M Tl GATI NG PROCESSI NG LATENCY | N RFI D EXCHANGES BACKGROUND 5 [ 00011 As

radi o frequency identification (RFID) technol ogy has becone nore advanced,
nore conplexity is being incorporated into comuni cati ons exchanges between
RFID readers and RFID tags. In the comuni cations protocol specified in

i ndustry standard | SO 18000-6(c), after an RFID reader polls an RFID tag and
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the response received fromthe tag is generally processed through a digital
signal processor (DSP) in the reader before it can be interpreted, and
since the command is general |l y PAOKRGROUNIDrough a DSP in the reader before
it is actually transmtted, these processing |latencies add to the turnaround
time that the RFID tag experiences between transmtting the response and
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invention. In the drawi ngs: 25 Fig. 1 shows a bl ock diagram of an RFID
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15 Inaddition, a framesync symbol must be transmitted at the beginning of the command,
further reducing the available defined time period. In an environment with many RFID

tags, the cumulative effect of these delays can reduce overall system throughput, and may

cause some of the communications exchanges to fail because of time-out issues.
20 BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some embodiments of the invention may be understood by referring to the
following description and accompanying drawings that are used to illustrate embodiments
of the invention. In the drawings:
25 Fig. 1 shows a block diagram of an RFID system, according to an embodiment of
the invention.
Fig. 2 shows a correspondence between latency and the transmit and receive
chains, according to an embodiment of the invention.
Fig. 3 shows a timing diagram of a wireless communications exchange between an
30 RFID reader and an RFID tag, according to an embodiment of the invention.
Fig. 4 shows a flow diagram of a method of transmitting a look-ahead command to

an RFID tag, according to an embodiment of the invention.



[0003] In the foll ow ng description, nunmerous specific details are set
forth. However, it is understood that enbodi nents of the invention nay be
practiced without 5 these specific details. In other instances, well-known
circuits, structures and techni ques have not been shown in detail in order
not to obscure an understanding of this description. [0004] References to
"one enbodi nent"”, "an enbog Ty odi ment", "various

enbodi ments”, etc., indi casjeﬁrf‘ﬂgEPm%ﬁlr@ﬁP(s) of the invention so
descri bed may include particular features, structures, or characteristics,

but 1o not every enbodi nent necessarily includes the particul ar features,
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As used in the clains, un|ess otherw se specified the use of the ordinal 20
adj ect ilRnegtion §¢ deseribedgpaypglude pagjcplar feagires, straiuige ¥ chiyactanisimBth el enent ,
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nust behamctarigicy drurther]geme embetiniaits meyhoreabng, alspanoad biythe featuresanki ng, or
in any ot h rqig)anner. 0007] Various enbodi nents of the invention may be
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herein. A machine-readabl e nmedi um npy i nclude any mechani sm.f or storing,
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[0006] As used in the claims, unless otherwise specified the use of the ordinal
20 adjectives “first”, “second”, “third”, etc., to describe a common element, merely indicate
that different instances of like elements are being referred to, and are not intended to imply
that the elements so described must be in a given sequence, either temporally, spatially, in
ranking, or in any other manner.
[0007] Various embodiments of the invention may be implemented in one or any
25 combination of hardware, firmware, and software. The invention may also be
implemented as instructions contained in or on a machine-readable medium, which may be
read and executed by one or more processors to enable performance of the operations
described herein. A machine-readable medium may include any mechanism for storing,
transmitting, and/or receiving information in a form readable by a machine (e.g., a
30 computer). For example, a machine-readable medium may include a tangible storage
medium, such as but not limited to read only memory (ROM); random access memory

(RAM); magnetic disk storage media; optical storage media; a flash memory device, etc.

A machine-readable medium may also include a propagated signal which has been



A machi ne-readabl e nedium may al so include a propagated signal which has
been 2 nodul ated to encode the instructions, such as but not limted to

el ectromagnetic, optical, or acoustical carrier wave signals. [0008] The
term"wireless"” and its derivatives may be used to describe circuits,

devi ces, systens, nethods, techni ques, conmunications channels, etc., that
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i s an kedder baganshdttinghtraspossd ¢antapag at leng tixoidertifivatibricode efahaiREIRd to 20 a
battery or_other physically tangible power source (e.g., a power supply).

