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includes one or more access points (or base stations) that support communication for
one or more user terminals (or wireless devices).

[0004] IEEE 802.11 is a family of standards developed by The Institute of Electrical
and Electronics Engineers (IEEE) for WLANs. These standards specify an over-the-air
interface between an access point and a user terminal or between two user terminals.
IEEE Std 802.11, 1999 Edition (or simply, “802.11”), which is entitled “Part 11:
Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications,” supports data rates of 1 and 2 mega bits/second (Mbps) in the 2.4 giga
Hertz (GHz) frequency band using either frequency hopping spread spectrum (FHSS) or
direct sequence spread spectrum (DSSS). IEEE Std 802.11a-1999 (or simply,
“802.112”) is a supplement to 802.11, uses orthogonal frequency division multiplexing

(OFDM) instead of FHSS or DSSS, and supports data rates of up to 54 Mbps in the 5
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to received signal level. The presence of a signal may be declared based on the outputs
of all three stages. '

[0008] In an aspect of the first stage, input samples at a receiving station may be
despread with a code sequence to generate despread symbols. Products of despread
symbols are then generated for at least two delays, e.g., 1-symbol and 2-symbol delays.
Correlation between the products for each delay and known values for that delay is

performed. The correlation results for all the delays are then combined, e.g., non-
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[DEBIRI PFIGN shows a second detection stage and frequency acquisition unit.

[0018] FIG. 7 shows a third detection stage and channel estimation unit.

[0019] FIG. 8 shows a phase correction unit.

[0020]  FIG. 9 shows a process for performing signal detection for the first stage.
[0021]  FIG. 10 shows a process for performing signal detection with multiple stages.

[0022] FIG. 11 shows a process for receiving a transmission.



[0023] The word "exenplary" is used herein to nean

"serving as an exanple, instance, or illustration."”

wanyeastrodi nent or design described herein as PCT/US2006/020541
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Receive processor 160 processes the input samples from all R receiver units 154a
through 154r in a manner complementary to the processing performed by transmit
processor 130 and provides decoded data to a data sink 170. The decoded data is an
estimate of the traffic data sent by transmitting station 110.

[0027] Processors 140 and 180 direct the operation of the processing units at
transmitting station 110 and receiving station 150, respectively. Memory units 142 and

182 store data and/or program codes used by processors 140 and 180, respectively.



transmtting station 110 and receiving station 150,
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generator 222 generates a PN IE&DCS&O? 30 at ransmitting
station 110. Transmit processor 130 includes a pilot generator 210, a DSSS transmit
processor 240 for 802.11b/g, a DSSS transmit processor 250 for the range extension
mode, and a multiplexer (Mux) 270.

[0032] Pilot generator 210 generates a pilot (which is also called a preamble or a
reference) for both 802.11b/g and the range extension mode. Within pilot generator
210, a symbol mapper 214 receives pilot bits, maps these bits to modulation symbols
based on BPSK, and provides pilot symbols to a spreader 216. As used herein, a pilot

symbol is a modulation symbol for pilot, a data symbol is a modulation symbol for
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[0034] DSSS transmit processor 250 performs forward error correction (FEC)
encoding, symbol mapping, and spectral spreading for the range extension mode.
Within processor 250, an FEC encoder 252 receives data bits for traffic data, encodes

the data bits in accordance with an FEC coding scheme, and provides code bits. FEC



repeat/puncture unit 254 may either repeat or puncture
some or all of the code bits to obtain the desired
woaadws/Bee. An interleaver 256 interleaves or PED/USEN06/020541

the code bits based on an interleaving schene. A
di fferential encoder 262 perfdrns differential
encaodi E%%on t.he interleaved bits, e.g., for DBPSK or
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S$.,59ont ol I\/Aca | ayer .as MAC ?rot ocol data units
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' i . nel. . 037] FIG 3 shows_ a PPDU
P Re e B SR oy MY by proessscupBD L LR A b mode s
sBleGted aaridRBoyiddDthic Rt €Bipd £ RERBTAE i
.header 330, and an I\;I‘Fi’l(lﬂDU1 40. rDU 340 c(f:llrf?ll%e)gang? g%tﬁ%éon mode
lﬂ§$%t€f%r PPDU 310 and has a variable | ength. PLCP

[06 ”’0'1?01%%%'%32'. d chroni zati on .SY
field 322 ang a sftié??raﬁsr gﬁr?eggaécrgw & 1”(%&‘5)“%4 tr'gflf: é\ﬂﬁ‘c) layer
agMUECt pretodol3@:a caits (MPDAS).i Bach MOk psRALLATS 4 PRYsical layer
cni?\%’e be usec% b P%{:?celiw}u ng-station for signal

detEet o R 8%%6 1 8% engrgsWatadin pRLSE prtocphdatpiungt (PPDU).
Hach PRBULR $réteksed il & g\ ahsmitted vi

dm  SFD ks B EARRIAI By PeAR YRt £ 2 bnd waimitied via a
viitedsg ghamgek he start of the PLCP header. PLCP header

i NG S| fjeld that indicates the

PP 7 A T srieeraP e b b4 e R PR sructre

3812 PEDLOS 10t iaclailgni PY.CpopiekinBi 520/ PLPE80%30} hnd n MPDU
e a

3JF(I):T N%{I 340 carries traffic data for PPDU 310 and has a variable length. PLCP
preamble 320 includes a PLCP synchronization (SYNC) field 322 and a start frame
delimiter (SFD) field 324. SYNC field 322 carries a fixed 128-bit sequence that may be
used by a receiving station for signal detection, acquisition, and other purposes. The
bits in the 128-bit sequence are denoted as dy, dj,..., diz7. SFD field 324 carries a fixed
16-bit sequence that indicates the start of the PLCP header. PLCP header 330 includes
a SIGNAL field 332 that indicates the data rate for the MPDU, a SERVICE field 334
that is set to ‘0’ to signify compliance with IEEE 802.11, a LENGTH field 336 that
indicates the amount of time (in units of microseconds) required to send MPDU 340,

and a CRC field 338 that carries a CRC value generated based on the SIGNAL,



i ndicates the amount of time (in units of

m croseconds) required to send MPDU 340, and a CRC
woieloti3@&88 t hat carries a CRC val ue generated Pasas26/020541

the SI GNAL, SERVI CE, and LENGTH fields. PLCP preanble

320 and PLCP header 330 are sé&nt at 1 Mops using

DBPSK. PLCP preanble 320 contains a total of 144 bits,
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achi eve better than 90% detection at this Es/No/div
t hr estsapided EbAYe der dievengh antasisiopomdile iiompprofimately 3 dB. The
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per foraater Pk St Soaf ot g R ol el s ptvorain
I angeis expprREhaely sl 6B N thd Rt Bhia bRl sitsodesprdul & E&frable to
to inprove performance. To obtain a _good channel

