .

a gol dt}(?:%gé, Qg%d?g%%\g%’&%ﬁé% I cataglgé l%@%@g&%@ atSEe tat%;rn %P?%%sétg({sé&%n@/
dedi catfatorgtiledag traresmitsaun ted optixodly tdvaiitidrhef rebcaphien ahibe Adtiwhishus thesall
sonme registration ocedure (not ,shown) to.assign the channel..In

or T her ST foravel Y B ot VPRl aucs O BRE D Perd iy PR ARisRD o

of the BR324 . j i i i ] ihen
bet weer‘1i an acceg%b/gg?’ﬁqﬁl Eﬂt%e %\lmﬂ?%??%?%h%’.@%&gﬁ%m t%?r@y
embodi stohaccessparameter i and v raadomdinsedleniiog Wreschip offsat yalvg fronn 8 t@ spyeativg a

i scusdra TG BoboRTon; etk B3 BRrsd d Bhicth Mefiarcach . ¢
tag preeaskission dU6wH Gcdligoid’ab be adddlved esubsequddirarpiiSs@ndonunities
poi nt processing during slots. The nature of the systemis that the

ds a_nmxi ible time inal :
o oo S NS ) A B R o
cryst al; Q8 ehddsd Wsitaiatkndwielydth &t bhok AfingHot 100 THE RROEithel Bigregdles

several ACKs into a single channel characterized by a gold 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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maxi mum tol erabl e latency upon AP initiated interaction is identified
(i.e., thyhediharate cycling in and out of the low p for
the tag to cheé I?lﬁf any AP action is pending). Fig. 14 gjﬁr\"/\%ﬁ@ﬁ}é&"&
relatively sinple interaction of a tag comng out of it's | ow power
state to check if the AP is wanting to initiate a transaction. This
occurs at a slot phase and rate agreed upon between the AP and the
tag durining89h $épradehin ingl RPHSkhe i YR r
a "warm st (fllrt"b é'fstg f(%hggﬁoac%%u;[gl[ mn aensg&(s:%g?gig@}ih%%y%?ﬁgﬁst%(g&%%sg
known tpoiniptdvessing duriig slotange natoe: afdhe syateasisdhatébs tagspemis achaxiimem

recei ved bglo dcast 1channel wer.@Fi 14 hO\{VS .the scepari,o.where
hat  p@RSTOIR QB 15 IGHERRER St e P Bl Bhe® SYSiaB HRYRE B Finfamed vt o
Wi th t hewdh low HeubRanGyitiiagscilafr ndsdh it baicallyi320@ve e fippotitheg,  act or
that the AP transmtted at is sufficient to close the link. In slot

3, t he magimumitelemble latengy ynon APdnitieted ipferagtion is idendified dhe.dduirda thesats

the fr . USi [ [ j -] 0 he. AP
ot haor Bt ohPoPREIFTRERetg (6 tme b LURAGR L REARK s Rp ki)
sl eep. Fig. 14 showftheGklafively sithpld épterattoraofmiag coming dut af ¢tk lowt vt kiaterto
whi ch involyves data transfer, and dynanically changin ropagati on
bet weeﬁh@s% i tecAR 1SBaHIng A dnifate adransachipni Agisiascurs 2k elopPhasy 458 rats
enbodi ; i . i scussion, tineline 340
Fepr es AR ubB LAWEBPRRSAP ind tredsy It ReBRU 2o e 342
represents access point (AP) processing during the slots. Here, the
AP has i nf of0@% onThotagenehld txpicably eptepp &watm etartd wheresthe Heameetiming and

h d i b i t he, | ast. AP. ion. T t
bt oagc SEHSE AENIBPOLGAB ARt Sriitin ALehERERG € e it B Hment of
knows  thidfecdingl Brohe@at GHahndlRMGER Bigl Dsh tHe Bethalie whiBRy tAy ot had ndtt

transmts at the same transmt power/spreading factor as_ |last tine.
Thus, tchenged gonsiderably sincy thelastdnferaction with adaisgeang thatdhglag ocol
expl ained in_Fj . ] ' :
over 1 SarerfeRl B srtehie Bck e e A shftldt & IR b the k. [n
The newlot Bf the fEt dtmgoteicqsirt be the meanbls andtheademodulaf the framie using its
frame occurring in _slot N+5 The_t,agbﬂggger tes an a,(:l%novvl .edgg&rglnt
(ACK) Wedicalgé 2pld\orded Bpicahicenrin iy popayingsent @igrmptionApd the tag
succes 1S5S the ACK is successfiffly received, the
transa?: I gﬁ%ﬂ?%@%}sﬁdgg?%%lb onplete. Otherwise, the tag attenpts a