Ei t her #§/pd rgfismitiag” Aaignak Orflﬁe%ﬂféP|t%&tnéhlﬁewﬂ5g&gsac@99@ﬁ@e Veridiiat i on
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of the invention, af ter riggering an I'Dtag’to transmt a response to a
pol |, tdoeurdtPur REliErecaday(sdimetimestdalad m REIIM intarqanmhisch dewidehikat 25 RFID t ag
before the entire response fromthe tag has been received, thus reducing the
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i nf or ndtanothe R Diteg. udedassive RHIPuthgitie atn BWIIR #agl thiattabtains its operating power

by harvesting energy from the radio frequency signal received through its antenna, while

an ‘active RFID tag’ is an RFID tag that obtains its operating power by being connected to

20 a battery or other physically tangible power source (e.g., a power supply). Either type of
tag may use the reflected, or backscattered, modulation method to communicate with the
RFID reader.
[0010] In various embodiments of the invention, after triggering an RFID tag to
transmit a response to a poll, the RFID reader may begin transmitting a command to the

25 RFID tag before the entire response from the tag has been received, thus reducing the
chances that the command will be transmitted after a specified maximum allowable time
has expired. In some embodiments, the response from the tag will contain information on
the length of that response, and this information may be used to calculate how early to
begin transmitting the command, so that the start of the command will be received by the

30 tag after the tag completes transmitting the response, but before expiration of the
maximum allowable time. In some embodiments, the protocol of the response and the
command will conform to the protocol specified in industry standard ISO 18000-6C,
published in 2005 by the International Standards Organization.



begin transmtting the command, so that the start of the command w il be

received by the 30 tag after the tag conpletes transmtting the response,

but before expiration of the nmaximmallowable tinme. In some enbodi nents,
the protocol of the response and the comuand will conformto the protocol
specified in industry standard | SO 18000-6C, published in 2005 by the
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transm ssions from the reader tqQ the tag. In sone operations, a poll may
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cepar annrsresny S Gedhi R A blibBiek of AP dochnfEps, [FHBLRLP e hAPRaTEE, 07 The
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receive chain 114, and a transmt chain 116. The RFID tag 130 may be one of
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[0012] The RFID reader 110 may comprise a processor 112, one or more antennas
20 118, areceive chain 114, and a transmit chain 116. The RFID tag 130 may be one of
perhaps many RFID tags that can communicate with the RFID reader 110. The internal
details of the RFID tag 130 may not be involved with the inventive aspects of various
embodiments of the invention, and those details are therefore not described.
[0013] For the purposes of this document, a transmit chain will be defined as that
25 portion of the device that takes the digital data that is to be transmitted, converts the data
into the proper signals, with the proper timing, for transmission through the antenna, and
provides those signals to the antenna. Similarly, a receive chain will be defined as that
portion of the device that receives signals from the antenna, coverts those signals and the
associated timing into digital data, and provides that digital data for further handling.
30 Various types of circuitry may be used in the transmit and receive chains, such as but not

limited to shift registers, buffers, state machines, and/or digital signal processors (DSPs).

In some embodiments the transmit chain and receive chain may share certain resources



25 portion of the device that takes the digital data that is to be
transmtted, converts the data into the proper signals, with the proper
timng, for transm ssion through the antenna, and provides those signals to
the antenna. Simlarly, a receive chain will be defined as that portion of
t he device that receives signals fromthe antenna, coverts those signals and
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[0015] Although it takes a finite amount of time for the wireless signals to travel

20  from the transmitting antenna to the receiving antenna, in most instances this time will be
considered to be comparatively negligible and therefore is not included in the latency
considerations. Similarly, signal processing latency in the RFID tag is considered to be
either negligible or not a relevant factor, and is therefore not included in the latency
considerations.

25  [0016] In general, the program instructions, state machine, or other logic that
processes the digital data and tries to execute certain functions at a certain time is on the
processor side of the transmit and receive chains, not on the antenna side. Accordingly,
for transmit and receive timing functions that are determined in the processor, the RFID
reader must adjust its timing determinations to accommodate for the latencies caused by

30  these chains.

[0017] Fig. 3 shows a timing diagram of a wireless communications exchange
between an RFID reader and an RFID tag, according to an embodiment of the invention.

