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modulated signal via a wireless channel. The wireless channel distorts the
transmitted signal with a channel response and further degrades the signal with noise
and interference.

[0004] A receiver may receive the transmitted signal and process the received signal
to obtain samples. The receiver may perform packet detection in order to detect the
presence of the packet. The receiver may also perform time and frequency
acquisition in order to ascertain the timing and frequency of the received signal and
to correct for any frequency errors. The receiver may then process the frequency-
corrected samples to obtain data symbol estimates and may further process (e.g.,
demodulate and decode) the data symbol estimates to obtain decoded data.

[0005] The receiver may not know when packets are being transmitted.
Furthermore, the receiver may receive packets from multiple transmitters with

different timing, frequency, and transmit power. The receiver would then need to
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the corresponding orlglnal portion of the transmission symbol. The end of the packet
may be determined based on the fourth detection values.

[0010] In general, cach detection value may be obtained by performing a delay-
multiply-integrate operation on a set of samples. Different detection values may be
obtained with different delays for the samples, different integration intervals, etc., as
described below.

[0011] Various aspects and features of the disclosure are described in further detail

below.
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PCT/ US2007/ 069495 DETAILED DESCRIPTION

[0029] The techniques described herein may be used for various communication
systems and networks such as wireless local areca networks (WLANS), wireless
metropolitan area networks (WMANS), wireless wide area networks (WWANS), etc.
The terms “systems” and “networks” are often used interchangeably. A WLAN may
implement any of the radio technologies in the IEEE 802.11 family of standards
(which is also referred to as Wi-Fi), Hiperlan, etc. A WMAN may implement IEEE
802.16 (which is also referred to as WiMAX), etc. A WWAN may implement a
multiple access scheme such a Code Division Multiple Access (CDMA), Frequency
Division Multiple Access (FDMA), Time Division Multiple Access (TDMA),
Orthogonal FDMA (OFDMA), Single-Carrier FDMA (SC-FDMA), Spatial Division
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Access point 110 may couple to a data network 130 and may communicate with other
devices via data network 130.

[0032] FIG. 2 shows a block diagram of a design of a transmitter 210 and a receiver
250. For downlink/forward link, transmitter 210 may be part of access point 110,

and receiver 250 may be part of a station 120. For uplink/reverse link, transmitter



and receiver 250 may be part of a station 120. For
uplink/reverse link, transmtter WO 2007/ 137277
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and receiver 250 may be part of access point 110. 1In

FIG 2, transmitter 210 is efuipped with multiple (T)
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t rﬁ@cﬁﬁh&} Bf cach packet, etc. Each demodulator 256 may process its samples to
remove frequency errors and may further process the frequency-corrected samples
(e.g., for OFDM) to obtain received symbols. A MIMO detector 262 may process
the received symbols to derive an estimate of the channel response from transmitter
210 to receiver 250. MIMO detector 262 may also perform MIMO detection on the
received symbols for all R antennas with the channel estimate and provide data
symbol estimates, which are estimates of the data symbols transmitted by access

point 110. An RX data processor 264 may then process (e.g., symbol demap,
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[0039] PLCP preamble 310 includes ten short training symbols denoted as t; through
t10, followed by a guard interval for a long training symbol, and further followed by
two long training symbols denoted as T; and T,. The ten short training symbols are
sent in two OFDM symbol periods. The guard interval and two long training

symbols are also sent in two OFDM symbol periods. Each OFDM symbol period is
4 micro seconds (us) in IEEE 802.11a/g.
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followed by two long training synbols denoted as Ti
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t r ﬁlbﬁaﬂfh@rs$ WA® qieﬁfoﬁﬁmgge B&paint FRIY offelp b Gofal sgabels ftb Gbtain 64
nodul ati on synbols to 52 specific subcarriers,

mepPFHgMEET wrlgdanoied) asds thraughhe:r dhaigndgntepal includes the last
su f oi

: o% ?51%@1%%% tﬁﬁqlgﬁgét%% 8% 'ﬁ%eng?ioﬁlgplgonﬁa‘%cRﬁgg ﬁr&n{lﬁ‘f s%bol is one
deswqueadcast & satﬂnpslengIThz Giardl necrgalasrdl lmgarmmhglsymbuﬂe{br the T

the last 32 sa 233 t hrou 64 o he FF
ouf HIBIt BRCH % |WCH@QLW r?g%ﬁ é o‘{@ftere%cfﬂ}é%‘&@ i improve
644989 €%he mloﬁg %ﬁnﬁgﬁﬁﬁﬁéﬁé arﬁf‘tﬂe %Qﬂﬁ 11t1tEﬁi'al"in@Elde a total of 160
synmbol s" for the T  transrmit antennaS may be cyclically
s hsafmpdeb. byhdishberandt loagoimnisg tsynibopr angedesdiilvagr gi {FEE 802.11a/g
% ong trai ning synbols and the guard interval
TYGE"S total of 160 sanples. The short and | ong
t I 0B NRe&WERASH REE ndekGbWDE brioni WHEE d30%hich ltradé@itters will be
docunents. [0042] Receiver 250 may not know a priori
whisanssnttipgi dpiffercan sisnsmistess mpy havedifferam gefieranrh glock frequencies
Di n ns Vv ' re
&Idﬁrh? {élu% é%é | cggfte}e%{ %m?%at&laﬂoﬁgreﬁg%% %‘I &?ﬁ%‘[g rr@% tgctﬁe tlrmng and
anﬂ‘é@fenéy efuaiRbyr b0 s R&civet 350 weayt cntihgaltyl ﬂr&télg faﬂ @ackets from
frequency of_ receiver 250. Recel ver 250 may
c oBSAIESTP ywlépéq atfis fH?WVebeéic Bt s Recgiyer 250 may acquire each packet

independently since the transmitting source and the frequency of each packet may not

be known. Receiver 250 may perform the following for each packet:

e Packet detection - detect the presence of the packet,

e Start-of-packet detection - detect the start of the packet,

e Coarse frequency estimation - estimate coarse frequency error,

e Fine frequency estimation and correction - estimate and correct fine frequency

error in the samples for the packet,



transmtters while it is powered on. Receiver 250 may
acqui re each packet independently since the

W0 e@nasi2rt i ng source and the frequency of eachP@HUERB®D7/069495
may not be known. Receiver 250 may performthe
following for each packet: Packet detection - detect
the presence of the packet, Start-of-packet detection
- et Aotontdtie geinagontrof (AGE) paijkmrc;ceix@o gris dasadegpuecayed power, and

T CuERby B R A PO EL EES PO TERE] ot ¢ and

correct fine frequency error in the sanples for the
&‘ék%ftt ¢ {pexomay pa grformepey Aesspbedbdew49s 8 Aut omati c

SRR 55y M PAGASETL Y LR HIARE Gl o s
t hieng mdindig $ymebohamkibe PLEﬁdi’e:adB‘r of kech @ekst. Mai desirable to detect the

perf ormed_.as scrlb bel ow. [0043] Receiver 250
pePeRnes Q¢ 88t e& AS GHEK 3@&6 .agwr%W B 30edIgns that @ﬁmr%e may be

angvaﬂhﬂ@ Fot Btﬁbln{aglgs SMr{ins§ d'eﬁratbmé:-‘toP LéRchegdeky &E‘ncf %gﬂars by the

packet. It is desirable to detect the presence o
pagtkie vf te quPclkdayleramdhacthmPhCB Ihgades cpobsichbbly dsmotlhlated.

| - bI f her. tasks, 1t i :
o BRI 0, mi bRt g itichiod B e’ By Rlppamutiply-
St mkderaé t&dhﬁldabc%&em@efecﬁrﬁgﬁéﬂai délhe nﬁh@yhﬁ@@iafe §@dtation on a

be reliably denodul at ed 44] Recei ver 250 may
peWingem ¢ Wéﬁﬂ@%ﬁ@ﬁbﬁ@ﬁ@baSed on a del ay- nultlply-
integrate technique. For this technique, a
delay-nulﬁ|pLyT|ntegrate operation on a w ndow of N

sanpl &s |uég Rk N1 Ck = ~jxij - xil6,1, Eq(l)
E1U):@§mﬂﬁ Nvman|jisasme3Hom

thej-th antenna |n the i-th sanple period, Ck is a
detectlon value for the k-th window, and " * " denotes
wheisnpt ek acgmipligaee thé[Jo@@Sl}enea irathe érih gamyplp gesieftns an
auto-correlation at e of 16, which is the length
of on&* BrigtectipaValup 9%26@““#@W’é@%h ant enna j

Sa”ple*”%hhmb§a@8&%kQ%bﬁﬂg%kth the conplex conjugate
of sanple Xxi rom 16 sanpl e periods earlier.

S @gﬁse]sﬁﬁua%ﬁr a) rpaetrfo%g %IQ gut%yc%pr% &%ﬁoﬁ GPE 8&13}2 éF o v¥]‘rﬁch is the length

shoul corres

Sadillﬁoﬁers'hﬁﬁfﬂrellﬁlﬁg s$ABPI. eﬁorﬂaeh antbAnap), s&@pleor) | riesdillfiflied with the
for N sanples in wi ndow k are

complex conjugate of sample x, , , from 16 sample periods earlier. Since the short
training symbols repeat every 16 samples, x,; and x, ,; should correspond to the

same transmitted sample. The multiplication results for N samples in window & are
integrated to obtain a result for antenna j. The results for all R antennas are then
summed to obtain the detection value Cj for window k. The window size N may be
any suitably selected value. For example, N may be equal to 16, 32, etc., for the
short training symbols shown in FIG. 3. Window £ can start at any sample period.

[0046] The power of each window of N samples may also be computed as:

kN-1

R
P = Z Xii X o Eq (2)

j=1 i=(k-1)N



integrated to obtain a result for antenna j. The
results for all R antennas are then sumred to obtain

wo b@7derecti on value Ck for wi ndow k. The w ndpeT/E8207/069495

may be any suitably selected value. For exanple, N

may be equal to 16, 32, etc.9 for the short training

synbols shown in FIG 3. Wndow k can start at an%/) o

whens! & ipermoodr valupddisihe Trtb wiodew. dihcamaier wi eltaincd by Multiplying
I I : kKN-1 Pk =1 Y xij !

g%nﬁ? e)séq n%v}éilaltﬁs gqr?lglggg%lég%%%c%d%s@ge}ﬁﬁhe cornple;( chonjugate of

PCT/ US2007/ 0694 9 where, Pk is a power value for the

g rv%ﬂmatsvt_.ﬁatmig PORIF PPROdstsRHIShd by mul ti plyi ng

Safgl®) M gonkrall 4 BetbdtonCOTR! EXakPRIpWGRE Galse Al nhdyBd @tﬁ‘ﬂ%uted for

of the conplex conjugate of " another sanple that is 1 '

s a¢gshevipeow ofl sasplich obtained [f00d R receiveridrtalthroagh 254r. For clarity,

det ecti on ,val ue  Ck d ower, val ue Pk may, be

coMpEPRGnAGT © 484 SHIeHBE br SsBr b b dP Ba e b appacket. In

I e£RARY, Sredbifd 2130 @GR RAbw theTstael 8f b t¥cket WrHRE Q¥tecting for the

i ndex k and sarrgl e index i are defined relative to the

st packetppndaingigek send § gre sueplyandrepentedewdiryiaic. 250 does

no tar [ for i he.

T T N e S L A b

over tinme. [0048] The detection values Ck may be

aver aged pv L wi ndows, as follows: | L-1 Ak - .