retransm ssi on. [0071] Fig. 16 illustrates how tags may be
connect ed t §o@tOher Figni b depinissrmorstopmphicatathint@sdionashigh inyelieaidatat i on

link to mcro- eater. 351 which itself t :
i or o- veRuEt S OBES Gty Bandtie prhrabdfinnst i 3 aBodsd pBE B s o agropcing
The conyunbgaplay dnbydsmbeal Woe pulpbssef dhareidsarl disdussidh, tameliner340

hal f-dupl ex links that use the sane CO‘;T;gT'IIini cation protocol as

out | i naepressaisdag processingybying the dofsanddmeling 443 EDreseRs @oeRss RREEM )y

t hr oug . ] r tal j . | 4 h ot

ot wor PsaEsing i (0 s[oER" AR S AP s HBAAMIEND sl AE phifgyibgl die
Each slsénuasithas ehinged bassideratdy dincathedast Ad tragaction. (The cumettcdmoaicast
connections_ it is away fromthe acces oi.nt. For exanple, in Figure
16, ni @h@mbwﬁ%r@e@%m@t ?'Fecq@B&"rﬁie’&’f‘ﬁ Hﬁ‘f %98 E?%ﬁ ﬁlﬁgﬁa&}‘é‘g@“%?m
354 and,50m1i&8n %@ﬁ?got;b%'eaﬁgm?ﬁa@ if {t Qrahsmil £1tRe SBRERARMiBIWwerApleldiag

connections away from ccess point 354 so has a seed val ue equal
to 3. 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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[0073] Each micro-repeater and the access point can transmt on a
broadcastwghagnghzss! Nitially, only the access point is prdREidolosddds
on the broadcast channel. As each m cro-repeater associates wth the
network, the micro-repeater can then transmt a broadcast channel to
ot her devices. For exanple, in Figure 16, access point 354 and

m cro-repeaters 353, 352, and 352 can all transmt on the broadcast
channelsubRsdisearshiasicl, df BeSOCK s SsbckdshilllylrBeeinal, WM thansddi@n$£8shs\R}dde

of each device is transmtted in nessagesS on the broadcast channel.
Hence, camplgigs@ersisedhetagastemppaanctransmissient its own seed val ue to

t he seed val ue of the received broadcast channel nessage plus I.
[0074] Fig. il ldyst i.CYl ] - r | d
associ at e vvi[ﬁﬂl] heﬂg.e{@\ﬁblﬁ%ﬁ%o%_ﬁgé@ggﬁ 8%55%‘]6?‘{)@8?%&3 h@ aalglg%lci ation
pr ocessietworki ThgA50fad Hcdhimubicatisicksi toahiafrrdpeatdt 3F10whieh ¢18£1€ 6annd6td to
362, 363, 364, and 363 gre |so in the area. The access point 366 is
al so nOHBRICTPHEPEAtsrs Rgedhd PrhRefpreAonAFing 10 agrsat RYNGEY- AR recei ve
IS 1 nleodBniibR linkd PéSea R Q8RS 5 HtilE55, F’ﬁﬁ‘-d%l HkQ@ HaEREAKET
360. Mcro-repeater 360 tends to accggvre initirally on the strongest
si gnal sameedpmpuinioatipe pratecal aneutieed abbveough a process like the one
above, mcro-repeater 360 obtains frane timng and rel ative reference

crystal devigtion Q i -8 360
switches to [ﬁtygii ve er%‘d‘%gr chg%%ﬁﬁqeetd% ng%ca{}’kg{rg @e@‘éfi’élﬁc{(\agﬁg hat it
can, Mrgiresentifi®abmbodiettnibFachadedivk if i netwérk-hae peedderahvd, tThetdeeess okt
seed over a certain threshold. Mcro-repeater 360 nay use ot her

f act or $as dsesdrvaiye oHfd. rch subsegpent deyienhasa segd yalpe shat equals themgmpey of
nee m T . e e ) .