Four different sets of data are shown. TAG TX shows a transmission from the RFID tag,



considerations. Simlarly, signal processing latency in the RFIDtag is
considered to be either negligible or not a relevant factor, and is
therefore not included in the |atency considerations. 25 100161 In general,
the programinstructions, state machine, or other logic that processes the
digital data and tries to execute certain functions at a certain tine is on
the processor side of the transmt and receive chains, not_on the antenna
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experienced, while READER TX shows data for transmission being presented to the RFID
reader’s transmit chain, before the reader’s transmit latency is experienced.

[0020] As indicated above, and illustrated in Fig. 2, the latency L1 from TAG TX

20  to READER RCYV consists of the receive latency in the RFID reader. Based on this, the
tag will stop transmitting at time TO, and a period of time L1 will elapse before the reader
actually perceives the end of that transmission at time T2. The value L1 may be used by
the RFID reader to determine how soon the tag will be ready to receive a transmission
from the reader. In a similar manner, the latency L2 from the READER TX to the TAG

25 RCV consists of the RFID reader’s transmit latency. Based on this, the tag will begin
receiving a transmission from the reader at time T3, which is a period of time L2 after the
reader presents that data to its transmit chain at T1. L2 may be used to determine how
soon the reader should provide data to the transmit chain in order for that data to arrive at
the tag at a certain time.

30 [0021] In certain RFID communications protocols, the RFID reader is supposed to
transmit a command to the RFID tag after receiving a response (to a previous poll) from
the RFID tag. This command is supposed to be received by the tag within a certain time

period after the RFID tag transmits its response. Because the turnaround time in this



reader's transmt chain, before the reader's transmt latency is
experienced. [0020] As indicated above, and illustrated in Fig. 2, the

| atency LI from TAG TX 20 to READER RCV consists of the receive latency in
the RFID reader. Based on this, the tag will stop transmtting at time TO
and a period of time L1 wll elapse before the reader actually perceives
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r eader tsdm@mﬁtdmnmvmezedate&nh&ﬁebpontséaﬂB(mt chain in order for that data to
arrive at _the tag at a certain tine. 30 [[00211 n certain RFID
comuni 882lons pridewesr.dn mans opepiionse Hgdpitipkpast pifbe semmend epmpigsRt a conmand

to the ﬁth&ﬁ%o?{hEte\Rl lrl?ect(f‘l% \éérﬂgfcﬁ aﬁl ngr%ﬂs (*fﬁ)ls dlB%@Ya%'ﬁg?ab%féldlh)er dsgm t he

RFI D tag S corrman IS suppose e recelve tag wthin a
cert ai nfrdme¥pnc, aRhoupt safreedmtoldandzfd &F thathventansiiay aot heslimispordkeice8ecause t he
turnaround tinme in_this 6 exchange includes both LI and L2, it nay sonetines

be di f fuskg thatilpbedo ke RFTI readeisipay Beain trepsmifing thissymhel efemststermingshe

al | gcat l ot he

Si t@at |\gﬁa ft}lé&t% @%he&%g%ﬁ‘?g &)%tmryﬁm\ﬁgéd ﬁgéé %?g%rs(%‘?étqﬁé %&Hanle dependent

on the mmaifdﬁ&mﬁwtdfwﬂlrl&sbmﬁsethasmo pﬂ‘eeemdaadestdfml}emmkmbwmfmn command to

5 transmt until it receives the entire res e at TO [0022] ver, in

many opEAnERitGRsin (f%mrm enear pgEptonghe e {onghcl HhHam EdE é}"ﬁg %%Mﬁg synbol

that W b AR i i el ed here as
rarrlll:}stlfliﬁgarlE gl]%lethﬁoug g?)n“g)lnetnb%gdl neﬂtsc%thgptﬁg %%\?gr?{lﬁﬁgﬁtgg?}etgl? be limted

to devdblé[@ taglhasng)mﬂdattd tratwahittinphies fe§fodse @midie readpyo teegiva. Thansincipal isg t his

synbol ﬁef ore, . term nes 10 what the rest of the command will contain,
pr oV dedustifedin 1% ader deterni nes V\/nat the rest of the command will be

bef or e had)as 0 R GRER ok REATAS TR yioieadip FFRES 1R fdnfes MNP GARRYT ¢ chal n