est i ncieve stesdter dhang 8p%r éﬁ@ctwmmlaﬁ%&wdw@wsé@@ iredispersive

may %—Hnél‘&oﬁlﬁﬁ&?]sm ne the frequency error between the
oscillators at the transmtting and receiving

stati fr ncy grr 20 parts.per mllion, .
P 3 o L ARRO S0P s PSRBT G e
f r equisneydubitions AfkeceR@2 fdfHEe aingl- Rtckbion MbHeCRayB¥rform coherent
degr a(fle performance. 3. Channel estimation. The noise

powerSEHPdHEioR ha HRRIO VR BETRREIABCR h ba oBtabka snehchapnek estimate used
than g %oltlé}&?tloc}&ﬁﬁdﬁﬁaﬁeﬁv\ﬁ{e fe@eiQérdﬁﬁy 'hgef‘?(p h&fmife Qﬁje frequency

per f or mance
error between the oscillators at the transmitting and receiving stations. A

frequency error of + 20 parts per million (ppm) at the receiving station translates

to a frequency error of + 232 KHz at 5.8 GHz, which may degrade performance.

3. Channel estimation. The noise power on the channel estimate should be much
lower than the total noise power in order to achieve good performance for

coherent demodulation.

[0040] FIG. 4 shows an embodiment of receive processor 160 at receiving station

150 in FIG. 1. Within receive processor 160, a sample buffer 402 receives a stream of



coherent denodul ation. [0040] FIG 4 shows an

enbodi nent of receive processor 160 at receiving
webkaici16050150 in FIG 1. Wthin receive processecTa88006820541
sanpl e buffer 402 receives a stream ofi nput sanpl es
fromeach of receiver units 1%4a through 154r. An

acqui sition processor 404 perforns acquisition for
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i ndex for frequency bin, is an_index for the
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sent 1 n the ent mrefers to a sum
bifn, endr{}’ex au aihdﬁasf,or dred 1 2f0bitcimhthe dixed seumened sams i theaSYNC field.

m of . real valu es). [004 /thin
Th bvtate) Sigab gt 1 S S T nbe DAL s I eGPV BRI Coherent
56 réfeRUo SATRI08TopRX VAER! MRI ndbdtRreh? 48ml LY gﬁa sum of real
154r, respectively. Wthin delay correlator 510a for

salvesrinag. , ggnftudess ), a Barker despreader 512a

ea he |n Ies
EH?) ﬁ?rt:ncg)é 1(51 1r"%w siﬁnée %orgy% é‘n%qgh[ ﬁé&; Fﬁcﬁwe the input
sadtrdes from &aﬁheﬁtﬁmﬂ; I&‘lﬁl tﬂﬂ)u@h 1Bay, kedpectepy. © IieHin RS correlator
multiplies 11 i nput sa es for Chl Perlods n t hrough
plQarfor wptepna He(oa 1 R n%@fker ﬁéSPB%ﬁdWéﬁ %%éf?@és the lnput samples

@i Lﬂﬁ@"hf‘%ﬁ déﬁﬁmr & Héﬁc% ag{i p}%(} f oetrsﬂ)xg%%% ?}%}ﬂlhocip at g ch1 rate. For |

provi des a des rea peri o

8ehlchip predne Bdﬁ{er H&s’@@eeﬂef $ PansuldpBés Hi 1Iﬂgutcsafrfpws&bt Qﬁp periods
of the Bar lber sequence . wi th the input

n through n—10 with the 11 chips of the Barker sequence, accumulates the results of

the multiplication, and provides a despread symbol x, (n) for that chip period. Barker

despreader 512a performs a sliding correlation of the Barker sequence with the input
samples to obtain a despread symbol for each chip period (instead of each symbol
period) and provides despread symbols to a symbol buffer 514a and a delay multiplier
520a.

[0043] Delay multiplier 520a generates 1-symbol and 2-symbol delayed products of
the despread symbols. Within delay multiplier 520a, the despread symbols are provided



sanples to obtain a despread synbol for each chip

period (instead of each synbol period) and provides
wdesprieesd2synbol s to a synbol buffer 514a and acCuaisS2006/020541

mul tiplier 520a. [0043] Delay nmultiplier 520a

generates 1-synbol and 2-synbt® del ayed products of

the despread synbols. Wthin delay nultiplier 520a,
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ou?pﬁ’?ﬁ e NS e P 8 B P4 3l Moot by 2ol delayed
produkeicy, ,\(&) ifor thatjchipperiddat chi p peri od. [0044] The
del ay correlator for each remai ning antenna processes

[0844] n p Uthe slahay| cosrefator fbhaachaamemn@ anferind @rfaRBIRE the input samples
d abo e for a 1. Each del ay correl at or

%lr iﬁz}t&g enpa égll magper éfé 02&{9(\,1? og,arﬁ;?r(rﬁl) -akdch delay correlator
L f
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, fromall R delﬂggﬁcgofgﬁg}lgp%g%n rougg}gg%a COher tly sums

the pwddiets &, prodinat my=, n) Rf, dronh hHtR dblap doekiatsds SH_'O:i through 510r

each chip period n, a sumrer 528b sums the products y2

andmroyidéoa pooduct yq(n,) fidr thalt chip pdriodd &R \eact Ehip! R4S, a summer

510a t hrough 510r and provides a product y2(n) for

1288t swrs phepprddudts Th;,a(@r, dduot s ly...(B , druoin el d3layregprieators 510a

expressed as: 1(") -*>(p-Ti ), and Eq (la) =

thropgh fjler alxdnprgwdesm prodnct- yg(l'n)s Jor.thacchlp Ippriod: Th Qﬁélcﬁicts y,(n)

The 1-synbol del ayed product 1nm(n) is indicative of

ey b sy defekpresiedasbet ween two despread synbol s

xm(n) and xnm(n-Ts) that are separated by one synbol

period for antenna m The 2-symbol del ayed product y2

,n (N (4, I GAL LV, t phase difference between

tvvo d%:s(pﬁzgg 5 bé @ x n;aﬁgnd xm(n - 2TS) that are Eq (1a)

separ ated by tvvo synbol periods for antenna m FIG 5

shows the use of 1-synbol and 2-synbol

y,(m)y= > x,(n)-x,(n—2T,) . Eq (1b)