associ SyRREERAPISval Mol KL ATR I FELoRhIRY WXGhf |ERIRFloptdicr 353
per m ss$i ane doanesihaavatydrom the dcodss p6Bit 354 endsa kgsaaxiced vA6R equeay td hanicro-

respond to { associ ati.on. 076] Once sociation i

G ant odenspists S hisaBs onieeioRk oy iomiths b BRE AT oh s 56 value equa
m cro-gepeaters. Mcro-repeaters with | ower nunbered seed val ues may
transmt various nessages to micro-repeaters with higher nunbered
seed val ues i ncl udi ng t hose needed to keep AFC and sample timn

conpensat i of0&3hsiEach microwepeajer anddheacarsmeintcen tranymip pe 2 brepdeagur e

i or o FBOEEE oty P A o b i YR AR TERRA R

t 0 apprgiproiRbeltsr Ritewith ke netwarks thessicpéataraashactratsat a broadcast
m cro-repeaters, Mcro-repeaters 362 and 360 can both transmt power
cont r olchamnghtorterdeiices Bercrxamplee in Figgre 1 acqess PRl Mg GSTareREUFS of

consecyky Vﬁgg%ﬁ?%ﬁgﬁ%@ﬁﬂ:#ﬂﬁg&eﬁ%fgaﬁéﬁt EERRANR R Moy drb 8BHialefiith

m cro-repea nto acqul sition node and potentially fin
a di f f elicemdtwotke rhersegadlee of eachslsvice & teanginttted ihfinassages on dpdavaicag60

stops receivyi sonme nunber, of ,consecutive nessages f{rqm

i oF o B cHehsgom YA RRyA G S oo CHL 8L 1S DIASRed U BS e seed value
associ %me%ééi'v@m@ma&ti@awmaﬁiefsia%e?nis1r.n' cro-repeater. After the

m cro-repeater has associated wt he network, it transmits on the

br oadcast channel advertising its own seed to other devices, seekjng
to join the [¥Edhofis. fdllusirates hovhe particelapmiapaeneates copld pasgsiateryyih the
messag a t j s A w

pover - SoiR RS ol B oBlyd viERER BlonTRcadf o lisPnBBl, RcARRRY, |
m cr o- chamal, viidre-repeatdradbls 362r3a3e86M mkid AGS adecilsocinalmpirea, Thd sdeess point

associ ation, mcro-repeater 360 now transmt on the brgadcast
channePO¢ & AR ARsars elhe dropgest 3%?1% mlerem%r?éé IR @ecpwep%ﬂlﬁk A
Net WOr lother 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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[ 0077] Upstream comruni cation originating froma tag is passed from
each m crpoheReatmy to the mcro-repeater it is associ ateq hbddokdal
has a | ower seed value. For exanple, in Figure 16, mcro-repeater
352 passes traffic originating at tag 350 and received from

m cro-repeater 351 on to mcro-repeater 353 enroute to access point
354. Utimately, the mcro-repeaters with a seed value of 1 transmt
the nespagR: dHveNRicRE-F&RAteP 360 bbtaltk Halic'tBRIBRLAA ralat d1RRTER LAl
originating traffic on'to access point 354. "Tags may communi cate wth
whi cheleriakpw figny i agtverk tisgjng.r Microkrepdater SO0 switolasite rensivermaeds taacquire

save bajt ' Jf thi sults,in co ni.cating with a.

o or o PilsEBegehor SR i, Mobed RS0 0imey SR IR bt Fim e
conmunile@ése séed et B @értath eliresHobd e &b-Téfedted 366 Mby ude! bheR Shci2 9 to @¥eriigK
to communicate with mcro-repeater 351 based on needing the | east

t r ansnivthighomigroaepcatitoipeledt e with ni cro-repeater 351.

