DOMNLI NK COVMUNI CATI ON CROSS- REFERENCE TO RELATED PATENT APPLI CATI ONS

[ 0001] This application clains priority to United States Patent Application
No. 12/ 4080%88y10800red March 20, 2009, granted on DecenbecTtid$20180082as U. S.
Patent No. 7,639,726 and to United States Application No. 12/647,756, filed
Decenber 28, 2009, the entire disclosure of which is incorporated herein by
reference. FIELD [0002] Enbodi nents of the present application relate to

the field of comuni cat DO NLINKsQ€dMVHANI¢CAEXOMN| ary enbodi ment s

relate to downlink comrunication in a slot-based conmuni cati on system
BACKGROUND [ 0003] A nunber of nodul ati on techni ques have been devel oped for

facilitating comMRO$SREFPRENCE 3OREMATEDPETENTUARPIICA UONS are present.
Such techni ques include code division nultiple access (CDMA), tine division

mul ti ple access (TDVA), and frequency. division nultiple access (FDVA). CDVA
i s a spread-[8P8Ut r This bRl KAt LegyimsHaioris sUpised pfates BagBim prliBEen Sequences to

modul ate, AR ﬂ&dq\%@h gg:gieds()bp%lﬁP%Ei%{clo Ith6&S2d bARPN U Pgtfe@g\rl&he Same

si gnal , "and”or t hogonal es) to correlate di ent
conmuni &9, 06 aldao bmlitsd SEHWA prdestidn Ne. B/@t757 360 fitdddaiembte2812009,phe  upl i nk

transmtt.er tlhat g{]eh.t ansmtting.in.the sane sub-slots. Users transmt in
rapi d <SHHECYEGIONIC ghwhig fselpcqrﬁgrag‘giﬁgfre,m ALHCY8Fhg hi s/ her own time slot,

allowing multiple stations to share the same transm ssion nedium (e.g.,
radi o frequency channel) while usi n% only a portion of the total avail able
bandwi dt h. FDMA al | ocates differentFllddls with different carrier
frequencies of the radio spectrum [0004] In addition to nodul ation

techni ques, [Po@i0oChBodeits of Me HEIRT APphcAbNLWIBIMOTKIddE ¥baRTIn{@EHRNd
when two devices attenpt to use a data channel sinultaneously (called a

col | i siMnie. spasfirdliEhexdaplaiyemisdmsentieldte i dowidmdsemmu@atatiosiima sibebaetli on)
is used by Ethernet networks to physically nonitor the traffic on the |ine
at partci0 %F?aﬁlﬁnﬁ%‘?rpons. I fno transm ssion is taking place at the tineg,
the particular station can transmt. If two stations attenpt to transmt
si mul t aneously, this causes a COiB'AiCSI-{(?ﬂOGmBCh is detected by all

[0003] A number of modulation techniques have been developed for facilitating
communications in a network where multiple users are present. Such techniques include
code division multiple access (CDMA), time division multiple access (TDMA), and
frequency division multiple access (FDMA). CDMA is a spread-spectrum technology that
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.

[0004] In addition to modulation techniques, protocols exist for determining how
network devices respond when two devices attempt to use a data channel simultancously
(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



participating stations. After a randomtine interval, the stations that
collided attenpt to transmt again. |If another collision occurs, the tine

i nt erval swororovmiioch t he randomwaiting tine is sel ect esdcarus20moemased step
by step. This is known as exponential back off. SUMVARY [0005] An exenplary
enbodi nrent uses a random phase multi ple access conmuni cation interface. The
interface can communicatively connect to systens and devi ces using spread
spect r Ui thsduisatondh talsgders ahihctong. thpartigBactationtiogs epanit.c Hdwe stalignpe]  An
exenpl iy | ?Hﬂ?&ﬂs&*ﬂ%ﬁﬁ 1%&@%%@%8%%&%81%9' &ﬁ%h?@dét@&%i 1353?‘&1?

comuni‘cat tve y connect s syst€ns and devices Uusing spread Spectrum

modul atgagivipeingadsiond Reftdr anaaivns e diteival, e gdtians (lar collidthglengfticet s as a
mul ti pl e access, schene allows for noncqordi nated data transm ssion w thout
needi ndragmEeLaigs lppnothes colisgaecewsdac timgjinteryals feorp pdvddying randppgviHBE sane
PN (ps - NOJ t access point
can beqggggggkg%g&gﬂgﬁgagﬁgﬁiﬁﬁﬁ¥ﬂkEP%Z%E§¥W?%§B%§§§§%Ig%%ﬁ?ﬁat the sanme PN
of fset (or the sumof the PN offset with the transm ssion delay in nunmber of
chips yields the sane value for 2 or nore transm ssions), then a

"col lision" has occurred and it mYUMMARY possible to denodul ate these 2
or nore signals. The random zation of timng offsets each tine neans that
any "collisi St . ur _dur i that fr ) et ransm ssi on
schenme and Aﬁﬁﬁﬂ,r%ﬁ%%%@@%@“%@+%%ﬁ&ﬁé“ﬁ%géh@%n g%wfﬁwﬁﬁﬁﬁcéﬁga subsequent
at t enptcon{r@ditioAnntexesep I Tk )interfhadian@binnmunidatiglels caniidoasiysichBlanadetibs t ag
(uplink) and a nmethod of transnitting‘siqnals fromthe tag to an access

poi nt . USHESPEeag speretu@edyladommsthods itheytithe uspgaf othogrseedes. i nf or mation in
the formof franes. A frame can be formed frominformation provided on a
channel havijggo@ fAxederfiala haddh plite nfaliflc G8RsDERRLARE S AGRELE Same
pseudo- noi se (PN) code, and can hgve a randonly selected chip offset. The

t r ansmdomenumdaigclypphnass fysteqsend yeviotsatsirgspasad specipine noldolekor ortleds.i on t o

match the reference. osciJlator of .t access int. Aplurality.of tags is
nesoci alEd e aedionar shiag bt s pHECt 6§ BRATTSEHTEFRS ST B ot e

pl ur al i oYrddhatéP@a (rhARENidSwitRbRMEBdih@ B biSistigntd 2 usiduE “dccoAd REQNOW th a
randomy sel ected chip offset. The phase is randomy sel ected each frane

over a traasgé vagtles sapic RNi(pssude neise) cgdoych thoeddY anapdespreadsicaiphcgopess

enbodi r{)eo%t ciarq %le ng S 1fld &an s 1L RledBP uRGRERS pgl%it Mthe 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 a subsequent 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 same PN code along



(downlink) and a nethod for transmtting signals fromthe access point to
the tags. The access point transmtter can be simlar to that of the tags.
However, wbeoscwe®3s point transmtter uses a uni que PN ectastaw/oemeh of the
tags with which it conmuni cates. The use of distinct PN codes for each tag
provi des security and all ows each tag to ignore signals which are directed
toward ot her tags. The franes transnmitted bg t he access point also include

a preanbitlea smdampy kgt @ olsesy kb plase és wndanlyrsslecicd gheh Bieme pyertd largeat t he

tags. [ r | ary enbodi nent includes a denodul ator at the tag
and a r?%?‘ﬁ’%%ff%‘%%@ﬁﬁ%%& ng signals received by the tag. An automatic

frequency control (AFC) derotator multiplication is applied to signals
recei ved at [D0@8]t adnofheecxplagreattat onentiddudek b tahsmoitter st aa atcdss pomonpl ex

oPer o ) o PP S RAPR B BEL SOV 3 oV The
conput abQRBbing aYhRAGRel AntRQinkilRitd ndabamBatdl. HARLE) afnethgmogrenpl ary

enbodi ment includes a denodul ator at the access point and a nethod for
denodul teensmgftes uspsal wiqueddi vedt fat cadheofdlocegswibiwitich iThemawowses pdhatse

denodul ator. h capaci t si nul,t aneous!l v .denodul ate several .t hpusand or
mor o 1 1heBtingRy SR8t dheh Tl SRS e eTEHE o Fe R G sisntBor 11 nics,
t he accgisish BRIdifecld Mgt dtHRK tdgRCITHE Bamas Phhaittay b ¢l BsRIceRd bint hiQ® dnkluddnot her
exenpl ary enbodi nent includes synchronization of the tag with a nmaster

ti m ng dofrcanele of eprrexipitely O symbolsde alaw perirapid@aquipdpn edthe sdgsy transnit a
broadcast frane. During a 'cold" timng acquisition, the tag uses its PN

despreader {fofy]al Kbk e ATAAYSAT I APRRIANG AR Lo bR TRSHAT, | NG

of the acce int. g acquisition s expected to occur one tine
when t heecthadfdrslefiodsibtingtipedusedivedbpticheg sys temmat fiequédee contréli(AIFCYol d

acqui sition, th?qt.ag.can performa 'warm ti j

i mng acquisitjion each tine the
tag wakEogr nhah%qwaBPhqdeteéwsléISée%ei‘@Hat?ﬂef% %MFiiﬁ%aoacqui sition

uti|i z&gy kipRSHBRES lﬁoﬂ%ﬂgﬁfbt%‘(acg;‘é{a@iohi\xfﬂh”agl 8 Qplicki Rithuk Qthdhat BrAlouhfRSt One

exenpl ary enbodi nent, separately generates a PN code. A gold code
i s an erwmnpled. dhe tagRNceo8¥ artratdesmepler dmbtades zhihegsatthethngt each user has

its own. As such, o.nl%. dtgtzi\ dfte(% ined for a particular user is visible to
it UsiRgPIRIgNY seringbiighe 11 s not process data that is not its own.
[0010] Another exemplary embodiment includes a demodulator at the access point
and a method for demodulating signals received at the access point. The access point
demodulator has capacity to simultancously 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.



[ 0013] An exenplary nethod for conmunicating through a nultiple access
comuni cation interface includes receiving a first signal froma first tag,
wher e t hewbi2nsriogiognal is spread using a predeterm ned psemsesmnormses (PN)
code, and further where the first signal includes first payload data. A
second signal is received froma second tag. The second signal is spread
using the predeterm ned PN code, and the second signal includes second

payl oad dat d0012e {1 ¢tdeashanq swmpday smbpdimanheaeh tagserargplyigcperafededN fi ed at

| east i apt_ W - T t m t he
second Ctsz}ldg nél 8% E%e:}% 51:1\'8%{;]@?}? Pg% §§[C%?g gl{sa% 5 ﬂ%?%@ggﬁ%%ﬁ?ﬁ% gﬁgﬁg’gr@%ﬁﬁ

despr edteywn. [ QOdwth, éily dxanipbtancyl foy:spativilaruseorvivible & ith@stogrumitgle BN mul ti pl e
access cqomuni cation interface includes a first tag, a second tag, and an
access P96Fne ferRes APt Rpcess datadlatds potilsOWY ansmitter configured to transmit
first payload data in a first signal, wherein the first signal is spread

using a predgpgesm %%%x@&ﬁlﬁgﬁﬂféﬂioﬁ%ﬂPd}ﬁmﬁrﬁgﬁing-ﬁﬁféugﬁﬁ?x’i\ﬂtiﬁl@gc&% a second
transmtter configured to transmt second payload data 1n a second signal,

wher ei rrontmugetiondntsifegrahclidesgpearadg adirstgignabirpmedaesetgd wede PN fosde. The

access point is in comunjcation Wwth the first tag,and the second tag and
ol uaeletal el B Ad G TaRa P (AR $pes e Bhhe NEsRife e aTo
recei vaidgheinkiudss fisst piadbadedita. t R8c&RAQNhaBis §8Rlved TRen 668018 &b, arHcaA¥cdnd
configured to despread the first signal and the second si [ 0015] An

nal .
exenpl aignahiscersd poinatha predgiganingd BN ¢ode. apd éleas@@@gisﬂwmgldémceﬁd system
i ncl Udﬂ}%y%aghgt%?%%grﬁ’rst%agrl%gc?'dé{tgrf o'n?‘?lll%mi%l%?fs'i&) Weh e LG i&?%%ﬁ%ﬁ ~and a
transmtter in conmunication wt € processor. € recelver is configured
to receNerray ddspdadai amalsedondPagilobd dsth fioag thewbedndisipriah® aldorigéntiicgaal
includes first payload data, and further wherein the first signal is spread
usi ng dPF BUREVIR HsP HaBwiecsatsde. (PN) code. The receiver is al so
configured to receive a second signal froma second tag, wherein the second

si gnal i ncl ygepyseaqnd h: }élrf%gtéii@fcﬁwoﬁl%nfidﬁlihgﬁ{roﬂ‘gﬁf ﬁfuﬁiﬁé"é‘cc%%cond si gnal

is spread using the predetermned PN code. transmtter is configured to
t r ans midonanurhéatign sintgriade incduddser fitist wE, ¢ segpnditagr @idrantdeetshippuit.sThmbtst fag spr ead
with a sec

PN code, d further rein t second PN code is specific

o the T Fas g gt ke BTl FHERHBA FF o6 RE4r B g "BSIGR: h 1 0 a
conmuni gt di @l BYsp@MukBg RPN E@hinciRmRLAAE (PR HdESTRPSRE6H g has dat a
frame using a first pseudo-noise (P

second transmitter configured to transmit second payload data in a second signal, wherein the

second signal is spread using the predetermined PN code. The access point is in

communication with the first tag and the second tag and includes a receiver and a despread

array. The receiver is configured to receive the first signal and the second signal. The

despread array is configured to despread the first signal and the second signal.

[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 first tag, wherein the



spreader. A broadcast franme is spread using a second PN spreader. A conpl ex
data stream having a first conponent and a second conponent is generated.
The dat a woanm/iogoodassi gned to the first conponent and tRreThisoado2amses f r ane
is assigned to the second conponent. The conplex data streamis transmtted
to a tag. [0017] An exenplary access point is also provided. The access
point includes a process and a transmtter operatively coupled to the

pr ocessbyd sigpd ippreaksbh ajsecond AN epscetnd fyrthprwherein thgagong EN&COQ% iSng a first
pseudo-nai: ader. The processor is also configured to spread a

br oadcasggélﬁrgéérr@%%isr?[ﬁg ‘a second PN spreader. The processor is further
configured to generate a conplex data stream having a first conponent and a
second conpdiénd], Ahmexanjilhe mMahad forameserangbsidyriédidh ih @ colenunigasibn spstgonent

and the broagdcast frame is assigned to, the second nponent. .Th

Er ansmit PERCE. d0RAT Aoy pedine Q%aeﬁelaﬁﬁﬁla& ey e BN tag.
[0018] BRagxeMbaYcAPIRME & spr&AdRRIS JXBEHIIN isSredd O APERY IS Gata I&im
conput erreadabl e medi um has conput er-readabl e 1 nstructions stored thereon

t hat, Upsmgexi@sutongronbyt sadprsocesiswmponentsegensraet eBlye ¢atd frame ¢s aspigeeditoa dat a
frame i a first pseudo-naqis PN). spreader. The conputer-readabl e

ot rudht B SuphéRb RRENE Rk Rl abmbl RRIET Bline A0a0 BPBHYEAEL TR ane usi ng
a secon@dnipxsit£atam is TRBsHRRPW Lt €adabl e instructions al so cause the
access point to generate a conplex data stream having a first conponent and

a second con‘gonent where the data frane is ‘assiﬁned to the first conponent
and the brodB8hBt An arenplaryzsessg et isqlihuosidednBheeirpsrmomt inchydes a

tar. . . ; . -
her ortsr e A Fal ATk bk NG bR SRR Las, BREFREeRRL Arh kb ETSCt o
and advuaspaés dufalftanizaciige: Apppscadd-ndbise (PN heréaxlet. oVhaygrocdssartis pliso on,

appended ¢l ai ns, and t he acconpanyi.ng exenplary enbodinents shq in the
dr awi ngEnTBHER Hrerdst ‘?refw? %_@r&? fpega Bj%aog@?§mp@ﬂgb§5%|we@f@réﬁﬂﬁh@
DRAW N_(é%nhg&)r%&)]to d@ratda bSmPBledidQ AOAARR AL 1 T st niiBhéMnld hROSRE ter
according to an exenplary enbodinent. [0021] Fig. 2 1s a diagram depicting
a downldoniponemnshirt ther dede framd isaysigocdito thx Emp camporembad thre btoadcast frame

is assigned to the second component. The transmitter is configured to transmit the complex

data stream to a tag.

[0018] An exemplary computer-readable medium is also provided. The computer-
readable medium has computer-readable instructions stored thereon that, upon execution by a
processor, cause an access point to spread a data frame using a first pseudo-noise (PN)
spreader. The computer-readable instructions also cause the access point to spread a
broadcast frame using a second PN spreader. The computer-readable instructions also cause
the access point to generate a complex data stream having a first component and a second
component, where the data frame is assigned to the first component and the broadcast frame
is assigned to the second component. The computer-readable instructions further cause the

access point to transmit the complex data stream to a tag.

[0019] 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.



[0022] Fig. 3 is a diagramdepicting slot structures and assignnments in an
exenpl ary enbodi nent. [0023] Fig. 4 is a diagramdepicting a PN (pseudo

noi se) dewprendiostoray i n an exenpl ary enbodi nent. [0024pcCFius2016/0em2a fl ow
di agram depi cting operations performed in the tag processing of a broadcast
channel froma cold start in an exenplary enbodinent. [0025] Fig. 6 is a
fl ow di agram depi cti ng operations g}erformed in the tag processing of a

dedi cat ed channel fronBRIGROHESSRIPTION %TWW%odi ment. [0026] Fig.
7 is a diagramdepicting a tag receive data path in an exenplary

enbodi nment . T g:El Oic 84l I Lokl 1 i I

el ary. erbomiE: PpoodusteR GhRENAT SRRl MRGiRE 1 29 infity

(aut onamwdimegquency control) rotation in an exenpl ary enbodi ment. [0029]
Fig. 10 is a diagramdepicting a dedicated communication finger in an

exenpl ary e ' t.,[0030] Fig..1l1l is a flow diagram depicting operations
por for med aUPPAY S0k Abrarem Epishie e BpBebud Mgt e B any
enbodi n&Bnpld-PORBddies:. 12 is a diagram depicting an access point receive
data path in an exenplary enbodi nent.[0032] Fig. 13 is a diagram depicting
asynchronous initial tag transmt operations in an exenplary enbodi nent.
[0033] Fig. [9922]s Kigd} wgrdimgrampiceiciing sohstercaues diksaspanperts ihen eecerdaypoi nt
and a t?r?ooidﬂn tsI otted node according to an exenpl ary enbodi nent. [0034]
Fi g. 1578 I'agram depicting data transfer between an access point and a
tag according to an exenplary enbodi ment. [0035] Fig. 16 is a diagram
i1 lustratind0028jt dfips4 Bfa dagremplepiceng b ®N {pecalvamisdi desproad tabrag if anr st
exenpl ary epbodi t. [0036] Fig. 17 is a diagramillustrating contents of
a conpl@EteP ?m{;re 19CBordance with a second exenpl ary enbodi nent .