(this epend partly on t nmesync s and 2) the
i ni ti altoparttanohit then ettimeaid, whnhtls beoreaheregpehsatfronhthe Rid Iastbegh s ant enna
unti| acfo'gn%rletelg received from the reader’s receive chain at T2. However, by the time the
reader must present the rest of the command to its transmit chain at T4, it has received and
20 decoded the entire response from the tag at T2. The RFID reader thus has sufficient
information to select the proper command contents for transmission, and can begin
presenting the C portion of the transmission to its transmit chain..
[0024] After latency L2, the framesync is received at the RFID tag’s antenna at T3.
Since the tag completed transmitting its response at TO, it is ready to receive incoming
25  signals by time T3, and the entire command (FS + C) can be properly received and
decoded. Note: although the diagram shows time TO0 occurring before time T1, this may
not be a necessary requirement. In some instances, the RFID reader may present the
framesync symbol to its transmit chain at T1 before the RFID tag has completed
transmitting its response at TO, provided the framesync is not received at the RFID tag’s
30 antenna before the RFID tag completes transmitting its response (i.e., T1 may occur before
TO, but T3 may not occur before TO).
[0026] Fig. 4 shows a flow diagram of a method of transmitting a look-ahead

command to an RFID tag, according to an embodiment of the invention. For the purposes



RFID tag has conpleted transmtting its response and is ready to receive.
This principal is 15 illustrated in Fig. 3. [0023] As shown for READER TX,
the reader presents the framesync (FS) synbol to its transmt chain at tine
Ti, which is before the response fromthe tag has been conpletely received
fromthe reader's receive chain at T2. However, by the tine the reader nust

pr esent e rest of the co dtoits transmt  chai t T4, .it has received
Pna 20 RS deiTiont. A PORET BaRoreamp ALy e PSRBT aader ¢ hus
has sufdonfth&flk, andPhQERRE kit B RIChRE(for RRaRPIBPLTra LB @fmﬁ@lﬁ‘,trﬁ@l e for

transm ssion, and can begin presenting the C portion of the transm ssion to

i ts tramsoinpass¢hbnthe t¢ro0Zammeindar | at ency L2, the framesync is received at
t he RFI g's antepna,at T3 Since the tag co Ietgg. ransmitiing its
r coponsB02fiTrd, "M riay . FoBEvY Vo SRrRe B R RENRr %R0 ot HAE s, ane
t he sentthé RFED RABCpdIKAnRITD t8@NTHIS pBll @RS Helany E&RiNIEdardssistegadRdsesNot e:
al t hough the diéi%ram shows tine TO occurring before tine T1l, this my not

be a nexextey KA ag énteapond) witlsd frangnristieme@sainingdtsRyDdertfgrationny present

the fr sync _synbol..to jts trapsmt. in _at Ti fore the REID tag has
compl et DB IR % s Po L RO RTa @ Blss gl PR ¥R T2 non
recei veforat sidpte RFIDPagadn §thdPoRnitRme ahd 8610 frRy b ehdatiln bagri&utp et es

transmtting its r%onse (1. may occur before TO but T3 may not

e., Ti n .0 .
occur bememessipgy fropoihe KFIRireadenthshgigdntanded doeli¢cibg respowse feommeshel of

eroa oD B O R BRR o s Raobuee 705 RERPEUATARERT any

por ti onredivihp €hat es3peind fionams RIFHS kit Ubat In insteh@sdandichadultiple RHID conmands,
and therefore known in advance (for exanple, a framesync synbol), may be
enconpdageitch{ransiat § sspensederhersame podothese teppansesinay Bjfepaabaion i teh may be

perfor . . r r Iy | RFID tag.
Thi s p(r)reﬁ ﬂ‘%tye?%gﬁgrk?@hf%g@?@fﬂé%b‘# é%egﬁ%ﬁgtgp%n&ﬁg{aggaﬁgedsu%géaedE%r gi cular RFID
tag to regmpenfiomiond ofitiosargsi ssion containing its own identification code.
In sonme operations, the poll may be a single transm ssion that triggers a

r esPonsl8028lr om a A+ tee Ritia reB@f theresonss isdseqdsdito Agterming ifgbe | may be the
it et pfarBELeR L AN BRLORRA A LANE 4T PR Bhodklitlor 27 @ 1 ntended to

elicit ‘a response Tr
described here. A preamble may be considered incorrect for any of numerous reasons,

such as but not limited to: 1) the received preamble is corrupted due to a weak signal,
interference by signals from another RFID tag, etc., 2) the preamble contents indicate it is