YCk- e 4G 132.Cl:e-0 where Ak is an average detection EdQ3)

val ue for thé k-th wi ndow. Equation (3) conputes the

average detection value for the current w ndow based

Afclehs, ideh aedrh@Ndat@dtiefsafiRrfof the i-BUlih8sk. Wqaske @ndomputes the

L-1 prior windows. L may be any suitably sel ected
yedrags, daseqgion vajue=foy theguraant ovinday basgd @re theodiention values for the

SR 0950 Py SIS b P S e o o

oY # NQEQMEIOAYS) makgi tehcdspasd badelli sl Brdetas@iyn Glalues for L windows.
conmput.i ng an average value for the current, wi ndow .
Biseatigly asiuaior (Hg@ay MeuarigReniedpitBra MoNdgviverage, which is an
GERRERway NELBIbAG & HiSrebf BIR RECHE AlrcHPYNARD ba® on an
average val ue based on at Feast two val ues, e.g.,
suragentalanior prpror wiadavesIn gareragivecpginpanefdoe tpe pfosesyadt deriving
based on an fu(Pcti on such the function shown in .
%‘hﬁ‘éﬁ”i‘%?n”?‘ﬁv basgd op phicpst TVANAISY SrlesPBIERANITIY Vejuct.oAveraging

DG ipRorrAl bk B afy FHRIOR SuélP 8P TEndioh Rhoth i Efuation (3). «
u | ) .
finite impulse response (FIR) filter function, an infinite impulse response (IIR) filter

function, etc.

[0049] The power values may be averaged over L+1 windows, as follows:

1 L
B = -y P, Eq (4
oL+l 2 q(4)

(=0

where By is an average power value for the £-th window.
[0050] The average detection value A; is obtained based on L+1 windows of
samples. The first two windows are used to generate the first detection value, and
cach additional window provides one additional detection value. The average power

value By is also obtained based on L+1 windows of samples, with each window



[0049] The power values may be averaged over L+1
w ndows, as follows: 1 L Bk = .YPk-e , Eq(4) L+1 e-0

wob@ra3Bk7 i s an average power val ue for the k-P¢T/US2007/069495

wi ndow. [0050] The average detection value Ak is

obt ai ned based on L+1 wi ndowsOof sanples. The first

two wi ndows are used to generate the first detection
valbru@i,di@@he oot vabigi Bid dericew inatowB pare ¢paipsted peer the same block
addfltlmop detection val ue. The average power val ue

Bk *¢™XSo obt ai ned based on L+1 windows of sanpl es,

W [0S eRA fmatti0 delie WE 0K dodrpifad B%édﬂSﬂl@@&W%%i%ﬁowio

provi di ng one power value Pk. Hence, Ak and Bk are

comput ed over the same block of sanples. [0051] A

metri chaHd,e| l\/k may be conputed for each window k, as gqs)
fol | ows® Mg, = Eq (5) k [0052] In one design,

det ecti on of a packet may be defined as foll ovvs If M

> MIH, then declare presence of a packet, (1? El se
|f[0|0ﬁ2]<1n MEHcsighedetattioh af e padkepmek &t defsiras §s a
detection threshold. [0053] MIH may be sel ected based

on a Lfr/\? Tgft?lgﬁ?ﬁgg‘ﬂg% 59&% a@élegeft det ecti on and Eq (6)

pr obabi Parm oh probability is
the p |t of declaring t presence of a packet
when {Lifseil @nthenldsﬂéf@néﬂpéfgﬁi torobability is the
probability of decl aring the presence of a packet

Wﬂ@ﬂ%]\l{}mh% deRbtitd #s&Rbd, MTH may al so be defined to
include the factor 1/L in the conputation of Ak and

t h9053lcHor nby (e -stlecicd baged on@omwﬁﬁhebwwfprﬁb@blhtm of Hetsction and

¢ 22 BBy e R DR BTE PP R PP br d&lering e
[ %ﬁé’&ncgﬂﬂ @tplaél&t ien $thio \Weesd@ | Radde @ﬁnﬂﬁroﬂ'ﬁilhtyCls\ﬂ@é bability of

Mk based on a ratio function, and equation set (6
s hdﬁ&éar@l@éh@ers@ﬁfgwe of a pa@%wh@@tté%wtmﬁesenh Menapyaplsode defined to

fél(ae tﬂg Lﬁctﬁdﬁ?]? Boﬁle V\ﬁo%lgﬁlttat%%t &F Aléo%léinﬁ% pa%tog ef/pf‘ﬁﬂ in the

b as&d on an
patfdii‘ﬂfﬁitﬁfcﬁl oﬂhe Tnethis cfa@er f@caorke/tL wey Betrdarﬁ@vdﬂl’aﬁ{orb&quatlon (3), and
{apned based oB t he %nctl on usg to conmpute the
fog Itk lbmay borsovel onyequafigi{4at es conput ati on of

Ck[()()glﬂ’ E(ft!i‘a’tioﬁl@f‘ﬂg)\x}\ékdefrﬁfﬁtlﬁl BARIETC WIE@M;( based on a ratio function,

and equation set (6) shows one design of packet detection. In general, a metric value
used for packet detection may be defined based on any function, which may receive
any input parameters. The test for packet detection may be defined based on the
function used to compute the metric value.

[0055] FIG. 4 illustrates computation of Cy, Pi, A, Br and M; for a packet with
N =16, L =4, and each window covering one short training symbol. For clarity,
sample index 7 starts at O for the first sample in the packet, and window index £ starts
at 0 for the first short training symbol in the packet. One detection value Cj is
obtained for each short training symbol after the first short training symbol. One
power value Py is obtained for each short training symbol. An average detection
value A, an average power value By, and a metric value M, are obtained for each
short training symbol starting with the fifth short training symbol at k£ = 4.

[0056] The averaging of C; and P over L+1 windows may improve the reliability of

Ay and By, respectively, which may improve detection performance. A4 and By are



N =16, L = 4, and each wi ndow covering one short

training synbol. For clarity, sanple index i starts
w@rood/1sar7the first sanple in the packet, and PETUSA07/069495

index k starts at O for the first short training

synmbol in the packet. One defkction value Ck is

obt ai ned for each short training synbol after the

f i essentilyreompusddnpvey & phidok. la@ee Wipmrcoveﬂilu&w widows of N

obt ai ned_f or C ttalnn a
derBuloR PRI STy BRREVERR B (8 BTV ARG instcad
e f dveryBt Uitdovwal,a dRistingtpdcRét Reetion a9k thddRiifieRdh window
synmbol starting wth the fifth short training synbol
atk(<m$e%1 offeyes g[}ﬂ'l'WéldQWé} aging of Ck and Pk over L+1
r

e’ffl ?/’2’%49110% dgt\éﬁtlc;nhr%hﬁﬁlljltya BLekd e&tﬁe(g ap dr?k%t‘é‘r??% ?%(T%Onl}:dltloned on

Akm&h@SleBiﬁeﬁrcevaWBs %Q@eﬁiih’@?tﬁg T!hrE’a(B'ﬁldMQOYd &ﬁé)dl&fgn 4 backet may be

[ jbly conput ed over a sli Iarger wi ndow

Mr?fg 1564 ORI NAGHETIOTAINES Mafi] 4.1 RSO0 Jopsechby @R indgws & and
Flﬁl 4o &}ﬁV%WéJFdHBQJSAk and Bk for each wi ndow k
(i nst eag every L+1 wi ndows), a decision on packet
det ection may be made in each wi ndow k (instead of
ever yIfi(M: >WindodWSD . (M005¥rTtben deplayo prasencef iagracket, Eq (7)
reliability, detection of a packet may be conditi oned
on rrElsbidpﬂererrmtpaicketval ues exceeding the threshold

In one design a packet nay be decl ared based on

ia IO JETaRAn S B Fapats Wr o 48 OO, M C s for any
MikberARR iadH. > MIH) then decl are presence of a

packet, Eq (7) Else declare no Eacket In general,
del0988] bo ofther papteat dmt@ct@e iy dltxondemqhonuﬁf)@r pagket may be
val ues, f or

f ur%nﬁictloned on “the s%m%)feg havmg V&Fld eqiuelgcy eraoér§[ q:%r %bEEOSm 11a, the

I nprove ectroncre ‘ect’i on of

P agk QiR Yrcg Ben c§ Odebr tdt AN@Ehsafittérhig Sa0THaes ﬂ%ﬁ‘ﬂuﬂﬁ)nV@lphfj which
frequency errors. For |EEE 802.11 a, the maxinum

f r egrespands do 023 KHz 4triehéiHz t Bor 4 sarnlzle rpiaraf20pmega samples per
O KHz at ,5.8

R R o u SR B LSy o e
( MERRiInune pkdte SHFH BetivEd NGNS heRIARRSHBO IMRQraining symbol
seconds (ns), and the nmaxi mum phase shift between two

sawpt 6484 Mclesi p’ar&tlsebgdaxm enayhloy tiect1¢rad nf, igr & \gissol wmdew with M,
fal se ala be declared if

o el o el T BRS LEh rirndswar gatehpan Sad eveles.

Sh@g?] %ehg%glﬁw ’{] go%fgml ]img E‘?‘?‘l&lgﬁ (ﬁﬂﬁggg gft]fég éh&% %h?f%.frorn sample
t h% ph?osgaleﬂéf t fvm%'ﬁ alix %( J[éefgo%.?}%t&g g g? @Ck provides the

which/ i's saer’I e peri ods
pr e%’e're%%%h’é& shift across 16 sample periods based on the samples in window £. The

angle of A, provides the average phase shift across 16 sample periods based on the
samples in the L windows used to compute 4;. The average phase shift &, for

window & may be obtained as follows:

/4 = Im {4}
6, = /A, =arctan ERe {Ak}j : Eq (8)



aver age phase shift across 16 sanpl e periods based on

the sanples in window k. The angle of Ak provides the
w@r@ragr7phase shift across 16 sanpl e periods PEEES00TI069495

the sanples in the L windows used to conpute AkK. The

average phase shift Bk for Wndow k nmay be obtai ned

as follows: Bk = ZAk = arctan Irn {AK} . Eq (8) Re, '

AKN006R) HearckgiodqeleatAudrE0rin0gRaes (7).2hfndec)vetage ghase shifts

packet. i,s decl ared gs sh in equation (7), then the

b e o v B & ariColn e GRRG iey PbibSE s omparcd

K+) o i uted and conpared

ag%?ﬁgfé E%%é%@b?%%@@%g{ﬁﬂ%%@? as follows: If (9k >

9TH) OR (9k+1 > 9TH) then declare fal se alarmor no

packetif. (Gea 4,9) ORTHR , ph@sé thdir deshund thlQRHrmayr doepaskdt. t o Eq (9)

any val ue greater than 0.184x2ir radians. For

exanple, 9TH may be set as 9TH = Tr / 4 radians to

$herphiskythicnipdlé rfemtnzetyi linsct [t@ @64 [valliaezredten thgn Of18¢kan radians. For

detect ed packet nay be determ ned by detecting for the

%rng H@»y@@éﬁt Etsh‘%"HS_h%?% raHens B AERIR WP S geBpHAR S .

To ieve this, det ect i on al ue, C, may. be. conput.ed

£ ol 8L RS i op B et Beonel ol PR oS YRGHRE for he
X1 balindaryXbetWeddthe shorEdnd Iy trdimihg FF@bERU At QRickd @is, a detection
perforns a sliding delay-nultiply-integrate operation

t ovadmr Qi Maxche epmpded for saghtaampiepiring iofs foHewpest . | n

each sanple period, Cis conputed based on a w ndow of

64 sanpl es gonposed of the current sanple xi j and 63
earlierzggﬁgzggﬁ,hﬁ the absence of noise, J goes Eq (10)

I

t hr ough Zer & owhen the “wi ndow of 64 sanples (i) is
centered at the boundary between the short and | ong

raining. s ol s af ii) covers two short frainjin
ﬁg}%}&ﬁﬁ%ﬁﬁ&m a é?gaé ﬁ%@-@%lgplﬁrlﬂt@gwa}ﬂqndee ﬁag%cf for each
IBAPIL GG YEinfdresiBYn @a%h%QHB}étéﬁgioH,o@ 1826 pSRIBLEIRRNd Rehdow of
i, as follows: Q = Re {Ak YOO EQ (11) As shown In
64 satploncdrifigsed QF thescucontuatede lxgsatﬂ @hedtliarncimikgs. Mheélreeabsence
G is updated every sanple, and Ak is updated every
of noleay Gfgods slaopgle gero[ WGBThe Timdew anft 64ofanifiles (ipmycentered at the

i Ni nbol be .d d foll o f .
b PPN P skt BRE it o G5O srap phpre waiming
@Mﬂmé %@ﬁalﬁﬁ*ﬂ%ﬁg itrainﬁﬂg s{y%(@ol. where QTH is a

threshol d. QIH nay be set to a suitable positive
val0062] A metric value Q; may be computed for each sample period 7, as follows:

0,=Re {4-C,} . Eq (1)

As shown in equation (11), Q; is computed based on C; and Ax, where C; is updated
every sample, and Ay is updated every window of N samples.