[0045]  The 1-symbol delayed product y, ,,(n) is indicative of the phase difference
between two despread symbols x,,(n) and x,,(n—T,) that are separated by one symbol
period for antenna m. The 2-symbol delayed product Y,,m (1) is indicative of the phase

difference between two despread symbols x,, (1) and x,, (n—2T,) that are separated by

two symbol periods for antenna m. FIG. 5 shows the use of 1-symbol and 2-symbol
delayed products for signal detection. In general, products for any number of different
delays (e.g., 1, 2, 3 symbol periods, and so on) may be used for signal detection. Using

products for more delays may improve SNR and detection performance. However,



del ayed products for signal detection. In general,
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couples to 126 delay elements 532b. Each adder 536b sums the input and output of an
associated delay element 532b and provides an output y,(n—11-i)-y,(n—-11-i-1),
where i€ {0, ..., 125}. A set of 126 multipliers 538b couples to the set of 126 adders
536b and also receives a 2-symbol differential sequence containing 126 known values.
This sequence is formed by a bit-wise product of a sequence of dj through di,s with a

sequence of d through dyz7. Each multiplier 538b multiplies the output of an associated
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L corresponding phase-rotated correlation results from multiplier 542 and provides L

combined correlation results z,(n), for p=1,...,L. If K differential correlators are

used for K different delays, where K >1, then one differential correlator may be used as

the reference (with no phase shift). One combined correlation result is then obtained for



adder 544 coherently adds the correlation result Cl(n)

from adder 540a with each of the L correspondi ng
wohemasesorat ed correl ation results from nul ti pPCEUS202/020541

and provides L conbi ned correlation results zp (n) ,
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results in sinlar detection per f or mance wae

resaliyén efmitas odetortion gecforharnceviek s WARITRINGE Tof eV @ 5i@Ral levels.
Cﬂlhgates t hat detecti on probability of

QIIDUEEL is%l{l%trcg}l 1§gi%1tg§1 ap a detection probability of approximately 90% and a
false alarm rate of less than 1% may be achieved for a 2 equal-path uncorrelated

Rayleigh channel at a total SNR of —3 dB using S, =22. Detection probability refers to
the likelihood of correctly declaring the presence of a PPDU when the PPDU is sent.

False -alarm rate refers to the likelihood of erroneously declaring the presence of a
PPDU when none is sent. A tradeoff between detection probability versus false alarm
rate may be made by selecting a suitable value for the scaling factor S;.

[0053] FIG. 6 shows an embodiment of second detection stage and frequency

acquisition unit 420, which performs signal detection using frequency-domain



false alarmrate of |less than 1% may be achieved for a

2 equal -path uncorrel ated Rayl ei gh channel at a total
weRRenB05023 dB using S1 = 22 . Detection probaBCiusg006/020541

refers to the likelihood of correctly declaring the

presence of a PPDU when the PRDU is sent. False alarm

rate refers to the likelihood of erroneously declaring
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reguency o f 05¢i
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R A e A Sk -
tH3MidshRIall 8§R1b61 Zor ti'iE‘teanftern%Q WeEYninBr fescribed for antenna 1. A set of N
adders 632 receives R sets of N detected energies from R frequency offset estimators
610a through 610r for the R receive antennas. Each adder 632 adds the detected
energies from all R frequency offset estimators 610a through 610r for an associated

frequency bin & and provides the total detected energy E(k) for that frequency bin. A
selector 634 selects the largest total detected energy E,__ (k) among the N total detected

energies for the N frequency bins. A signal detector 636 compares the largest total



with the largest detected energy is indicative of the
frequency offset for the input sanples fromantenna m
wpQOBAERSIhe frequency of fset estimator for eacRCT/US2006/020541
remai ni ng recei ve antenna processes the despread

synbols for that antenna in tie manner described for
antenna 1. A set of N adders 632 receives R sets of N
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of a small increase in the false alarmrate.
alut sseoridodetqptionataged.t y of better than 90 %at an SNR of

g)gg%]g E i 3@@8?5 trr(leary egralgle%?e get idh pro%a%l}lRy since all 09 Ele engrgy is not

used in the second detection stage (due to the FFT operating at the symbol spacing
instead of chip spacing). In an embodiment, improved detection performance may be
achieved for the second detection stage by performing a 128-point FFT and hence
integrating over the entire 128-bit sequence for the SYNC field. In another
embodiment, one 64-point FFT may be performed for the first half of the 128-bit
sequence as described above, another 64-point FFT may be performed for the second
half of the 128-bit sequence, and the detected energies for the two FFTs may be non-
coherently summed by adders 632.



using a threshold of S2 = 8 . The fal se al arm
probability is less than 0.5 % for the second

wdetmation stage, yielding an aggregate fal se RCaUSL006/020541
rate of 5xIO5 for both the first and second detection
stages. [0059] Multipath nmay thegrade the detection
probability since all of the energy is not used in the
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obcil ai n” d-synbol del ayed products at 11 different chip

thefdetayed pmdacts may Hesonbéteghpstpss antennas as shown in FIG. 5, the complex

values for different antennas may be combined for each delay d, and so on. More than

two delays and/or a larger delay may also be used for frequency estimation. A larger
delay results in a larger phase difference, which provides better resolution for the
frequency offset. However, a larger delay may result in ambiguity, €.g., a phase shift of
more than 180° may be interpreted as a negative shift of less than 180°. For a given the
number of delays and a given maximum frequency offset, a set of delays may be

selected to optimize resolution without ambiguity.



products for each chip offset is coherently
accunul ated across the SYNC field (e.g., using
woewdstie®?2 724 and accurul ators 730 in FIG 7). pCinaisiabe/020541
accurmul ated results for the 11 chip offsets may be
conmbi ned (e.g., using meximalltatio conbining) to
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[0064] Within channel estimator 710a for antenna 1 (m=1), a multiplier 712

multiplies the despread symbols for antenna m with a complex phasor e /™" to
remove the frequency error k,s determined by frequency acquisition unit 420. Multiplier
712 provides frequency-corrected symbols at the chip rate to a set of 10 series-coupled
delay elements 722. Each delay element 722 provides a delay of one chip period. A set
of 11 switches 724 couples to the output of multiplier 712 and the outputs of the 10

delay elements 722. Switches 724 are enabled for one chip period in each symbol



[0063] FIG 7 shows an enbodi nent of third detection
stage and channel estimation unit 430, which perforns
weigrsabosdet ecti on using time-domai n processi NgPCE@IS2006/020541
this enbodi ment, unit 430 includes R channel

estimators 710a through 71O i®r the R receive

ant ennas. Each channel estimator may derive a channel
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and provides the total energy H for all R antennas. A signal detector 740 compares the
total energy H against a predetermined threshold Hy, and declares signal detection if H
exceeds the threshold Hy,. The threshold Hy, may be set equal to, e.g., the received
energy Er for the 128-bit SYNC field times a scaling factor S, or H, =E_ -S,.