20  from an RFID tag that was not expected to respond, 3) the preamble has an incorrect
format, 4) etc.
[0029] After determining that the preamble is correct and that the RFID tag’s
response should be followed by a command from the RFID reader, the RFID reader may
prepare to transmit that command. However, the timing of transmitting that command

25 should meet certain conditions. If transmitted too soon, the initial part of the command
will arrive at the antenna of the RFID tag while the RFID tag is still transmitting its
response, and the tag will therefore be unable to correct receive and decode the command.
If transmitted to late, the RFID tag will experience a time-out, and will not accept the
command. Therefore, the RFID reader may wait at 450 until it is within an acceptable

30 timing window to begin transmitting the initial part of the command at 460. This timing
window for T1 will assure that T3 is subsequent to TO (see Fig. 3), but that T3 occurs
before the RFID tag times out. If it is already too late to meet this window before

processing reaches 450, the operation may be aborted (not shown), but in some operations



10 RFID tag or froma group of simlarly-addressed RFID tags. The RFID
reader begins receiving that response froman RFID tag at 420. In instances
in which nultiple RFID tags each transmt a response to the sane poll,

t hose responses may be separated in time to avoid interfering with each
other, and the rest of the flowdiagramis directed to the response from
one of those S. 028] At 43 e injtial rgsponse IS
decodedh% ier kil rr?éa%ivk g’trﬁr Occ?ré%n Iie ?nslb%dérrnF%ctnp%HCh% fe'flgth proceSS| ng

may exi tesp@nsé%nt the RADNEF 1sWa@1§Bl&Sorl‘a®1leastd§ﬁ§trltrhﬁd1 1haaeanca tmmelaﬁ@zhe may be
considered incorrect for any of nuneroqus reasons, such as but not limted

to: 1) mwbﬁ@e@rd@é@tgﬂ@arﬁm@W gorerampie e theseanple). i archsingianges. the

interfe ;

cont ent Uit SRR, el B RRE M ARBHinE i terely WRBEAL, ©

r espondwhadn tHeted pf ﬁ&rﬁeimnbms;ﬂaﬁcduﬂ@@d neiaf that difosdatiofh)to ehlculafeOO2A thé\f t er
determ ni that the preanble is correct and that the RFID tag's response
shoul d M@ng’é‘{ uby a command fromthe RFID reader, the RFID reader may
prepare ransm ting that
corrmand[(g@%houl dAtfrrtig}e%E%Wr al nr?ig%%ﬁ? \éﬁgss,t OHB% rg%)%grﬁgftr%éﬁ{%gﬁjs% h, the

i nitial teaREIDokadeh enayaieremnihe the propar clfdm/iﬁalaitotshﬁd a)rtheRlFaDmrig tike itRdyD t ag
while the REIDtag is still transmtting its_ response thetag will

t her ef ofgleping AbUevha thegsanissts pldaerapainges otibe sammang Sé%
trapgm ﬁ?ﬂgréa(aexl xﬂﬁftheffherggéthé @Q%thﬁ E%ﬂ%ecr %%% é‘ncfl\dﬂst%n@%t a“d wi Il not

accept conmand ore rea at 450 until it is
Wit hi n agmendeepd tbligitiZ80pari clsﬂthgccvmmdm&mmmﬁgbmb}t pxammxgthangemzhedarmtl al part
of the command %L 462n This timng w ndow for fl will assure that T3 is
subsequéltirangmifehigedn prpe e@g’Odlﬁ’GFtSttllﬁ‘Stm‘l@ld@émé he pIPBARI PHENGRFI D tag ti mes
out. If W, i ng
Feaches MBUETPREIEENe A TSy hBo LRI WY JordiRGRTCDE A Am AL AT

oper at i ensytirghils is fleukahsiméssanrtbatebiloved t)herfmmmosynfoehce I n enbodi ments in
which the length of the response fromthe RFID tag is variable, or at |east

i s not in a l.engt h encoded into the.response (for
exanpl el[(dq%}ﬁ]t he p%%ﬁﬁ?%)mg gﬁcgﬁ% ‘?’h%t‘?r&?v?é be ﬂﬁ'@traﬁl‘ferﬁqq&%r IMIERE Wi ndow rmay

depend @Rris@GRIWIIRIc@Y tHRE QLAY if HRtart eﬂ?ﬂ&@varﬁ%ﬁme%@ﬂde‘a t%gn the end of
the response will occur, and using that information to cal cul ate when the

included in the various embodiments of the invention, which are limited only by the spirit

and scope of the following claims.