[0024] Fig. 5is a flow diagram depicting operations performed in the tag

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

[0025] Fig. 6 s a flow diagram depicting operations performed in the tag

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

[0026] Fig. 7 is a diagram depicting a tag receive data path in an exemplary

embodiment.
[0027] Fig. 8 is a diagram depicting time tracking in an exemplary embodiment.

[0028] Fig. 9 is a diagram depicting an AFC (automatic frequency control) rotation

in an exemplary embodiment.

[0029] Fig. 10 is a diagram depicting a dedicated communication finger in an

exemplary embodiment.

[0030] Fig. 11 is a flow diagram depicting operations performed during access

point receive processing in an exemplary embodiment.

[0031] Fig. 12 is a diagram depicting an access point receive data path in an

exemplary embodiment.



[0037] Fig. 18 illustrates a fundanental downlink slot in accordance with
an exenpl ary enbodinent. [0038] Fig. 19 is a diagramillustrating preanble
frame prowezsimgsion accordance with an exenpl ary enbodi memtus2¢10033p3 Fi g. 20
is a diagramillustrating a data sub-slot hierarchy in accordance with an
exenpl ary enbodi nent. [0040] Fig. 2 1A illustrates a fundanental downlink
slot with a plurality of sub-slots in accordance with an exenpl ary

enbodi nent . [B%?dl] Frg. §3 i @agnam depicing $s enchimi@asrisviia [ gisas MiltrgocEtiens wi t h a
si ngl e :sl ' g wi th an exenpl ary enbodi nent. [0042] Fig. 22 is a
flom1dfg6§%ﬁ§?P$ﬁ§%@%?E%§ubperations perfornmed to construct a franme in
accordance with an exenplary enbodi nent. [0043] Fig. 23 is a diagram

il lustratind0833owhlg. nkid« dingmisdiparingoatetaciionsdecwcaiancecess phinaandex egpl ar y
enbodinentlDEaAl ED DESCRI PTI ON 04&% Eﬁquﬁfry enbodi ments are descri bed
bel ow WP e GtER BradsRecqrging e 2 XSHIAM AR IR ngs. 1t shoul d be under st ood

that the following description is intended to descri be exenplary

enbodi nent s, [pa3y] Neto 19 id d Blaprabl\@pidit %{aqmntétb&%eﬁanaé&sm% clai ms.
[ 0045] Fig.li ?ﬂluséﬁates anéupliﬁt tgansnitter 10 which includes

st r uct urgscoording psanexsoplasy ambodimgntoder, an interl eave nodul e, a
nodul at or, a pseudo-noi se spreader, a filter, a bank of taps, an autonmatic

frequency c I FC) .1 .0F- . ures:

L paueney oM AT 4 P PRI GRATR s SRS Sy
22. Thewith afisdrckerplbdy @hibodihénik transmitter 10 is a coded and spread
spectrum waveform In an exenplary enbodi nent, the uplink transmtter 10

can be i ncl in_at t hat communi cates with an access point along with
ot her tags ﬁgﬁf@ dERod (vt AZEBH TR 2 R B ANACP TP hRIpt N GReATdaTcEuer | or
di ffer epith PR&OLAY b 19RYerodRRE&dtor med by the uplink transmtter 10
dependi ng on the parti cul ar enbodi nent. The operations nay al so be

performed in a different order than that shown and described. As used
herein, a td§0¥Fdn Fef é8 iltwtiratey adanrdamenhtdownlsnkodetiio @ccordance with an

exemplary embodiment.

[0038] Fig. 19 is a diagram illustrating preamble frame processing in accordance

with an exemplary embodiment.

[0039] Fig. 20 is a diagram illustrating a data sub-slot hierarchy in accordance with

an exemplary embodiment.

[0040] Fig. 21A illustrates a fundamental downlink slot with a plurality of sub-slots

in accordance with an exemplary embodiment.

[0041] Fig. 21B illustrates a fundamental downlink slot with a single slot in

accordance with an exemplary embodiment.

[0042] Fig. 22 is a flow diagram illustrating operations performed to construct a

frame in accordance with an exemplary embodiment.

[0043] Fig. 23 is a diagram illustrating a downlink transmission model in

accordance with an exemplary embodiment.



configured to receive signals fromand/or send signals to an access point.
The access point can refer to any comruni cati ons device configured to

si mul t anewo2bw/wemwnuni cate with a plurality of tags. |npram/uszeopkmsesy

enbodi nment, the tags can be nobile, | ow 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 froma power source such as a wall

outl et or generator. Al ternaﬂETeﬁI%EQHESQBS%TW plug into an outlet and/or
the access point may run off of a battery or other stored power source.

[0046] 1n bl 9%‘1] é_zE’i ?rg%n%to'a §§re rd@%giib&‘?gelg% \é‘lﬂﬂ%‘i‘é@ﬁdéttg‘a‘é&\i encoder and

i nterl eave enbo data streamis 12 ts including
the pr eandnhpanymg drawates v &l shoulda)bmnd&mmamamthecfoHW1ngld2m1mmy ibatangedito Once
receive the d strgwgns encoded usi t he conyal u |orl11 encoder. In an

exenpl a&saargit@éa%nﬁaﬁ%wswwod& nggd ingthe appenged v/

Al ternactldlﬁlg] Y, ot her rates may be used. The data stream can al so be
interl eaved using the interleave nodul e. An encoded synbols streamis
output to a block 14 in which a differential binary phase shift keying

( D- BPSK) rmdﬂ%ﬁ]orFlgsl u@e@at@banmdmkéta@smﬁ@r éﬂ@dxﬂ@dnslydtﬁcﬂt@c@mesmh ay ¢
al ternatl vl on nc ger 2 intQ r a nﬁdlm at la?%ha? Bad Xl S reat%{j aAftiltbl ock 16,
t he rmcﬁ?fl}’a? d ? gar 'S5 eIwé{‘]1 pre’ad%u?n 3n I"ar'y

enbodi rRAk of taps, alal\aluwmﬁd&rqusm dés ol AFTNTORAtICindthergatidstaneges hﬂwgel
using a sel ected spreading factor. The sgr eadi ng factor _can be a nenber of

the setstig@resppgformgperations depgiashin blogks dnkdk il ol 200yl 26t e tesHBit RAdY or
d f di ng fact
0 oo Sl e TR BB ERC Gl shiBubP IR bl B HEARIERC 1O SRCt O

| ar ge reamtg)ehméntmhs apblhletramnﬂmﬂ Y cae Ibe@rﬁce@tiedhnp tef thsedenmmdcaasesh hine
probability that a particular fra not coll.ide

d
have t HECSARRINE AOPE Mith Oﬁlgeré%gwglggf?e@ég a5 %mmw%waﬁgﬁw %ﬂ@m m
anot herg{ k205 Bttt o JQ@OI{%V&Q%E drfo¥med pe ald dp‘ﬂnﬁmrahg}nﬁﬂaﬁlé aaaehdfa on

appr oachi ng capamty may beconme non-negligib ~10 % or |ess) d can be
sol ved th¢ aartlemlalaﬂsbn@mmtn bk ophrtigesmay alaobe atrﬁa’nuhdflﬁerda?mrbl}t ouidemhmr andom

of f set. PN spr.eader i ri bed in nor etal belowvvlt reference to
i o D REHEEHPA: b B et SR SIS "D DI UERUSE N FHGE a r ate
of 1 bidonfiburbd MR&Rci¢BsRNME FrofLaMEt SeAEHIShals A dredRadsipsaity ThObLRSs cﬁﬁtes may
be used. [0047] At block 18, the data streamis upsanpled by a
over sarggh&ctei fotaay cgmmunlcatlons device configured to simultaneously communicate w1th 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.

[0046] In block 12, a data stream is received by a convolution encoder and
interleave 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 2. 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 alternative embodiments, other modulation schemes may be
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time tracking logic is used to ensure that all of the frames |land at the
sane sanple rate consistent with the frequency reference of the AP. Bl ock
18 recei weo 20106@8q7e sl ip/repeat indicator as an input. pCm/use@oeaisesli ment ,
an out put 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 timng

of f set ,usedstif blagk { hhe mrofulgtedistigarn iggrpdicd fonP Nl sprasfler: He apseenspleiihds near

the Sa”e"?nﬁordﬁgé{ﬁ A Pﬂ%ﬁﬁ’éa'&%f&a% ust B B 0%{%9%6@& ol ¢ ﬁ&'&@?ﬁsﬁé Qéc}&ftgd 20 may

have a co freque pr oxi ma
i mpos eChpfd’adﬂilgtﬂ&]@oﬁ t"ertspﬁdadtnglmcttbﬂ catnﬁ& mémbatofalmzm $641108, 2EC Ur,R1 92}1
addition, a random chip is i on the naI I'n an exenplary

el
embodi rRlRmathRl. ARKABE meﬁ%é@r siyre torfﬂ%ﬁ tﬁ@hsqfﬁ%f‘a@gh@t ¥ act or
mnus LA %?éa Pn? MEabYis s i3 g'g/egﬂ })}r%e)esrahlerm dodm G R rﬂﬁ'o Q@?é’ct&leclﬁg EffsctThe sl ot

access can cribe wher e is rel ated o the eadi ng
factor He lzdgé Irge)of pnsbihle radomdy sildwisl czhup nﬁmmcmamsebqopmbablgtyttbat a

nonover sl ot di ng. nth el e ted sp di n ctor, there
o gerersity faineey i no Eb BAE kit B i e e B G 08 af B egiest b

upl i nk,polifipwif G8Shesirfhe 68H PBHARINFMeS efl%%r@ls’abﬂllt R c¥Mikidn 3n BRIIMieT f set
fromO to spreading factor mnus 1. As such, the probablllty of collision

bet wee rpf@ppnomzhlmg e@p@cn}snmlbpmnzee@bn ogsligibla(+16vio o9y ldsprandecan &t selvedwniaf or
caseswhere t S|on t.he si e el a t he
ity S R T S o R e L P S S g TR
downl i rﬂesérft@asmfotr@detm)bﬂawl Wieh Rersiidel6 Pt @s 16 UE Bx@splaryc@ibodiddént0ah encoder ,
an interl eave nodul e, a nodul ator, a pseudo-noi se spreader, a filter, a

bank ofoutief blesks 18 carehaveicrtesafrl kit afrlemegacghipgen seaenrshiMens). Abernatieeluccess

poi nt ( | ti pl e channel s each destined for a particular tag

or use#ﬁﬁ ﬁéggﬁéy%u %fes perform operations depicted in blocks 32 through
54. Blocks 32 to 40 and bl ocks 42 to 50 represent distinct data paths that
can be repli[064Hd Aosloddil,tthaded st(mnaismk)sampledl by ad xexenqahgply/ fikeradi nent ,

bl ocks 32-38 can per.for perations simlar to the operations described
Wi th T ey ARG gy UscH g Rty fHAgal L rnes i e FREISYTP BBk, 42- 48

can_perdatifcRRefiatHeIRIuSAP kR erlcl of e APEBRLK ARS@RRSH IS%EIGVMI}DHGI;&{ erence
to Fig. 1 on an nth data Stream where n can be any value. The input to

bl ock 3Jadigatar @eananng@tl dn ooelembpdigichi, en potpuhef tlagk lihmehhive 4 wak opicvey othe
first da&ﬁmﬁrﬁ&%@m rnega ertQ %MI‘PZB ukt BPOCE 580251 aﬁﬁ?omaatlc fb equenc%r co%tr%PPAeFé)D ecific to

the tad'
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. Atblock 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”(13-1) 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



receive the nth data stream Alternatively, other codes such as a broadcast
gol d code, a nongold code, or other may be used to spread the first data
st ream amai0aniovtogoont h data stream The output of bl ock B8Tarsdéion2tsbdck 48
can be weighted in blocks 40 and 50 in case the data |inks corresponding to
the first data streamand the nth data streamare of unequal power. Once

melghted the paths are summed in a block 52. A hard decision is al so made
in bl ockhapthgrreire callisiopss Aftpr/ e sigapldras baeredslasdetresignel eandedransmbdte ve

nunber dto 1l. Alternatively, a different hard deci sion nay be
made. ?ﬁﬁgﬁgggﬁﬁgdlnent an out put of block 52 may have a rate of 1 bit at

10 Mcps. Alternatively, other rates nay be used. The sum out put from bl ock
52 i s upsanybe4Buskipg? ﬂluétmesdnﬂmﬁliiﬂli teansimittdy30akelbding ktnucmes suvhedianment , an

out put of bl ock 54 can hav equency of 4 t ively,

ot her fHBYRIBHE %‘écoﬁﬁya%“?f e “Ng}:ﬂes%\%ﬁ ufaigt IE%’@H&% H‘P@%?Hﬁa‘% aaffllteéo‘} acent
f requemkbh {p 'a%d%ttﬁa'r Rt efurQf Iﬂﬁr@g&%ﬁﬁn&r}@nﬁ& a@&es@p&iﬁ%{ﬂ?rﬁﬁ@fﬂﬁk' nk
spreading f 2048. Alternati ferent maxi mum downl i nk

spr eadimgltlp@oﬂl@mnetlmqmbéesjmdl for[mdt@qulﬁ]tgg oBuset.| Tstse atrestursh pcrf@m uctures and

assi gnnen ln at le t o nbo |ne cl des slot 72,

o ot 7Pt fesfron F e R eE ARl BT M ARATRAB AT 0T sty S s
tags- t%ﬁﬁcﬁmﬁhgaﬁt%be&e ikt for Bddifordil dARflos! #Q8n @@mﬂ?catl on. In an
exenpl ary enbodi nent, each of the slots can have a duration of 2.1 seconds.

Alter nmhﬂélf?entabi901i§t3l$e}8 errnst foun onerptiens simder tariey encrafions é?@ﬁbe%W@hs may
havedi f ‘éﬁ?é%’é& Pt ai '08 NSirst A% sqr%%l% %ﬁ%ﬁ%%%c@ﬂzﬁ% da 'el%{}'r?ﬁ‘ Weﬁe‘}aﬂl
ny g

hal f - du ation sc er the AP

i s transdiladto nige @mhtiolne dé@@ﬁe(ﬁtﬁvﬁh r€foehvé oEigor o lanenﬁhag& Afcamt WABRM dani Ng
and the AP is recmwggt In alternative enbodi nents, other conmrunication
O

schemes ey vBBicudaa InPag taseelh36 FRnpieg edd cpeg @ee@aﬁ% e tag Whishiig tasrepsive eSS| ng
gai n opfhé AR? afQ's Qﬁﬁaan MStnht 6%lo f46acaﬁ%% egow&a%'sgé&ﬁca;theta%%ﬂ%ﬁg
ve (In AP during

gai n, e tag on y needs to e ready to rec
t he durratdientheftit dea straam. wAltdrnathelyc (otlree spdmdicigasgahmaddast goldosti, & nomde, t he

sl ot se n overns the transm n fromthe t to the access point

such t r%&f(f A SRR b 0 Shrea B et st YrethandBniie neb ALARTRR f anrmi ¢
mode. k BlocR 38@hMoPblodiB48 BuPRY Me@ﬁf%gﬁn Blotk S4B B Pl dab/th@Mata Dat a
channel 2 epi cts processing gain options for data in slot 74. As can be

seen, ﬂhésp@m@mom@egub@eéhﬂa@m@aﬁMMQnédmgﬁhédm§Ucmnmhaﬂﬁéaqwﬂ@awar||nk
arri VeSOI?c;[e V:[]qu ted, the patﬂse ara Sumnted 1 & block 52. A hard decision is also made in block
52 where all positive numbers are mapped to 0 and all negative numbers are mapped to 1.
Alternatively, a different hard decision may be made. In one embodiment, an output of block
52 may have a rate of 1 bit at 10 Mcps. Alternatively, other rates may be used. The sum
output from block 52 is upsampled using a 4 x chip filter in block 54. In one embodiment, an
output of block 54 can have a real frequency of 40 MHz. Alternatively, other frequencies
may be used. Not shown is a transmission on an adjacent frequency that is a single set of

broadcast frames at a maximum downlink spreading factor of 2048. Alternatively, a different

maximum downlink spreading factor may be used.

[0049] Fig. 3 illustrates slot structures and assignments. In at least one
embodiment, data stream 70 includes slot 72, slot 74, and slot 76. Slot 72 is an AP-to-tags
communication, slot 74 is a tags-to-AP communication, and slot 76 is an AP-to-tags
communication. In an exemplary embodiment, each of the slots can have a duration of 2.1

seconds. Alternatively, any other duration may be used and/or different slots may have
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[ 0050] There is a symetry between processing a | arge nunber of

si mul t aneous waveforns on the AP side, and the processing of the relative
f ew wavefwormsiloonsdone tag side. Automatic frequency cont Polr/US2HEN27823
time-tracking drift, and franme timng are known on the AP side due to the
fact that the AP is the master of these paraneters. However, AFC,
tinmetracking drift, and frame timng may be determ ned at ach|S|t|on on
the taglifpigat durpeonsnThe dakp saexpr8 adepe g@plﬁ@mﬁt@d ithehgf-duelex spramupisation i on

A A L A L e R S

| ar ge abmegsm&n&mmmngnghm&mmvuxmhann@ng|hﬁﬂmnmhougmbbmnmnmgomemt|nuously on
the AP (which shouldn't matter because it can_be pl ugg?d into the wall), is
onl'y r URAIMIERHOP AENANS EBAYPC RS SR BRI St helatghats ER dsHst d happen

rar el Y. prfln g8 oplibA OB, 8 i1A6M AUl RIS, ?ﬁﬁmgd%am fiDlg detail
wth ré%erenc I gs d 6, respectively. [0051] Fig 'l''ustrates a
PN ( pseuwdioneeds s:el)e @eéy)toefadelaﬂf (AP tettagsmddeg dhrln@ﬂesiubmoh off ttee szlmiqmlsiht‘i on of

a single mavefornlon he ta d. brute-force denodul ati on of
raver o R BB TR Rk ot S f B s B 1

per f or r{hgto]{h@'aéceg mﬁtrs%uﬁ{at ffc tHRE BIHiIRIRRAGAinkd il thY pHY BN
si mul t aneousl y. A PN despread core el enment can Be a S|nple counter

t hat |§ranﬁmrtemyi¢t eE@r oxarmdt:,agﬁam eﬁb&d@@nbfmdw é@l«nﬁépte(ﬁdnoh@@n characher t he
I nput here ar

count er'e ke afesting il 3 R TR 3 &% B6kcn hefhfedea by

Mul ti plth€ad S sehited sGEHTHaCXacRRANBIK drdlesi =8 tHGEAR bedhk Yarde pewei0f 4 rat her

| arge scalarnmultipliers (4 x 1000 gates is typical) coupled to a conpl ex

exponential table. In contrast, a one bit conplex multiplier is basically a
sinpl e trut HOPHY| e Thergdha axmmpy BReAN BracatSng SHERHUBICHAL SIMERREOURe

negat | UenARABER MO PLKCL RPN Qi de fOhctu Thitw (b iochi8Bh By0aR hE

i mpl enente ing just ew g epicts a spread
array Jf&ﬁomﬁhefreqweany bentrod (A FCh stnaatracktin gadrstt, (aadgirameZtﬁﬁmgrarmknwvn on thae

enbodi t r C rs, for the.conpl ex desp 0 ti.on. The PN
despr eﬁp é&dF g’;’ %)% ? h&éq‘F’e@? ithe megrer of ge%ﬂaﬁ‘%i’r&c E'HFV ev?fpgrgﬁ’e BT ons of
PN despiLR6M&heem ﬁaﬂa@ %mlﬂg thay %@ ‘aet%g Rink@ %kéd@lglsﬁﬂ)ntdnrfh@ o YROMNRSHS t hat

are a chip apart. The 1 bit COﬁg data is sent froma block 114 to

el ementagray@Rspra@ier peniemsole ey rqetOplerﬁtloo rasnon@wd\mﬂanhmh@hgm from PN
gener ate?ﬁcwl:ll’[ 1mpfé|>lnesnlta%on fopexp?gnaffgoarcq&l%l 10N n otﬁesma}demm{u?atmg. Another aspect

ray can

of this is that this large power-consuming circuit (when active), though running continuously
on the AP (which shouldn’t matter because it can be plugged into the wall), is only running
during a “cold” acquisition on the tag which should happen rarely. Cold acquisition and

warm acquisition are described in more detail with reference to Figs. 5 and 6, respectively.