[0067] A detection probability of better than 99 % and a false alarm rate of less than
107 may be achieved at an SNR of —4 dB using a threshold of S,=14. An aggregate
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[0071] Referring back to FIG. 4, once a PPDU has been detected, a determination is
made whether the received PPDU is for 802.11b/g or the range extension mode, e.g.,
based on the PLCP preamble and/or PLCP header. A DSSS receive processor 440
processes the received PPDU if it is for 802.11b/g. A DSSS receive processor 450
processes the received PPDU if it is for the range extension mode.

[0072] DSSS receive processor 440 performs spectral despreading and
demodulation for 802.11b/g. Within processor 440, a rake receiver/equalizer 442
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base filters may be cycled through in a fixed order, with every 11-th sample coming
from the same base filter. In order to compensate for timing drift, a given base filter
may be skipped and the next base filter may be used instead, or the same base filter may
be used for two successive output samples. Timing adjustment may thus be achieved by
selecting an appropriate base filter in use.

[0075] A frequency correction unit 454 removes the frequency offset in the timing-

adjusted samples for each receive antenna. Unit 454 may be implemented with a
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average of the products from multiplier 816 and provides an averaged product. For

each symbol period, a unit 820 normalizes and conjugates the averaged product and
provides the phase reference 6, (z) for the detected symbol for that symbol period 7.
The phase reference may thus be derived by averaging over a window of detected

symbols. The averaging may be designed to account for the fact that the phase
information from the known pilot symbols in the SYNC field is more reliable but may
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phase-corrected synbols. For BPSK, denodul ator 460 nmay
stage. Input samples are despread with a code sequence to generate despread Symbols,

e.g., at chip rate (block 912). Products of despread symbols are generated for at least
two different delays (block 914). Each product is generated based on a despread
symbol and a complex conjugate of another despread symbol that is at least one symbol
period earlier. For example, 1-symbol delayed products and 2-symbol delayed products
may be generated as shown in FIG. 5, with each 1-symbol delayed product being
generated with two despread symbols that are separated by one symbol period, and each
2-symbol delayed product being generated with two despread symbols that are

separated by two symbol periods.
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for these frequency bins and the second threshold. Signal detection for a third stage is
performed using time-domain processing and a third threshold (block 1018). Multiple
channel taps for a channel impulse response estimate may be derived, and detection may
be declared based on the channel taps and the third threshold. The presence of a signal
is declared based on the outputs of the first, second and third stages (block 1020).

[0086] FIG. 11 shows a process 1100 for receiving a transmission or PPDU. The
timing of input samples is adjusted to obtain timing-adjusted samples (block 1112). The

timing adjustment may be performed with a polyphase filter and/or based on a



that delay is then performed (block 916). The known
val ues may be products of pilot bits, as shown in FIG
wo 2008dpesoent products for each del ay nmay be SuROEMIS2006/020541
prior to performng correlation to account for del ay
spread in the wirel ess channgl4, as also shown in FIG
5. Correlation results for all of the delays are
feabhdyestfeb deekmifdd Yuridh frequemce laaquisition. eﬁlhle tf&qﬁmcyt dfset in the

2_symbol  del be rotated by multi d
(riabanaind EONBTnAY DR 1o QTR eTURBP G L SR (block
1880 e f%ﬁué&gul n%}fﬁﬁ%lam?ﬁ% a¥e pAREskASiBPARNAGMR] estimate (e.g.,

corfelatio ts wth I ar gest magni t ude anong
ush% anrhlte p&icelvhlgbﬁot mgnz@diecpwasmboim(blbek dalext dhe F@QSCS of the
In F

the correlati
eiirsymgle ot Eloama Brdi e ongy S5 R KGR Ly, For the
lﬁl‘ﬂg@é&%tloﬁ e Hf@reﬁéeeﬁﬁ? ®8 defivé] Bised ah/ihe assdtbd symbols, and
is then detected based on the combi ned correl ati on

the phhses  ofethg detesiedcuympnly Mgyt receisrntichbased oy Bieaphasp reference.
PERRUISITOR FERRPTNY HaraiRiRLcwaudl) W ppls Temodulared

dyhiBold(bdckt Ne0Fi Thaldeinsdabea sglﬁﬂaersrara deinbaladkdofblddiel 122), and
conbi ned correlation results, %P ﬁ det ect%ﬂ%‘gor a

tb@ éRlnFQﬁleﬁYf‘él yBelsriEe d%C@ﬁ?féthth%}ﬂ erdgf data (glog )

g'lhg‘ epr&&s&!g r11cqecp LR§ %@&n})g@ Quikip rres?@étf o f“g@ 99-11 may be

S|g tion w multiple (e.g., st ages
mq;lemgerded fie femdtiohy pefooheds by padcepsarcEdsi Age lmliamuak/blocks may

t hreshol ds used, for na etection the stages are
@&RWE&I“SB‘EQ%‘H‘S%M@H%P‘?&HEC@E’H PEWEPYY lg%r a W ndow of

[PB8PP! S ThEkQkKighOddoscrit dtddin defyaselibk®lenhdited Byevdrious imeans. For

stage is perfornmed using tinmedonmain correlation and a
dxamgple, ttmsegmhmmu@b Inepykbel Bupiymerted in hardpiapes firswage software, or a

cg)équa 10&10&{6 gtl r %g’?y 221%6 %ﬁ p;%solF Ej’lg{io{hfea‘érocgs%htg l?lpFS used to

@ﬂfbﬂﬁnﬁmlv@mﬁc‘mf quisitedn, dedl alendsdylakien peayl be ﬁm@llen&lﬁdad within
detection may be decl ared based on the correl ati
- onEsel] tn9rer @pplwh@@qu@gstnt%fée@ girelitsaiPInb digitad tSlgnal processors

%ﬂfgz al %1 fgrggésgi‘ﬁ Qébléegr Pﬁge;;% : an(ylé logic devices

equency- donal pro

@ernid fiehy @sdgﬂhldm(ableogkte 1846, (FREGADN @re@ssmsj stragpdlers, micro-
energi es for rrultlplefre% 0%1 bi ns d
SREISHEES n SRICTORERFCHHO S ]LPCHP 9 8ty C%%I&%dma‘ﬁ fgsigned to

?E{%ﬁfrﬂ]htﬁ? flfrﬁﬁoﬁsh@e%&‘ﬂ;erd%%@ﬁ o allofbiditidn gestecond

d. Signal detection for a third stage is
ﬁﬂ@B?]or rré’@r ussaftyare replioreatatiopr th?et@shlm@u%nmah behimpdemented with

eRRe (- Enpticeareapionoetd f 5o MR BReREy b dg fosoribed

l‘i’&élﬁc tTHérboMreb&)déQ eh 5 RCs1Haa el aQﬁbrhdSl? wiaERe| mé@psy unit 182 in
and the third threshold. The presence of a signal is

He| laraad axgesed by 2 Procesen(ets BPcesher 160 ard/ogpessgon ki), The
Ig}nrogy 3&19191%? bt(: ?&&%ﬁleﬁga Within the processor or external to the processor.