wi ndow wi | | occur. [0030] After receiving and decoding the rest of the
response fromthe RFID tag, the RFID reader nay determ ne the proper
command to send to the RFID tag (i.e., it may determ ne at 470 what the
contents of the remai nder of the command should be). The 10 RFID reader may
t hen conpose the remai nder of the command, and append that renainder to the
initial part of the conmand transm ssion by presenting that remainder to

the transmt chain. In sonme enbodinents, the '"initial' part of the command
extends through the end of the framesync synbol, while the 'renainder' of
the command may be everything el s€LiAIM$e transni ssion that follows the

framesync synbol 1 15 00314 Thedfore oi nﬁ .description is intended to be
i 11 ustrative aMaeIRSCOMmYEeaNgns dgyAcs SOPBHU S | | occur to those of skill in

the art. Thog ?adY@frbé’Je'n@ﬁﬁieﬁﬁﬁcdn@h‘%RFH@ re&e BonthiRfrlgldgdcdsBorl Reeceiei ous
enbodi nents of the invention, which are limted only by the spirit and

scope othauﬂn@ lfemcluplﬂdrbgtvmealthfsprogessmnﬂ@n amtenpg, g @|tessmi GheAe 8at i ons

devi ce, ara uenc (RFI D) reader

cont ai nF‘h‘@’ lff? E%’s@%?mcsss%% 8am§>{‘&ah§? M@ rbegéecrggpl ed between the
processor and an aRt®BAZespdnsk @Oﬁl@%ﬁﬁmulargI}@nago be coupl ed between the
processor and the antenna, the RFI eader to: receive a response froma

particul ar RFID ta@cessﬁh@m@B@S@ hethpewm@%amnamdme recei ve chain; and present
an initial part of a comumnd Lo dhetTaNATLihaRANOhaNG A gsessing 10 al |

of the response i R "Ess“Communicat devi ce
of g)ai gnq)fth\éﬁ}@srp@hgb ihhee REdil: egagler is further to: determ ne Wnen an end of
the response will be detected by the receive chain; and 15 tine the

present ati on of the initial part so that a start of the command will be

recei ved by after t o Let ing the
responsg trg'ﬁglﬁf}ers%f 2‘“88%%}%. ¢t 8 oﬁ%ltalaevi \ggpro tﬁ€ﬁiﬁg&%vé1%r ein the RFID
r eader ﬁmhefwther to receive an indication in the response of when the

response will be conpleted.
determine when an end of the response will be detected by the receive chain; and
15 time the presentation of the initial part so that a start of the command will be

received by the RFID tag after the RFID tag completes transmitting the response.

3. The wireless communications device of claim 2, wherein the RFID reader is

further to receive an indication in the response of when the response will be completed.

20
4, The wireless communications device of claim 1, wherein a time to begin said
presentation of the initial part is based at least partly on at least one of:
a determination of latency in the receive chain; and
a determination of latency in the transmit chain.
25
5. The wireless communications device of claim 1, wherein a timing of said
presenting the initial part is based at least partly on decoding a final part of the response
before completion of transmitting a framesync symbol in the command.
30 6. The wireless communications device of claim 1, wherein the response comprises

an indication of a length of the response.