[0063] The start of the long training symbols may then be detected, as follows:

If Q. <Q,;, then declare the start of the long training symbols at sample i, Eq (12)

where Qry is a threshold. Ory may be set to a suitable positive value.
[0064] If the last short training symbol is inverted (not shown in FIG. 3), then the
boundary between the ninth and tenth short training symbols may be detected. In this
case, C; may be computed with a delay of 16 (instead of 64) and an integration

interval of 16 (instead of 64). A from at least 16 samples earlier than the current



[0064] If the last short training synbol is inverted

(not showmn in FIG 3), then the boundary between the
waoewrh3amd tenth short training synbols nmay bePCT/US2007/069495

detected. In this case, C nay be conputed with a

delay of 16 (instead of 64) &hd an integration

interval of 16 (instead of 64). Ak fromat |east 16

sasmpipds xeaniaydre ushdito térepaarQ; émavold cReRMIBIR 74 with the inverted

PCT/ US2007/ 069495 13 sanple xi j may be used to

commt@i@lgsﬁnmlo@mmyﬂmﬁehmzer@ Ak with the i nvert ed

st Bl PRt MR e Y of B B i@ ob. e, as

t I SHoRinnig e‘l‘qﬁﬂ’ﬁﬁﬂ @2),8h@last Rduc SMPMay Be QEKIALS DEbalrse2requency error
the | ast value of Ak may be used as a coarse frequency

er?%ﬁmﬂ%st|nate [0066] The | ong training synbols may
oﬂﬁg]dTﬂeogo '%%%f %Mf&?é’ UV eﬁ§ed°#%rﬁ &iuggé% ggrrection. A

ue ma a Ndow
f Odidt@c\mn vRlugtihylb ¥ uved fof a xiikdbw of, Mlz_san(ple%)as fplisbvd: =m
where Dmis a detection value for sanple period m
Since the |ong training symbols repeat every 64

sanpl g5, _ nd xi-64 j should correspond to the Ea (1
same tran nga S%hﬁle [0067] The boundary between q(13)

the short and | ong training synbols may be consi dered
as the time origin of the detected packet and may be
dbtrer i, ned datcsbrowalu doespuaitle pariod 12) SinEqubg lang t(al_'@l)ng symbols

may be copputed after the tine origin is
RN Bey SOk for 4 stgl Shefeeibnidl T S Mhsmited
nunqer of sanples to integrate, M my be any

HWM'abl e value, e.g., between 16 to 64. A smaller M

Mepo0sy| PMé bAndegBRkeédnQRe st Efﬂdﬂ@n% FrERHRNGMBRIMhAEEd &hsidered
nmore qui ckly, which may in turn allTow the second | ong

t rasithe ﬁglesymuobf th dpected packenend moy be deteuniapdiaudonngg cquation

he@gfi OEQT?’Sf a0 ?BC e%}]’t gencqnépug?({j %ﬁatthe trﬂngforltgglce}s Enoxgn and may then be

aV&frﬁ}ﬁﬁe@fwagl@m §a&n1ﬂlé5mrﬁﬁms Thé ﬁuﬁlaemd)ﬁan@&rslt@ tige@n@, M, may
%B given as: = LDm = arctan I m m Eq %@Néﬁ

[ 0]y Pejable Wélw gt beteen 16 itk néysn@M%M IBFY a rRompletion

sa nﬁ ac Ee% 8%123?15&&’80 ) @Hﬁgﬁg %\{E?%hlt %1?32 %M@EIQ m%féﬁw e second long

0. t?éiﬁlng syrnbol to be frequency-corrected and used as a pilot reference for
demodulation of the PLCP header.
[0068] The angle of D,, may be used as an average phase shift ¢, across 64 sample
periods and may be given as:

¢, =4£D, =arctan G;Zi—gmij ) Eq (14)

[0069] For the worst-case frequency error of £ 20 ppm at 5.8 GHz, the maximum
phase shift between two samples spaced part by one long training symbol is = 0.736
cycles. The average phase shift ¢, in equation (14) is thus ambiguous since for a
given computed phase value of v, where |[y| > 0.264 cycles, it is not known whether

the true phase shift is y, 1-y, or 1+y cycle.



cycl es. The average phase shift gbmin equation (14)
is thus anbi guous since for a given conputed phase

we 2000831277y, where ~j > 0.264 cycles, it is noPCROSANT/069495

whet her the true phase shift is vy, 1y, or |+y cycle.
WO 2007/ 137277 PCT/ US2007/ 069495 14 [0070] The phase
anbiguity in the fine phase shift 012 may be resol ved
by[00Z0Inthe please evdigetyphabsefishiphdse Skifolt aiame rﬁ‘socb‘mdt yeusing the

short tralnlﬁgt gBols The h%@? shift acro

64¢ hast ¢ Rined S9MOGF LABUFENEE Sé(BB’P e dibgse shift
fo [ 6;

e oGy engle ROE BTl ol BB YRR Bk imes he
p helsse sloftraentss o6 sample. shOmtrraynbeynaistl. adrned by addi ng

or subtracting one cycle to (m if needed, in order

to make O as cl ose as possible to 49k. [0071] A

per - sghp1 phase correction value 0, nay be obtained Eq (1)
by dividing the fine phase correction value Om by 64,

?vhw%%ﬁisﬁﬁa%ﬁ%ﬁ of St o E{»ﬂ‘% rené%b&ﬁ%?ﬂﬁ%ﬂrasg@tracmg
il Aot T s i o SRS M PPRIBER Alency

Y A i PR ol B B e v o

t
%‘éér St Vafued@[ 8% RSt 702 kT o rBle e fecetyors 254
ang h%élmnm ro?agec'(f g¥ n'é% salnﬁ e &P%%Ifr&g%n.t\{aﬁleg% to obtain

rg@fegﬁf@g%ectg&aﬁmﬁl n the fi ne phase correction

m may then be applied to the sanples
pr 10672}t I élﬂuﬂleard'eslga,l a @ine titeguénaysdrrdrangmbteanay b derived based on

ynbo In. this fre ncy-corrected sa
E?et% OTh BRI REORHRE VA BAE Ay r FRMBY aP%cuaﬁffaﬂy with

MBhe Ql%ertag@ G@tfe&'idﬂ-egalﬂ!stﬂ 6rn PP b oIkt T ddt0ctOP TRl Qverage phase shift
recei ved_ synbols. A channel estimate nmay then

deébli medbbdstennioed bimed vedkd lacut dymbditise aptt ofube dlalS'dIe deterrnmed
coherent denpdul ation of the PLCP header. This desi
medPdesraiegted et Hh dritacesseiys & pgnghe ﬁﬂ%p%%ﬁﬁpagctm ue ¢ 4,
recei vers. 254 fo equenc %bcorrectlon

{ rRn by ABBHS] g earSy GePaes 5 TG (eaR fpos training
f I §AMSHNCMn Ghis HesBi! ﬁ’@@&e%c -ca_ll?gcté’cpgﬁﬁ e Bha krlfe (f)Bthﬁed for the two

frequency error estimate,  obtained fron1t
t r la)ng rtnagnngwnﬂmlsandmyy be trapyfoined with 64reomaﬁﬁife@ elttain received

t.i me. atlon to int .n end o he
SR g HTEb ey e ey TG R SmuEt e fapols and
f i nRdf for GeeBBfMt defb@iilatipdl dfethe [ PIOTR] hea@r. AQRis de§ieh MBEy avoid
250 may be set to the maximumgain initially in order
t oadditional buffering of the samples from receivers 254 for frequency correction. The
long training symbols may also be used to refine the fine frequency error estimate.
The update to the fine frequency error estimate, obtained from the long training
symbols, may be applied to the samples at any time. Integration to a point near the
end of the second long pilot symbol may provide the most accurate fine frequency
error update.
[0073] For AGC, receiver 250 may be set to the maximum gain initially in order to
detect for low power packets. A radio frequency (RF) front end of receiver 250 may

saturate with the maximum gain, thereby effectively clipping the received signal.

However, the delay-multiply-integrate operation in equation (1) would still be valid



detect for |ow power packets. A radio frequency (RF)

front end of receiver 250 nay saturate with the
worenorsmergai n, thereby effectively clipping theCT/US2007/069495

recei ved signal. However, the

del ay-mul ti ply-integrate opetation in equation (1)

woul d still be valid WO 2007/ 137277 PCT/ US2007/ 069495

15cvenerithwelinping. i Bisi negyer Yhlae Fowmsy beadonwark agaypstoepower threshold,

o, B8P LBl QR PSS oo By O SRl e
exeesdedgaid ieay beeRiveincgaintil BBY-oPpadkat i aétb@ed Whd inhay then be

end- of - packet, is detected and may then be reset to
t hieseta theumeiauoeValyo0o74] The PLCP header may be

fo '

oA A SR FRETIRL S B ol
FRTachnOBBM yyrhbblsis gendrated tyubcprfarmiig: b @4qhiaiFFT6én 64 symbols
e Ll e LA B« 50, St o
1aOF TV BEEbOMATH) SORATE o BUFH RSl SETRLER plioh 15 copving
f ribatlast 36 sarhplesio€fhgluspiot pontion taod eppaidmgdbewalfplasypldsdo the front

the DM synbol . 75L.To detect, f d- of - packet, a
etiaft PO e e SeotiEs s SERERS Ry cymbol
Pefoo9s], Tedetcol faerd-G-$RRA1LE EcctioRevalucYialy Be cdmput&dl for cach
(16) J=1 i=80n where Gn is the detection value for

pabolperipddisdollaws: equat i on (16), the 16
sanpl es of the guard interval for an OFDM synbol are

correl at ed t{é%ntﬂge | ast 116 sanpl es of the useful
t

porti @n _ofe %w,gcynb | period. [0076] A threshold gq(1¢)
GTH may be défi dgdbas€d [oh an average of the

detection values for S DM synbol periods, as

follows: S-1 GTHn =77*YGn-~ , Eq (17) where 77 is a

pécreeht mgbe detetthen eales &geOBPMGaymlolyseofl ar Inhauation (16), the 16

AR k% el 5 SR A e s 16
SRS Sth@gRfNSIorta Y. thé OFDME sP@BbIeriogNd- Of - packet i's
detected if G?Oi s less than ggﬁn, q{/\éﬁﬂlioch may be '
exi90éels Adhegshold {Gramay I@Td¢{IncH dasaferst a avesrs offthpdetetion values

Eq Q7 I.n.anot design, if G is |less than
o SRR St pEERobdRo8sa ha- of -

S-1
GTH,n :n'ZGn—f ’ Eq (17)
=0
where 771s a percentage of the average of G, to use for the threshold.
[0077] In each OFDM symbol period, G, may be computed, Gz, may be updated,
and G, may be compared against Gry,,. In one design, end-of-packet is detected if

G, 1s less than Gy, which may be expressed as:

If G, <Gy, then declare end-of-packet. Eq (18)

[0078] In another design, if G, is less than Gy, then Grg, is frozen, and end-of-
packet is detected if G,y for the next OFDM symbol period n+1 is also less than