[0090] The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.



[0086] FIG 11 shows a process 1100 for receiving a
transm ssion or PPDU. The timng of input sanples is
wadpassdesd2t o obt ai n ti m ng-adj ust ed sanpl es ( bPoThIS2006/020541
1112). The tim ng adjustnment may be perforned with a
pol yphase filter and/or based>n afrequency offset
determ ned during frequency acquisition. The frequency
of fset in the timng-adjusted sanples is renoved to
[@ova) N WEGLERS CICOMEDLRY sanpl es (block 1114). The
frequency-corrected sanples are processed with a
channel estimate (e.g., using a rake receiver) to
obtai n detected synbols (block 1116). The phases of
the detected synbols are corrected to obtain
phase-corrected synbols (block 1118). For the phase
correction, a phase reference may be derived based on
the detected synbols, and the phases of the detected
synbol s may be corrected based on the phase reference.
Denodul ation is perforned on the phase-corrected
synbol s to obtain denodul ated synbols (bl ock 1120).
The denodul at ed synbol s are dei nterl eaved (bl ock
1122), and the deinterl eaved synbols are decoded to
obtai n decoded data (bl ock 1124). [0087] The processes
depi cted and described with respect to Figs. 9-11 may
be i npl emented as functions performed by processor
160. The individual blocks may conprise instructions
that are perforned by processor 160. [0088] The
t echni ques descri bed herein may be i npl enented by
vari ous neans. For exanple, these techni ques nay be
i mpl emented in hardware, firmmvare, software, or a
conbi nation thereof. For a hardware inplenentation,
the processing units used to perform signal detection,
acqui sition, and denodul ati on may be i npl enent ed
within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs),
programabl e | ogi ¢ devices (PLDs), field programrmabl e
gate arrays (FPGAs), processors, controllers, mcro
controllers, mcroprocessors, electronic devices,
other electronic units designed to performthe
functions described herein, or a conbination thereof.
[0089] For a software inplenentation, the techni ques
may be inplenmented with nodules (e.g., procedures,
functions, and so on) that performthe functions
descri bed herein. The software codes may be stored in
a menory unit (e.g., nmenory unit 182 in FIG 1) and
executed by a processor (e.g., processor 160 and/or
processor 180). The nenory unit may be inpl enented
within the processor or external to the processor.
[ 0090] The previous description of the disclosed
enbodi nents is provided to enable



any person skilled in the art to make or use the

present invention. Various nodifications to these
wentmdiseent s wil | be readily apparent to thosepekiusk@d020541

in the art, and the generic principles defined herein

may be applied to other enbodenents w thout departing

fromthe spirit or scope of the invention. Thus, the

present invention is not (TELAIMS to be limted to the

enbodi nents shown herein but is to be accorded the

wi dest scope consistent with the principles and novel

features djsclosed herein.[0091] WHAT IS CLAI MED

| S: clial vB AT 2PRRTAPH SPIPTINNG: 6y i sing: a processor

oper af hiBessor GRIANRIE RhRftd Ghidduels WyRMoE fobht Rbstlt@adsklays, to

two delays, to performcorrel ati on between the

perfodn ceasrel asionebas weete ey productk fewsacharelay angrknoym values for the
lay, to.combin orrel ati e

S5 U ERPRLESLS [ PR, MY ke g @St for

Ha%ack 6 &ipeal Gasedl dietle conbiabatomslati@siehils; aedhd a

menory coupled to the processor. 2. The apparatus of

cl ai rA MEM@ERE¢AIPkeditA hepreessdor i s operative to

generate each product based on a synbol and a conpl ex

conj ugate of another synbol that is at |east one

synbal. perTledappardtusesf clzim Thehapipghapusessbr & efiemative to generate

wherein the processaor .i s operative to gengrat .
S prrsiet hoelisec Brotal cid et somSraar afiefer symbol that i at
RALBHE EPmbd1 P8O SiBEL each 1-synbol del ayed product

wth a pair of synbols separated by one synbol period,

and to generate each 2-synbol del ayed product with a

air pf s ol s _separ at.e. . S, b

T e TR GEGHED G Dy R BoE et goncre
RAHBSI detayell Prodrehandiel-gymbdlaletuyst pijdcaNto pemeeue tach 1-symbol

for the delay and to performcorrelation betvve_ea t he
dalavied drodustinths R bR SRPATdIEH fy One sYmPplPegiofagnd tg generate

L P A TS bty W) i

wherein the processor is operative to rotate
correlation results f?; t he second

| b .
o1 ur oty RS At Sf ZIAM ph QURSEIn 5 eBRETE 1 SpfRi for each
G4y, &b AhhO8l; A& ﬁo?u?t@ fof R REHORH HEp@YorM Edirelation between the

correlation’resu or the first delay, and to sel ect
sombédpeddocss ped tieikoownesglves fonie delivr gest magni t ude

anong the plurality of hypothesized phases. 6. The
apparatus of claiml1l, wherein the processor is

operagive ThRe AgReAREH kY1 GolEatiA¢hd Ndeotwetelbysosbmprise a first

33612; lartlcic’ afsggogdhc?elg, alng z%vsﬁerefi;Il\l(%hed;e>r|oac?=>/sss'or is operative to rotate correlation
results for the second delay by a plurality of hypothesized phases, to combine rotated
correlation results for the second delay with correlation results for the first delay, and to
select combined correlation results with largest magnitude among the plurality of

hypothesized phases.

6. The apparatus of claim 1, wherein the processor is operative to non-

coherently combine the correlation results for the at least two delays.