[0051] Fig. 4 illustrates a PN (pscudo noise) despread array, which facilitates both
the acquisition of a single waveform on the tag, and brute-force demodulation of multiple
waveforms on the AP. In an exemplary embodiment, the PN despread array can perform a 1

bit dot product of many chip-spaced timing hypotheses simultancously.

[0052] A PN despread core element can be a simple counter that is incremented or
not incremented each clock depending on whether the inputisa Qora 1. 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
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that outputs the sane sequence of Gs and |

t he dat a.

In the case of elenent 102,

s with which the AP is spreading

the derotated data is conbined (nore

speci fi cavbypioliokior conplex multiplied) with the PN si gralr/tstola/oesebi ner

122a. Real

and imagi nary parts of this conbination are separately input

into counters 118a and 120a. The counters 118a and 120a shift the bit

stream out. upon

recei

pt of a reset signa

112. More specifically,

t he data

i n t he rewtintiers &4 KéO%g@tas s tgticadt saupladgo prsemplaxeaxpenaiial tablehdn peigest. 8i gnal

forces(ﬁgr
t he curren

iR 0k

L&A ’Bﬁﬁ a

unters

{alty 4 pIthlch R Rl

S

as uni

UEf

Bl QyhRut of

finished its

despr eddiowg v(zmeds fikinegathie dehatks haritivessd (8> pmt:ke 0%X Tieis traﬂem’elratcan ba the PN
e simlarly. Elenent 104 receives derotated data
WS- with a PN signal after a delay is inposed by
del ay bl ock 116a |n elenent 102. The conbination is entered into counters

despread
f rom bl'BPK™

118b and 120b, w

the reset signa
Li kew se, el enen
it wth a PN sig
104. The conbi na
shifted out of t

100 oper
N IR

i

[
112 afth

sm@ted
an | nposg

out f t
sed del ay

ne count g
froma d

rs upon g
el ay bl odg

| signal from

k 124a.

10B r ec

al

t

aft Ay

ei vebk der

a Aol Ay

otaH@d d

I (ad

at a fIrom

bl oc® 114

a¥al
MT_ UGN

and conbi nes
116b in el ement

T

tio

T T
X L 3

is €

A A IM]

ntered i

IWI‘\I'\C
o I TPUYo

it o unt

dbvdel
MY

X {QSC

el S

3\ hl oeck
Y

and iZOC,

whi ch gets

e counters upon a SI

gnal

romthe reset si cnal

112 with an

i nposed delay froma delay bl ock 124b.[0054] After a nunber of cl ocks
correspondi r[§0%3 Uhg %ﬁq&ﬁdaﬁ@J&aptmdanh%émPNEMﬁsmehﬂm@mﬁanhnmﬁmshas

valid ata %glch is.selec
thereafF@v REMRL] BB
data h

RSP ST BeR Fourb By D

ao%elza%ﬂ Ut mt dedhriced a&%nl(ﬂﬁ@a‘ﬂrbeqyd hi@hip P& &}Hﬁhéﬁcé}{ﬁ 1I§5|té?1@15§01}js of
desprea

,talndtl 06 omoeking on hl@n@g)bmﬂnasns bt arhiashipeaplaetni sm

correspondlng to nIgNIorea ing factor plus a nunber
i nst antBNt¢spnead 613151@6 Bode4s

can be code ranet ize va

o her S ARhedohE eSS BRR IR b fSupe L Bt e 1 P

| exer

EPuyeH %ﬁpfe:i‘ le until

of

BB aVE Rl

very cl ock
al |

nRg»tnents
erforned

i n the doadingadeim @PNCs@gxfzﬂl ﬁgnmN gelwraa@l CEBtPIC BRfietent@tdda Mo din Bé Barti{wareaccess

fferent erations my
be per fth#taEpudeihe sema seayaneernd Op and |1&mtarwlé%@@ﬁ?eﬁt8prwﬁl@géfp%£aéq i BriBe may

point's transmt waveform Additional

al so b%ﬁ&%ﬁﬂgﬂﬂaglb

[ 0056] e

il

I Ni

tﬁ g&fo{a%dg&tta

power - u

bl éhl%?é"%)e

f ewer

di

ar

BLar Ci"tﬂt &b

ters are

a

scri bed.
nown

L

regar dlmgtlphai)mﬂﬂheﬂ)m ﬁg@aﬂzma éc;mbmﬂelznaoad@lmti 1mlag1|nm@rlpaﬁ&lo§ﬂqyence (e.g.,

t he partlﬁylar
com

gold cod

nation are separately 1nput into counters 118a and 120a. The counters 118a and 120a

shift the bit stream out upon receipt of a reset signal 112. More specifically, the data in the

counters is valid just prior to the reset signal. The reset signal forces zeros into both counters.

The multiplexer 108 allows for output of the currently valid counters for that finger that has

uniquely finished its despreading operation at that particular clock. Other elements in the PN

despread array 100 operate similarly. Element 104 receives derotated data from block 114

and combines it with a PN signal after a delay is imposed by delay block 116a in element

102. The combination is entered into counters 118b and 120b, which gets shifted out of the

counters upon a signal from the reset signal 112 with an imposed delay from a delay block

124a. Likewise, clement 106 receives derotated data from block 114 and combines it with a

PN signal after a delay is 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.
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ot her code paraneter). Additionally, the tag may not know with sufficient
preci sion what the relative frequency offset is between the AP and the tag
due to oswDl2bawwsoovari ance between the AP and the tag. PCg/US201depises s a
scanni ng node where the range of uncertainty of parts-permllion (ppm
drift between the AP and the tag are explored. In an operation 150, an
iteration is nade over two slots to enable the tag to tune to a broadcast

channel . Forl08xH nphler ayruweles of plgckesorisspandingstoiehisersling faetos|the PNi mi ng.

Duri ng j : - o el can
pe. acti Garoan qeiighh [ RSPl Rhidl® R0t RESERY by EpRIGRERE bR RERD®, | 2
br oadc agéckahanafedr, thandjaecnt dagiré¢adelcrhéntd04 br $06 istagsibdbil©imtil allldatiytpebbases can
be explored using a first. slot timng with an asynchronous starting point.
1f no EREMYY I Gg@sey; yring ahg myrmlger of glosks %f,es%o@é%tﬁdﬂ‘? %Ig?aéie%ffmog

perfor g o ﬁlpnﬁé}%fw&@?rehél lsAtifbns! e BRYORRIRA gkﬁerﬁ& ﬁl_reﬁpg&t&g'bf‘{hisc ﬁ”

have a one slot offset fromthe asynchronous starting poi used 1 n the
first irhenhatismranhs agobhcodeyppoinitgesd biatvalver dn elghanedmividirecttthetheroadcast
channel s,active can be explored while the broadcast channel is active.
Once t HeY XS EAY % Wedind, the tag can tune to the broadcast channel. In an
exenpl ary enbodi nent, operation 150 can represent a starting point for

' col d acqui S[';ms;n_- Fid. B i%tr@’éé@ro?&ﬂa%hs]&?-fortﬁ_e&ﬁﬁthé eagatbAIpicecdsipifancy
control (AFC) is initialized. In one enbodinent, this initial value is set

to a no¥eadsayghinns! pedogeodylpshthggccesppeiphs psset wayefprg Addiniens. fvics aode

gener at r . ti 154,
o coriapant GERERE B o6l ERERRRG SHAMELA ARGBREGE HRD. 20 arc
hy pot hegimtiahemaahBubapedornal in @xdaffpk st schjicricb ¢haaphiatatdowng ahddéseribdtRs a

| engt h of 2048, the non-coherent netric for 8192 hypot heses can be

cal cul at ed. 057] 1 n operatijions 156 d 158, the coarse AFC hypothesis is
i ncrement ed [h&?ﬁl pﬁ@“é‘}?dnﬁlﬁl P%‘@erp‘mﬁfﬁgﬁﬁéz NEPRraggieR € 5Pt el e enesi s,

the hargdwaksAeREs 8k BrdddBast fhdmde e de &né%%ﬁﬂ@gérﬁ@ﬂﬁﬁ%@& o0dd set
The P e y

represented by the current hypothesis. spread arr is used to
gener atahdriveddpapmetrd). d\ddntinnadf, tBe sagouessitkaowywitosuTicidht ppeqision wlkithe ot her

nmb : nbol b d. . A - cph t .of th nb [
hen carpurSEatensy St drod ear i AR RE BB Mot B it ITNE T g
Wi th thep in@gsesd atieds Baiaiesensim BodBkMrdkiadngdofundakanStorpetspe- As the
fl owchart of F%3§m§1lndlcates, the entire range of oscillator ppm

uncer t ahiblign @p betwera the APragd iyples lessexplared. ch gn operationd §0..an; itntiatine
X! Or St By RO HACE R A8 hAE 4 BB Lniner YRHLimglne W11 be
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
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Along with the nost valid hypothesis there generally tends to be | esser
multi-path reflections, adjacent AFC coarse frequency hypot heses where
appr eci abwe 2erergyp7accunul ation is still present, as welPCTas2@oeTses y

i nvalid hypot heses that have generated anonal ously |arge nmetrics due to
noi se variance. [0058] The non-coherent netrics for all chip x 4 timng
hypot heses for each coarse AFC can be communicated to a data structure. In
an opertapPpdascsdor a ginen erarse AFE hypethesikeesalculatedk Fof cxaieplgribiesgreading

non- co ' I i 4 tim hesi s,
non- congrnpsRhbESp G me SRR A R 1P BB TR THEVRREICS ca oo
fingers in an operation 162. Each finger nmay be uniquely paraneterized by a

chip x 4 ti r0og7]valuepcaattbna 166and 5SHME toapetAldS hgpathdsishis icrémetegbmdent  of
the curyent, coarse AFC hypot hesis go ing the PN despread array. Since
frame ti %F%Oﬁptg_e PRPLRRECH yf O _?Sgé}gwﬂ Balfedyrgie FEC] & g Dl by
the de%s@@%&&d%‘tﬂ@ﬁéqdeﬁggbfﬁﬁ& RegiZ8Ed b9 tf?@%&eﬁn}gl& h@hés&. @ PN @&®readus, the

buffered 256 synbol s undergo differential ' ion and an additional
set of artagristscdne gbased thordenpricad pltpitnaf Sospceessivasyrabels.c Attpinetivalal atkert o

erformfi.ne C correction, .ag shown in, operatio 164 .and, 166, A ut put
P e TtTs Alermbal 6 S Mo R ety B b EHeR S rRtn e N dnd Gl diled by
I n operAkitT NL@Gn tie S dRboddverty fipahetitd Ao waBth@Nastycided piraats £8NPI ex
rotation (as determ ned by the tine AFC hl¥‘pot hesis) can be iteratively
g

appl i edniptagncdds & dptaseyctpreans e fonchahaf FianS indicitasethgicadroiangsof(i f any) of
th | ectii : t ation.. : : i ch
passes SeLpPpRh SRR oistth! B8 EIREh S 4 Ship S REB o ald ARRRT. 28 o1

wher e awigly theieg pécteivndhai ey watknd (CROYalidBonb evi &k freprerdtction tiRatih dypaidhesi s.
For any valid CRC, a payload fromthe si gnal can be sent to MAC, and
net wor KAGBE iith mostrli hypethsiitiberonsrafl tsads fhbe feows opulti-pathicllzséioas.i on

168, ot I I M ﬁl%j%,lt i . . eI ihment ,

t he coaa'lral ecelitd:%f%%%%ﬂggﬂfﬂg}ss cilgﬁsg%‘gl\}\%rt% h hcella!r;irlggi1 e?ﬁ%@@lﬁtﬁ@%@ﬂcan be
nom nalpredeat, b wgll e antgelyARGlhippbihesashat Gacegtiventehinonmlowhglergefmeday se AFC
hypot hesi s are explored, the tag notes a variable called Nom nal Coarse AFC
whi ch | QIC{H RO t- state information used in future transactions which

greatly narrows the range of coarse AFC hypothesis searches because the
part -t o- partjoys8)i atrh®foRboRe&it nhAti@r foPPIMLKIE i Alim@iy HypotResR thaEQRodh@n t he

oscillator drift over the coarse of a mnute or so.
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-coherent metric value). The “finalists” are assigned to the N dedicated
fingers in an operation 162. Each finger may be uniquely parameterized 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
despread 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 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 passes a cyclic

redundancy check (CRC). This can be a brute-force operation where a cyclic redundancy

-14-



[0060] Fig. 6 illustrates operations perfornmed in the tag processing of a

dedi cated channel froma warmstart which is to say where rel evant state

i nf or mat iwo 208/t08@AN. For exanple, frane timng can be poows2@oa2m23ruch

tighter range of coarse AFC hypot hesis nay be expl ored. The nodem begi ns

its processing sufficiently early so that valid finger assignnments are nade

prior to the end of the 9 synbol preanble. Alternatively, any other nunber
(0]

of syntsbrek (eCpray beperiqroed for qagh Arpashrsiatiosanpueid €REF @ ppgosbirpadhe t o
iterate; t I i m i . r imng is
known. esf#\éf Eeaél K h@ihﬁédéla r%% Cﬁf&%ﬁgﬂﬁﬁe@, %g%glgsé(?égg(% {eodj% c é’?\dﬁl'el i s used.
In an operation 202, a coarse AFC hypothesis is scanned. In an exenplary
enbodi ment , [0089]coar sreopiFaZiomald8bethscdntnending\hepothcssrak triccarigenteacmpount f or

smal | fr ency drift si the last tjme accessed. Usin known gol d code
gener ateéﬁﬂ’gﬂin%‘éqtg_% ﬁeaéS%FéﬁaW@e%q% Gor5ed i he spe éwchglﬂ%&@%can b
non- connRll TRikd Gouf QAR hyflihc dnSPAEEHIRYBANATEHAL Arcalplialgd. I

€
operations 206 and 208, the coarse AFC hypothesis is increnerited until the
end of arhexpdomtl] the pagnotesgevariableanllebNpminab Cat@, AkCdehiah stthectlevapt Kateps

track of .t he.greatest non-coherent trics (e.qg., coarse. AFC v e, chip x

4" 1 ABRPROTHEeHET TG TERETRR VhER ety sl eGoie e QB AT at | on 212

dedi catigglofhkflg SdascRl Be@nsd GO parthaped vanatidhcofdatifadl ppatddvRtioh I @ikctoper ati on
214, synbol cross products are created using current DBPSK and previous

DBPSK. lmigeniiepthe astilletos daftioyar thegoaranobeminudeapicex cross product from each
dedicated finger. In an operation 216, franmes are interleaved and decoded.