Commruni cations, regardless of direction, are transmtted using a gold
code that CQiERFPWBR thidrd- o @lebienifils W irfdtb! i

[ 0078] Dovvngt r-fe%Zm com‘runlrca iegﬁﬁﬁgygﬁgﬁ}lg%te@%gﬁ%gc %’rir 3Eerrétpeater
t 0 t he amiociatesrvefip dtt may tHeasmnsmi to écrbagpeaidr 362 forgremission3d dsspeiateasda
traffic, originating at ess point 354 that is bound for tag 350 on
Lo m clBPERe Mg Reesteryizanpy Fgp ePPRH G RSB ed | n & data
structure during upstream comunication fromthe tag to the access
poi nt that heE7apr EYnRUSsCiARHSS Branfbd ViR niddsaght f1ag-be eRAShRIed biRFeén the
known nmet hods of routing can be used with a_system enbodi ed under the
cl ai mednicipvigpedters. Migroorepestenstwithylomist neraberedsqed aglues maydranpmit| vapious

the. dovteteh o Tl fin Hphef AlhAD Nl tafids WA R hitdaf o

| eads keep ABCHRMIse@ipleimning-dogipRAstion 3basistat throvgh thetnetvesrkf ®or exaniplé,e

to tag.350 in a data structure. Entries in the data structure

al so nét Bighirely> PHEroopPaiEr 102 qaidiiransayt ABmPOmPERRaion MFages fpgnicro-

communt Sagieh 800, MIGhEeS ARERLE meb ol Goligh Beteils tbpbdphikel) fiffe

mes s ageonteyl eraismissions fioireassociated mickatrapeatarsi cMicre-refidaters8 62 and Xfkcner
t i t ' ith l d. cqd di to.a furth

o, PR S G 0a iR SoShh PRO R et

the de\ébﬁs%cutﬁ‘%‘}ﬁ@ssa%és%&n hgﬁw%i&éiepwufﬁnfw&{gﬁef e ngici-tePedtardo 360
0

using a gold code that corresponds directl t he devi ce. ssages
recei véack ivto enguisition mpde and potertiallyfindre differentemirae-geppaier tq apsecipigyvith.

d b ' Y .
Fecor d THHEARRTE 208 SoS el SERMn e br L QRN R OUP ol B
from t hepehig 362, iffRxy igb Hdck Mt rapikitici mofamdaksoriss with agpadatially tifferénag

directly. )
rr)llicro-repeater. After the micro-repeater has associated with the network, it 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

4.



[ 0079] Tag conmuni cation to mcro-repeaters nay be essentially
unchangedybhegpihmsdi rect tag to access point topol ogy gesrishtefssras
above. Broadcast nessages that tags use for initialization may be
broadcast using an agreed upon network wi de gold code that is

i ndependent of the mcro-repeater seed. Hence, when tag 350 attenpts
to associate with the network, it may use a network w de gol d code.

Pover  GRREfHR irplqgﬁ?érliﬁ‘}ﬂﬁ&r@%?&?é} 388 IpQﬁEJ ﬁ‘ﬁfﬁ%@nﬁ:ﬂa’ﬁnﬁ Q?taﬁ 350 and received

mcro-repeaters just as the tag coul'd performthese"w th an access
poi nt dEnerpérairapeteri3oV @n to microFEPSOIr 358 enoptdte adesss paint 854.0UHinraelyhe

tag it .act_as. a m.gro-r ate nder.. eertain citcunstances., o
o Sompiieni Pl M 6 ek PAHRE 1 HR88EH P8 el %6 AR BOEE i
that adgyater 363 phdses RERFgRLEing rafid®@l tolad@s pblanSHs. Thabs hg coRbhuMeda: t O
act as a_mcro-repeater, tag 350 could transmt a broadcast channel

messagevigHybichewsr gycrorrepeaterTgqyigsdhe leasy dransmpit POWET toa5d0 s&(q hettervdife,
functi | g : AL 25 mal |
functi %ge_:ﬁ {frﬁﬁg E%ug%@o | neﬁ%ﬁ?é{%ﬂ ag %ay oﬁ@@éa?é}gﬁg?{)P%ggrc%g‘? v@ﬁ%n nel y
nmessag&agd 50 andyi ketdble topnuerieaje toodithiehmidro+repeater 352 pH B8, [buftag 350 may

foregoi ng description of exenpl ar odi jrent s .has, been presented for
pur pos && CPWTE}Q’E‘?%@EW TYAEP- %%/ri ﬁrﬁ’éﬁﬁdn‘%’cﬂqe?%&’ﬂe ARG VSE o

exhaus h¥emMicatPwlth MitrolidBeESBA N ICIni GIEAtRAS, g driR sPb Bt R Borf, AN
di scl osed, and nodifications and variations are possible in I'ight of