7. The apparatus of claim 1, wherein the processor is operative to compute

received energy for at least two symbols, to derive a threshold based on the received



7. The apparatus of claim1, wherein the processor is
operative to conpute received energy for at |east two
weyodsabeso2zt o derive a threshold based on the PCT/US2006/020541

recei vedenergy, and to conpare the conbi ned

correlation results against t2ie threshold to detect

for the presence of the signal. 8. The apparatus of

oleagynald tnhempam thheombined sewelation wpdisaagayst the threshold to detect

gﬁﬁernine ti£%ng.of1the signal based on the conbi ned

B HCEIPER O BE RIS 9. The apparatus of claim 1,

wherein the processor is operative to despread sanpl es

W th a code sequence to generate the synbols. 10. A )

nmet ho8 of Bk trnepateyolsilejml. velerein theoprocesseris oBetagYe to determine

er at | . t two

BN & T8RP 8 SRR SonhiBlech RS Dt

for each delay and known val ues for the del ay;

conbining correlation results for the at |east two

del ay®; andheiaprasatphefl ¢laim pr whergidhe progessoy iappesaigdo despread
| ' 11. The net hod of

%ﬁ%ﬁ%f?ggggﬁgfgﬂﬁg?%gbgéﬁggﬁpﬁﬁ fﬁg'products of the

synbols for at |east two del ays conprises generating

1-sy | del ayed oducts, each .1-synbol del.ayed

o odudl befrigtgeh Bl Berb R HES RISy SepRBTng

separ aéReathy PRERICEYITRMbBRTbPSL leANEVO&NSfsat i ng

2-synbol delayed products, each 2-synbol del ayed

pr oduperfdseiing) cofaelation befwaen theapiodigts §9r eaghisislay and known values

epar ated by two synbol periods. 12. The net hod of
gqrglilem&i%%’ wherein the performng correlation conprises

sunm agmnbidjngeehiclaion desalts fdrakie dtheastdal@gelaynand

performng correl ati on between the sumred products and

t he kAdaHngdPLREseGe of psizaal baged amthepambiedsgrelgtion results.
claim 10, wherein the at |east two del ays conprise a

first delay and a second del ay, and wherein the

conbi hl.ng The mahokbiitcdam i@swhersinf the gdneratingl thagirodusts of the
del ays_conpri ses tating.correlation results for the

SURee T &F Sostby o Le s FAPPESFS of  hypot hesi zed

phasegerﬁ%ﬁigni—@?nB&t 818Gk dCHonR At iR T-§aHbJISddBfed! RiBduct being
second delay with correlation results for the first

galesated withl agelred symbols sepsiraiedby one eiralal periedswdt s with

Lar gegénega%%grl .’E—gygn%bglnggigyetdhgroducts, each 2-symbol delayed product being

generated with a pair of symbols separated by two symbol periods.

12.  The method of claim 10, wherein the performing correlation comprises
summing adjacent products for the delay, and
performing correlation between the summed products and the known values for

the delay.

13.  The method of claim 10, wherein the at least two delays comprise a first
delay and a second delay, and wherein the combining the correlation results for the at
least two delays comprises

rotating correlation results for the second delay by a plurality of hypothesized

phases,



plurality of hypothesized phases. 14. The net hod of

claim 10, wherein the detecting for the presence of
woOhessidggoal conpri ses conputing recei ved ener gyCias2@b/020541

| east two synbols, deriving a threshold based on the

recei ved energy, and conpari i t he conbi ned

correlation results against the threshold to detect

f or tdémnnegertaedicothiation grsilts k6. thAnseappdirdatays with correlation

conpr,j si.ng. ns for generating products of synbols

L) e fﬂ@ggﬁnﬁ%a7 ays; means for perforning

cor r eledddiQp BEhMBED dobRlpioAdustss fith alstdedavitads among the

known val ues for the delay; nmeans for conbining

ploraligy ef hypothesiged paseor the at | east two del ays; and

means for detecting for presence of a signal based on

the conbined correlation results. 16. The apparatus of

cl ai m4.5, The heitbdt dfeclamans, Wasreiemerdidctifg tfhiethe presence of the

products of the synbols for at |east two del ays

UBRA CPBBESPeans for generating 1-synbol del ayed

pr odu - Sy bei ng

gener{:':1({]?3}{’:}l t%%t‘}ﬁce;vegiaeg?&gffgg%tﬁ%%ﬁsv% parall ‘ed by one

synboderpang o thresholll baseden flerregévedreatigygaritt synbol

del ayed products, each 2-synbol del ayed pr.oduct i ng

Goner SBBIE: fe ORI FOrS D s AL e € detect for

¥ HeQknReSReSignat 7. The apparatus of claim 15, wherein

the neans for performng correlation conprises neans

for sunm ng adjacent products for the delay, and nmeans

for pﬁgfor%% co&rel ati.an between the sumred products

and t kn DAPRSCFBYS PRe del ay. 18. The apparat us

of cl plefslfor gyheitRisHrédiRtAdf shRdsls fbv@ letst aysdaepri se

a first delay and a second del ay, and wherein the

nmeansmeds EFnBITFITAYNG ﬁ@fféléFlPl@ale%/WQ?ﬁ thesproducts dpr epeh delay and
\A onpri ses neans for rotating

i@ﬁ%?’% |ot§ﬂrh§sd§}a§'é for the second delay by a

pl ur aimetnys fof chryipiningesizd op haais formaumdedsotwe detbys) bundy

rotated correlation results for the sec&)nd dela}g,vvi&h i

ed on the combined correlation

means for detecting for presence of a signal bas

results.

16. The apparatus of claim 15, wherein the means for generating the
products of the symbols for at least two delays comprises

means for generating 1-symbol delayed products, each 1-symbol delayed
product being generated with a pair of symbols separated by one symbol period, and

means for generating 2-symbol delayed products, each 2-symbol delayed

product being generated with a pair of symbols separated by two symbol periods.

17.  The apparatus of claim 15, wherein the means for performing correlation
comprises

means for summing adjacent products for the delay, and

means for performing correlation between the summed products and the known

values for the delay.



correlation results for the first delay, and neans for

sel ecting conbined correlation results with | argest

worgriBesde anong the plurality of hypot hesi zedrpohase®s/020541

19. The apparatus of claim15, wherein the nmeans for

detecting for the presence of22 he signal conprises

means _for conputing received energy for at |east two

symbol&, ndhagppartugef iclaimgloa wheras s at lsastetvoodelaysecomprise a

- ' n f OF i ng the.canbi ned .