For any val ”ﬁg@%ﬁgh% i%t%t{a{%ggﬁ&%ﬁo e%i%%e&ﬁltﬁ)e/ %{%&é@sﬁﬁé‘é?& d&ﬂg%&?' (MAQ)

layer. In a ti1on er slot timng esis are tri In an
exenpl athyerd) dmewhrm saaredciAfsGo byjpohbre sesvas stari iafoedatidrt 13 knbenmbst
successf ul CR%S can be nom nal starting coarse AFC hypot heses. [0062] Fig.
7 i |1 ustREPEs TAMC AP £ bﬁ_ekra)afnaa@aﬂmu {hetien ABeS Heohig A GRSHER: | on

Pr 0ces Shithd S AGER! FRAAGIYh HRAD ISP RIBL ALY ATAGHTAL so Ay SARMIned e
one-bit conplex sanples are buffered in a sanple buffer 220 such that
enough adsipeméngs pregsatetprion tovtieend of thatdl syndwl pehimble. okltaradtivilye ey gther

Exenpl ary .val pes .are provided in the sanple buffer block 220. For exanple,
one e bﬁéﬂgswase?lgy “Yfbols. In alternative enbodi nents, other val ues
may be used. The sanples may be input fromthe |I channel and Q channel into
this pingpongoe1] 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
cross product from each dedicated finger. In an operation 216, frames are interleaved and
decoded. For any valid CRC, the payload can be sent to a medium access control (MAC)

layer. In an operation 218, other slot timing hypothesis are tried. In an exemplary
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buffer schenme at the synchronous sanple rate of chip x 2 or 2 Miz.
Alternatively, other rates may be used. At the fast asynchronous cl ock,

t hese sampbeasioansooased t o expl ore the various coarse AFEChyysetiomsise3 Based
on the current coarse AFC hypothesis, timetracking is performed at chip x 4
resolution. Since the same timng reference is used to drive both the
carrier frequency and the sanple clocks on both the AP and the tag, a

coar se SAFRANYHSL dase AR hyposhsepomiodaied waih the BgsiewesessthCRAS Py map to a
known ral C ] The sanple buffer 220 receives
connunlc%ﬁn%ﬁué$§¥épggéég?g?%%ﬂgg%hanneI and the Q channel. These signals
are sent to tine tracking logic 222 and dedi cated fingers 234. The tine
tracki ng | od@6222Fga. §dllmseree:'s\aesg &ccioalste pAfhCchicpog esthg’ salnnhodlttietidmgi c 222

may reset ta zero at, chi e.time tr ckln c 222 can have
two bl JYRESSIBHI Yhcpilap Gubideae ?erml?& Gi"%@&“{l%}“zérsé oW ¢ g?/%?i@ BRI parity,
and Onesaﬁr‘fﬁtelﬁ aF@Mﬁ’fe%dsm' Aahipdd biared 200 sﬁ@lfjt'hgtr@l%uéﬂ d#&a is I?rb&) tofrﬁﬁkeorgga‘tﬁ@' p x 4

parity. e output of tinme tracking |logic 222 provided to a block 224 in
whi ch \etactian ot Vil sncrgyp Hasewlay salappire edDVHBIdou kh62®mm¢ buffardtooke@i ve

7ot at | divoyraeo9n ey BHTES TR ene Hr oo h N ot RS 6

i 11 ust riadese @deTasRAmSIYs H?@Qhrﬁﬁﬂfroﬁfth& nehdnivel atﬁdqg kBar@dbl ﬁltdrmlstmﬁgtkl ng
| ogi ¢ 222 described with reference to Fig. 7. Stream 250 is a communi cati on

st r eampang Rulfpr wheme ehihg sxnchrgiaus saplsrate ahfliB X 2 & MEbmmliireativiebn st r eam
wth an.p ql‘i%t%%%féeﬁs "Adhe 5t & §hr9§&1s ctlcg;kf &od o E}Fplc%] a?&ﬁéegqo Qg@{)%t Ion

where €ach ent s ading rep YBgEn eren
sequenabe v&0wRIcesrs@A® Celiypbeicsit NBasddash the curg@e adask AFcalypaﬂles@lltrre@;t |y
dependi ng, on which current AFC hypothesis is being expl ored, nultl plied by

a knowdrdchingdnperiprard phehip ér?pqeéolwa% AEF tﬁlﬁéafe%ﬁlmi“&f erreeﬁ?éﬁw tfrﬁrlge can be
used asoo"ﬁl {h%ﬁﬁf%rﬁ]e&%?e 313 s'af?lgleté?ocq(@ %Bﬁ?th@{x%ﬂidf{ﬁ@ L0Ngh SPARE down to

a single dinmension plcte has a fractional” conmponent which
i s booKyypethtsit evithlal lowwftmarrmnfffelque@mcan umquelwanztp tog kmoewirsicad tim& parti cul ar
parity of Ihe 4 possible chip x 4 phases is selected at a given tinme. The
resul t 4K Y8 p rate sequence is then derotated in a 1-bit data path as
shown in Fig. 9. [0065] Fig. 9 depicts the functionality of the AFC

(autonatic flogeBientie SARHIE Blifer BRALEQs| @inturdédiof fsighbd-ovér thB Il charPBET at es
on one of the 4 virtual chip x 4 phases 224 at a

and the Q channel. These signals are sent to time tracking logic 222 and dedicated fingers

234. The time tracking logic 222 also receives a coarse AFC hypothesis and the logic 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., 2725) 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.

[0064] 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 stream
with an even chip x 4 parity. Stream 252 is a communication stream with an odd chip x 4
parity. Fig. 8 depicts the time-tracking operation where each different shading represents a
different chip x 4 spaced sequence. Samples are either inserted or repeated at a rate directly

depending on which current AFC hypothesis is being explored, multiplied by a known ratio
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given tine. Fig. 9 depicts a one-bit derotation nechanism This derotation
mechani smis designed to undo the AFC rotation due to the relative carrier
drift betweeniotogoorecei ver and transmitter for the postecatusdoionarsse AFC
hypot hesis. Since it's a one-bit transform (represented by the truth table
illustrated above), the 90 degree resolution of the process is +/- 45
degrees relative to the conti nuumof values of the phase due to the AFC
drift fhcorgnHbe saaple raje ansibi icpiics fregyanst Thisgas by usiders afeckedctackon | ogi c

226 ca T ' r - i T spr eadi ng
2 g DSOS DS AE A DARRS AR T Yo T NS
Ey pot Ea&bﬁ:ted'lﬂms afMdcdes ceagomgt ahichyis Badk-kay td gldxﬁfv ﬁf& safffcien tinigilﬁa’ck'ﬁlgf\gc .

ypot heses,. timng. parity, timng phase, spreading factor, and/or go code
sel ect iRFFIHEN T APRIEY ket e 2ClypptRnapeyYS é_ela?tvg_ﬁt SEHBLIMCt he sum
I's non-pRReE A dhi fa‘f]éié“@dlh@ﬁc%% Ih%% deRkdt&S innéef-'b%tga{a?aﬂ?%' dhb¥ i ot he

running sum store t he non-coherent accunul ation buffer 230.7 The size of
the buffer is based on the nunber of despread elenents. In an exenplary
enbodi nent , [00&5]PNFii. 8 plcpiathi the franchienali2pf theh HiateetopBsic desgpersadoatrelrent s

such that .a pass r t he,sanple buffer comletes.th on- er ent

ot ri ¢ Pros BRIt MRS BIRLS iy St g bR 18 s 2ot o

el ementgvdimOeridsedepiald dnbSitRidthGo MY cHAisEL NS &dtakioh nRchafisrhiyrber s of
hypot heses. A signal-to-noise ratio (SNR) netric may be used in

t r ansmidssigaef toowde tioArEaptagen detorthe redattrefcarriop duilirbetwernrtt receisgibinek to t he
AP. Th i t i st i N path dat
ot ¢ uct areBglP R Boullabl oo ABE P ENES SHEF A VR TR ol oo ed

f i nger ropdenttt) ®y tigtrivh patil b Blus@atcd ebdVel, e Wdedroclesslutich &f tht pehcbysot-heses,
tiningzgﬁrity, coarse AFC hypot heses, etc. | 10 illustrates a

0067] Fig. .
dedi cat®dicgsierinirEste o anHgerm oxlHeRidhe Bhase dfl‘% Fm%g Af&sdufé fasthe o each of

the 4 qggﬁggogﬁﬂé%pqﬁ&é 4 sanples with a chip x 4 selector 260 set as part of
t he paraneters of the %inger assignnent. Each finger has its own dedicated

PN generator 262 and AFC generator 264 which is used to despread. The
dedi cat ed fi[A9&] adbeamiCabpediondegpc hecayatioteceaive ooarbatbE haB6thbaseslamn t he

coar se AEG. THRANEha bt S50 it LR, Phase ke depenent o gbl e o
fact or Hppiesis.OThE& PRUeSpreddify Sesli T2 @l Fdchige rrdm 4ohrst W RfpBtheWdst h
reference to Fig. 7 can also receive inputs fromthe sanple buffer 220, and
a PN cdteing @petyt figng 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-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 AP. The hypotheses with the

largest metrics are stored in a top N path data structure 232 which is used to control the

assignment of the dedicated fingers 234. The top N paths can be N records including timing
hypotheses, timing parity, coarse AFC hypotheses, etc.

[0067] Fig. 10 illustrates a dedicated communication finger. Each dedicated finger

has access to each of the 4 phases of chip x 4 samples with a chip x 4 selector 260 set as part
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[0068] Referring again to Fig. 7, the output fromthe dedicated fingers 234
goes through a bit-w dth squeezer 236 that reduces the bit-widths for

ef fi ci entwetoreaigeoorn t he frame buffer 238 w thout sacri PcTiusgoipeefses mance.
The ouput fromthe bit-w dth squeezer 236 is provided to the franme buffer
238, which may be a circular buffer nmechanismwhich allows for the general
case of processing a 256 synbol frane as if the current synbol is the | ast
synbol fthe ppsametgrveof thanianger pesignnangi Kechi fingen Bawnits @i ée%w 1§/N g@wé&om e can

t
[ 0060] orand T pebPuBANEIRERS BB ISER O AR BNt (e
r ecei ventoliaé mymlébleb@ﬁﬁuletbo%ﬁ:basew b ithal doaski AT bjrpmlkesiszlﬂs aﬁp fXOTﬂflﬁilntghe

mul tiplication of the current symbol with the co ex conjugate of the
pr evi oudass; Msdiep cBhvTEblaR R VeTini %fh@ﬂ@%@ TREPERE WEHBSUI ati on. A

resid uaévelgf %%ﬁﬁ%yfaﬂBf ﬁﬁm@@%f CRYRE Theddd éPeﬁ'ﬁtfg@ﬂthﬁllil@srtﬂa% Wwith Fé?erét?éeat ed

by a fix hase e role of the fine AFC multiply block 242 1s to take a
br ut ef do ¢eg. dppnekoeand inpyts fiofrf the emhplebeffcb?2), phdis BN @idatseloctonsuch t hat at
| east one fine AFC hypothesis yields a valid CRC as it passes through a

de-interl eav nd_ v terb| ec a4, T e 11 pl | ock 242 can
al so recei ve[ﬁ%ﬂ niln ?ﬁah% gl‘(sjlgas%lil%%lﬁ? 15 gh ‘@Fﬁﬂfﬁf‘l’ﬂ’@%sﬁﬁ gocs

de-int Qhﬂo@guerbltamth\@cﬁlemt 28eHRdRGuéA4hd Bit-RiOUs BeeffiQed sfIacGh eek@ime46. | f
the CRCis valid payl oad is sent up to the MAC | ayer 0070 Flg 11

depi ct PusfeeApt ‘azﬁtbowé@raﬁqll@gleerﬁem%%éﬂledumuhfjoméhe@ﬂp@ihr$ﬂu¢eéere2
d
Fepenaig s Wbt BRNB s i by be SR RTIRY hROR T WRE lgﬁvﬁéﬁe. " a

di f f er efot thergdedralt daa@oﬂmabesmgem56$yﬁhesbﬁrmbeds frﬁeheecurrEhesyﬁEbomwthenm a
brute-force qgeratlon checking all possible chip x 2 timng hypothesis,

spr eadigbphekthe £ram§na’\’1af‘@c%§ee gmeﬁgsls\kpwmﬁ SPPEBRIY A UFHEY GPSUPPAAE §Cal | ows
for un%ﬁgﬁﬁbgﬁ%g%?ﬁfﬁgl ywﬁ%ﬁhéﬁﬂbwmﬁg&tyﬂﬁBﬁly’ since the AP is the

mast er carrier erence (all tags can conpensate
both their carrier dr|ft and sanpl e clockto neet the AP's timng), the
processi ng H006n &ramdiaufP 238 odipastthebyiophasedd fethes imthe reshef AP receed not

explore t he di nensi it .CO ot hesi $.qQr unkn frame

i i ng B0 7A ORI ﬁ?lfcaaenﬁogﬁ A4 eRs A il PR iler 1 ng of
it erat iggghbePRTth Ahd col%iﬁéi Gl &F the Brebviok BemPBIfveIRER isIRE EflicRGorfadflcBics from
the set [8192, 4096, , and access slot nunbers for Ereadlng factors

| ess t rfahDrE\%SIﬁﬂﬁmﬁdﬂﬂﬂthfh Apiduabfrepenty Al mayecause 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.

[0070] Fig. 11 depicts exemplary operations performed during access point receive
processing. Additional, fewer, or different operations may be performed depending on the
embodiment. Further, the operations can be performed in a different order than that which is
described here. The AP performs a brute-force operation checking all possible chip x 2
timing hypothesis, spreading factors, and access slots within spreading factors. This allows
for uncoordinated access by the tag. Fortunately, since the AP is the master of frame-timing

and AFC carrier reference (all tags can compensate both their carrier drift and sample clock
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simlar fine AFC search that the tag perforns to allow for a small anount
of frequency drift between the timng sources of the tag and the AP to
occur sinwewtoB@st transaction. Al valid CRCs are pagsease@onegrsthe MAC
| ayer. The flowchart of Fig. 11 illustrates the searching of a

mul ti-di mensi onal space. In an outernost |oop, all possible spreading
factors are searched. In an exenplary enbodi nent, there nmaybe 8 spreading

f act or doBgt the AP’s piggne)sthy progssing ‘ze“del onthge\P glypyically lteélrl%hswelt@e ABt her
d |
sbcond Tead B iote BB AUERRY 5 Bur SRURCHY AR MR WY i 3R, 1 @

searched. For exanple, there may be 128 possi bl e sub- slots for a 64 chip
spreadi ng f 4000k aite Sowichat ef Eiggbihdoatsensubmpleail tlieoasrderi@mﬂtemzhiqg uypneadi ng
factor. In a hi rd ossible chip es n a given
sube o1 ot B Solecion e dntg St ST Gt e B dee | 83@?39}9 ere¥l i oue | 00ps
are "U&é&%@k@ﬁmﬁﬁm&@ﬁw@ﬁ%ﬁﬁ%fh&ofﬂ&sﬂ%%th&QngﬁmﬁnTﬁ@A@ﬂﬁ&@ﬁ&ﬁﬁn%?@a one
coarse AFC value i1s used. In an exenplary enbodi nent, the one coarse AFC
val ue camilpdig &F@@@rdoﬁlpenhsaag onfores pealioy fred sbwlltdme)umag%freqlnnebndlmﬁber ation

i al ¢ destre BRBEEER: oF iRt 1 o P Py PR irtniy Bhe ATNEE "o

snal | ercROm$h%ed uh'?o &2 MPEr iaydro rTh% fowcB&EB5BigS | PlIRIsRAEs McQREATHAL o t hl n a
spreadi ng factor. is process may be de?enerate in the case in ich there

are 819nul§ghmgnsiongl ﬁe@?oﬂrsan PuCEROSH [nep adll pssibiesprendsr feelarsrc berrgieds or ned
o 4R BAGRA A RLNR Pl BGSLLLRN epnspoies tasher, For

exanpl e, operat & spreadi ng
fact or Joas, 40%eagn. Aﬂteﬁﬁaﬂelyﬂeﬁ@rspwdding memfsehdr/ednﬁmberabfslﬁbzﬁmgwt s unl ess
t he spreadlng factor is less than the frame buffer nunber 256). In

an operfa¢tPBMayEs usche Ispreand }ﬂg)pf At pessiblasybatefs & 4 w%&prfeaaiﬁtg 13F18E &Ssi ng
conti “Us%éah%d? ! eQ 1%t 1heR rﬁ%% s%@[@ ﬁ@ls'l&;f‘fdr% L) §p‘?%l'it$ fAgrophet her
rea duc 0 64. In e enno

the sp act or been r ternati nents, other
pr edet andiamdicgle/d&g@eaatmgabbhot tﬁterEdS 1 %fchim@rmdh@ﬁactbachm thivddoapptall lpeeswible educed
to 64 ( her. deter ned va e% roce continyes at e ation
276. 1 fOPiR §‘|51PB£H PRt o ot wbidl S dgas dFFFélb§§éIi’élﬁf 45 for a

next sayphve hfdiRus 1 fs'afel111h§h£m§aﬁ1bgﬂo%2nF@‘@P thenext sanple buffer is
filled in operation 282, control returns to operation 272. In an operation

284, a frane buffer of despread el enents is obtained. In an exenplary

enbodi ment, [OBZIf r &nen eperdtion 37y onrecosteph it Balug isersc@58 anyensoipiarsr e out put
froma e%f'lbno% el at%lg ogé( coarfe Kﬁb 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 be
degenerate in the case in which there are 8192 spreading factors. In an operation 276,
despreading is performed for all chip x 2 spaced hypotheses at the current spreading factor.
For example, 16,384 despread operations may be performed if the spreading factor has a
length of 8192. Despread is performed for all elements unless the spreading factor is less
than the frame buffer number (e.g., 256). In an operation 278, the spreading factor is reduced
in half and processing continues. In an operation 280, a determination is made regarding
whether the spread factor has been reduced to 64. In alternative embodiments, other
predetermined values may be used. If the spread factor has not been reduced to 64 (or other
predetermined value), processing continues at operation 276. If the spread factor has been

reduced to 64, the system waits for a next sample buffer to fill in operation 282. Once the
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despread array. In one enbodiment, for a 256 stage PN despread array, a
pass through may produce 256 tim ng hypot heses each having 256 synbols. In
al t er nat iwe 2embiosionrent s, the PN despread array nay havePOoDms2a0/02mseer
stages. A cross product of the current despread DBPSK synbol with the
previ ous synbol is calculated in an operation 286. In one enbodi nent, the
cross product may invalve 256 synbols for up to 256 franes. Alternatively,

ot her rgfbemplopuisyrisblled Brapcsition 2akeeonitalrcpanyDeperatian ai2.o febencsiorss,
the curyeant qh A ekSo ??rggcgilg%gn h gt?taiﬂwi.t npel e&g&%ﬁaﬁ? F&Bogﬁﬁl%nfb‘
n : ed an y va

hypot hesi’s. I'n an operatio are chec or an 1d CRC,

t he payfraadbifier et beaivinpdéte bher Jowsindals drayeput(fitify ) saiptk pyss b thid N medi um
access control (MAC). As_ an exanple, the CRCs may be checked for 256 tines
the nu rﬁ?é?re%f? 2y dn AECRPRHINIALITAr 4 536 staga PN deresd agraysEpans pugmaY r ay .

Upon ¢ &&%b@@ti‘iﬁin%ﬁ?po%é%@ S2hhQYin 2%!}5/ K?ﬂbélk.oin alldiEatiRE %ﬁl%%éirﬁeﬁtspﬁ{ef or med

for a subsequent slot”as Illustrate he arrow from bl ock 282 to bl ock
272. [ 00Y8¢spkiag.arh@ noeydiast srioanoniCees stagsi @t crpfR)rodect eff the alatat geapigad Unl i ke

the ta entire frane at. the |l arges readi ng fact y be stored in a
pi ng- paBP BserEPo SHb IS Trivien S LRGal R GBn Wrlon at6 ol Weheme can be a
subst andiRdirAEMURE cRiss PRIBENMA EInGolve 266 SydYBALS for v 258 fidinck eAKEmANREel

enbodi ment, it may be stored i'n a dedicated of f-chip nmenory device. %he

sanpl e dshdringmbigtsedleyBbolsiand/on Gamceres bt assd. Valapegcration 383, sheuriopeframe
enbodi nent s,, ot her, val ues be used nl | the tag, the tj acking
AP olEbalF By B D et Mk ikl el AR (R

. 1
| ogi c an ed sin e ‘mast er

time rehesedead fdhaysanpicrduhd siylc3dQs MS@&ﬂth@ﬁlﬁ&i&Dla@eﬁEm%ﬂﬂ%@% ng
array 302, which can performbrute force testing as described previously

her ei n.thapeding gresyre@adph@laf)-afs anoxarppic. the CRES npapbeidsplasdLfar gi’réa%@ﬁft s.