G, which may be expressed as:



packet is detected if Gi+l for the next OFDM synbol
period n+l is also less than GIHn, which nmay be
wezpraszed as: WO 2007/ 137277 PCT/ US2007/ 0694 9eCT/182001/069495
(Gh < GTH, 1z) AND (Gh+1l < GIH, 1z) then declare
end- of - packet. Egq (19) [007% End-of-packet nmay al so
be detected in other manners. In any case, when end-
of - pablk@t, 4 €, detAaDeds, . the, AGtheragechee cedef-paaket he Eq (19)
maxi mum gai n, and the frequency offset may be reset
to zero to ready for the next packet. [0080] FIG
5 EN3NsErd- b? D@qketjlinajg plsmboeflcigcige s gﬁemamu lgijany gase, when end-
]E)r gfc f< 1&%%‘[%%%('1], ridall% A%pCe mfag'r%ﬁ,gesggo t11i(e) ﬁnLa]?(fn%r%{%%mS e lhesfrequency
| N$RE@E alag be@e@t to Rfo BNRWFeatif f@qu@hm padik}., and
provi des a detectiaon val ue Ck for each ~w ndow of N

salPBRSFIG §shews abledniageen af avierigy of\asauigidiopfpregessor 260 in

ov ﬂng

prlgl\rlcl}' eswalﬁlqg%@r 1raegeelge gﬁ)tlel%gfg&@f;l R %g\té ﬁh# 6?6&@1}1 -multiply-

W mehgrate,/e.ginbd stmivh dlettcmamm é]s) dinepohalee aafetolion @alge ,C; for each
equa I on rovides an avera

ph‘é(‘s"gog’hP g&mPGF eécﬁm%m%@ sa]msz\Vl%iatve@g% of Cj over L

COWRMB% &g POV o WA ugﬁorpéﬁeﬂld)&o(fﬁ@s %ﬂwrgg% ddt@Fon value A,

al | anténnas I n each w ndow, e.g., as shownh in
eqfqmteadhwml))w AAuumttSIB’LdZtewmm&tﬂ&plmse by, rege. aaseshage infequation

er, L+1 ndo . own_in atio 4
o B s das avaver Bhdeshiteharte Brit cacn
{ﬂ@gﬂ AAIIH{] 3200 %%ﬂlpﬁ%gea! ¥ERel DRue P SRQL oHehe %ﬁﬂnﬁfés from all R

and the average power val ue Bk for each
vv! adowaam cadowpuloss cag. et shioovval emplaien Q) Ahaiit 522 computes a

do . g, h i i 5) . it 526
denantty Fisfice 8 67 ARERde TR Ba Rt BBt ihy saiton (4), and
rrewvfaey ah U Mg v OBRiDBY forlt BRhaVEIBEE PhasR 28i febeives the

9k, g., as shown in equations (6), (7) and/or (9).
[ owzqgeﬁdett@tloa ohiskét and theeavseagsdpoveer iviilue Baorcenspuviadow and
goﬁlpu%s oﬂleﬁr Vaefueg)(% S t&gfa wh}dosa lr &8 glﬁé\;/\glg %% ﬁ(guaglon (?)S A unit

deim&t@cns forahu @re@pnd‘eodf £padietsioaspd enahel nichec aaleé agemd possibly
detection value Ak for the [ast w ndowésrl or

palbiR éverdes plese shiftafhoe-& oﬁfbililpé’@ 1a eqgationg (Q)al7) éndépr Oor

@%8?]6%%819 d@?&ke? fjs (%e(ta’écget ar ! o‘gf?npt eseqcﬁje %( @Hg%guée) , for each

Onsatrﬂ]ﬂe poEéd,icCe.vad sasvidn e@aﬁon (89). Shomﬁt 53\4 @@ldﬁbs @1{13 detection
(12), and provi des packet ti mqﬁg which pay be th
s aveCplor Fad Sé‘fnptl@n@dkféﬁ ABRSC drdechien ﬁ’a{uﬁe‘lk Pothe 19&??18’1“(10“’ prior

O 8y YRS S0 U QHOPUR P e B <. o

v adhoevnlim dqoatian EdeciAf it Sadrabiects doi thrd start dﬁthermtbha&d)abgd on the

the packet t
unlintaggzélvg ues l,né Q 9, as sho%vn 1naesqua§1tr1]oo I) and%rg\tzlldgsnpes 11€31) tlrnlng, which

may be the sample period of the boundary between the short and long training

symbols or some other known point in the packet.

[0083] A unit 540 computes a detection value D,, for a specific sample period m
determined by the packet timing, e.g., as shown in equation (13). A unit 544
determines the phase of D,, ¢.g., as shown in equation (14), and provides an average
phase shift @,. A unit 546 receives the average phase shift g obtained from the last

short training symbol and the average phase shift ¢, obtained from either the long or



determ nes the phase of Dm e.g., as shown in equation
(14), and provides an average phase shift On A unit

wGadngrei ves the average phase shift 9k obt ai PEHUS200T069495

the last short training synbol and the average phase

shift gq5m obtained fromeithé¥ the |ong or WO

2007/ 137277 PCT/ US2007/ 069495 17 short training

sysﬂwl gaiaig sienlarlsiand sdeterininey ue Yooy r @ctdcbon waluge g, c.g., as
., as shown in equation (15). [0084] For

enﬁm@me@QWﬁKmdéfhctlon a unit 550 conputes a

degﬁgﬁ] 3 aert (fie(% Ctlogagli{lél)l gp Sé/m]‘t)lﬂ%szg c{eltecga éféllue G, for

as S n eq ua on’ uni

nDé/dcﬁg)l%WMr@gﬁ)oq)berﬁuz eqv.els shohDMegyatioal(1PerA Qldﬁ' SZA computes a
unit 554 conputes a threshold value GIH z for each
OPDW@gnqy@ragﬁeqf G over §. OFRM syraiel insrigdiuatdt awit( 157 computes a

fﬁ?égholﬁ%hge(t}z%%tfgr fRnd zﬂwqﬁgf pérLb g%g :ﬁggh&ﬁﬁ ﬁldeq‘ﬁgtlon (17).

t he detection val ues
GTALTt % ddtcccues ot admfehe pRR8S]aséd G tie delation aallub:o(‘}lg and the

di m of a n of de mul tiply-integrate unit
5 1T RIS Téw%?&&éuﬁﬁﬁli?‘g@fz in FIG 5 Wthin unit

e |
un@t()8§ 1181;9 aﬁ SB%%?JT@)I&;?@%?%&IQF & d%ﬁl%ﬂudr%‘le‘(ﬁl gomﬁltﬁg%l -¥egrate unit

pr oM dwlsmoGing gamag@smoﬁ lfblei Enlﬁ MW@ﬂhm wnit ), damples Giom antenna

one shaqr i,nin r ovi
b SRR o foidard: S0 Gl A BB R o provides 16
dedamplebnoft dhdPavhitiis @@%r@@%%x@@hbﬂdralﬂug tsibbler A unit 612a
614a nultiplies the received sanple with the sanple

| e
f revides thesaopeplem qopngae @é§a<thq&amrég Ggacivied fémn delay unit 610a. In
| LA g;ltpgfee alge%‘%% rr%;ﬂ ?%{ gﬁ@ ﬁ)"ﬁtek thel §§ bed & I;sllglgvrltcl)l n‘%he sample

star es t resu

mufrbmplniited126 hda pesredes Pthe BR01P Itcearpﬁmgmslr 6 Tidwe Iﬁ&gﬁit@%l&l is reset
from each renalnlna ant enna areﬂﬁrocessed in the sa
¥

ma%“?nt@? skt efheach ey e gricartcenifia rasulta femmmHtinies 6144 over N

Sy RS e A BB G4
eaxnhnmr ngothe fOOEE vt hllntenuml k. S5A25unametebdy sumist thé2Qutputs of

ﬂng%/g?%t h%flgil h‘gclf‘ﬁlﬁ\%}ﬁé \L;!iilr%alétegr&s aﬂ%rqy&)@es éléice??ctlon value C; for

MAagﬁw@nan§unner 622 suns the detection value Ck from
unit 510 with the output of a register 624, further
sul¥0BelcWathin wat 1R, puelayfundted2fydelays theogcctigndrajwe dwibyds which is
an,aver age tecti.on val ue . 622, and 624

S UEGR o BleERBE el Y LB R onf R tsRe Tms he
62&%&@%!@% Ct hemdsgiiesto Khh iad d@pEofla fopamarlo2wi AGMOB subtracts
earlier, which is subtracted fron1the current

actharmuinat P Aclrr 81t 628 candrrevidpreamavarsgy daestiagealus 4gy dpnits 622
L éﬁ‘lcﬁ V\ﬁ)rm[a d&%hm%k&ﬁhé%g’ uRéeﬁQd & RIVinkibw i Qni? 6%%rov1des

ement e In siml
the detectlon value Cy p from L windows earher, which is subtracted from the current

accumulation result so that the moving average is over L windows.

[0087] Units 530, 540 and 550 in FIG. 5 may be implemented in similar manner as
unit 510, albeit with different delays for units 610a through 610r and/or different
integration lengths in integrators 616a through 616r. Unit 520 may be implemented
in similar manner as unit 510, albeit without delay units 610a through 610r. Units
522 and 552 may be implemented in similar manner as unit 512, albeit with different

delays for unit 620.



unit 510, albeit with different delays for units 610a
t hrough 610r and/or different integration lengths in
WO nioggsarors 616a through 616r. Unit 520 rmay bBCT/US2007/069495
implemented in simlar manner as unit 510, al beit
wi t hout delay units 610a thrdd%igh 610r. Units 522 and
552 may be inplenented in simlar manner as unit 512,
al 9988 G 7 ghofvser otk didgiamyef of desigomif dedadulatpd 256a through 256r

= Dbk 2 d ey ot pilitat BP0 28 S TRy v

t hgfodeghisk@rprodelsdrRG0. Vidinad NCOINBrd eadrhdt TONntEdds@der-sample
oscillator (NCO) 710. NCO 710 may be part of '
acliedushey eprrention esdisr 4260g. Motrhfraqueacy eror estirgaipmd46 in FIG. 5,
712 receives a per-sanple frequency correction val ue .
Ossumsethis freqyepgy rcpageimcyrles Mo bstqurshiophasggalus frpne, a register

5, s f C r1.eGhjo i
ot o T phoios APRUFRAE 1ERIE S1d O TR 1 ieDBter 714 form o
i t shaseitapatmletor elyatsis ewpdatbd . inSeavhresampl® panold.r efyilsdlenp table 716

714 form a hase accunul ator .th I s .updated. in eac .
saifpf'EYy FFB‘E?MR%P%‘@?% r‘?fﬁﬁ??é“?r%l“ %né‘d’é‘?‘(}é‘*ss thgine 2l cosine of
Cuhietfasphase val ue fromregister 714 and provides the

sine and cosine of this phase. [0089] In one design,

t h90B9 lelpumeaiesigor the dtdqoency adotrectivarsvaua kasal 1gsolonorodt HWOHz, and

of 8 PRttt RO ARS b REBIEE e Bisany AR Rk oRguen T4 mey be

W fnfibldmieied SvithOl ABHE B &chidlieSthBhfRSe F@SRIiBAI GR-onkMeHRR, look-up
design, |ook-up table 716 may be inplenented with '
512kle tigbhes b¢ onplnishted siitteS Bhd @blss forcdbitmectand 9-bit 2osine for

I RN I S
. . : ' Py

[ oBSB R ay ER: ALS RTEhat &R oo B Raf e )

r eopoey itimnehex dembdedtor SEHtp|ac adltifdier di22asseictatcethplex-valued

22%a|n}pét -enngs’ ﬁ%upla%hgédcgazqgsgtggnnzﬁ%b}%g% ta%élt sgr?lpfel vglg[h ?l?edsine and cosine

f I AR S mARS £1ﬁP§1€Qid§§Q?ﬂ8@uexr%yléBhEth@ﬁarﬁﬁHDAeénﬁ 724 removes the
guard 1 nterval for each DM Synbol based on the

pagieed interviahdorf casin GFAM sphbolpbaské tondbt geriat t58Bgi fiom start-of-

FIG .5 and i des, 6 les for the OF . An
Frrckiy S St ST RO CETER [Adh e aDol. An
f r PPT URit t72d Bérfeuineh damgd)i@leﬁm Bt thecLiagfleSHoRAng F2arand provides
the 64 subcarriers. [0091] Transmtter 210 may use a

si pryrescived mabriefogdled $4 suberrricts. generate both a  sanple

cl f [.QJ processing and rier.signal

o L Pl ek 0P SEEL BT BER BETUIIE o v «
hassgnpl¢ tpenfoy dEpitdrprascsyil| ands a SAMresighal fog upesivefsion. The
The frequency error nmay be estimated as descri bed o
abtPlemnat @@q;w@rcgghn}gy then have frequency error as well as sample timing

error. The frequency error may be estimated as described above and corrected by
multiplier 722a through 722r. The sample timing error may be corrected by
resampling the samples from receivers 254a through 254r (not shown in FIG. 7). If
sample timing is not corrected (as shown in FIG. 7), then timing drift in the samples
across the packet introduces a phase slope in the OFDM symbols. This phase slope
changes across the packet.