BE RS LB 2 RSP ERT Sy, SRTRE Ry QRofBFR LB Correttion

feoultd foe ther $eapcievoadeldyheompgssl . 20. An appar at us

conpri sing. a processor operative to perform signal )

det ecTe8 (R IptEneortpltion nreytsy B dhe ecansk delay jhyse plurality of

By fsiZe@ pR&Yeb,0r m si gnal detection using

frequency-domai n processing for a second stage, and to

decl| ameame f@rc tombinafg aotsted nairebmion dresultso ddip thes safond hdslay with

first.and second stages; and a nenory coupled to the

%(Frﬁeiaé’sogorﬁuﬁff%’rt%ﬁi‘r%%ﬁéyazlqgs of claim 20, wherein for

the finegds Pk @él@ctlﬂkecoﬁ{tﬁﬁ&ﬁ&%eldtﬁm%ﬁﬂé%iﬁ?leﬁrgesgﬁﬂ Al among

products of synbols for at |east one delay, To perform

8 Pluplatyiod iy pethesdead phhsespr oduct s for each del ay and

known val ues for the delay, and to declare detection

by the first stage based on correlation results for

the al9.| eaShe appartik & claizn 1FhevhRRRAIBE Useadl f6F Weledfs for the

wherein_for_ the second stage the processor is

Rpsnse Pl designgb¢unpHsRE energies for a plurality of

frequ j I ' second

ot age Babad SamfRierc i REIE] Fatdsp bt

f r equenans fbi degivailg a Theshapijesad osthefrealivadren2fgy, afier ei n

t he proclﬁtsgsor IS operative.to g(?rfo_rm Si glnal det ecti on

usi ng o0 SREPRIG Hieecunbined: eorrelatiqy; regulty aggansh the theeshold to

A& 8drahd PRsUBSERERifal.t he signal based on outputs of

the first, second and third stages. 24. The apparat us

of claim 23, wherein for the third stage the processor

IS opfdatixgato dtlelrive a.plurality of channel taps for

a channel irrpBPag% F%%IB%% ‘estimate and to declare

det ecd pBedyr biegatiel tb heFbAARI @ﬁﬁ@&e&ﬁn?d@ﬁlﬁhﬁé—ﬁbmﬁ]}ﬁ &rrelation

chanpel taps. 25. The apparatus of claim 20, wherein

fora fpiotags de pefoupesigan) Jeteqtipncusingifrequeneeidomdineprorepging for a
. el:] jrst threshol d.

Pk, 0 BechXTURSod B S0GNE Bd PR A RE e st ana

sseauidagesaapd based on the received energy, to perform

t he
a memory coupled to the processor.

21. The apparatus of claim 20, wherein for the first stage the processor is
operative to generate products of symbols for at least one delay, to perform correlation
between the products for each delay and known values for the delay, and to declare

detection by the first stage based on correlation results for the at least one delay.

22.  The apparatus of claim 20, wherein for the second stage the processor is
operative to determine energies for a plurality of frequency bins and to declare detection

by the second stage based on the energies for the plurality of frequency bins.



signal detection for the first stage with the first

threshold, and to performthe signal detection for the
woeeamndo®rage with the second threshold. 26. APOEISZG6/020541

of performi ng signal detection, conprising: performng

signal detection using tine-domain correlation for a

first stage; perform ng signal detection using

f r equgncy -Thermmpiratus @f ekdin g, Wheremn the poomdssir ageperating to perform

decl aring the presence of a Ssi

. P nal based,on out puts of

signel fiP‘iegtlonaHélmgeté‘Bﬁ“_ O%B@Pesﬁ%g #ﬁeé.l ﬁ%l{@,g{pggfar@! tg flcclare the
R8enddUrihEsi o AMREdSITWlitpiRE bf B HrftdscebAdAd Betaebon

using time- éomal n pr oceg5| ng for a third stage, and

wherein the presence of the signal is declared based

on oyt puts_of the fir and tq

t... segon ird.s es,, 28, .
The rmét hod 5t 2BEREIH St 79 perghfoyths ﬂ’d’?‘f R e igoessor is
JREGivY &8l ABRRS §YIrAlity ¥ ch@ge! tdpdGosy thaine! imfdsdlfkpoisegstimate
a first threshold for the first stage and a second

andrte deadard detsetiothby thedbindistegalppsed an die Mwralifeofrdbanie) &ps.
energy, wherein the signal detection for the first

stage is performed with the first threshold, and

wher gisn t MehesdpgatusdgicRimni20nwhereird the pseessod issépgaivieso compute
performed with the second threshol d.ﬁa#ZQ. An afdgﬁ)r aéugi
TERAG AIehgy FRE Ak deash W Y mbRlRy tRflegivg Ralirsh reshoichipr g Hgst stage
dlaTRe AR Ak rf?ﬂ tﬁé kQRdnfl Aag@bideli Sh thd RBEVedBRASy, t@perform the

performng signa etection usi ng frequency-donal n _
¢t dssttien farthe feecoagk withgbe fastathreshold, fund talpeifemmi thy signal

he presence of ~a signal, based, on tputs of the first
deiretBR B Seodpt Sacn g e i Piefleby o1 i m 20,
further conprising: nmeans for perform ng signal

detection using tinme-domain processing for a third
st age6. ancA wieshas of erferpingsignebdyectioneCONRIFENL:i s

decl ared based o ut put s. of,. Lrst \ - .
thi v b een s Tl bR Bk S it REER A PR e
conprpesfoR@lingsignd dedéctionnmpiig Nequencgideamlire peicgyifeoforad second
| east two synbols; and neans for deriving a first

tageedbl d for the first stage and a second threshold

for declaring the presence of a signal based on outputs of the first and second stages.

27. The method of claim 26, further comprising:
performing signal detection using time-domain processing for a third stage, and
wherein the presence of the signal is declared based on outputs of the first, second and

third stages.

28.  The method of claim 26, further comprising:

computing received energy for at least two symbols; and

deriving a first threshold for the first stage and a second threshold for the second
stage based on the received energy, wherein the signal detection for the first stage is
performed with the first threshold, and wherein the signal detection for the second stage

is performed with the second threshold.

29. An apparatus comprising:



t he second stage based on the received energy, wherein

the signal detection for the first stage is perforned
wonods/Bose2fi rst threshol d, and wherein the sigrai/us2006/020541

detection for the second stage is performed with the

second threshold. 32. An appa&latus conprising: a

processor operative to renove a frequency offset in

i nputmsadbeperfansig signalf detagption ayingdime domdinsamelation for a first

to process the frequency-corrected sanples with a

¥48nnel estimate to obtain detected synbols, to

corr %Earﬁrfaﬁﬁé’f&ﬁﬁ%ﬁ AALRECRON BVTD Hegué R ydlIn@if processing for a

phase-corrected sy oFs, and to perform dénodul atpl on

ssponichstagehasde- correct ed synbols to obtain denodul at ed

synbol s; d .a.meno coupled.to.th r oces . 33, .