Al t er nat. i g[ﬁt? r r I The PN
despr eg[h% }r{llgtm(flerrrozafgi){1 5 mfsll a s% fPIg%:aecﬁ$§&coﬁfd?2e5§t(§E§r rgr%(ﬁ% arl?foil \%ﬂjll%t 0leay be
chi p x of theepotbast if@ra gintrydlot, thepoddesispepbasel foandhlseqsgn eladanglubtaatdby as

i nputs. An output. fromthe PN despreading array 302 is provided to a bit
wi dt h staﬁé‘é‘%‘@rfr%mocﬁ'ﬁ%zliﬂ'?b%gph squeezer 304 reduces the size of the
frames, which are then sent to a frame buffer 306. The frame buffer bl ock

be. used, Dopennng. B R B s P b T B e 48 o™ ™

st or ed dnircaireredhicthe ddgot Srrbadingriaetor yﬁad'émi stared Phepinggpongbuffiereschgme am i s

sim| arsa%n%letbqleffe% ag(l).STﬁies'\%%%f\e/F schEmE S . o SLm?arn%al 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
embodiments, other values may be used. Unlike the tag, the time tracking logic and the AFC
rotation logic may not be used since the AP is the master time reference. The sample buffer
300 passes frames to a PN despreading array 302, which can perform brute force testing as
described previously herein. The PN despreading array 302 may include 256 despread
clements. Alternatively, any other number of despread elements may be used. The PN
despreading array 302 may also receive current timing parity (which may be chip x 2
resolution only), hypothesis phase, and/or spreading factor as inputs. An output from the PN
despreading array 302 is provided to a bit width squeezer 304. The bit width squeezer 304
reduces the size of the frames, which are then sent to a frame buffer 306. The frame buffer

block 306 includes exemplary values. In alternative embodiments, other values may be used.

Depending on the embodiment, the frame buffer 306 may also be stored in a dedicated oft-
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fine AFC hypothesis are iterated upon (operations 310 and 312) with all
payl oads with valid CRCs being passed up to the AP s MAC (operations 314
and 316) .waA2onewher ent accumnul ati on 308 is used to detremrmisa@oaz7sSNR
metric such as signal strength for use in transm ssion power-control
feedback to the tag. [0074] Fig. 13 illustrates asynchronous initial tag
transmt operations, including two types of interactions which result in
dat a t rehismemeny deyigct Hdetrayy of Bicspetemps sipylar fihe daesTeseive Pragstsing Wosic and

di . ts. L
poi nt_ S BrarC hhncgue AR n G310 SLATuParp LRSS AN ess
W t houtCROybeirg paaad ustoathe AP MAG{dperatens 3 Aaid3 89 art fon-chafvat e the tag is

aware of the systeminfornation such as slot timng and a reduced range of
coar se JAEENRHHR %%%wwgto R an Yok spetiic syches siggplptigpgihifor wedhari o, the

tag beg}ﬁﬁﬁgggmg,e@g&gﬁ f@etdbéckstb%@ﬁgncm onous point in tine. Fig. 13

depicts a tine ere the tag begins atftenpting to acquire the broadcast
channel when the AP isn't even transmtting it (slot 1). Eventually, the
tag's proced80Y eki® o8 déustrhtes uspinchiropoes ivdiaNRE trappoitlopsiagoni mchglizg peri od

of ti that the AP is transmtting.the broadcast frane. ,EFig. 13 depicts
Chi's od¥aryig ! auprRl s gEetsres in ek Rt FOFES i OBt APeRer BHEPSS et ri o
causes ¢F it@diation 86t dikA8Ebn LsPte 3P0 Apeestit@a€ Ablseall sl 2 Xefrebdnbi@s@nd coar se
AFC hypot hesis. The finger with the correct hypothesis continually treats

each nawidyiisl “G@dd SHet” iawhersyhnhiok ibgonting ifte difesyaisn Witkes gny Fdevant state
o ot o ‘ . . : C O di cat
Y POLNSR RGPS GO0 Y BE St AL SR WS LRl oot e

CRC cheatrkingndi a a¢kscstimgesscoatiec AT siypsthédis totdaplor@g has the same rel evant
state information that a tag entering at a "warmstart” would have and

continues to _conplete the nme,processing that a "warmstart" tag would
under go. _[od9§151A ™ eeEpgf_@alfth%cerl?ﬁl%ﬁ%%&agéﬁglaéﬁqe&%&cmser BEloB (" warm
Star t " )as@l dnidstloul Yot i @RST Fi0M beFAYIRind Wik %é%gb&ém%%gﬁﬁhg% Qfquiticr ect |y
upon tag wake-up It relevant state information is appropriatel’y mal ntained.

At t hi shpbioatdgast dhennegvhraklesAR isrdtsvenarmpsinitolg it kdotr loc Eivedalst, tlentggls of t he
br oadcast fr.arre)&g mat j.on. t.o .deter MGE?G t he tf nsrgt power
S °to

nd uyses this i

and. spriBSRPHGL PRSP TEnalid ChEss A5 el APTYE ¢ PEREY R Emathat Hodtol 7. The
tag trapsEiniting thepréRREATRANMAIEE 1BMHepikls MBIJButiAg dTHAS e Aeasd y&ft,
br oadcast channel signal strength and '

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

cach new symbol as the last symbol of the frame and pushes these hypothesized frames

through the receive chain where the CRC check indicates failure. At the end of slot 4, the

valid frame timing is achieved as the CRC check indicates success. At this point, the tag has

the same relevant state information that a tag entering at a “warm-start” would have and

continues to complete the same processing that a “warm-start” tag would undergo.

[0076] A tag enters the interaction depicted in slot 6 (“Warm Start”) either by a
transition through a “Cold Start” procedure or directly upon tag wake-up if relevant state
information is appropriately maintained. At this point, the tag makes a measurement of the
received strength of the broadcast frame and uses this information to determine the transmit
power and spreading factor that the tag subsequently transmits at in slot 7. The tag transmits
it’s message based on: 1) using the measured received broadcast channel signal strength and

selecting the minimum spreading factor that can be used to close the link, which minimizes
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sel ecting the m nimum spreadi ng factor that can be used to close the |ink,
which mnimzesthe tag's on tine and is best for mnimzing power

consunpt iw0;20RQ)108@7ng t he nmeasured recei ved broadcast clramnskoisiogrsas
strength and the formerly selected spreading factor, the tag transmts at
the optimality condition of reception at the AP which is that all user's
are received by the AP at very simlar values of energy per bit to spectral
noi se dba&RiSONY ENE anqd BHEKJPr MB)IMIZRE BPWCIRQNSYRRIIGHaR) Wilkg Bi§Meadited f act or
random ' t Bt i o y cting
t he chirgceg‘?ﬁlfdg[g{)éd\/&g tucggl%@g%%gﬁﬁ g&? lrlgg%l ng aeg{yosrele-%%% Sg%fg E%gﬁ\g{{&’ (t:%ele[%1 si ons”
at t he tAlsaite anthabplimeldty @oaditiam dOracsg odcit kienA R ivhéshclk thart alhapdrsaron al | ows
"collisions" to be resolved_ in subsequent transm ssion opportunities.

[0077] TERRYSPysthe ™y & vanigilag yidusap ! Spegw 88t t9 SpeetF neisy ANy fghii ved
during halo)73 PR a8 B0 Re ﬂlaﬂﬁﬁﬁﬁl'sgl%a@iﬁg%%r?&ﬂ%ﬁyse%ﬁﬁg HrdRcslset 10. The
AP ei t her aggregates several ACKS 1nto a single channel”characterized by a
gol d cqeemaer jsantid) randbediycelcetthgtbs shigevfsot vaee frag Ousispgading fabéati-¢at ed gol d

code channel ;. Note that .t fornmer .mef hod requires. some registration

o1 0cedUHEN b Codiutit ot BT e HEoGh AR RSO ROIERIoNeT e horag

updat es[lohs “eéNiBios 4o bk TEsd% cd$h BigbstNRnPHERFRFordppoRaniiegsage. [0078] Fig.

14 illustrates a sinple interaction between an access point and a tag in a

slotted node. In an exengl ary enbodinent, the sinmple interaction involves
S

no data for [PRE 1t afusng siets et 9.ed HPpreacsses el dmuegnalFgecipet puswssless’
" ( : ; LT VE ‘ : .
111 ust r%Ei's&?d&%{hdoﬁg{vlﬁ%gﬁ@gggdrgeeﬁeﬁ%dc?%u%ﬁg sfo‘??%g?ﬁ?kgregtggrsa%[gg%%??rs furing

the sl ots an present's actess I'ng slots.

The natACKs @fto b RihghydiagiBlicBarhbtatizddts 4 @dd $péy) A8 scudsaxicdivired arsdapt & theme i n
a |l ow power, state - a state where systemtimng is nmaintained via a
¢

t
| ow povies usingifs Aedieniechag]d epdesghannes Yotg thebihe fprimen meshadyisaEEsISgMS2 kHz. To
support..thi.s: i | ] o] it j tion is
dont 1 1oEa T iondr IR Ho TR e R B P e B e
st at e fahip t Heintiag usiog dlegqukamble afitheAltsagdei on i s pending). Fig. 14 shows the
relatively sinple interaction of a tag comng out of it's |ow power state

P os st dBHAF B oY H0b i Cobhak i SRR S e R o °
regi st redtic@node00d 8 eﬂ'&ﬁplhlggerﬁ&iélﬁrﬁeﬁt)/ﬁ% GRPLY irREh&FondnvRESASAA for thher e the
frame tim ng and coarse AF hyEot hesis are known to within a tight range.

The tagda rehative Bstietierabgnnadf For purposes of illustration and discussion, timeline 330

represents tag processing during the slots and timeline 332 represents access point processing
during slots. The nature of the system is that the tag spends a maximum possible time in a
low-power state — a state where system timing is maintained via a low-power, low-frequency
crystal oscillator which is typically 32 kHz. To support this, a maximum tolerable latency
upon AP initiated interaction is identified (i.e., this is the rate cycling in and out of the low
power state for the tag to check if any AP action is pending). Fig. 14 shows the relatively
simple interaction of a tag coming out of it’s low 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 during registration.

[0079] The tag would typically enter a “warm start” where the frame timing and
coarse AFC hypothesis are known to within a tight range. The tag makes a measurement of
the received broadcast channel power. Fig. 14 shows the scenario where that power has not

changed considerably since the last interaction with the AP. This means that the last transmit
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t he received broadcast channel power. Fig. 14 shows the scenari o where that
power has not changed considerably since the last interaction with the AP.
Thi s mearnwotzhe10osdee | ast transm t power/ spreadi ng fact or pChhats2ei0e27A8R3
transmtted at is sufficient to close the link. In slot 3, the tag attenpts
to acquire on the preanble and then denodul ate the franme using its

dedi cated gold code. A typical scenario is the AP not havi ng sent

i nf or mEROWSH SRisedipg factarghdt thaediP Atepsyitigd akissaidieians tos¢leseghe fipbghy sletj 3y they 5

depi ct S[agﬁtl@ﬁcpﬁs Foo&ﬁhlrg ghag gﬂrgérﬁ&@%h{i B YhGHuhRvRL YGSe ?Jng ité "RiRkEq and
dynami caf 'y angli ng propagati on between an access poln nd a tag

accor diged t@lcam\ gypeapi@hyricivbod Aot havigs sgpuinfesesionfand tHeusg mamediatehnd

di scussi on tinekine 340 represents tag processing during the slots and
tinelid@e%@%*ﬂéﬁ €Bents access point (AP) processing during the slots.

Here, the AP has information to send and the propagation of the channel has

changed congpggyjabky $5Q6fclksREndREbPRCAEARSREIHARVhidIDRIVENES 80tk nBhgadcast
channel power neasurenent has changed such that the tag knows that the

subsequadtdynharaieghy slxingmamsopaganen bévecappr ageisatogntiand iattag aczosing © aat t he
same transmt power./spreadi ng fact s..last tinme.. Thus, .t tag will send
2 Fe- r egroplay PARSERBLRT pfhre N aidlpPBrof St LiRsehatminery sl of ort
the AP tﬁg)ﬂl‘d)‘é@ssﬁlgﬂﬁl‘ﬁng 12§16 tan P BMRIIAS P4 2RBTREtE a@dewpcfmr(mg plotk&idg® t he
current channel conditions. The new information governs the transm ssion

and reckpnEdie Botst Rlere thendP bacinfarmagon o ssndendis prapasatieyolgén ehammekhasn
know : : f Fi 0.
na oar S REH Bt RS TRNEIO BLNGRIG PAGRLE Rca8 bb ) pdden e,

t he transacicheht ha chansiddaciethachopdcws@hitaehsbidtequcherdmpigidnengmild a
retransm ssion. [OOSlL In one enbodiment, the air interface utilized by the
syst end10§ 88 BPRTRRIGAIA HiBiraNsRUls ab hegams R pek oF sierding fagtobas el o) exed

frame f . PO : gl Or.t.| : ine in
the dovimpe (i GLREAE S5 R Haib AL LAPAIE 3o BBOLLL AN AR TR | on
of t he dértrthei AP tohese apleivitkandmitgoivicovpreadity éacte epp®ppaticnd thedoerent aiennel

al I ocati on. between the uplink slot and the. downlink sl ot be equal
(i.e., BOOHGRS-¢ K pqvynfermation gygragthe drapppaisyign ah regﬁmonaqﬁiﬁ%ﬁ%l& the time

IS all oealgdelifsbhR-+gown ita!gkgefﬁér‘a%ek an hBoWIEIRhE %g(tw Rebsabe BsvesRAAlEy ed

about a slot structure whose format nunerics can based 6n a nmaxi rmum

suppor tteeiprogddohit Kigr Batdi indicataetsoecessinl taansensinpl df theekfBiddi snenessfullye maxi mum
Spr eadlrre]geived, the transaction is considered complete. Otherwise, the tag attempts a

retransmission.

[0081] In one embodiment, the air interface utilized by the systems described
herein can be a half duplex time division multiplexed frame format. The access point can
transmit for a portion of the time in the downlink direction to the tag, and the tag can transmit
for a portion of the time in the uplink direction to the access point. The time allocation
between the uplink slot and the downlink slot may be equal (i.e., 50% of the time is allocated
to the uplink slot and 50% of the time is allocated to the downlink slot). The frame structure
can be centered about a slot structure whose format numerics can be based on a maximum
supported uplink spreading factor. In an exemplary embodiment, the maximum spreading
factor at the uplink can be that which allows the tag to successfully transmit to the access
point when the tag is under the most challenging transmit conditions based on weather,

location, etc.
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factor at the uplink can be that which allows the tag to successfully
transmt to the access point when the tag is under the nost chall enging
transmt wondioiosnwg based on weat her, |ocation, etc.[0082/useoigeemseanl , use
of a large spreading factor can allow a given transmtter such as a tag to
transmt with |less power while still being able to be received by a given
recei ver such as an access point. However, use of a |arge spreading factor
can al so i ndP88He {heencrakeuseRhp large sparading Botor spsHaw a giicy ansmittsr sich

exenpl gy, jeat . S at used
by t heaagééégggqu& n .Wlﬂiﬁgﬁ‘ﬁ’?ﬁrmlﬁs %ﬁgogﬁll%n%k?{aocbt%g %&\é\fgdt]ﬁ’gyggfll{ %E&g |&gnal can
be sel eatleas @sadcagsgdirendloglevenake dfhalbrdebpreadipgdhctdr @nsbiotih@dasdoyhd tidet ag can

be recejved by the access point even when the tag.is physically |ocated in
a chal |tEﬁgt 'ﬁgeﬂ t8ARNIBI 2atdrbrin @A gEFMEREY srabRlimgnt Mefashinay Perdedshaia i ons.

The acqggs: RRI B ihdRatdse s ie b ipgit?i')i.eAQ QY thtehS?fbaHﬂg nf%&&r of‘%'lﬁe ﬂlf(ﬁ%s ULt , I

the uplink (1.e., tag to access po t ransm ssions downl 1

access smiahtant e schgledtas darganessigbnsclathet thi vignaldrmaiteddyrthstagfcan bere on t he
band in which to transm.t, the access point. can use a snal]er. spreading
Fact or eI e AEFENSTaibeeERa e duade BorhbicSg e I & ol teisEfaapy

spr ead,ant e uAGG BRI PRI tréMikioANSHllitiohd) PhddcdER | polnt nffy ausidarmi @bre
downlink slots in the same amount of tine as the tag tfansmits in a single

sl ot . Inewesnthaatiw@iménta resulie ifgbe vplinkpd i ntagdancessaipeint) traasmigsiopngitdant  power
at or n arnliﬁlpgi erme%(cicm'slm ﬁllitot {aa?tsfarlrrilst igs?vl\%rareaviai | abd ?arnl fntt QFtirlni nrkltllljett)an en the
access GE’BV'n N G GPVEN tAgE SUPOBUET™ A& FedUEES SPPELAPh T 8Ct 6 "Can be
used f an vitiéd tottR@smRothb atdtespoiff canie hishisll&aprdagindeh &6iNhAe thelras esined a
conparison of the link to a predetermined quality threshold., Because the

| ower Spe eeapyipintaeangls araReissvadely spicad. the FRECHDARLAB FRRSMI Hea Plarlidan open
1S TeGinffia eﬂ&\fvd&?{ﬂti SIG sgﬁlhiégsg%g]%xt}@i{ﬁgu_ &‘%@h@&’s At i %smﬁt'gﬁ §§§4$1§‘ts[8rt].m 21 ng

power consunption o ag. IS a difagram i I'ng
cont entla oat cambodimehettiee sdcads pbDQ chmtracstat stan@astant goveer hit d1sicaethe mpdxamym

enbodinent. In the enbodi nent of Fig. 16, the access poi.nt can transmt
with nodtetrpsmel v ae@lia%ée-s#&rq link ohyecih 4CGes T PURT a0d i KLIAE & O5Usthe t ag.

For exagmlfd sﬁr‘%@diﬁ%@aﬁ%&f BRLBLsBYr H3P8. RROEAO S fIRIIR cafbe A0RFANARY the
tag may use a spreading factor of 8192 Alternatively, other values may be

used. Congl @t @cahpirisd00f thedinkde s pacddwmmiried kquslitytthiégid]ld. aBdowed thakowe upl i nk
gap 404, an.uplink slqt 406, .an n uplink to downl.ink gap 408..In an
ool Ayl fentes Trdntl HRer Prhityak SHbo ) TeTab ot ot &

relatively short period of time, thereby minimizing power consumption of the tag.