[0092] FIG. 8 shows a design of a process 800 to detect for the presence of a packet.

Detection values may be determined based on a plurality of samples, e.g., as shown



mul tiplier 722a through 722r. The sanple timng error
may be corrected by resanpling the sanples from

WO e@eilyers 254a t hrough 254r (not shown in FI @CTYS2001/069495

sanmple timng is not corrected (as shown in FIG 7),

then timng drift in the sanp?es across the packet

i ntroduces a phase slope in the OFDM synbols. This
phiaas@mtiolpél) Gﬁ@kg%hz)ad’@)&@ Yahecspaek etso hodgeimip¢dsbagd on the
shows progess .800 to d t f th

D r%graﬁl A g éarg&rggi it 25 SHOWIL & eglﬁatl\?gl @ig&ﬂﬁk %g The plurality of
deseipRyady I@aﬁlpﬂs@ghn@léﬁ foi 3hbitt Yra@fin® 8yMAb6IS an€ n@y, bdFom one or
shown WO 2007/ 137277 PCT/ US2007/ 069495 19 in equation

( 11}10{601166%1Re gatonnas pdipeh dvfapta@svmnlav@@ opeaippsk st perfening delay-

equat }pg;p rﬁt%‘?atf Fq ! %gg%% W qlﬁgg%:(ﬁr Al 63’ OF&%SQJW%WVM& may be

magybteinagp Iblyspfrﬁaa]mmigeﬁluftq}‘ly-&heg'rhtet gl meﬁ}g:cﬁye’rbéﬂoﬁd aetl of samples.
¥ be from one or re recei ve, antennas. Each
de

RerisHiapardiBeniigy D& DBtagrh e obipip éY?r%erﬁi?fﬁCtH)@{ wajues, c.g., as
m"él{o'v@ll ih egﬂétﬁﬁr@?’\g) 6. e?ﬁ@ﬁ%dvé&e\laflders $la i) &faveraged to obtain

sanpl es. val ue may obtaln
pexveorgTi mgvenwhlulepleyg,l atsbgwatie cquatmnr(és ﬁé«mkl 8/168)5 &¥loatlakr a packet
set of sa det ect i on .val Hes, m be aver aged
© oS aBraTeE R e brde Ea o by ot G ke AR SRy and the
QM Mo6E} vilbbABlociE)). The pover values may al so be
averag] to obtain average power values, e.g

|

shOAA3I Forebleaki 49, (mytri¢ byzdete BaB)Le Wniermiaed aba'péd: et the average

| Sdé%ec%séggfcf BYq {heenlar%ge 806\;‘166 r 1{]6% de bagse ﬂlown in equathn u(e% In one
avera e I on va St an erage power va

(bdieﬁ;i‘gﬁ 82@)preskﬁ)&98f aFpackbt @cdy B@Qieclﬁﬁdr ifca vadtHe Svaliy exceeds a
be determ ned based on the average defection val ues

an@rqsh@lda‘@égeagén ﬁl@w@pr dasigiasthe Epr@senceagf anweketi may be declared if
e%ﬁgi‘g@é‘ ge( ?) twd, bo &%utnde?%&ﬂc JallRs RAESQNGE tfhfeslﬁorlg éﬁh{% In yet

ar ed | ric value exceeds a
va;lmmﬁlerldes@npq)hesfe glefs gmy bheiemmm:dclmsed @ flecketragrayetection
be declared  if nult

. nsecu
meYdlies: gad ydether éelé’&k?thlé Rrese %%H}aéi a q}%rmlv‘ﬁi f}dher based on the
angi e rshl%s'fgﬂ’exgﬁﬁféfe nd Pabts 1%1/65@&6% V\ﬁ hebRigagd-dag %dphase shift

on the average detection val ues, et her a packet
|se>mﬁ@;tser1d@5wduy65belddeterm ned further based on the

ﬁl@gé}sﬂét& spo or ﬁ%g na?ppga ke%%d g) gr g@g&g ﬁlengt)ésence of a

t hpgbo! ﬂppa&&@@éﬂ)o 'ﬁlc@de@ n&é&ﬁy\kﬁorade@&ﬁiuﬁﬁg @btedfion values based on a
apparatus 900 to detect for the presence of a packet.

Ap]piafaélttsu of 9amplonc P adery edoraning detietraviiphingsese et fih scts of
vai o%gl 0@12'3‘ m e{nlﬂ fﬁl Jietté( %m ro@zere §e}lu l%ased ?1)( the, plurality of
pry- eg Sets of

per In r e on
sasnmlﬁes (el@),dw per@o’lrﬂ))mg [’[ﬁﬂﬂi}ﬁyﬁﬂlégt@{&i &f Bidohd Geto@Bamples (module

va| u(3Srnkégjllgsegoroar\]zelgaglengptlhleJ rdaeltelc"élso/n %falues to obtain average detection values
(module 916), means for averaging the power values to obtain average power values
(module 918), and means for determining whether a packet is presence based on the
average detection values and the average power values (module 920).
[0095] FIG. 10 shows a design of a process 1000 to detect for the start of a packet.
A first detection value may be determined based on a window of samples, ¢.g., by
performing delay-multiply-integrate on the window of samples as shown in equations

(1) and (3) (block 1012). A second detection value may be determined for each of

multiple samples, e.g., by perform sliding delay-multiply-integrate as shown in



sanples, e.g., by performng nultiply-integrate on

second sets of sanples (nodule 914), neans for
w@e@ragi2ny t he detection val ues to obtai n averBgEUS2007/069495

detection values (nodule 916), neans for averaging

the power values to obtain al@rage power val ues

(nodul e 918), and neans for determ ni ng whether a

pa@k@tioﬁl 61 0p (eent@l Dadbel w@mﬂomhef sampéfrsa@ed thedasiyeitimfirst detection

es and, t he,.a .nodul

OS] nEPee SEIEHBAE 4 BB YEH G TR Sy’ 1580 gtection value,
del&/Eﬁrlc {8led ey Peadompaicdabfpad oatthe fibstf detctiofletapet dn@nthe second
val ue nay be determ ned based on a wi ndow of sa

e. getectiop vahesstior thagrudiénlaysamillesi pRy-dsrtheynainee nP@lhéil) (block
( bpglgé.’ %i%%?pﬁe ?o nk%tﬂ Weﬂgﬁegégﬂl\%d%§ed g&}heaﬁgm(c%)alues and a

dethessholdeelgf, as slﬁ)a&ﬁhn@f]uathml (A2 plbbockaddp8es, e. g , by
perf rmsli dela mul ti ply-integra as, shown in
098617k a7 b posesr s 5079 080 ADBATe 5D lééﬁié?.d&w iqy) the start of a

P‘? RS dl@%p%}am hﬁ)o%aqw rﬁéan%ef&pdle?émﬂﬁlﬁ% tfﬁstd(Fe'Eéchgn R,Qﬁe based

etection value may be earlier than the sanples
usmda wondbey D/sngdehege dxyr]xdrfdenmgtdletam nwaltipky-integidte b the window

xg‘lﬁj‘% ({I}Pzi %oﬁg#geﬂq ed %H{}lglﬁlggssre?g}dd (%Jieec%on value for each

MUt i QB 1 SAMMI&Se.c € b erfaﬁngllitﬁ délay-eluasly 9hte brhld (module 1114
(bl ock 9101[6H@l Thg S grt of thg\@pacﬁet ﬁ%b’ b4 )

demesnsi fae dorbalgm aeiric W@lunébased omath@ digst dn@cfaon value and the second
10@%?80@1%%137‘65@? %Elt a%ﬂtllg sarnp es lhg | 1# ZBZQm({ rkr)llea(l)l{:s Jer,d determining

es gh of “an appar

1100 staet dFehepdcktttasédién it alﬁdtn@ffalaes aaick@teshdgpaoatlud 118).
1100 incl udes neans for determ nlyé)g a f| rst detectjon
valW87hEKedl2 dewa aderigbwi 8frracsipl 2, fopfigquengy correction. A coarse

P efr&ﬂfeﬁ&f &T%E%sﬁ}ﬁfgg#g b leaé{két R %ea& Eived! rﬁt % o b MYRW 168t one first

sanpl es nmeans or eter i ng a secon
dedeedtioa Wallmlolbalfﬁaalrbye;mfmrmﬁfg duldytpltiplysatquras on e. fist, plurality of

LIS AR BN D sk >bad ol osaggey oror

fi Egimatie tf(ﬁcih'e %CK&' M8 %ddérhz%d SE %O Nohsed8h eeP tdRd Vd%'tééﬁ§n value
for the nultiple sanples (no 1116), and means for

detldainid by gerfommang dalay- rmﬂtlplbrsnwgtakeeon bamd@durah‘@ of samples, as

Fr o plbrE By T 0% f, GTRLS TRy b i Sl for he

Coftreft bR firsPdeeaichevaldd Bey BOBYscllohQr fil8SddlBts: f 1 satples. The
packet may be derived, e.g., based on at |east one

f i deday-mudtinbr-antegtaipaion shwbcand digteptjorpapliempdynhe based on a second
d t i pl f |t
S:{i{% y QU é EAP % b\ﬁ%g) tﬁgtglta 3% r&r ‘ctlhanl t%? tﬁrggﬁa 1:51 %g%jr t{)tﬂbtalﬂ a more

125&)1rateAﬁﬁ¢ feqligney 4ane yst&nart@r The:ﬂrstrmmxehifycxff dahplpasiketomprise
may be derived, e.g ed on a second detection

va$aaé>l%ﬁ9r ahoré &Fa%‘lﬂoWWh RBC 808G PRIREYRTsamplcs gpat gomprise

e Sar R MO S RESRES 1%, The

del0898InAl freqicyey noeept@hevawr fdrhtbe packet may be derived based on the
coarse and fine frequency error estimates, e.g., by using the coarse frequency error
estimate to resolve phase ambiguity in the fine frequency error estimate (block 1216).
For example, a first phase value may be obtained based on the coarse frequency error
estimate, a second phase value may be obtained based on the fine frequency error
estimate, the first phase value may be used to resolve ambiguity in the second phase

value, and the ambiguity resolved second phase value may be provided as the



at | east one first detection value nmay be based on a
first delay, e.g., 16 sanples. The

waledoay3nzot ti pl y-i ntegrate for the second det ecP€DIS2007/069495

val ue may be based on a second delay (e.g., 64

sanpl es) that is longer than2the first delay in order

to obtain a nore accurate fine frequency error

esfri:qmn@/ cilirrectf'q'nr stlupl ulThe iftqqu@ﬁcys afphoplesslpr dbfmpai:ls@ may be

ttrainin

o i R Qs s PRy i Proatie BREF IZRP0r shor
an[i]/()gg] FIIHQ 13 rs?hbﬂfls Ng dSY PR @fSan bHRPE]s A3D0 Rt ERGMency correction.
correction _value for the packet may be derived based
onApprsatug d 30 inchilgs mages foregisiigye erarwr freicpppeiser, estimate for a
e. U, 09 e o
; ediske¥ g Ja0 IR 1GRPEAS] HAURNON e iainbES) PGt dely-
esﬁliuh@ﬂ}e intddraxe kon b2X1r6) pluralﬁqr of®aﬁfpﬂﬂs€(modu]fel 1332), plvasefor deriving a