The appiPaenSEAP BeaSRCGRE P ol KBS By e st and
RPGiPdtheeg. to adjust tinming of the input sanples to

obtain timng-adjusted sanples and to renove the

frequency offset in the tim ng-adjusted sanples to
obtaignth -CQl . 34. The

appar Sbus B¢ SRR ERHRES) RRuRPimRuna s TS

oper aineas foppérfdrirghg kigrali depictios asipk esnaatdmaia podegghgse a third
filter to adjust the timng of the inp S | es. 35. !
SRES, AP ArhaTe thsr Preseare OB the signal & calfigd %ﬁﬁ@g@gwtpwé of the first,
QREERAddRirliQagel €rm ne a tim ng adj ustnment based on

the f

requency offset, to adjust timng of the input
sanpl es based on the timng adjustnent to obtain

timng-adjusted s I . d.tg renpve .t he frequency

of fset i n J{lﬁeeaﬂﬁaﬁ?‘ﬁ%fg%}l eglrg’ﬁﬁﬁ?rggn?gg'obt ain the

f r eqURBSKABF EREHRT g TaCEN RA%ned§-for iBeRAPHAS &fntsol9fang! ai m
32, wherein the processor is operative to derive a

fi r st means fof derhang a firstaprssidd &y the figst plage and aseepmd threshold for
| S,k i ve -

Y TEBod o8 P RSBl BB Slent AR ARG the frs

didd 8r partembe twiie thet fisst frhrestioldnshdswhereth get signdl detection for the

channel taps, to estimate a residyal frequency error

fe5Qrdistage is perfpmaedevigh fheseeqnddhreghpidt o renove the

resi dual frequency offset fromthe input sanples. 37.

The apparatus of claim 36, wherein the first set of

synbo3x i sAhappaatus camppsingi on of a SYNC field

carrying a pilot, .and wherein_.the secaond set o .

ot DHeEsPh P B B PO GHAGICY el SN Re aEplagto obtin

FEf1cAPRB6 AU @npldsdtoPrdbess m&jfuﬁndyh&)r&rcﬂﬁ fesivith a channel

operative to generate products of the channel taps in '

estinatd tosebtaiptdeigicied symhplsete worplguses ofthe Heteethd Ayfabols to obtain

f)f?a%g—corrected symbols, and to perform demodulation on the phase-corrected symbols

to obtain demodulated symbols; and

a memory coupled to the processor.

33.  The apparatus of claim 32, wherein the processor is operative to adjust
timing of the input samples to obtain timing-adjusted samples and to remove the
frequency offset in the timing-adjusted samples to obtain the frequency-corrected

samples.

34.  The apparatus of claim 33, wherein the processor is operative to filter the

input samples with a polyphase filter to adjust the timing of the input samples.



in the second set, and to sumthe products to

determ ne the phase difference between the first and
woeeawndo®et s of channel taps. 39. The appar at uBCDfUS2006/020541

clai m 38, wherein the processor is operative to

performthreshol ding on the c3fannel taps in the first

and second sets, or on the products, or on both the

channel taps and the products. 40. The apparatus of

cl ai erein cesgz Ee ative to rot

each tec Y BPHBBE B{/) Phase ‘Y}?feé eP195°%%58t dF p{iratlve to
SAEMARP AL RG RRSBeR BhETL bf Ghé Yidh@dncy kfsetl RE adjust timing of the
apparatus of "claim 40, wherein the processor is

iopet samples hasedipul diectiming agivsteent &4 ebteinciemingsasiustad samples, and to
hases t he det Th

geirrgwﬁ] tgfé fre\%eér}cg ?ﬁ"steL zn 61*?% {ggag acfl' Igsste% saépﬁ]{%? % %@)ﬁn ?ﬁe frequency-

catdeterldappus. t he denodul at ed syrrbol s and to decode

dei nterl eaved synbols to obtain decoded data. 43. A

met hod of receiving a transm ssion, conprising: _

removipag a [ - .

fr equiniy- S5y FEMPRSYoftREs Whirll the RETRGs el Eld erive o

firse gpteifi charmel tape basdd samfireissenot dynebold) am deﬂiveeessdcuwd &t bbHchannel

obt ai n detected. s ol s; .correcting phase
EESF d’n%ﬁ?ﬂdss gP BpRtals 9 ﬂ%‘%’é”mé‘g Prpé‘@%eeé‘ffg E%twee“ the first
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39.  The apparatus of claim 38, wherein the processor is operative to perform
thresholding on the channel taps in the first and second sets, or on the products, or on

both the channel taps and the products.

40.  The apparatus of claim 32, wherein the processor is operative to rotate
each detected symbol by a phase reference to obtain a corresponding phase-corrected

symbol.

41.  The apparatus of claim 40, wherein the processor is operative to update

the phase reference based on phases of the detected symbols.
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45.  The method of claim 43, further comprising:

deriving a first set of channel taps based on a first set of symbols;

deriving a second set of channel taps based on a second set of symbols;
determining a phase difference between the first and second sets of channel taps;
estimating a residual frequency error based on the phase difference; and

removing the residual frequency offset from the input samples.

46.  The method of claim 43, wherein the correcting the phases of the
detected symbols comprises

rotating each detected symbol by a phase reference to obtain a corresponding
phase-corrected symbol, and updating the phase reference based on phases of the

detected symbols.
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means for estimating a residual frequency error based on the phase difference;

and

means for removing the residual frequency offset from the input samples.

50.  The apparatus of claim 47, wherein the means for correcting the phases
of the detected symbols comprises means for rotating each detected symbol by a phase
reference to obtain a corresponding phase-corrected symbol, and

means for updating the phase reference based on phases of the detected symbols.

51.  An apparatus comprising:
at least one antenna; and
a processor operative to generate products of symbols with symbols of the at

least one antenna that are delayed by at least one symbol period, to perform correlation
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between the products and known values for the delay, to combine correlation results for
the symbols from the same antenna, and to detect for presence of a signal based on the

combined correlation results.

52. The apparatus of claim 51, wherein the processor is operative to generate
each product based on a symbol and a complex conjugate of another symbol that is at

least one symbol period earlier.

53. The apparatus of claim 51, wherein the processor is operative to generate
1-symbol delayed products and 2-symbol delayed products, to generate each 1-symbol
delayed product with a pair of symbols separated by one symbol period, and to generate

each 2-symbol delayed product with a pair of symbols separated by two symbol periods.

54.  The apparatus of claim 51, wherein the processor is operative, for each
delay, to sum adjacent products for the delay and to perform correlation between the

summed products and the known values for the delay.

55.  The apparatus of claim 51, wherein the processor is operative to non-

coherently combine the correlation results for the at least two delays.

56.  The apparatus of claim 51, wherein the processor is operative to compute
received energy for at least two symbols, to derive a threshold based on the received
energy, and to compare the combined correlation results against the threshold to detect

for the presence of the signal.

57.  The apparatus of claim 51, wherein the processor is operative to

determine timing of the signal based on the combined correlation results.