[0083] Fig. 16 is a diagram illustrating contents of a complete slot 400 in
accordance with a first exemplary embodiment. In the embodiment of Fig. 16, the access
point can transmit with more power and use a smaller spreading factor as compared to the
tag. For example, the access point may use a spreading factor of 2048 and the tag may use a
spreading factor of 8192. Alternatively, other values may be used. Complete slot 400
includes a downlink slot 402, a downlink to uplink gap 404, an uplink slot 406, and an uplink
to downlink gap 408. In an exemplary embodiment, downlink to uplink gap 404 may be 15
symbols at the maximum uplink spreading factor (which may be 8192 in one embodiment).
Alternatively, any other length downlink to uplink gap may be used. Downlink to uplink gap
404 can be used to ensure a downlink to uplink ratio of 50%. Downlink to uplink gap 404
can also be used to provide tag receiver to transmitter turnaround processing time. In another

exemplary embodiment, uplink to downlink gap 408 may be 1 symbol at the maximum
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synbol s at the maxi mum uplink spreading factor (which may be 8192 in one
enbodi nent). Alternatively, any other |length downlink to uplink gap may be
used. Dowmbi2nio/msooapl i nk gap 404 can be used to ensure acaasedionk7sed upl i nk
ratio of 50% Downlink to uplink gap 404 can al so be used to provide tag
receiver to transmtter turnaround processing tinme. In another exenplary
enbodi nent, uplink to downlink gap 408 may be 1 synbol at the maxi munuplink

Spr eadi Upgnk apeeding fictasr Adiermpagly. emyotberienth spgUHOWIMHRK LoD TOWRETAR. gap
b h
gﬁytigl acce?gkbgﬁﬁkﬁ’ awghb%%&g Bgéﬁﬁ%dgﬁﬂﬁgﬁﬂnh ﬁ%ﬁ%%&QRP ﬁgfn1p ase

upl i nk fopa diven hpmkdlg@ﬁac&&n Atse;uulﬁgachnwllbhulslnﬁl tb eowapinlegsh ¢wp Heastdmsth [ 0084]
Because the access point may use a smaller spreading factor than the tag,
the dovAIRkSEeaNLIAOf el ude a plurality of fundamental downlink slots.
Downl i nk sl ot 402 includes a fundanental downlink slot 410, a fundanental
downl i nk sl qpogh}2. pacfOdRMALRboAOWRY K, %ﬂﬁeriﬁf&adﬁ?%&oﬁtﬁﬁ%ﬁ%ﬁ al
downl i nk slot 416. Each of the fundanental downl 1 nk ots includes a

br oadcab¢ dpwelanklet can $cladedaplarasibyoef fondaudngd] diofve)inkd 210ts. dvidinfrsad@ast sl ot

A Cor narfa RS G B SRURE Mot 4 B, 205 fleaRh TTRLR 5T 5 bRl oy

i11ust r@Wn%ﬂk@Wﬁ%taﬁd@ffu@aml abenBhio§loB@. IFAcROE Medantenaal doRnE@eond
exenpl ary embodi nent. In the enbodi ment of Fig. 17, the access point can

t r ans mislotginchidena benadeasppigemblest 1§se datiylog h@sqbél@t(S)aéZOS aidha brogdcashstat

spr eadi t e tag. For
exanpl e L&gt %‘gg{ég’%@“@xﬁmﬁ% ?fﬂstﬁrga#%%ﬁ Iﬁganiﬁ% Cﬂ%éﬁ%ﬂé&ﬂ% rrofljgr:] spr eadi ng
factor AfferBdtB2ly, Ahy sthoslehy@lyay 0t dsed. val ues may be used. Conplete slot 430
i ncludes a downlink slot 432, a downlink to uplink gap 434, an uplink sl ot
436, and an ink to domnllnk gap 438. In an y e odlnent

downl i nk to [ﬁ&ﬁ]nkF@ay rydiggipmytlugteating capieats,p ng@p@m et 3R| Pernativel y,
any OtQ@&nh%ﬂQRPmPQ&%bh@Em&ﬂﬂ%gkhﬂ%dﬁﬁﬁn”ﬁYmE%nﬂéﬁﬂhmﬁBfﬁ%PﬁﬁQﬁe§%£§P|ary
enbodi nent, uplink to downlink gap 438 may be 1 synb 2 chi ps

Al ter nanoumt@hy tramamyit pithehe sapregpdweanph bsed tyahe tagn|Asrsaclyahe seenye stpeeads@:l Because

th h di the. t k slot
432 | %”Eﬂiéﬁéed?wﬁt&%%@”%% S ke 2CFBE e b ittt ABwn | ik
sl ot 44Qe (RGhMOARSH Bsdd MALEARH sRELBRDERAHR 819, dRk@nsiQly, Othcs YRISEDIGS) 444,

and a broa cast slot 446.
be used. Complete slot 430 includes a downlink slot 432, a downlink to uplink gap 434, an

uplink slot 436, and an uplink to downlink gap 438. In an exemplary embodiment, downlink
to uplink gap 434 may be 15 symbols x 8192 chips. Alternatively, any other length downlink
to uplink gap may be used. In another exemplary embodiment, uplink to downlink gap 438
may be 1 symbol x 8192 chips. Alternatively, any other length uplink to downlink gap may
be used. Because the access point uses the same spreading factor as the tag, downlink slot
432 includes a single fundamental downlink slot 440. Fundamental downlink slot 440
includes a broadcast preamble 442, a data slot or subslot(s) 444, and a broadcast slot 446.

[0086] Fig. 18 illustrates a fundamental downlink slot 450 in accordance with an
exemplary embodiment. Fundamental downlink slot 450 includes a broadcast preamble 452,
a broadcast channel slot 454, and a data channel slot 456. Broadcast preamble 452 can be 16
symbols long, or any other length depending on the embodiment. In an exemplary
embodiment, broadcast channel slot 454 can include a single broadcast channel frame. In one

embodiment, the broadcast channel frame can be identical in creation to a data channel frame
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[0086] Fig. 18 illustrates a fundanental downlink slot 450 in accordance
with an exenpl ary enbodi nent. Fundanmental downlink slot 450 includes a

br oadcastwpnemnmiob@®7452, a broadcast channel slot 454, amrdTaSdaba2mskannel
sl ot 456. Broadcast preanble 452 can be 16 synbols | ong, or any other

| engt h dependi ng on the enbodinent. In an exenplary enbodi nent, broadcast
channel sl ot 454 can include a single broadcast channel frane. In one
enmbodi rith therenecnsion At sher bresrieastehagneh geldcadc BRNCrimpY ESC aYBratiobn to a

data c W&Js tflé &% \é\flalnlﬂeft é}ﬁ’% gﬁ%ﬁ#ﬁ%ﬁ%g télgh?tr%lﬁ gﬁ%g@g §8he (C‘igﬁre?%lmeg ﬁjaﬁire code

generator may reset ever annel
gener atteforaegsetting. until the end of the data channel frame before resetting.
[0087] In an exenpl ary enbodi nent, broadcast preanble 452 can be boosted

relative to ansnls i ons de usi ng, broadc annel Io 454 or
data sl ot 4§§h§lﬁs irhalb%eﬁm@yeﬂrbna ﬁ’r F%‘“&%‘Z“ RS BoPsiR ém tted at
a maxi rPémlﬁ)@WthérFt’F%éﬂnssféﬁgnﬁH@§§m§ Bﬁﬁéé’ﬂsﬁ@daﬁﬁ& stRsher ARASIRESONEs hal T of
t he maxi num power (1/2 Pmax) . I n one enbodi nment, broadcast preanble 452

can be dz@meteebrobsicazst pte@mblel4§2(cd18be trahsmittodattomatimeim powerdRi.g s iaoh other a

broadc%st channel ot 4 §/§ ata sl ot 456. @h&mﬁgagively, br oadcast
pr eanbl EPAEPSIREY ‘e eb%l?get c?nB 0 SRR MERRICT ( %Y preandbl e

al | ows dn@fRint&tShrddddakigrréagisic 482 EAbbSEJokted Blyi @icBeGNUB) tdlativago afér AFC/ ti me
tracking with reference to the access point. The payl oad of broadcast

pr eanbltenanBsiean visdrprdsat ahwrs| dot 434 @ﬁé)réﬁwmtﬁéﬁt Altgeativelsinapadegsti ng,

terl I I
pay! oad BP s A3hui e tbol EPPIAREeNeTURREy ER B0l R AR RPAE RS, ¢ ot ng
pr eambl £t tagetopo 0By Shthgate Rhpabnindand & Fd/tifc anclexe m@ﬂhareﬁer@eb adiheent . A

16-bit register 460 can provide synbols to a nodul ator 462 for nodul ati on.
Al t er n@CFeePgint. ahle pashead qf&ﬁ@qdﬁasrt @gﬁagrbéer A3eSpnhe nREAMMYBlFuITREBE 462 can

out put Jmgy r Iﬁdném%l%oal{nﬁq %rcﬁ‘ %%hd\{%gﬁ'ﬁ h%{ R (@R@) p{ﬁly

differentia I nar ase s ator, or any other type
of rmdepah@dtokthemlcbamiertmsazicarﬁpséamtﬂe Msﬁthe art As a result each synbol
of broadcast preanble 452 can be nodul ated, spread with the naxinum

downl i nk ' d ted f |
erbod ment . BPBYACEE: TBAANRRETIBg i 5E UL PRt B Enitd g Rt ono o her

gi;ﬁp : ?ﬁ%%%ﬁéiﬁ? eﬁﬂfoﬂﬁ‘ﬂentt I ANIH0BiS Rdgfer Ak 0 REP BRS ARLs yRILBRITH l @ndthator-Or
462 for modulation. Alternatively, any other length register may be used. Modulator 462 can
output modulated symbols at a symbol rate. Modulator 462 can be a differential binary phase
shift keying (DBPSK) modulator, or any other type of modulator known to those of skill in
the art. As a result, each symbol of broadcast preamble 452 can be modulated, spread with
the maximum downlink spreading factor, and boosted for transmission. In an exemplary
embodiment, broadcast preamble 452 may be boosted by ensuring that no other data is
transmitted during transmission of broadcast preamble 452. For example, broadcast
preamble 452 may be broadcast at Py« through broadcast channel slot 454 and data channel
slot 456 may be turned off while broadcast preamble 452 is being broadcast. In one
embodiment, broadcast preamble 452 can be transmitted on one of an I channel or a Q
channel. Broadcast preamble 452 can be multiplied by a scale factor of 1 such that broadcast
preamble 452 is transmitted at full power. When broadcast preamble 452 is not being
broadcast, an attenuating scale factor can be used such that data is transmitted at less than full

power. In one embodiment, the attenuating scale factor can be 1/v2, resulting in a 3 dB

attenuation. In an alternative embodiment, the scale factor may not altered. In such an
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preanbl e 452 may be broadcast at Pmax through broadcast channel slot 454
and data channel slot 456 may be turned off while broadcast preanble 452 is
bei ng br oadcanyiosdom one enbodi nent, broadcast preanbl e 262/usanmole7s23
transmtted on one of an | channel or a Q channel. Broadcast preanble 452
can be multiplied by a scale factor of 1 such that broadcast preanble 452
is transmtted at full power. Wien broadcast preanble 452 is not being

br oadc &8tbodinenit brepdsastimepraldars? sachoiransanttason skl thedcharmehendiiedd i s
transm thEu?&l gltichl tﬁ%tsoré{l?gst pl[léalm M‘?j 1s.tllaﬂsr8§t%8%m¥?$e Tept, t he attenuating

scal e factor can resu |ng in a Shuation. In an
alternative enbodi nent, the scale factor may not altered. In such
anenbodi mnt[ﬂﬂm]oaﬂﬁmﬁng)a@anml g AR datarhixenct slatdia mbe comain hoitgld dea |

channel and the Q channel ch t hat cast preanble 452 s transmtted
at ful IChﬁ%%é& anro@%tﬁ}nﬁﬁéfﬁléfr 4t ghapgs kﬁ rfiwgf copgun aal%aleﬁgﬁﬁaﬁc ?IB]FP456 may

cont ai rfraﬁ‘nés'1ﬂg|sﬁ1g¢@ituﬁd§rﬁ@rﬁ£‘ledovxfnﬁ1ﬁﬁ§}ot AhdnekTatdatRhial d@Rhnichanel Al pt 456
may contain a plurality of data channel frames in a single fundanental

downl i rrksudt, datagh@mehslotfftﬁédaﬁfemamendxbdn‘i’vnm&( sbiot504m0 inchgdean pleslity of bt a
channel %I ot 456 ot 450 can.i ural i ty

k |
o betdls Srepondhe e BED LT he I3 Sharht Sordls (2 aSERuIE Pf Facd B
one SUQn%hQRe&@lﬁrﬁ@ﬁ%&ﬁ@ﬂ@%e s%f&a@lﬂg%‘c%ﬂﬂfaiﬁbé @ahedisenss cihe mpsaadi ng

factor of data channel s|lot 456 can be the sane as the spreading factor of
br oadc astthespaendeng fgpter otigadqapt chaendh slot dxdb nisl anethee e serembodiveendgheadi ng

br oadcabt s aAeP P B GRS LBh 3t AT Tkt BB B BRGAAR! OF D

sub- sl athanBlobes4r eat ed by using smal |l er spreading factors than those used
with either a fuII si ze (i. ., single) data channel slot or with the

br oadcast ch slot. Fig. 20 is a diagramill atl da sub- sl ot
hi erar chy ir{%g or FEPRETTRMEH: BRER %@C%@cﬁuﬁéﬁﬂw cnls et Pursee n
Fig. 2Qmaiky r@agﬁlfgaﬁbﬂ&% haCiR5e RcdhiBreitera ﬁll?’ﬁzéjg’ eQ@in%le@rdgta%%el tibe data
channel 1 ncl udes a single data channel slot Ao, o. a spreading factor of

4096 armt vath3Be bB)agaasn clanecludad Fig. RO 1$datiagtahaﬂkmeﬂratMgcu datenmbudetshltmhy
oo - a SeEdhe Nat i redhm anbdgipe af HSE RS LR CinRerddyfihed: 17 §°
11, ang 8392 @i a BOUBMaid 48 usedl, IR dakd SbhhdtifIudsalndanent @ﬂlarﬁi@m&)ﬂﬁ% sl ot

470 with a plurality of subsl ots in accordance with an exenpl ary
enbodi rEaspreaging factpstof 408 andha B9 gB gainl gx¢ usadpthe|dataschgnnel slot includes two

sub-slots A; o and A; ;. Similarly, if a spreading factor of 16 and a 12 dB gain are used, the

data channel slot includes 512 sub-slots Aoy ... Agsi1, and so on.

[0091] Fig. 21A illustrates a fundamental downlink slot 470 with a plurality of sub-
slots in accordance with an exemplary embodiment. As illustrated in Fig. 21A, sub-slots of
different sizes can be combined to form the data channel slot. The plurality of sub-slots
includes a sub-slot A4, a sub-slot A4, a sub-slot As 4, and a sub-slot Ag 1. In alternative
embodiments, other combinations of sub-slots may be used. A broadcast channel slot 472 of
fundamental downlink slot 470 can have a spreading factor of 2048. Alternatively, other
values may be used. A tag or other receiving device can turn on its receiver to listen to one
or more of these sub-slots as appropriate. Fig. 21B illustrates a fundamental downlink slot
480 with a single slot Ag in accordance with an exemplary embodiment. A broadcast
channel slot 482 of fundamental downlink slot 480 can have a spreading factor of 8192.

Alternatively, other values may be used.
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different sizes can be conbined to formthe data channel slot. The
plurality of sub-slots includes a sub-slot A4 0, a sub-slot A, a sub-slot
A5 4, andwe8ubrsdoet A 10 . In alternative enbodi nents, potrhiseolooatsehat i ons
of sub-slots may be used. A broadcast channel slot 472 of fundanental

downl i nk slot 470 can have a spreading factor of 2048. Alternatively, other
val ues may be used. A tag or other receiving device can turn on its

recei ver to [M¥enFigo2die Bowmincsanaillusiedne epastions psrfasnedgpropiiivate. Fi g.

21B i | |
eor il AR Bl AT SRt AR DRy, Rl '
f undanebivad, oel diffekdnnksp ah@canéer@z leaperfoamed aFsipiceatle nge ¢fatdvo diagfanB@IfeZein is

AIternatlver, t her. val ues may be used.[0092]. Fig. 22 is | ow di agram

i 11 ust Mt s ntdﬁi’?élﬁ%%w FEBEFHR ﬂted)rg?fr%ftoﬁ’ﬁ@llo%s orirReq. nTg?;{:‘%‘inBé?’i‘b Swith
an_exengl alein §MALHIEL sio} anﬁl)rtaesﬂaaaaagtech%mﬁqlowmar Aflichisp0al frahgver . or
di fferent operations may be perforned t he e of flow di agr ams
her ei n Hasc s@enerewdt I an bpeenhplmytelnrﬁgdmlm the peetbasaocanibe anré@elrit piylayder at i ons
per for . The fr rreca in a data chann sl ot..and/of a

D bacic AR TR o T BTDTS OGN CUpa B Pl 4081 ORSR A b Ase i S guRerSY ea. 1n
an exergpbay mﬁ@%ﬁ@%d td the fFaﬁfé%s@%%n%@mBﬁlrﬁ&nﬁ@dlﬁieht RRYERE@Zan be

Al ternatively, other nunbers of bits may be used. In an operation 502, a
cyclic }Zédtﬁn@amibyg uh@&km(e@fz@o bigs. a@b@nmlm @tlteh@almsamy baseed. [Tnamn

exenpl a bits esul s me_of 120
bits. ra%ﬂasl vef 11%“5 Ot Iyé| P% frame gn A, SPr e a’tg?tglr%b 042" t ai |
bits art% a@d&ﬁ(ﬂemlﬂgﬁﬁ afriRMRimd ¢F 1@8 tﬁatx emﬂeﬁfaﬁv@ aifﬂmm nulﬁbérfbf|ta1bbﬂt§ can be
added, resulting in a raw frame of 128 bits. ternatively, a different
nunber ™2y bapsedpin engrybasimeateerchiof therall biip e h?éﬁtava&@cq{ Zgo-the tail bits

can_havgdnf@loHe o8l oZ A1 G nkHENRIIMENY s AR AU AlunldleckBh sobihe MY

have a non-zer n an operat’i on e raw I'sS convol ution
encodedaw Trencio mvmmumma@@ulm oeamolbﬁorpercfodmgmdn at perforaicd avh rélté af, or
any ot her val ue depenpding on the enbodinent. In one enbodlnent output
of "t he ConPioimnyat %V@H@&&@?ﬂd&%‘a}l% PRBRGH  HEPMSGIRROKHIT T rATeREBH O §can be

256 bi tc%nv&lﬁ@@t%nc'oﬂeﬁﬁe@ Fdrfﬂr}hﬁg&vohﬂﬁ)n%&zdlﬁé e 396 are synbol

interleaved. In one enb e bits can nterleaved with a strict
bit reversed interl eaver V\:hl ch utilizes bit reversed addressing. As an
exanpl e, in [8093]amin pudfesationcrdBaihaibity 0P 86 fapmbat symbélanicritarcdedivene i nput

addres Seim%d?nafennt bt%e Ibitgl & be 1n{eolrena\96dtv91rfﬁ'la gt%%t bi ?é%re]rsec? gnrte Tav&Wh 191? ut811izbeis l:b%t The
reversed addressing. As an example, in a frame buffer containing 256 symbols, the
interleaver input addressing can be linear, from 0 thru 255. Each address can be 8 bits. The
interleaver can take data at a particular address, and put it in a new position in an output
frame buffer. The output address can be a bit reversed ordering of the input address. For
example, the symbol at address 15 (00001111b) can be placed in address 240 (1111000b). In
an illustrative embodiment, each interleaver input address can be bit reversed to form an
output address. In an operation 510, the bits of the frame are modulated. The modulation can
be DBPSK modulation. Alternatively, any other type of modulation may be used. The bits

can also be spread with a spreading factor based at least in part on the slot size.