t he abdmesmidtad usings gold awde that comgspondsitof the seadrvatie afdhedestihatiq esent
i nvention. The enbodi mrents were chosen and described in order to

expl ai n the ptiAci s.of t ' | ' I |

appl 1 cat i on 00755 B Gyt R RioRich i LR oM B BRI B e
I nvent ingibro-fepyAsh derer ethe dagreico-aspdatet 558 yasésaraficodpinating atoesesas
are suited to the particul ar _use contenpl at eg In addition, one or
mor e f POWEAP4Giehisdoned dorfag 450 en & micrafepeass 3ot \W%FH@}?%‘WQG not

are perinpfed i adafh doDforlinghd GRREER chfinkifeafip fopl Metih € ORRER IS
t hr oughha hazipeivipusly yassed shrooghtheimiatd-mpeitat dviimclknowhmethetholirouting can

conpri %Ie r1]1%;Jed with a system embodied under the claimed invention. In one routing method,

entries for particular routes in the data structure may contain both an identification of the
device and the seed value of the next communication link that leads to the device. Micro-
repeater 353 may have entries for a route to tag 350 in a data structure. Entries in the data
structure may also note when the device is in direct communication with the micro-repeater.
Micro-repeater 351 could note that it is in direct communication with tag 350. The gold
code used to pass on a routed message depends on entries in the data structure. The micro-
repeater may transmit using either a gold code corresponding to a further 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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receiving a first signal froma first tag during a tine slot, wherein

the firsty élzg@t?jlﬁgsgl spread using a predeterm ned pse‘JdopE‘i‘J{@Z%({sﬁ:.}Qﬁms

code, wherei rst signal has a first randomtimng 0O

that the first signal is transnmtted at a first randomtine in an
uplink portion of a half duplex system and further wherein the first
signal includes first payl oad data; receiving a second signal

froma secongojggy pay éd?ﬂnﬁﬁl@atgid@ n?ikﬁ:t-repéag&% ‘?ﬂeﬁ/ %@seﬁﬁﬁﬁ;ﬂﬁneﬂaﬂ fir Igs

spread using the predetermned PN code, ereln the seco SI gha
a secoribe diageti tap toiantesy point mlqu debartbed hbowe @rmaldcastgnedsages that tags use

transm te t asecodra tlrrelnt eullnk por,ti o t.he, hal f
o o ot Eitialeatbrty iRy e HipdaLien oe el Srsnech okarioe solt de Mok isond
pay! oa%&%@aden@afithwﬁi&fbefepw&rs%&l HlendeS@%bn &gmtahe& &fto bR RECHIH the

signal is received while at |east a portion of the flrst signal is
recei vagtwarlighmayyise g netveork wide g@dw%@maonur@momnncatms smglml

the mogRibid Bieh e ARSONGHRAK BRI e LA okl B Hiihl fdtbess plipe

usi ng as kERplaimedybaiespr eader, and further wher ein the second payl oad
data is i entified usi ng the PN array despreader. 3. The nethod of

claim1, V\/n n the first .si thes onds nal are both
recei ved at *ﬂe&é?@yﬁerﬁi@ﬂr@ haP’E tag “ Frﬁ%?fScFeB?at?ﬂ“é’i‘iﬁﬁ 1,

furt herceﬁﬁmrb&fhagn&@ ”‘T@%@éxhﬂlﬁbh%hﬁ' the #dd Ihxy ﬁ‘fms?ﬁlt Privvaedsheseselt 0
identify the first signal.

message that advertises its presence to other tags, Hence, if tag 350 were to act as a micro-
repeater, tag 350 could transmit a broadcast channel message advertising itself to other tags.
The two tags could then function in much the same way that a micro-repeater and tag
normally function. In one embodiment, a tag may only issue broadcast channel messages a

particular percentage of the time.