#ue may be obt ai ned gﬁ ﬁ the coaéie frequ(gg

B re@éePPYrﬁF@r CHIMAE i d ?)ﬁ% b\Peff ulgRs 91 3> oMt Ghesgion value
b £ est i r
pa%?im% B R L L Pt T PR o samples
s econbillg hilgle, mvealls der, danung m&eqmtmncg uortrgctloesmaluwefdr teqanlktt based
phas val ue rovi ded as.the WO 2007/.13
3 D065 058 468 TR STRE RS Kt ol Jaf leousphdrequency

f r @aMeB@imAE t5aRRIeS Phate bLhBiRAGKEL B YinBefretRh&E CHBE estimate
based on the frequency correcti on value (block 1218)
[ 00esiule] 356).1dsmerns far eersicng dfeqaencappapaples fa3be pfadfet based
freq correcti.on ty 1300 i ncl udes neans
fof ﬁ%rl P%&ygogggugé’ r(ggggéy?%%ror estimate for a

paoleo0] Ky .14 shawed depigatof |aq{1l5des@ M40 (f for dcltect €bre@iE iedh of a packet.
val ue obtai ned by performn elaﬁﬁénultlply i ntegrate
onAgdefgefign vajugrnady py defermaingsh frscachwd umatin/s symbohpagginds, c.g., by

fo [ f

oSy RGO LA OUERCRI L AEY pL ho pei
obdsakhech by quasticor méjg(tﬂk&ikameI t ihplgysnenat, eagnyat@lm partlon of a
second .plurali of sanpl es 131 4% means
delr#tpmigion pyubRleARY BorepBeke Wv m?ls ¢raihglnporigp ktet obtain the

baggdtioRNvalRe frORLS SRS, T ANBrdshSIAURIIGY nBY T determined for each
estimates, e.g., by ‘using the coarse frequency error

estyimtel @etiod,rees obased Ph ss@oRmy| ag'anagy of § ddtestibi rvelues for S symbol

f ti 1316 f

R PR £ of TehmERicy Mo nareph P o b BRL AT B g0, The
0 Nedd&f ficQSHURACHYiaE BF IR ek d ViaketE of RhO dktediibhBYalues and threshold
[00100] FIG 14 shows a design of a process 1400 to

de‘t’eéms fosthe meiltenel spnbel w@réét(bloclﬂldl )eclm oi¢ Jesiane theagetection
aqSé %aq/] Qg %oéﬂ%alieﬁaagg%n%{ (e étqr ofd %X a%fll é%lgrﬁiol period, the

corr er a

c Oﬁhf@ii@ldn@ﬂl[tgmhlﬁ et lﬂﬂozao ftéransyinibdl |1¥>€r16¢j/ ﬂb@"hldh&hd: deétectid@sSvalue is
shown in equation (16) (block 1412 ener a

colstedhapothetBieshgld avaldes é‘ﬁ§ e $ndrP sghﬁmﬂcg%v% Fe declared if the
C Ot & Rh &AM b ndxp Sy rRBd 1 PeABY isAQLsthAhE BhrBiof Tuibdre

[00101] FIG. 15 shows a design of an apparatus 1500 to detect for the end of a
packet. Apparatus 1500 includes means for determining a detection value for each of
multiple symbol periods, ¢.g., by correlating a guard interval with a corresponding
useful portion (module 1512), means for determining a threshold value for each
symbol period, ¢.g., based on a moving average of S detection values for S symbol

periods up to the current symbol period (module 1514), and means for determining



detection value for that synbol. A threshold val ue may
be determ ned for each synbol period, e.g., based on

W@200013871207 aver age of S detection val ues for S BY81007/069495

periods up to the current synbol period, as shown in
equation (17) (block 1414). Zhe end of the packet may

be determ ned based on the detection val ues and

t hthestnd| of the apatqé@ $aged phethendetecpvre velprbehd geieslndd values for the
(bl ogk 141 the detection value may
bémgg (%Bgﬁ% RHPﬂ ISé]'%?g)shold val ue in each synbol
pe[ﬂﬂ@ﬂﬂ] FIUB 16t Hoeshotesidabiie preyesdecdl eareproadstia aapacket First
synbol period in which the detection value is

t h@methe vahcs Shdnay b%\lde‘@fm’élﬁ@ baspd @hg fisst nlhr@h;ya@wfmples (block
ma

sy%/%l(?ﬁ' g@ﬂegggﬂeé &&%ﬁﬁ%ﬂ?%@g{% ldﬁ Jfl ﬁjfﬁﬁrahty of samples
[ O@1dxk] 1614 Meﬁﬁwvm pacldaeas gﬂesaflcealma@pbﬁr(htemilnbﬂ%hséd) on the

ect, for the d of a pack tus 1500,
@qt%@g Sitsnand B NOBCEY IR @?3005 @55 SYsopRd é%ipmpwﬂues C; may
ea&hdé%grrmﬂyd bdsR %nscn)’s'gpé}{d REFaliRASS sl RéKaBI&L! 'Pﬁé {8t of the

{ﬂe b
a guard interva a correspondi %se ful portion
( npatlibtema s 1R) detﬁmanai bayeddmt erenfirst ragd asctdndeddtodtwnvedlues (block

a5 Do BiecaBR B A By beoPRE gL oo B hyiad mpgetity of

tosah’gﬁesc(%[dcﬁrl%2§)/nﬂ?¥é udRy lefidr 6Mpd a@kel )be @ﬁﬁlafsaamed on the
for determ ning WO 2007/137277 PCT/ US2007/ 069495

t hirseand dlird ﬁeteptaﬁkéalutﬁa%@ko}ﬁ%e Fd)@lrtécdat@ﬁlov a4a11@s G may be

an&i t hr efgglg%dv%an{)%%slﬁth }u&rﬂe[{()o ssr?m es (bza/eﬁb%%gerfh%desnd of the

prmﬁsmé.}ﬁﬂ@détaﬁmﬂéd)MS@ b hedfoale Hetbctidni vasides (letlecéason
| ues Ck may be determ ned_based on a first plurality

f[@&%IFJQ (b skavs aedesign ek ranpateliss! 190 fasypreessing 4 packet.
dehBELALY ﬁﬂ&ﬂ%t 0 g fo R el Iﬂﬁ%mstt YeREHGRIRLESC, based on a

er a pac resence may
defisst piuraldty befsethpdes (hedulde? EDt nmany druégcratidingh@wer values Py

S ME LR N o N
sapphagt (P b{%@&lcéac;agéd oﬂ_ hfr‘e %E@Eﬁorpealﬁ&ean&%kﬁwml&g (module

determ ned based on the first and second detection
valU@ rerng dlr delﬁzm)lngAeqdmdrddtedeommluwcz\ﬁaalsubommsmd plurality

ete nm ne h|r | urali | es
(o SRR P BT Bl AR o g o Ringfits sl 2B ased on the
esfitsirah@ debaredetodtidnh@aludd (H6daOd 720), et B tde@Amining a third
val ues (bl ock 1624). Fourth det ecti on val ues G z nay

bedetersioarisusel bassddomn tlardf pluraliy pff gamples ymedulg éﬂfé?)e gneans for
( bés?gﬁg%ig %%éuff‘ncgle %1%” c[{agﬁet b%gc(f(c% thgq?/rst a%ddtgl%g 'Eie"{!eé‘t?o% values

baSer I'oh val ues
[ O@ddRle F113), Marsrtbv\aetarrdlﬁﬁiggibuﬁﬁ dereca@paslasus, mea on a fourth
for proceSS|n a pack Apparatus 1700 incl udes

meRlHElitoe! et ?Srfmﬂdﬁbe 1r72é§tané S8t foleleamyuas the opd oééhe packet

OMpRed on the fourth detection values (module 1728).
[00104] The modules in FIGS. 9, 11, 13, 15 and 17 may comprise processors,
electronics devices, hardware devices, electronics components, logical circuits,
memories, etc., or any combination thereof.
[00105] The delay-multiply-integrate technique described above may provide good
detection performance and is not affected by multipath in a wireless environment. In
another design, packet detection is performed based on correlation with known

samples. In this design, the received samples may be correlated with the known



first plurality of sanples (nodule 1712), neans for
determ ning power values Pk based on the first

w@bwrabi2zty of sanples (nodule 1714), means f orPCT/US2007/069495
determ ni ng whether a packet is presence based on the
det ecti on val ues and the powd} values (nodule 1716),
means for determ ning second detection values ¢ based
onsanpdesc fomdhp Ismraltliatryng eymbelspst deffgremsdiithe offsel8) | Detectipn values

for det.erm art of the ed on.th

¢ PP TR et BB R P DB HRRI I ARE5 S0 may be
f ogordlsth&l 0 HbtBi A fihhl de;ﬂecudﬁts@ﬁiel OThev fihdl elcRIRibASRRic Gflayathen be
third plurality of sanples (nodule 1722), neans for
es@qmm@ch iRt gueaend &r%bpldovo @qﬁ@:tﬁlaf‘ck@ﬁerwagbéeﬂ patketheThe time

t I

f oS i Bt PR i SRR VRl By AR it FEAMR of the
f opuckbt. plurality of sanples (nodule 1726), and nmeans

for determning th f the packet ~ based on the

fowptlﬁé Iddedeghngpey ?&9@3 ﬂ? almr%ay er{l%ﬁfg Dy vagays means. For
lrxgﬁ 'tﬁbsg kc@m €S I‘]‘l&y bé- ﬁn%lléleﬁt@g nil-lZarH@&{reC ﬁﬂﬁ%hl%esoftware ora

proce sors, el ec ronics devices, hardware devices,

el @unblnatlansthemnﬁoﬁenashardvmge aablecoientatibn sthe pmecrmsnng@mts used to
etc or,, an conbi nat on t her eof.. 00105

dePPIRURE TSGR BaY BE dmpleaien s R 8B Ph B s Risetiagy specific

pffﬁ‘t/dg@eﬁecg@@&nts‘éﬁs | APitN8IhAl FBE&GSor3 ISP, Mightal 51%nal processing
af fected é mul ti pa h Tn a wrel ess environnent

andavigss ( Qm pmmt@valdetlegmu dvides (BEPrsprheld magr@mrmble gate
COI‘ ! el at t hprlége%\sm SCaO I‘O 3 S ! lnnléI'hICSO ﬁeﬁ I‘gn rn1 TOCCSSOrS,
reCéVe sarrp B TS e d PR Eowvin C\r/%)

208 ¢toniRdoh i b T éth’&@&ﬂo@ﬁglﬁﬁ@ deﬁ@n&ﬁt&iﬁie@&rﬁlahe fimetions described
short, training synbols at different tine offsets.