[0094] In one embodiment, a complex data stream can be created to minimize
bandwidth usage. The data channel can exist on a real component of the complex data stream
and the broadcast channel can exist on an imaginary component of the complex data stream,

or vice versa. Fig. 23 is a diagram illustrating a downlink transmission model in accordance
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interl eaver can take data at a particular address, and put it in a new
position in an output frane buffer. The output address can be a bit

rever sed woderomgooof the input address. For exanple, thecsyusbab/oats2addr ess
15 (00001 111 b) can be placed in address 240 ( 1111000b). In an
illustrative enbodi nent, each interleaver input address can be bit reversed

to form an out put address In an operation 510, the bits of the franme are
nodul atveid am%emﬁwwembpém@an%@t@%ps«cammoa@wed y ¢ éatﬁziltamﬁd}ryceswfy ot her

type Of52'60?340%85a% £ RY cprbe}"éoeflg &Qc?bgh%?oaa c?ce?ﬁ%'f gf{i (%B% In one

spreading’ factor ased a eas rt on Si ze

enbodi reeddcas peeanillefatiatcan b¢ cmtmaadh bhe bwaﬁazisegre‘ambm fiarie pﬁ)cb@aﬂﬂ\zztlt h
usage. The da annel can exi st on real caonponent of the conplex data
st r eam Hi5caf arﬁ?,g)a%iag%t fiafign /Orc%rﬂa@ﬁtsﬁre%mb & A2 MREan g%PW%ﬁ‘ﬁgp Hent of the

conpl ex, datign S4f R oBéraﬁbI?sede\éaﬂ%ﬁ witH @ferérte t§ Fi. 9b agﬂt@fﬁa‘h’vélzﬁ&lﬁ@f&nﬂg a

downlink transm ssion nodel I n accordancew th anm exenpl ary efbodi ment
dat a f repemtioanmbye be pagomuecltte dofwyruat Hatfmnfesame processor 520, a broadcast
frame can be constructed by a broadcast frane processor 522, and a

bl L T e R o A

frame c2@ dag r&eReta fahEBoundaBCspitde P&;@t MW sprchdi® 50p8f ek REBIn@ESEThilgEzaM t h
reference to Fig. 22. Alternatively i fferent operations may be perforned

to constitafepf PNespfqaé@*re% @r@b@sqnafrl@efa@emutft@ shedle NWPWﬁ@e@Q doacrRpr eader
526 for N?%%%% aggglpﬁ%a%% ea'}lkléglgat?o%quteacﬁéﬁ{g sabe {n%ﬂ}’g &Oyﬁﬁg%xgﬂ @ﬁf’“ to

reset S rea |zeas

spr eadahe ENfgolcaEtﬁﬂeamedBBﬁBNESpr@tiar 320N testofoe Baddl cﬁtdaﬂi*hrﬁ@ I ehdleyer R&Ginphor
exanpl e, the frame boundary input can be an indication that a frame is

begi nni5¥y beficd it Hg 1@%4#10@% oftafag pRioP docatsddn a delv Bl Oﬁmesaﬁwaa@lﬂlt 526 is
reset i LFSQICIEE ?}Blﬁ (I)lr AP enEE@at 1§ Eark @Ye &'tlpgﬁtect(%ﬁ@Pﬂ%?tld n@ra{eagand

|dent|f|cat|on a tag ocate n a networ € access point.
The usemnn laﬁgrwnlmqslag td dascotiaglesshgm hhi oratdrgetyd ﬁnmhejiagetcthe;doamﬂlekt It bre PN/ gol d

code gen t ed, an can all ow tag to decod ages th are targeted
for theém 3@?{%%@ éramaeﬂ%atefiﬁ?yaheea%ﬁ%m%% Be Bt of o ep o el by the
access (| Bpiagtld&ﬁﬁcg)@on?a?ﬁg e%l@dd?@fﬂphﬁéﬁna&m%l%rthé(@a\fa Entagarhdentd ddasRt i on) .
The enabl e"data i nput can wi ndow the data channel frame. The enabl e data

i nput ol ispatycahisgly hiigr for He duatani Qfmha)framb,eanﬂmmpaanwltmi? fropan dwninig 4 pl e
franmes ur| dpwn 5{ | ot one dlnent PN spread 6. can run
as | on 11{1& 8?0& gloqné: gilrp-ﬁgl#ﬁ spreader 8 Chi RN as long fAhEaEDIe c?a%a inpu
is hlgh. An output of PN spreader 526 can be used as the real component of the complex data
stream. Alternatively, the output of PN spreader 526 may be used as the imaginary

component of the complex data stream.

[0096] The broadcast frame and the broadcast preamble frame are provided to a
selector 528 for provision of one of the broadcast frame or the broadcast preamble frame to a
PN spreader 530. Selector 528 can receive a preamble enable input to control whether PN
spreader 530 receives data from broadcast frame processor 522 or preamble frame processor
524. Pseudo-noise spreader 530 can receive a symbol boundary input to reset PN spreader
530, a broadcast key input to initialize a state of PN spreader 530, and an enable broadcast
input to enable PN spreader 530. For example, the symbol boundary input can be an
indication that a symbol is beginning or ending such that the gold/PN code used by PN
spreader 530 is reset for each symbol. Resetting the gold/PN code after each symbol can

make it easier for the tag to acquire the signal broadcast from the access point. Also, by
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is high. An output of PN spreader 526 can be used as the real conponent of
the conplex data stream Alternatively, the output of PN spreader 526 nmay

be used asothw/iogmgi nary conponent of the conpl ex data sCTaAmE10[08BI6] The

broadcast frame and the broadcast preanble frame are provided to a sel ector
528 for provision of one of the broadcast franme or the broadcast preanble

frame to a PN spreader 530. Sel ector 528 can receive a preanble enable

i nput  treseEidiR the BOMHRY Rede enevspy warhal obde breadsps dungathg cpdornase Budtest frane
| P 530

o r ooty biag sGlrapliBRiLs  ThoBRuACRFES puAf ot COEHAR B0k BT RESRUET 200,

key i npit cho diré’tltlyl aeffeictztae@omvm eo@é scqbép m&adegenﬁﬁl@ad Marﬁdfkaﬁip&éﬁ) ldéeffdveraadcast

i nput to enabl e PN spreader 530. Far e synbol updary input can
be an (33665 APIHACHMHES f’é{a%%csiﬂff‘i’@mﬁéa?‘f?ﬁ?tﬁéa%ﬁ %.w@cls%r@wwﬁ%tnem%rkgo| d/ PN

code usgdiiitafidhsS Wh@%ﬂ@tﬂe g?bgd ast Inf ﬁ@éan By For S 5t1orﬁﬁ5tﬁ$ § Mh%
? ? ggm er g}hﬂ%

gold/PNcodeater each make It or the tag to acquire
t he si dﬁ\élsprbatcbmd&@lsan ﬁun@ﬂﬂdﬂwsaheeablqdmoardcasmhm retbyinebieht iAmgoutire ofol d/ PN

code on, ver¥Pl g%‘) of t roadcast frane, :PELEIECOde S gce that the tag
has to éﬁ’ré q 8%‘&%‘6? ?ﬁ HPEgHERto KRRt WEf or a gi ven
net wor ka [t @Rsive ) i cfu%lﬁlt loy P& %?&Hertm 98 8¢ BNdGedR r%@l%ﬁﬁféﬁeﬁt*@ﬁfthe' S

generated. As an exanpl e, ferent access point networks may have
differ énmplbﬁerhﬂ(ﬂa:ﬁlsqanbhannel keys which are used as network identifications.
The enabl e br oadcast i nput can stay high for the duration of the synbol,

and PN spr eafg 53 Qutihl 4FRRRpkgAS, B% SRR 8 PIGRUERT s BH, T emel ns

hi gh. An out'pu reader use I'magi"nary conponent

of the movipten aﬁaipasaﬁtpi@mu A b erabodigkit, up-Remplet P cadfupPMngide thader 530
may be used as the real conponent of the conplex data stream [0097] An

out put ré‘Fel‘Fﬂq %}aé%fe@ﬁ MHg. Akgrstvelye HLMHsrorpry 9fice aBepn i yPcssamphag H}‘aéfw ﬂe q
t t
ecei Sl gna?% tg%%bgr 9%@%51%@%@6{91@%?8{&5 déégﬂmﬁ Be SRR’ = 1€

recei ve atively, or any ot her "anount of
up- sanpireangblerayatheinper danrbeedtivdtipd shapaect@3I28ipasvidesghe roaeaseprahinblei nput

and 2 SBi3, NA0Le LUl TIG, Prearle endbl e, onut 30, e pcky vaf od uhen
e S ey e oo s e S
of the preamble enable 1nqut) can cause the broadcast prearnbrl?to beyboosted on the broadcast

channel (which can be the imaginary component of the complex data stream). In one

embodiment, polyphase filter taps can incorporate a 1/3(2) gain on the broadcast preamble

(or a 1/\(2) attenuation on transmissions other than the broadcast preamble). Activation of

the preamble enable input can also turn off the data channel such that the real component of

the complex data stream does not broadcast simultancously with the broadcast preamble.

Activation of the data enable input can cause the broadcast frame to be transmitted on the

imaginary component of the complex data stream simultancously with the data frame on the

real component of the complex data stream. As such, when the data enable input is activated,

up-sampler 532 can receive the data frame and the broadcast frame. Alternatively, the

broadcast preamble may be transmitted on the real component of the complex data stream. In

another alternative embodiment, the broadcast preamble may be boosted by simultaneously

transmitting the broadcast preamble on both components of the complex data stream.

[0098] If the broadcast preamble is being transmitted, up-sampler 532 can provide

the up-sampled broadcast preamble to a converter 534. Converter 534 can convert the
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t he preanbl e enabl e i nput can cause the broadcast preanble to be boosted on
t he broadcast channel (which can be the inmagi nary conponent of the conpl ex
dat a streaopoidrms@ne enbodi nent, pol yphase filter taps eam/usecionpseate a
1/V(2) gain on the broadcast preanble (or a 1/V(2) attenuation on

transm ssions other than the broadcast preanble). Activation of the

preanbl e enabl e input can also turn off the data channel such that the real
conpondrgadspstprramtbefpendigisal 4o sralesior depgmisyen pr oasienlath spmppreakefiBt y with
the brao ' ' f ' cause the
br oadcacgg&?%[ adrfaga{ ?geqﬁiée[{ F@ﬁ%lr)n&?%éetg&g% atn%izﬁ fadntg&gtﬁerlgﬂr%%% i:n%r%)a%‘ré\)%meagﬁbt he conpl ex
dat a stsamphor SBRUhit proenidshyupskdnipltddatd ditaencfto ao®vopter 53veon telrcd eompomst of t he
conpl ex dat%@%tream As such, when the data enalbl e input is activated,

up- sani-er | hppneldpl the camplexidis wispm Aol dhreunsianRl A& D derdt aame fq eppyerter
Al t er nagsingdl ife iﬁ&%ﬁge&%&% ALCATPAANIRY S IR bRARSHatd SR of Iiee LES.

conponent of the Tconplex data strea anot h al ternative enpbodi nment,
t he br dawovastr Pheaniobeventifie Data foostand thy boadeast fareo treinydigtta e madlog fog t he

broadcast preanbl e on bqth conponent f the conpl data stream [0098] If
Uhe. br QSRS Cr STASTTETOSA St Y PRAGNE fA a5 0L 100 Wpads (BRe BV de. t he
up- sanptedp REPREACASI6 R @8RBINatISIPinto ARAURIL &mpS datRMeN Ffbarddidaan convert
t hebr oadcast preanble fromdigital to analog for transm ssion on one or

bot h corpogedusngifansmessoniiadio dequaney vzaenverter 3 fecaprbggdtiad thd RBgkipand dat a

frame gre bei transm d,. ups | er 532 . .ca [pvide the up-sanpl ed data
frame 1boessuRRobiAEIE LA e PEAM cBpaRantaR RO AR ARG, b

conpl excodtfloiert} EEHD ialchchentlyrt Fawmlian ‘tbﬁﬁ{;l?ﬁ@@tshfﬂ RARAL Bseabyert er 534 on
t he i magi nary conmponent (i.e., Q channel) of the conplex data stream or

vi ce vérgaviddpeareha ensasad eethe Bmadedst Chaﬁéeldb?F&HQ’trlb%N@t%MuphésbiP@hﬁéth
frame fromdigital to analog for transm ssion. Converter 534 can al so

provi de the f P0R &Hshdi b t ] ] = 536
for conbi nat[iﬁgéhﬂi nli. o the S|dtrllrg?net’ t(rzogj?}rrig:{e g\ied atlgllﬁgtb%g%@n%?rﬁl eﬁg%\%‘&%’}? ﬁﬁ@ge\lli ngs
dur i ng rhayaesparsaliyoor. fulka ditbzddrasquenknowl pdgnoamy €A CKD cbBfhick ain sbheh part of the RF
chip. In_one enbodjpent, the data stream (real conponent nd the Q data
stream¥{H wﬁﬁrwbgﬁﬁ%ﬂ@rhryacl&aﬁ B Wgﬁg]r(b%n‘ﬂf {p & rogr éﬂ’%?P&’inPe)‘Ft)ﬂﬁaﬂar y
phase sBhllcrk8YAEK BF ofta hESUEKnoWIATRAWCHT &@K? be_aeRssivetk Ristkhopr oadcast
channel does not have to occupy a side channel. [0099] In one enmbodi ment ,
to pregbe tag cdohavd kmowedadwif athich bihef the beddeast freiamagloadregrrdsgorghrtopml |y or
fully UAbkl C%l%%l@?%OI‘%ﬂe %ﬁk rA%Va\{l r%éjlgtr,n’fahnetbrgéo(’i%légt Cﬁg,]naﬁ%p galm' beI Red s Q mal‘lrl]ti-tag ACK

channel, and the access point can transmit multiple acknowledgements in a single

fundamental downlink slot.

[0100] In an alternative embodiment, the access point may send out
acknowledgements serially to a plurality of tags, and the tags may not know in which sub-slot
its ACK is located. In such an embodiment, the ACKs may be transmitted on the data
channel. As the tag may not know the sub-slot of its ACK, the tag can utilize non-
deterministic frame processing to identify the ACK. In one embodiment, the tag can keep its
reception window open for a plurality of sub-slots until the ACK is received. As an example,
the access point may decode transmissions from a first tag and a second tag in the same sub-
slot with the same spreading factor. If the downlink is TDMA, the access point can serially
send out a first ACK to the first tag and a second ACK to the second tag using the data

channel. The first tag and the second tag can each keep their respective receive windows
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enbodi nent, each bit of the broadcast franme payload (i.e., up to 88 in one
enbodi nent) can represent an ACK bit or a non-acknow edgenment (NACK) bit.
After networkiwesgiogt rati on, the tag can have know edge eCTaiseah/obise3 of t he
broadcast frame payl oad corresponds to an ACK channel for the tag. As a
result, the broadcast channel can be used as a multi-tag ACK channel, and
the access point can transmt nultiple acknow edgenents in a single

f undanéﬁ’@&lunﬂldhﬁFqSﬁTKCUé’Pe?tCKEm%}’ed oF wiviil Hicrcad whthodovewmkdlotehthe t he access
poi nt Yor3§0f . Qut acknow edgenents serially to a plurality of tags, and

t he tags rPay not know in which sub-slot its ACKis located. In such an
enbodi nent, the ACKs may be transmtted on the data channel. As the tag may
not know t he[()l;mt} s[mbnetﬁmlbdd@m@xﬁm;hetab@ss poincany thndniz ecknowdkelgemontai st i c

frame pr to identif rrbodl nent, the tag can keep
its re&@ﬁf nrfemﬂeaéwatg ﬁe ?lén \ﬁ%hppfywnﬁfac HBYISdgRment At 9thek ne ACK i s

recei ngforﬁﬁtl@fﬂr%ﬁﬂﬂ@é@duﬂn@% g%@&?@é?nsﬁﬁ’ésmn s‘m%f@?é?&@@sstpbﬁﬂsm sehaps froma
first tag and a second tag in the same subslot with the same spreading

f act or .enmbfodithentdotag Iniayikhaive tormMomarh thanooveslot poicativetin askravdedgensshar out a
first ACK to.the.first ta d secon CK to the second ta ing the
tat o criarorion Ay fgliute RECERpdaMenS. bA% BRCRMCLbRHE &

r espectdcy&s pemeendM NEOWSRRERsiNEbl. T &S PBE ke tﬁ%ita firgicei ved or
until the end of the downlink slot of the conplete frame. [0101] In one

enbodi r?éhl@owlpdn@ens@éés@eéiéstrwg PRy & seAeE ransakyewl defgesreand and/ or ot her
I nfor ckﬁ’&m‘e&%&ﬁ&? 1 8 géon}{ ’tabg"\&&rﬁl a”th}fg ?ﬂ&ﬁsﬁﬁéﬁgx?g‘ﬂo?%ﬁ&g‘?ﬁgd or ot her

information tr ransm ssion’s t he access

poi nt . dckn@uletigaicne rdithehtag darih@g fomsh ﬂmammgsmnvmtt Armueh ttiedhirdngy lsdsot t o
recei ve the acknova edgenent or other information. exanmple wth
acknow! B AGETERTa] rammEsionas REYF P reas g thecshla%a%e@@g%mﬁtt Thiheithigd a i r st
L1 ansim gl Qb $hiPhnithlSuARE RSoR%h BhndHRYsibd A0S Md i kg mky AGDQN £ggenent to
the first tag during~a setond transm ssion s now edgenent

to the tbed acidlomcgigdwmt rgd anaytiardta rcamssmisthic @mgsiabm,esxag@ltoathb Iacqeds p01nt

acknow ed t tot third tag duri a fourth transm ssi
such, tHé? ?ﬁ Bd%?&t E%%ta{%%%f“? eV 1% hiransralssion ?‘{9& g"f“l% gvﬂimc ett%elr

recei V'&Hn&x@l%dééﬁhén@oﬁ&ﬂﬁ@ﬂ%&ﬂﬁﬁ&@”ks sﬁd‘h ’é??c&h‘bé 6Bntﬁ%gre!d5to MftSti Il waiting

during the fourth transm ssion slot, may not receive the
predetermined number of transmission slots based ona probablhty that multiple tags will

transmit to the access point during a given slot. As an example, in a given system, it may be
highly improbable that four tags will transmit to the access point during a single transmission
slot. As such, the tags may be configured to wait no more than three transmission slots of the
access point for an acknowledgement or other information before retransmitting the original
message to the access point. In alternative embodiments, the tags may be configured to wait

any other number of slots for an acknowledgement or other information.