[0081] The foregoing description of exemplary embodiments has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
present invention to the precise form disclosed, and modifications and variations are
possible in light of the above teachings or may be acquired from practice of the present
invention. The embodiments were chosen and described in order to explain the principles
of the present invention and its practical application to enable one skilled in the art to utilize
the present invention in various embodiments and with various modifications as are suited
to the particular use contemplated. In addition, one or more flow diagrams were used
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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5. The method of claim4, wherein the denodul ating further conprises
using a cyclic redundancy check (CRC) to validate the first payl oad
dat a. 6. The nethod of claim1, further conprising providing 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 towhaTis eLARMED I§: A system for conmunicating through a
mul tiple access conmunication interface, the system conpri sing:

a first tag having a first transmtter configured to transmt first

payl oad data in [ ' | i | wherein the.first
signal is sgf ead%ulféllﬂ{r]{lg’h%g ﬂp‘%@%ﬁ?@%ﬁ@%@ﬁ@éﬁ c}ﬁtﬁ@%g{éce(sg m@%%‘é:jgtloélnd
further wheihgerfadehthemethdd Somgpisingias a first randomtimng offset in

that the first signal is _transnmitted at a first randomtine in an
upl i nk portion ofccgiving ¢ fighssizag! fegra adst tag duringn dwe slog whegein 4l gt a
second transii.ti: Is 11,8 i a
second si gng d??%rgg?ﬁgg??ﬁgedgﬁg% ?Ié\?\,f?ggrutgﬂl%&%gﬁgzg%dneg@e%%{a eiﬁgSt
spread usi ngighhldiap adotetrendam dchiRNoifeed & thaintle fivst sipasl isirenanitted hiea

second signal has a second random ti m set in that the second

Sonal | ot B emom g an SRR bR Y i ap hep RGN

of the hal f yumbkesosy Hi@ies 3¢ philohd@iravherein at | east a portion of
[ I

the second signal Ts received while at least a portion of the first
signal is recei vesteivamgla second signaldfoane ¢ seqoni itag duringshertimeskati whereint h

LEAIEREY TS e
second si gngignal has a second random timing offset in that the second signal is transmitted at
a second random time in the uplink portion of the half duplex system, and further
wherein the second signal includes second payload data, and further wherein at
least a portion of the second signal is received while at least a portion of the first
signal is received;
identifying the first payload data from the first signal; and
identifying the second payload data from the second signal.

2. The method of claim 1, wherein the first payload data is identified using a
PN array despreader, and further wherein the second payload data is identified

using the PN array despreader.

3. The method of claim 1, wherein the first signal and the second signal are

both received at a predetermined power level.

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

5. The method of claim 4, wherein the demodulating further comprises using

a cyclic redundancy check (CRC) to validate the first payload data.
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8. The systemof claim7, wherein the access point further conprises
a despread array configured to despread the first signal and the
second signal. 9. The systemof claim?7, wherein the access point
further conprises a denodul ator configured to denodulate a plurality
of chip hypotheses to identify the first signal. 10. The system of

claim9, wherei nThRendRIPERUIAROT, ThMdr YIRDriging Yedviding S PURAAPEH 1S PRCK
configured to validate the first payl oad data. 11" The system of
clai m 7, whérsitag, sherdin thetthird aigarhis spread with ese¢ogpd PNicads, andafesthet t he

first signal_,such.,that t first signal .is.received by the receiver
of ' the " acoedd Rl e ot By b she Mo bE BT R o . andt far t her
wherein the second transmitter is configured to transmt the second

signal such _that the second signal is received by the receiver of the
access poi nf- at #h¥ysinefEcermuRicatips tapughes mpltiple gecesprremyyuiention

claim7, whepneih . the Sg&gﬁ%‘@%ﬁg‘ further conprises a third

transmtter configured to provi athird signal to the first tag,
wher ei n the thirdfastgaghavisg s firs adnshitter eorfigamddo Bihaoid Grst andoddir t her
wherein the secon%rPN. cofﬁmls specific to.the fi 3.. The

syst em of cAafa ¢ irgsigna 12 F0F Slot.odisrain Hhed |§tr§t ?ﬁg@é‘? &s¥8cond
e R 8 M ) U nd ISPl B 18 o o
recei ved by firdtearslovoimalingeeféietmrthat the first signal is transmitted at a first random

time in an uplink portion of a half duplex system;

a second tag having a second transmitter configured to transmit second
payload data in a second signal during the time slot, wherein the second signal is
spread using the predetermined PN code, and further wherein the second signal
has a second random timing offset in that the second signal is transmitted at a
second random time in the uplink portion of the half duplex system, and further
wherein at least a portion of the second signal is received while at least a portion
of the first signal is received; and

an access point in communication with the first tag and with the second tag,
wherein the access point comprises a receiver configured to receive the first signal

and the second signal.