10



20 4. The wirel ess comunications device of claim1, wherein a tine to begin
said presentation of the initial part is based at |east partly on at | east
one of: a determnation of latency in the receive chain; and a

determ nation of latency in the transmt chain. 25 5. The wirel ess

communi cations device of claim1, wherein a timng of said presenting the
initial part is based at |east partly on decoding a final part of the
responsé beTle wirclesptaemomicafons davisernt ¢lainy6.avliareimsks/mdicsiromof the n t he
conmmand 3@.6. The (Y\n rel ess ](éo ni cati ons device of claim1l, wherein the

r espons ENEGHD PeYLed I A PrRyPRISA HIF 15P%8S-engt h of the response. 10 7. The

W rel ess communi cations device of claim6, wherein the indication of the
length is contained in a preanble of the response. 8. The wreless

comuni 8at i ohke dévlesecammynigatinng devikepb¢laim hevipreindeopotosals adMmHpe 5 of t he

response.and the co nd _conform.t o requi.r ts.of | i | standards
docu n?ft$§5: SE%Gpgg%pmrf’%rﬁg(@q\?f%&% 'u@?ﬂ% SeO%vl\AgtF %qagé‘gglgggn@r%ﬁ?c ations

devi ce @bcuateat I8 180006 ptibIEhBPIH 20039 the antenna coupled to the transmt
chain and to the receive chain. 10 10. The wi rel ess conmuni cati ons device of
claim1l, wherein the RFID reader contains information about a processing

| at ency,of t transm t_chai n. ot L o) jcati vi ce of
claim 1,9' vvhejri{g‘l2 it ésnkﬁuﬁulr%gééf)en%%g%%%lglf%ln?h’gﬁﬁggro%?fls@ tggg%?ﬂgi processi ng
| at ency c@iplddie thegaiswat ¢agi dhd tdZhe Bedied Biegh.of comuni cating with a radio
frequency identification (RFID) tag, conprising: decoding in a receive
chailh of an RFID reader, an initial part of a first transmi ssion 20

recei ved,fro c adi AV i.fi i ; iLhg in a

tr ansm 10 chai ie SPeE e RN ERRhs e bUERL LSRR REMBEREESIAR | T T,
part buinféeiaoe abeaadirogséing laalcy patte teihsthhehdinr st transm ssion in the
recei ve chain, an

11. The wireless communications device of claim 1, wherein the RFID reader contains

15 information about a processing latency of the receive chain.

12. A method of communicating with a radio frequency identification (RFID) tag,
comprising:
decoding in a receive chain of an RFID reader, an initial part of a first transmission
20  received from a radio frequency identification RFID tag;
processing in a transmit chain of the RFID reader, subsequent to said decoding the
initial part but before decoding a final part of the first transmission in the receive chain, an
initial part of a second transmission to be wirelessly transmitted to the RFID tag; and
processing in the transmit chain, subsequent to decoding the final part of the first
25  transmission, a remaining part of the second transmission;
wherein the processing in the transmit chain is timed such that the initial part of the
second transmission will be received by the RFID tag subsequent to the RFID tag

transmitting the final part of the first transmission.

30 13. The method of claim 12, wherein said decoding the initial part of the first

transmission comprises decoding a preamble.

11



initial part of a second transmission to be wirelessly transmtted to the
RFID tag; and processing in the transmt chain, subsequent to decoding the
final part of the first 25 transmi ssion, a remaining part of the second
transm ssion; wherein the processing in the transmt chain is tinmed such
that the initial part of the second transm’ ssion will be received by the

RFI D tag, ub I rtyof the
first tra4rsls msggﬁqgﬁﬁmggfilg&ﬁ \%etr é%h%gmtt %de%hggﬁgh%ecodl ng the
initial tmrsﬁusafontd@ﬁqpfrisé§Ibr0céslslag&rﬁm&lsmc gmrbptl ses decoding a preanble. 11

14. The method of claim 12, wherein said processing the initial part of the
second transm ssion conprises processing a framesync symbol. 15. The nethod

of claim4z2, f &Eﬁ&a%@@i&gﬁﬁ@%@&%ﬁgx&n ibAking a ¥mih %fﬂ{egf@c%%glﬁ@opf 5 the

initial part t e second transm ss | eaSt par | east one of:
a | atenctpe iirritietlhaartroefmlm seeorxh@ans modsidnhe 143k Iﬂarﬂyeamletrlpasamde ofh latency in the
transmt chaln of the RFID re der eo%%@ net hod of claim12, further
conprising baks aF?&%mc‘thrf‘?‘FﬁWGf f“l‘?é)fﬁl? Aot 10 the initi al part of the