[0102] In an exemplary embodiment, individual tags can be communicated to in the
downlink direction in a time division multiple access (TDMA) scheme. As such, cach tag
may receive one frame worth of data channel data in a given complete slot duration. The data
channel data can be decoded by the tag with a unique gold code key specific to the tag. For
increased bandwidth or for specific quality of service (QoS) scenarios, the tag may receive
multiple sub-slot allocations in a complete slot duration. The tag can use back-to-back
decoding to decode the data from the multiple sub-slots. Details of the bandwidth

management can be handled by the medium access control (MAC) layer.
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third acknow edgnent, and may have to retransmt the original nessage to
the access point. In one enbodi nent, the tags may not know whi ch

t ransm ssworzoslio8907i f any, will include their acknow edgemarstoion2seher

i nformation. As such, tags can be configured to wait a predeterm ned nunber
of transm ssion slots based on a probability that multiple tags wi ||
transmt to the access point during a given slot. As an exanple, in a given

system it r@y0Ye Ahghpink @W@Hﬁlllﬂt@etchlabe %aggr@%?g@nmf Multiplefgrdata t o t he
access dﬂ%&? i Fﬁ%rgs. 1) L@Hg 185'1155 ?%raﬁ%ﬁ{? &hg?lﬁgagl;& gpy be

configured to wal raném SSi cess
poi nt  fdifferant spedadmpl fadggnﬂnbneémbbmﬁrem nfecnpmthmgrfacbe]f 0aebe et loangnid dndng t he

ori gi nal ssage_to the access poi nt I n alternatl enbadi ment t he tags
may be &8 3@&983 ﬁétemrltfelar@}ﬁ?ﬂsa%qa ingrfaeter leﬂnt%mt/ 6& ﬂ‘eMWgﬂoédgemnt
or ot hey, bR LehBhiPto LIS %n{ &e%%@%%k%&d&v@ﬁ%'s@% deécﬂgéd’{zvﬂlfa' tags

can be co nicated to I n e dowmnlink“direction Iin a di vi si on

mul ti plrefemeg:sFl(gS'[mﬂa)nds?dhe%rélffeﬁ@lcs m:ﬂn,e u@hnlh cdrelgp uhay/aryen: mhwcél rowépler anme
worth of data hanne ata i n lete s tion. he data
channelcgse & tait /Bt eCpdyn By RuURE gSeT st ot Bofeebetess speci 1 ¢

to the tha@geh Hffe dlﬂ%ﬁ%ﬁﬁfﬂp@@e&\@@ drnthﬁ ﬁrfkr nﬁﬂ@lﬁb tdgocréﬂl%is'sfo‘ﬁs Ray HTa¥icCe
(QS) scenarlos the tag nmay receive rTU|tIp e sub-slot allocations in a

conpl ette og¢upty thieisead - qthén m@l @anmhpsiern@acﬂhetabﬂlbsa@ﬁ@hd@weﬁ pantto decode t he
data fr @tr}natmj%nto%g 1d 1t of?a S a r a1 wg&o acndw dt hllenlénana grent can
be handl"&§ Byt A 8|pt}]m ac Ces e] % uIga ?hftﬂilﬁﬁl Wink frame
struct Lphgsec@mt@ea @laeg'gggpm)tl on of mJI tiple tag dat a channel transm ssions.
Depending on link conditions, tags nmay transmt with a plurality of

di fferent spreadl ng factors. In one enbodi ment, the spreading factor may be
as low as 140804 a aﬁ‘i‘thph%Se@ildtzpleAP‘%eé?P@d’thev@lS?/d%ﬁﬁ@Flm@Brg@ 9§ factor

limts lots in
the sanciiy TR0 FIE POt ALoP SR RBRIE Ul LRV B BN S ' 20
and 2 IspreAdohigffh@olesfcd6ican uiketha ghme golclauodbeegahﬁemsjsubqslmtlhoczithmwﬁthlpltle: access

is achi eye In_the downlink, nultiple a an be achi.eved as descri bed
above tHPX%géW tr PREAURS O 1BF 6T Hatien EHPE Hieeldic s9ld ofle ROISEHRCT 4G 36FE ¢ ag

transmsiQas dﬁeﬂmnﬁt@ah&lgt OplAfUPYr diferep B 8BNS laQEach'tE% sd6h d@@erent
enbodi ment, the ability of t%e access point 'to discrimnate anong

pl ur al idhyp offfsct. ahden awo bemoeaiagy eampdie &n@hraasm%Mmsqbr@loceﬂanmcqﬂaﬂWmaphas e
mul ti plo%c%clg ﬁlsesral(lcfél?n'\@)chosen sub-slot and the randomly chosen chip offset are the same.
Such an occurrence can be identified by the lack of an acknowledgement response from the
access point at the tag. If the tag does not receive the acknowledgement response, the tag can
randomly select a new sub-slot and a new gold code chip offset. The tag can retransmit using
the new sub-slot and new chip offset, thereby minimizing the likelihood of a subsequent

conflict.

[0105] In one embodiment, the systems described herein may also be used where
multiple access points are present and/or where multiple micro-repeaters are broadcasting on
the same channel. In such a system, a random timing offset may be introduced to the
downlink spreading system. Each device that transmits on the same channel with the same
pseudo-noise (PN) code can use a different random or pseudo-random timing offset into the
PN code. As such, receiving devices such as tags can distinguish the multiple transmitters by

de-spreading using the appropriate offset into the PN code.
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[ 0104] Random phase nultiple access can be based on a comon gold code
sequence mapped to a given spreading factor. For exanple, all tags
transm t twogowitokooa spreadi ng factor of 256 can use thePsans2g@goloe7sedde
regardl ess of sub-slot location within the uplink slot. Because of the
correlation properties of the gold code, the receiver at the access point
can discrimnate anong a plurality of different tags as |long as each tag

uses a diffdPfl cHilpirapariat to wysistanddhas anyref thercabpodiveaniedascribad hgrein
transm ssion: - r C (AR - roif é y chosen
sub- sl orﬁ%;a%;mﬁﬂ%n%a{%%ﬁoy o eggrgirlldalg Eél lgag‘%cg@g‘“t agﬁg ¢ ﬁecoggjﬁé%rqgﬁ%wean

occur r enctuan/poe ckeaitivh biyapréyesidietht ackipokr-anadasd k nowh eitge temtauseaponse
fromthe access point at the tag. If the tag der not receive the

acknow QEYEHBR ey esi9dissiormoperat @Steawp[f]%&bﬁwofst f eBpodimealy dstBsfot and a
new gohd,gode chip offset. The tag can retransmt using the new sub-sl ot
and new chip offset, thereby mnimzing the |ikelihood of a subsequent

conflict. [0105] In one enbodi nent, the systems described herein may al so
be used wherl@16¢i]l t Thel fercgovestsspaition ©f axenpreyseniodamelite hastbeen praseted fiire

i Cr o- ters. b ti .t he. h | h t
Fandom T AGY o RSB RD. Do REPbAb T ¢ R B BaAr PR TG Eyst om
Each dejbgest inhaitiontafepredsfbmn s FRBE anbansteficatiohhadd@urhasms 428 ?U;Q;QJI@Oi se

(PN) code can use a different random or pseudo-randomtimng offset into
t he PN igdght ofABe abayk teachigh of Mgy bevsqasd diganprsticerfdhe pigsehit stvieAd-sh t he

mul tiplg, tr ) b - SPr | . US| t ropisi S into the
PN codel 1 TRy bSre thot AR FEHIRG B AR ARLAPHE PR B R o e et
descri dedention ahditipsachieal applicatienteshadlk cherRilled in theadabuelizdst pusthatons
stored on a conputer-readable nmedium Upon execution by a processor, the
conput éRVGERAAbYE1qUs SMbeEMHsandanith witaws madifigstionsiy dewikd © $iper f or m
operati i n e i i Lp. [9107] The
For cqoin i e R AR AT AEAE BB RO RENDS R RES sRE folin, TG,

pur poseasc of flowldisiramat isowt anchdde scbé pitorg. with rdspeah at the ptdendedhich be
exhaustive or to limt the present invention to the precise formdisclosed,
and nodPETAERs FRPCHAT S ar i ati ons are possible in light of the above
teachings or may be acquired frompractice of the present invention. The
enbodi nents were chosen and described in order to explain the principles of
t he present
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invention and its practical application to enable one skilled in the art to
utilize the present invention in various enbodi nents and with vari ous

nodi fi catwonsiaws@re suited to the particul ar use cont emrplratSea.0/027323
addition, one or nore flow diagrans were used herein. The use of flow
diagranms is not intended to be limting with respect to the order in which
operations are perfornmed. WHAT IS CLAIMED I'S: 1. A nethod for conserving
bandwi dth in a comunication system the nmethod conprising: spreading a

data frame ugigr & ELASEesgUdo- noi se (PN) spreader; spreading a broadcast
frame using a second PN spreader; generating a conplex data stream having a

first conponent and a second conponent, wherein the data franme is assigned
to the first conponent and the broadcast frame is assigned to the second
conponent, and wher ei M fghod; fps eonservprtand wedibrpr ¢ s@smanication ssiepbilent of
the conpl.ex,data.stream and the second conponent conprises an inmagi hary
corrpongtﬁ?tﬁ%(%gqrﬁ‘gmé%l ex data stream and transmtting the conplex data

streamto a tag. sPreading anRihPamolisiat aifidtbscwldetdic PNyepleidsdcast franme
i ncludes a payload with a plurality of bits, wherein one or nore of the
plurality of bitspreadipgabrogdsastdramssie asecapk VWP EdEEent to the tag. 3.

The net hod of cl gj . I f | i its is
dedi cated to the eg%é%l% gé@b@é?ﬁg S?ﬁ%hggﬁﬁg\%ﬁgg%g@ﬁy .&ﬂfb&¥‘ﬁgéor?§t hod of
cl ai m konfponttewhaomph¢ datadransps esdined tathprfestridohponeritnd e twbadchg first PN

spr eadefr or. the seconlclj PN spreader; %g(fsﬁi nﬁlt%hg Sgr eanbl e such.that the
pr eanb| EMSISEFYGRFEL £ e FOGHROCH o (it WS tHH BT FOHBRELE CHPRIMFSS Brcd he
data f rc%ﬁﬁ)'oné’rﬁ%f tcAdRdPIdL dNYstt e M e Bnd Qoﬁlﬁ&le&l@gomlﬁ«isewﬁ irHE‘gih‘éQ? of

claim5b, further conprising turning off a data channel during tranSm ssion
of t he qomrantitef thehwnwilex ddtestprasanbliie is transmitted on a broadcast

transmitting the complex data stream to a tag.

2. The method of claim 1, wherein the broadcast frame includes a
payload with a plurality of bits, wherein one or more of the plurality of bits is utilized to

convey an acknowledgement to the tag.

3. The method of claim 3, wherein at least one of the plurality of bits is

dedicated to the tag for providing the acknowledgement.

4. The method of claim 1, further comprising:
spreading a preamble with one of the first PN spreader or the second PN
spreader;
boosting the preamble such that the preamble is broadcast at a higher power
than the broadcast frame or the data frame; and

transmitting the preamble to the tag.

5. The method of claim 5, further comprising turning off a data channel
during transmission of the preamble, wherein the preamble is transmitted on a broadcast

channel.
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channel . 6. The nethod of claim1, wherein the data franme and the broadcast
frame are spread with a spreading factor, and further wherein the spreading
factor i swbaswdiosio7l east in part on a quality of a |inkpPairtus2eioe21sag. 7.
The nethod of claim 7, further conprising using a reduced spreading factor
if the quality of the link satisfies a quality threshold such that a
transmssion tine is mnimzed. 8 The nethod of claim1, further

compr i i ng: g ecei Vi ng fhehEfib bf AAFHM SHAN O Rk ad Bthidakggond
transm ssion froma second tag; and seria Py transmtting, I n response to
t he fi rfsdmd sranperd sithr spraidingefagec endl furthensheesi tha spricadisg facndros baskeden t o

t he tagl and second i forgahi on.ho t he second tag, wherein the tag and the
second £405HRAEt Ofh dRality 8F 2 Hpk Bithdhe 8- which the first information and the
second information are transmtted. 9. An access point conprising: a

processor configured trhcSRéBedorCIfiRt B LFtRER oHPIB gdishlglaSbdiRe8 WPRama se (PN)
spreader; spread a broadcast frame usi naﬁa second PN spreader; and generate

a conpliastodditlze eatisaeh thalink sptiafies @ gealidy peshelst sugh that a seswmigsien ipenent |,

wher ei _nmltn@ izg&‘.ta frame is assigned to the first conponent and the broadcast

frame i's asstgned to the second conponent, and wherein the first conponent
conprises a real conponent of the conplex data stream and the second
conponent carpri ses amlcraghodiofclaiairpdoghér mpiBmgconpl ex data stream and
a transmtter operatively coupled to the processor and configured to
transmt the conpFestvingedirgtiiaasmission dromye t"l&)%nwc%gfé%%mbﬁl% fryp act aj m
10, fursgg@{dtggmﬁi sing a radio frequency (RF) up-converter, wherein
processor uses the RF up-converter to generate the conplex data stream 11.
The access point seﬁald:5_r uimmﬁtbingy\ﬂnec@ionsetﬂ_oehebﬁmatt@tasrtismmmei thensdcodés a
E?%llsoﬁgral\%l%lgls§§gg uile{)ffinlfértn}gtigIl tob{htestég an es%génrgi i(I)l o?mg{ior%rtﬁe gécoglcri] ?ag? Lvlljlrer%gl{ ty of
the tag and the second tag are unaware of an order in which the first information and the

second information are transmitted.

9. An access point comprising:
a processor configured to
spread a data frame using a first pseudo-noise (PN) spreader;
spread a broadcast frame using a second PN spreader; and
generate a complex data stream having a first component and a second
component, wherein the data frame is assigned to the first component and the broadcast
frame is assigned to the second component, and wherein the first component comprises a real
component of the complex data stream and the second component comprises an imaginary
component of the complex data stream; and
a transmitter operatively coupled to the processor and configured to transmit

the complex data stream to a tag.

10. The access point of claim 10, further comprising a radio frequency
(RF) up-converter, wherein processor uses the RF up-converter to generate the complex data

stream.

-36 -



convey an acknow edgenent to the tag. 12. The access point of claim 12,

wherein at | east one of the plurality of bits is dedicated to the tag for
provi di ngvohelcaokwow edgenent. 13. The access poi nt of elcaiusedi0/o2sker ei n
the processor is further configured to spread a preanble with one of the
first PN spreader or the second PN spreader; and boost the preanble such
that the preanble is broadcast at a higher power than the broadcast frane

or the data fir ame. 14'Td1gnkh§c%gi)8ﬁl§opahig$%@,fwlﬁet?h%e]{qoam&rﬂn% hifagdat a frame

is spread with a spreadi tor, a urt erein the spreading factor
i s basgquykid wethst pluralipacf bisnwaerginadrictoy nofre af thepkuralitylof biie istwetdized o A
conput er - r eadabl e i um havi.ng conputer-readable instructions stored

t her eorf'H&t 21 HFBRY %@H?I}té‘?lthﬁsa% processor, cause an access point to:

spread a data frame using a first pseudo-noise (PN) spreader; spread a

broadcast fr@ame using BhesReQRPoNoSERRULWhAEH aORRRIAL Bf theGPiMRIi0rdat a
stream having a first conponent and a second conponent, wherein the data

franme ibtsasdedigread! todha tag fo1 previdigripo pekapwigdgempet. br oadcast frane is
assigned to the second conponent, and wherein the first conponent conprises

a real conmpopent of thﬁleca%é’s'sgﬁitn‘?gaﬁa{aiﬁxﬁa ﬁ@%@pﬁ?@ﬁﬂ&éﬁgé@%&qgf&ﬁl@onem

conprises an i magi nary conpon reant and transmt

t he comphfifudat@ streamto a tag. 16. The conputer-readabl e medi umof claim
16, wherein the conputerre dabl,% instructions further cause the access

poi nt to transni tSPERRPEFATRIC Bithiomg of thedirsiiipyracht oaHE seerndda spgader;
conponepy of the conplex data stream such that the preanble is transmtted
wi th higher power than the data frane.17. The conputer-readabl e medi um of
clai m 16, wher ei rbobktehe prepubersuelattabthe premble otbirombastiat & heshecpawe thire

access pojnt to transm.t a preanble on a broadcast channel of the conplex
dat a sttﬁ%b ad%ﬁ%ﬁ%ﬁ“ﬁo’fﬂ]@ dgfadiilast channel corresponds to the second

14. The access point of claim 10, wherein the data frame is spread with a
spreading factor, and further wherein the spreading factor is based at least in part on a quality

of a link with the tag.

15. A computer-readable medium having computer-readable instructions

stored thereon that, upon execution by a processor, cause an access point to:

spread a data frame using a first pseudo-noise (PN) spreader;

spread a broadcast frame using a second PN spreader; and

generate a complex data stream having a first component and a second
component, wherein the data frame is assigned to the first component and the broadcast
frame is assigned to the second component, and wherein the first component comprises a real
component of the complex data stream and the second component comprises an imaginary
component of the complex data stream; and

transmit the complex data stream to a tag.

16. The computer-readable medium of claim 16, wherein the computer-
readable instructions further cause the access point to transmit a preamble on the first
component and the second component of the complex data stream such that the preamble is

transmitted with higher power than the data frame.

-37 -



conponent of the conplex data stream 18. The conputer-readabl e medi um of
claim 18, wherein the conputerreadabl e instructions further cause the
access powvototooiospl y a scaling factor of 1/V(2) to theprbTasduase7sts ane
such that the broadcast frane is transmtted with | ess power than the
preanbl e. 19. The conputer-readabl e nmedi um of claim 16, wherein the
broadcast frane includes a payload with a plurality of bits, and further

wherein one jr more OfTHerb%n{bUtbrr%dcfaﬁle%e&?ﬁﬁl%f'cﬁnﬁtlb'\Evﬁégl lRe CARYRY:-an

acknomdedgenent to the
readable instructions ﬁu’ther cause the access point to transmit a preamble on a broadcast

channel of the complex data stream, wherein the broadcast channel corresponds to the second

component of the complex data stream.

18. The computer-readable medium of claim 18, wherein the computer-
readable instructions further cause the access point to apply a scaling factor of 1/V(2) to the
broadcast frame such that the broadcast frame is transmitted with less power than the

preamble.

19. The computer-readable medium of claim 16, wherein the broadcast
frame includes a payload with a plurality of bits, and further wherein one or more of the

plurality of bits is utilized to convey an acknowledgement to the tag.
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