8. The system of claim 7, wherein the access point further comprises a

despread array configured to despread the first signal and the second signal.
9. The system of claim 7, wherein the access point further comprises a
demodulator configured to demodulate a plurality of chip hypotheses to identify

the first signal.

10.  The system of claim 9, wherein the demodulator includes a cyclic

redundancy check configured to validate the first payload data.
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14. An access point for use in a nultiple access communi cation
system the access point conprising; a processor; a receiver in
communi cation with the processor and configured to receive a first
signal froma first tag during a tinme slot, wherein the first signal

i ncludes first payload data, wherein the first signal has a first

random tim ng, of ﬁ%@%yét&ntdffélalﬁﬁevxfhbfeﬁ{ th A Hanbiiitlef %%th&%@ @t a

first randomtime in an uplink portion of a half duplex stem and
furt her whefrehgmit He fins signal ISgIPhaﬂl'laﬂ tbe ﬁmt eigdalus rasgivad py elwbeieemml rod dhe

pseudo- noi se (PN) .code; a . a,second,si a
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timng offset in that the second signal js transmtted at a second

random t i mei§iecqived bipthenregivsrof i¢ aspess peinhall the medriexmingd pevrer lael.
further wherein the second signal is spread using the predeterm ned
PN code, and further wherein at |east a portion of the second signal

i s recei ved1fhi | @hatydtenst chimnd; hereiothe btvesd pcﬁﬁﬁf#%@%mprﬁsei sﬂﬁlrélved
and a transmtter in COI’]TTUI‘IIC tIOI‘l W t he rocessor an
confi gured {BIREREFANTEYredp RO dyir %t%gqah@t ¢ fizgt t%gagfhem@s ithird he

third si gnaglghél is Qﬁlﬁécgw?‘ﬂl'ltame@ortﬁﬁ‘;??gdé: D& ReGier @H&e{lﬂﬁﬂﬁ &R &8 i ge

second PN code is 'specific to Irdt tag. e access pol nt
clai m 14, f epaciertodbefirstédgng a denodul at or having a despread array,
wherein the despread array is configured to despread the first signal
and the second signal.

13. The system of claim 7, wherein the first tag further comprises a second
receiver, and further wherein the first transmitter of the first tag is configured to

re-transmit the first signal if a response is not received by the second receiver.

14, Anaccess point for use in a multiple access communication system, the
access point comprising;

a processor;

a receiver in communication with the processor and configured to receive
a first signal from a first tag during a time slot, wherein the first signal includes
first payload data, wherein the first signal has a first random timing offset in that
the first signal is transmitted at a first random time in an uplink portion of a half
duplex system, and further wherein the first signal is spread using a predetermined
pseudo-noise (PN) code; and

receive a second signal from a second tag during the time slot, wherein the
second signal includes second payload data, wherein the second signal has a
second random timing offset in that the second signal is transmitted at a second
random time in the uplink portion of the half duplex system, and further wherein
the second signal is spread using the predetermined PN code, and further wherein
at least a portion of the second signal is received while at least a portion of the

first signal is received; and
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16. The access point of claim 14, wherein the 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. 17. The access point of
claim 16, wherein the fourth signal conprises an acknow edgerrent

nessage that ver iaftj85mitRs &l &imBYnitMOORRIEER p%eeéor%d ther
signal. 18. The access point of claim 14, wherein the first si gnal

i S recei ved tignsmit prt@aémen%t@néw fiyshieg, Whevein theshitd signehiespishdwithia t he
second sign I c& r n
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a denodul at or confi gured to denodul ate a plurality of chip
hypot heses, wherein the denodul ator includes a cyclic redundancy
check confi éér ed g ageass Reinkok gainy 14, @ﬂﬁayp@alama&@élemodulator having a

despread array, wherein the despread array is configured to despread the first

signal and the second signal.

16.  The access point of claim 14, 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.

17.  The access point of claim 16, wherein the fourth signal comprises an
acknowledgement message that verifies receipt by the access point of the second

signal.

18.  The access point of claim 14, wherein the first signal is received at a
predetermined power level, and further wherein the second signal is received at

the predetermined power level.

19.  The access point of claim 14, wherein the access point further comprises a
demodulator configured to demodulate a plurality of chip hypotheses, wherein the
demodulator includes a cyclic redundancy check configured to validate the first

payload data.
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