second transrgpdﬁeln elngﬁﬁ%ltg lhloythgq{quqgg&p on of the first

transm ssi on. clarm 12, fturther conprising basing a timng
of the proceSS| ng of the initial part of the second transm ssion at | east

partly o atl the nitial part.of .15 the segcgnd transm ssion and
e | et Tthar 1 Tor0aA Sbolbte d eluishaoRaioig beBE piane BEME RotCERE Of 1 r o

trangm sgi: %tlaﬂ;ﬁn%mer ée'c&h@tr&ﬁﬁmsﬁoﬁi meagppa@ﬂfeﬂwtl%oﬁ%@%m@t medi um t hat

contains instructions, which when executed by one or nore processors result
i n per f oranismgss@mer at i ons conprising: decoding in a receive chain of a radio
frequency identification (RFID) reader, an initial part of a first

transm ssion received froma radio frequency identification (RFID) tag; 25

processifig i NTig hE@RDS er&1aﬁmz rfuﬁflelt&‘)ﬁl i Haﬁagﬁrtlmlﬁg l@%ﬁﬁqﬁ&sesglﬁg §@i d
decoding the initial part but before ing a final part of the first
t r ansni sthe amtialrpatthed the second transmission at least partly on a duration of the initial part of

15 the second transmission and at least partly on an expected duration of the final part of the

first transmission.

18 An article comprising

20 a computer-readable medium that contains instructions, which when executed by

one or more processors result in performing operations comprising:

decoding in a receive chain of a radio frequency identification (RFID)
reader, an initial part of a first transmission received from a radio frequency identificatior
(RFID) tag;

25 processing in a transmit chain of the RFID reader, subsequent to said
decoding the initial part but before decoding a final part of the first transmission in the
receive chain, an initial part of a second transmission to be wirelessly transmitted to the
RFID tag; and

processing in the transmit chain, subsequent to decoding the final part of
30 the first transmission, a remaining part of the second transmission;
wherein the processing in the transmit chain is timed such that the initial
part of the second transmission will be received by the RFID tag subsequent to the RFID

tag transmitting the final part of the first transmission.

12



receive chain, an initial part of a second transm ssion to be wirelessly
transmtted to the RFID tag; and processing in the transmt chain,
subsequent to decoding the final part of 30 the first transm ssion, a

remai ning part of the second transm ssion; wherein the processing in the
transmt chain is tinmed such that the initial part of the second

transm ssion wll be received by the RFID tag subsequent to the RFID tag
transmtting the final part of the first transm ssion. 12 19. The article of
cl ai m 189 wherii 4i¢108f SRR A8 | WRerbih tREGRAAtRE df@@cddi%th@'inﬂﬁ_arﬁ&arpéfth@e first
transm ssion conprises decoding a preanble. 5 20. e article of claim 18,
wher ei n filyetransaisioneemprisey desedwgagreandle.nitial part of the second

transm ssion conprises processing a franesync synbol. 21. The article of
claim 18, wherein the operations further conprise basing a timng of the
processizg of THEtidBoF tldlm P8 Whetkinttheosea b iprursdihs feanitial pdrestahe partly on
at least one to of. a latency in the receive chain of the RFID reader; and

a | at encsgcond tranemissinepmpriserapracesing pdraREspicraadel. 22, The article of claim
18, wherein the operations further conprise basing a timng of 15 the
processing of the initial part of the second transm ssion at |east partly on
a duratizpn ofTheldiiclt bf Slairk 1 8\whersiaitRdlopetationd figrtiadk to@bascbasiiigal tihib@.of wher ei n
t he operations further conprise basing a timng of the processing of the
initial thaprocedsingd theeindind pert ah 81¢isseingriransmissigatat [eastinaytlopn 2f least e#d on of 20
t he hpitgal part of the second transm ssion and at |east partly on an
expected)duration of the final part of the first transm ssion. 13

a latency in the receive chain of the RFID reader; and

a latency in the transmit chain of the RFID reader.

22.  The article of claim 18, wherein the operations further comprise basing a timing of
15 the processing of the initial part of the second transmission at least partly on a duration of

the first transmission,

23.  The article of claim 18, wherein the operations further comprise basing a timing of
the processing of the initial part of the second transmission at least partly on a duration of
20 the initial part of the second transmission and at least partly on an expected duration of the

final part of the first transmission.

13