Delilf‘é@flr DFORULE 8T 2 gxpbivatioythgrepf.r st t hreshol d, whi ch

FONER P TSR AL Sy Ay By may b
d eﬁxqﬂémaned/ a,iziltle maduleshéngh q)rooanllmr efdnca@as nstc.)athme qmnﬁzbrrn the
resence packet. The t

threshold to ect t [
of uge&l@lstq%‘iﬂ b ?%ﬁﬂ%ﬁr@&m F QRIS NG IS mEEpe stored
t ojpdetREb e é@e r% oh el pQF ked - ex[e&gé(p@]y d rb‘f'ocessor (e.g.,

technlques descrlbed erein may be inpl enented
v aprioogssomeiher 2FYr Tlexewplosy, ntaydseintdehenteld exsthnagheuarocessor or

i mpl.enented in hard e, ~firnmwar sof.t war e

ot ML foo e ar St s A E e R EEr Sise b may also be
t hﬁoﬂ%ﬂQﬁ SFFr @)@odéﬁﬁoir-‘iedd&@l@ h&livReutP amdﬂaamt £ebyi Heasry (RAM),
may be inplenented within one or nore application

speed-only memenyr AROMEi perrivelgtilcATRTOM  #icgsst anemerynaNVRAM),
pr Ps a
L T LN e
pr BgA SAMAkherygediepacadisaySDy, miAghstic ofpeicelsdes storage device, etc.
controllers, mcro-caontrollers, mcroprocessors,
[00108] The previous description of the disclosure is provided to énable any person
skilled in the art to make or use the disclosure. Various modifications to the
disclosure will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations without departing from
the spirit or scope of the disclosure. Thus, the disclosure is not intended to be limited

to the examples described herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



el ectroni c devices, other electronic units designed to
performthe functions described herein, a conputer,
wo@roo/18nmbi nati on thereof. [00107] For a fir mB€EUS2007/069495
and/ or software inplenentation, the techni ques may be
i npl emented with nodul es (e. @4, procedures, functions,
etc.) that performthe functions described herein.
The firmnvare and/ or sof t wvaCEAREES ucti ons may be
stored in a nenory (e.g., nenory 272 in FIG 2) and
executed by a processor (e.g., processor 260 or 270).
The nnry ed within the processor or
external Hﬁﬁggﬁ?%ggsgﬁgﬂéThe firmvare and/ or
sof t V\aqﬁodeﬁgﬁrrmﬁgmﬁd toedetahnsie baectﬁilo‘rfaédesi based lvar a plurality of
processor-readabl e medj um such a m access nenory
FARANgS: to [delgEMg| RPVYRE ﬁlallg? ORRSg) o ﬁ]@rﬁ ffs& i eanp ?ﬁaé%average the
r P Y

?&8&% %{J&C‘%br I&ﬁ;ﬂg Weéarggs&aeggﬁﬁﬁ‘%@&e&&?%%&@ Mllg' 'E(S(Pér values to
n’ﬁamreyverag@rmam Vd]uss; an@Dp ,detrmigmet wWieether padketls m‘ateace based on

tora %ytce h50108 The@ﬁgEVIOUS description

i ga CEF YU ue”r“&n?) AVade PV per son
ski | | géhelntbr} buEd tottBe gsFf use the dlsclosure.
Various nodifications to the disclosure wll be
readily apparent to those skilled in the art, and the
gfﬂ:: b\(;ar ) Oggfare‘i:ts dF clI 1nng gp‘g’r&%r%{ nth? Ip¥ocesstoF| P con%lguliea tP receive
HeGDE abfy dflsemgles ﬁloasmnmplemmamag h@ defcafine Sidteddt&ctidftvalue based
intended to be limted to the exanples described
A AdreBiite fisst 8¢5 Afesapples iy thyeuliinke aptearaspand to determine cach

PO SRl R R PSR PR O VB B3] B agecnnes

PCT/ US2007/ 069495 24 CLAIM5S 1. An apparatus

conpr i, si ng; rocess r configured to determ ne
det eclt31 on QFB? r%ﬁ% g» ‘?SI(FJ 713 thg proggssorgiy eppfigured fp perform

daL g hiﬂlﬁlﬁﬁ%@&m%ﬂ Wﬁﬁo@@%? Shnfed B LRI IR! defétif values.

sanpl es 0 average the detection values to obtain
aver age detection val ues, to aver age the power val ues

to o tain vera es,. and to determ

whet hir - PRt Rere B Shm Eo e PR SeRE 1 b geed to multiply
geheGinid ival Waslodnef Ezﬁﬁpl@y HitIE deeMeiondleUSaycaNdhnile, and to
menory coupled to the processor. 2. The apparatus o

tqteggr@ﬁe 1esulthef ‘élp muylrpliqatioe é(ygeélrsang)lqggm ]theg\MméQth@ obtain a detection

%hs&F%‘ lurality of sanples fromnultiple
ennas etern1ne each detection value based on

a respectlve first set of sanples fromthe nultiple
antenpas, and to determ ne each , ,

5. The apparatus of claim 1, wherein the processor is configured to
determine metric values based on the average detection values and the average power

values, and to declare a packet is presence if a metric value exceeds a threshold value.

6. The apparatus of claim 1, wherein the processor is configured to
determine metric values based on the average detection values and the average power
values, and to declare a packet is presence if multiple metric values exceed a threshold

value.



power val ue based on a respective second set of
sanples fromthe nultiple antennas. 3. The apparat us

w@poochst2m 1, wherein the processor is confi gurBdI/Us2007/069495

perform delay-multiply-integrate on w ndows of
sanpl es to obtain the detect®dn values. 4. The
apparatus of claim 3, wherein the processor is
confi gur edTho apphratys| 9f céawh lsafvimr@‘ni the apmicerdonyipfconfigured to

AR B D SRS PAR R L SRR ine vt

Eﬁmdeﬁfs ésehébefuwmdmed@lmlatpam shifelet ection val ue for
e wi ndow. 5. The apparatus of claim1l, wherein the

processor is conflgured to determne netric val ues
based gon t li}ﬁe egg$ @51%?7 \gﬂer\éﬁll tﬂg gr&ggso} %eco%Ygﬁl%g%o declare
power values ecl are a pac I'S presen
a packict 1smot/pr}esm1cexﬁzelﬂd13e shiftkkesldoh ghyslthieshddd. The
apparatus of claim11, wherein the processor is
configured to determne netric values based on the
aver age deqgebhfta¥3lofesaifd, Wherdl HAPRARIF samples comprise
val ues, and to declare a packet i's presence if
samhpilegofoe simet raioingalymbselsexceed a t hreshold val ue. WO
2007/ 137277 PCT/ US2007/ 069495 25 7. The apparatus of
claim1, wherein the processor is configured to
det er pp.ne PhAgEp-stus bE chasad whlrdih ehcayBERLS HRbAEEIEM to adjust
val ues, and to determ ne whether a packet is presence
fogeivhiegain hased oprha pavgshvabies.shi fts. 8. The apparatus of
claim?7, wherein the processor is configured to
decl are a packet is not presence if a phase shift
exceeds a phastod bspihg. 9. The apparatus of claim
1, wherein the plurality of sanples conprise sanples
f or sﬁ@fﬂimmm&dﬁf Homs yatpes kascdion a phigaliy EE?%@M§59 of claim
1, wh f .ust
recel g ol GNP o A BB ot o
conpr awdraging thetdeteriion ngduekad @btanmmevaageuh&cba:s eduan) a

plurality of sanples; determning power val ues, based
on t h%Veﬁ%/ﬂi?%\ﬂ]ietR?WSF valyerdp @btain a%?%?gqoef@r YpEcHapdct i on
val uegettonif ?%ﬁbt@f%ﬁﬁgﬁetq§b%$ﬂc@%a¥&f Sifthe av@r‘é@é ﬁgﬂeE‘t%n values
the power values to obtain average power values; and
ast the piveraggpavnatvabies.a packet is presence based on the
aver age detection values and the average power
val ues. 12. The nmethod of claim 11, wherein the

det er m2.ni Ngh¢ hextidRt SRR 1Y2lHESin the determining the detection values
comprises
performing delay-multiply-integrate on windows of samples to obtain the

detection values.

13. The method of claim 11, wherein the determining whether a packet is
presence comprises

determining metric values based on the average detection values and the average
power values, and

declaring a packet is presence if at least one metric value exceeds a threshold

value.



conprises perform ng delay-nultiply-integrate on

w ndows of sanples to obtain the detection val ues.
wao7/1sm7net hod of claim 11, wherein the deterP@nUSIYP07/069495

whet her a packet is presence conprises determ ning

metric val ues based on the a%erage detection val ues

and the average power values, and declaring a packet

i s pr &encé&h¢ fneghod efelninpdé, whercin theadaiermaniogedstizer a packet is

threshal d .value. WO 2007/137277 PCT/ US2007/ 069495 26
RASCOER EOMBYRSd of claim 11, wherein the determ ning

whet hggteignipRg phhsd shiftHLSEHE theCOBRLE 8&SctiRAtvIIEs Nindd
phase shifts based on t he average detection val ues,

and daeErpingwhythor atrelet & pawret furiepbased ar rofnhashedyfts.
based on the phase shifts. 15. An apparatus
conprising: nmeans for determ ning detection val ues
based1®n aAplappahivkyomprisiagpl es; neans for

determ nin ower, val ues based on the plurality of
sanp| B§ans gﬁ%ﬂmamgé%?&chaﬁl ﬁ%glu%@%(ﬂ%apﬁéﬂltvs HP e
obt ai p, SV EHAIG A hREHoNr VALUESscd SE M1 AfityDISEA lﬁg,g

the power values to obtain average power values;
meansmiars fdetaraging thg deteetitrevalacspaobétin i wrggeakemoen values;

Pased, O 32 YIRS o T GG B8R

the npRas f@r ddehahMsNivhghthe pRetert pRBentd! B#88d on the average
conpri ses nmeans for performng

detbetipnrmalucs png therivergeapewornvaoidows of sanples to

obtain the detection values. 17. The apparatus of

clai m 15, wherein the nmeans for determ ning whether a
packel6.i s Phesppsats s eiaie sl ITeai&cino thedle@fisTifét Betermining the
netric val ues based on the average detection val ues
a¢tectionpalugy eppEssSower val ues, and neans for declaring

d pacgﬁgnsi for ﬁé@@ﬁgﬁ% d.élfa -%ulii@gaﬁt?gﬁ?e Wwﬂa%\x}ﬁ%lf %grgplgls Fﬁ obtain

exceeds a t val ue. e apparatus o
e, dewwhgoevalué¢she neans for determ ni ng whet her a

17. The apparatus of claim 15, wherein the means for determining whether a
packet is presence comprises

means for determining metric values based on the average detection values and
the average power values, and

means for declaring a packet is presence if at least one metric value exceeds a

threshold value.

18. The apparatus of claim 15, wherein the means for determining whether a
packet is presence comprises

means for determining phase shifts based on the average detection values, and

means for determining whether a packet is presence further based on the phase

shifts.

19.  An apparatus comprising:
a processor configured to determine a first detection value based on a window of

samples, to determine a second detection value for each of multiple samples, and to



packet is presence conprises neans for determ ning
phase shifts based on the average detection val ues,
wapa7/18mans for determ ni ng whet her a packet iBCT/US2007/069495

presence further based on the phase shifts. 19. An

apparatus conprising: a procg&ssor configured to

determne a first detection val ue based on a w ndow of

detemphing startootet packetneasad sechndinedeteetiaonvalad wad fseeond detection

%%@%U%f nultggﬂe sa h??’ and to WD 2007/ 137277

56@??8 498"PEy Fét ermine start of a packet

baseda afenioie chipl&d todeé peéQor. val ue and second

detection values for the multiple sanples; and a

menory coupled to the processor. 20. The apparatus of

cl ai 9, rel e.Prpeessor i onf

per f g? (r}n de a§-a§hﬁal{%l ?/ff)ic%?[gg?%t ghgrﬁﬁlt hmeel %%ggsvoé g? configured to

pafiphedeliyomobiipdy-inttdretefdnr the wdedeee bf eamplyedowsbtaiarict fidt detection

perform sliding de].ay-nultiply-integrate to obtain t i

¥dboriidder Rataransliding delaygruldplyrniseraihio fppin e@econcp detection
of claim 20, wherein the

3?ﬁggﬁﬁggaézﬁ%?§§ﬂﬁ§%ﬁﬁ?§§ derive the first detection

value is earlier than sanples used to derive each

secon det.ection val ye., 22...The a at us,of cl ai
o, “whkr e RS HEDHRUE adadr i 20¢ SRR RN Sigpies used to
A&iVe theVAtsHRStcbASEdaRB i NRridr thin dehprt iv3Bd 8! désivandch second
t he second detection values, and to determ ne the

detegtionofaluche packet based on the metric values and a
threshol d. 23. A nethod conprising: determning a
first detection value based on a wi ndow of sanpl es;

det er p2.ni ngha =ppeand setrihi 09) watidm ey peaessodfis configured to
mul tiple sanples; and determ ning start of a packet ,
RIBRIC dRetip evafyes staserb B P dfff sy detaelicinyalye @A the second detection

gn%%lﬁsg&'na MoV, té‘lﬁﬁt&%?ﬁe ﬁﬁ S@JJ[hteL%lcgetsﬂmheo% th?e4ﬁle£|1-'[bevalues and a

of clarm ereint etermning the start
threshblel. packet conprises conputing nmetric val ues based
on the first detection value and the second detection
val ues, and deternmining the start of the packet based

on thes met \ifead bsapddisk.a2 threshol d.
determining a first detection value based on a window of samples;
determining a second detection value for each of multiple samples; and
determining start of a packet based on the first detection value and second

detection values for the multiple samples.

24. The method of claim 23, wherein the determining the start of the packet
comprises

computing metric values based on the first detection value and the second
detection values, and

determining the start of the packet based on the metric values and a threshold.

25.  An apparatus comprising:
a processor configured to derive a coarse frequency error estimate for a packet,
to derive a fine frequency error estimate for the packet, to derive a frequency correction

value for the packet based on the coarse and fine frequency error estimates, and to



25. An apparatus conprising: a processor configured to
derive a coarse frequency error estimate for a packet,

wao 200des7i29e a fine frequency error estimate forP@mES2007/069495

packet, to derive a frequency correction value for
t he packet based on the coarg® and fine frequency
error estimates, and to WO 2007/ 137277
fETCUS2QOTYCH 89 4981plea gor drer pasket basqdiondhe dfcquenep| cosreptaon value;
t he packet based on the frequency correction val ue;
d a nmenory coupled to the processor. 26. The
appar aiésno?y celprédiodhe prfdgsset. N t he processor is
configured to performdelay-nultiply-integrate on a
first plurality of sanples to obtain at |east one
first,detegti e . desi v a r e
errorzgstiﬁéégﬁgéggg %% t]g %é’ﬁ%é%?lﬁ%ﬁéﬁgf%gfqy(ﬁﬁﬁngdto
pateani dday-walltigy-ititograey 10 Mirdeplayalityu ot isphyles né @gtait et least one
n second plurality of sanples to obtajn a second
Hist deeriom vabve &0 deies 16 <q@ps YISINFHSY RTTRE cstiaaft @Sy on the at least
Ii t QN . :
e P S G SRR L A KEOH pluraliy of
sangonta gbtaed at scopk détectmndedlay,- and td deyvd titeenatfequency error

B LA o 185 o T

delay-multiply-integrate with a second delay to obtain
the second detection value, the second del ay being
gr eat eF- t h&he tappamiussef dlimy26,28hergie theppeacasses ipfeonfigured to

?%?olrrrpl %él’a Mrﬁﬁ{igll pln{egreaté) rwolﬁlegs 1rst Idse{aco oflo la’{lrne et gt esagt one first
e coarse r é]’uen y error estim O resol ve pnase

actbétipui Hayud, And e péiforen Heleguameplyentediate @&hiangaténd @fay to obtain
The apparatus of claim 25, wherein the processor is
theresndrdstection vivaithe segonq delay priag eropier thanphe Best délay he
coarse frequency error estinate, to obtain a second

phase val ue based on the fine frequency error

esti nd.e, The agardtheoff dlaist 2 hdeeciv deyaotwsorriesaifigared to use the
anbiguity in the second phase ﬁalue,.and to. provide

t37es UG0F% §TPlesbimAy o ’Eeé Shahprabigyhyl ths fingdrequency error
fhgayency correction value. 30. The apparatus of claim

25, wherein the first plurality of sanples conprises
sanples for short training synbols, and wherein the

ong €951 ni R arat o A5 S5ERIBBePpReTR §Rapfust o obtei

WHREehHAsE Relukivaséd 8Rdhs esaté fiRhuinal | driog % s@iates &BbAK a second
each conprises sanples for short training synbols. 32.

phasetvabig baserhen gienlgne frequency error estimate, to use the first phase value to

resolve ambiguity in the second phase value, and to provide the ambiguity resolved

second phase value as the frequency correction value.
30. The apparatus of claim 25, wherein the first plurality of samples
comprises samples for short training symbols, and wherein the second plurality of

samples comprises samples for long training symbols.

31. The apparatus of claim 25, wherein the first and second pluralities of

samples each comprises samples for short training symbols.

32. A method comprising:
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frequency error estimate for a packet; deriving a

wo povg/132enuency error estimate for the packet ; PABDB200TIQ9495

a frequency correction value for the packet based on
the coarse and fine frequengy error estimtes; and

correcting frequency of sanples for the packet based
on t héeriviegiyeprrse tetuceet ¢roor estrabigdor 8gackThe net hod of

clai m32,. wherei.n the derijvi.ng, the coarse frequency

cr ror tobdp TEREWRalelEy SEL! Sy B (G TRERS:

del aydérishing pligqhdiicg@b@é@ioaVatueffof it patikst BhdetYonQhe coarse and fine
sanples to obtain at |east one first detection val ue,
fRaucaey PUPIRSUIREScHYr se frequency error estimte based

on th : ' [ .
aner e TR By aRE oFiBps MEURTICRR o8 08 Mgueney cqrrection
cdoqri ses performng delay-multiply-integrate on a

second plurality of sanples to obtain a second

detection value, and deriving the fine frequency error

estimgd e baged, AR(IITeFRCRNALEREEHE RAVIB tHEcoarsffre Tllagcy error

C
met hod of claim 32, wherein the derivingthe frequenc
comragc targpriseval ue conpri ses using the coarse frequency

error_estimate to resal ve phase anbiguity. in.the fine

Fr equesiiyiny g Sotialy e BaReg SRR CHuial BohgReiss fobtain a
Raftloa6 e85 AktceOdf (aus addt o determ ne a detection val ue

for each of multiple synbol periods, and to detect

end oflcravipg die codyss dgquency etrert ¢soimajea based ¢orthg ke least one first
g&%&kﬁk%hws ol periods; and a nenory coupled to the
processor.” 3o. The apparatus of claim 35, wherein the
processerkin the doiVing ticefihd feequdedyesrrarrstithiie cdmipesdsi on

val ue fqr each synbol period by correlatin% a guard .

i nt er Rerformypg delay-priltidepyperriePnus escand phrality AT pamplpgto obtain a
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e apparatus of claim 35, wherein the processor
I S codérivgng thd fine frequency error estimate based on the second detection value.

34.  The method of claim 32, wherein the deriving the frequency correction
value comprises
using the coarse frequency error estimate to resolve phase ambiguity in the fine

frequency error estimate.

35.  An apparatus comprising:

a processor configured to determine a detection value for each of multiple
symbol periods, and to detect end of a packet based on detection values for the multiple
symbol periods; and

a memory coupled to the processor.

36.  The apparatus of claim 35, wherein the processor is configured to
determine the detection value for each symbol period by correlating a guard interval

with a corresponding useful portion in the symbol period.



determ ne a threshold value for each synbol period
based on an average of S detection values for S
W@ 09b0872pEr i ods up to current synbol period, WET/ESH07/669495
one or greater, and to detect the end of the packet
based on the detection values30and threshold val ues for
the nmultiple synbol periods. 38. The apparatus of
cl ai 3387, Wwherapparatuseofpchigessor whercotifa graceskotr gs configured to

are the .detection val ue ai nst, .t he, t hreshol d .
GAFRENE 8 S S POt cofh SSmBRP PP LA TP RS, of ydetoction
Vaﬂhééefoagts?ﬁlbal PaHYA0 |uﬁ RE tu@éhtisPmBbI o neheletLiBlonedr greater, and
value is [ess than the threshold value, and to

tpedatest Eheramnd of i Recketrhasqsrikide defectionevatedsaadithygshpdd ydues for the
RQPHW9§§8“ﬁ%ﬁH&% period is |l ess than the threshol d
val ue. : et h

od conprising: determning a
detection value for each of multiple synbol periods;
and detectjing end of a packet_based on detection
val ued®f or Tih &PRYREUS pple ngﬁbé?, WHERIt . PiRgesspRds configured to

E'ﬁ‘fq;]eﬁ‘g tl%fde@écﬁbmgl%e aé@%&%@th}&ﬁoﬂ%ﬁf&tih '%9ﬂ%{1§n‘t€)2?ﬁl‘£éd, to freeze

t he packet conprises determning a thres
fhorthealdld syhibaiftepersymtobpged iorwhinh shvedetgaionfvaBie is less than the

etection valyes for S synbpl .periods t o, cur.rent

E55B6k paed gt e lorS R TR0 B pRELtiEne AaRghior Vhiue for next
sehiefbheAsd tshessensh @k tirBgioRPeHEs. based on the detection

val ues and threshold values for the multiple synbo

periods. 41. The method of claim 40, wherein the

detecting the end of the packet conprises conparing
t he dé‘ect%ﬁ%dgg?ﬂgn%ﬁ%?%st the threshold value in

each gateghingerdcesttion ilaeforng@ch bemtitipesdylid] padioss; and
after a synbol period in which the detection val ue |

S
| ess fiffasiinghend af agreke Rrasdien defretige cirbies dgr theemuktple symbol

{iddfe packet if the detection value for next synbol
gerlod is less than the threshold value. 42. An
apparatus conprising: WO 2007/137277 PCT/ US2007/ 069495

31 a ocessor configured to determine first detection
val ue§5-basiﬁe Srethod Pf? giﬂlm pﬁ9urvg1eret19q%ﬁr 3%%%&%@,6 ¢ng o the packet
dghpiiggine power val ues based on the first plurality of

sanples, to determ ne whether a packet is presence
baseddgernihmgfs thstsheldtvabici fon eachl syasohperiechbased on an average of S

detection values for S symbol periods up to current symbol period, where S is one or
greater, and
detecting the end of the packet based on the detection values and threshold

values for the multiple symbol periods.

41. The method of claim 40, wherein the detecting the end of the packet
comprises

comparing the detection value against the threshold value in each symbol period,

freezing the threshold value after a symbol period in which the detection value is
less than the threshold value, and

declaring the end of the packet if the detection value for next symbol period is

less than the threshold value.

42.  An apparatus comprising:



power val ues, to determ ne second detection val ues
based on a second plurality of sanples, and to
waledoensizne start of the packet based on the fiP&L/USZNI7/069495
second detection values; and a nenory coupled to the
processor. 43. The apparatus3bf claim42, wherein the
processor is configured to determne a third
det ectimacessirueonthigersd ton deterrhine dfiyst Wetsictiery vefues dapddesn a first
and to estinat frequency error of the pagket K based
AR of T o e RIS A aEi Bl Bisel 8 REFECHZART O sampies,
fRPiasaiibe wokthel aigackad,is PheERieMbds&e op IHRE B8 QletecBon values and the
configured to determ ne fourth detection val ues based
POV Faluest Ho psleterminet second slgfeptiens valyay baged e eyespriek plurality of
b [ -
I, o PREKEcMRE ek bliRel Bigkh GoitfiL ¥k 43 scpond detection
detechndn val ues based on a first plurality of
sanpl es; deternmi ing power val ues based on the first
pIuraPPF?“E?C@%ﬁ%ﬁ@é,¢6@?@?ﬂ?ning whet her a packet is
presence based on the first detection values and the
power val ues; determ ning second detection val ues
based4dn aTbecppaapisuefaklairg 43, whenplreshe armbessor is configured to
termning start of th cket,based on the first and ..
St G AutR kB ie b bE g Sndt TERARY tpTmplepingdo stimate
fréldjdelii@% cEONBITthS patltet BHREEHNTHA & Adtthird deté@ioRGlaliRS.
val ue based on a third plurality of sanples; and
estimating frequency error of the packet based on the
first ,and ird detectian. values, 47.. The nethaod of
cl ai m'46, frﬂer taﬁg%ra%:ucs)n%f: ffs]ahllnﬁg?i’d‘év FEW Hingraeste A5 configured to

deateché douitial deegtibasethcenbaed i thfopttbr glhidilyy @f samples, and to
sanples; and determ ning end of the packet based on
determipg erdholthe eagkcbbasgd p ghe fourth detection values.

45. A method comprising:

determining first detection values based on a first plurality of samples;

determining power values based on the first plurality of samples;

determining whether a packet is presence based on the first detection values and
the power values;

determining second detection values based on a second plurality of samples; and

determining start of the packet based on the first and second detection values.

46. The method of claim 45, further comprising:
determining a third detection value based on a third plurality of samples; and
estimating frequency error of the packet based on the first and third detection

values.

47. The method of claim 46, further comprising:
determining fourth detection values based on a fourth plurality of samples; and

determining end of the packet based on the fourth detection values.



