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METHOD AND APPARATUS FOR PACKET DETECTION IN A
W RELESS COMMUNI CATI ONS SYSTEM Cl ai mof Priority under

W@2008/022@ 119 [0001] The present Applicati on POF/US2007/082745

Patent clainms priority to Provisional Application No.
60/ 854, 877, entitled "Signal Acquisition"” filed

Cct ober 26, 2006, and assigned to the assignee hereof
and hereby expressly incorporated by reference herein.
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specifically, to a packet detection system for
detecting packets in a received signal. Background
[0003] Wreless networking systens have becone a
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| i ke, and such users denmand rellable service and

expanded cover age areas.Bégw | ess
comuni cat i ons net wor ks C ‘5 utilized to

communi cate informati on regardl ess of where a user is
Figdt ed (i nside or outside a structure) and whether a
user is statlonary or novin a vehicl e,

wal ki hBY Pregs 8isalossd sygfemms) régge(s ?ss%%lﬁy m Pt fRssigerkacquisition
ﬁ{ S &ﬁ&l@?s' bR dn B Itdm MaRd | &ofkegﬁef?ﬁc‘aﬁ Cesgc k&gdetecnon

a base station or” access 'poi nt ol nt
mvem foraletpetingy pypikiets i egiooivedsignel. | and, as the nobile
device is operated, it may nove in and out of these
ge§%% ﬁhIC cells. To achieve uninterrupted

BEFRIAPRYt i on the nobile device is assigned resources

of a oaldiess hehAkBBLQ58Es Rtk HeorRsi Eféegleﬁteﬁ@éi{sqgﬁwﬁfch a large
a cell it has exited. [0005] A network can al so

gwnberr ofc peableitdridmide cgmngmyca@eeer@espe@qmmumcatlon devices have
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portability and convenience. Users have found many uses for wireless communication
devices, such as cellular telephones, personal digital assistants (PDAs), notebooks, and
the like, and such users demand reliable service and expanded coverage areas.

Wireless communications networks are commonly utilized to communicate
information regardless of where a user is located (inside or outside a structure) and
whether a user is stationary or moving (e.g., in a vehicle, walking). Generally, wireless
communications networks are established through a mobile device communicating with
a base station or access point. The access point covers a geographic region or cell and,
as the mobile device is operated, it may move in and out of these geographic cells. To
achieve uninterrupted communication the mobile device is assigned resources of a cell it
has entered and de-assigned resources of a cell it has exited.

A network can also be constructed utilizing solely peer-to-peer communication

without utilizing access points. In further embodiments, the network can include both

access points (infrastructure mode) and peer-to-peer communication. These types of
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access points (infrastructure node) and peer-to-peer
comruni cation. These types of networks are referred to
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sel f-configuring whereby when_a nobile device (or
access point) receives comungcation from anot her
nobi | e device, the other nobile device is added to the
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WiMedia UWB-compliant receivers have to cope with interference from
existing wireless services while providing large bandwidth. At the same time, they have
to perform with very low transmit power. One challenge faced by receivers in an
operational environment is the acquisition of a signal and, further, the continued
detection of valid packet traffic. False detection of packets, where the receiver mistakes
noise as being valid packet traffic, or missed detection, where the receiver misses the
detection of one or more packets, hinders the reliability and performance of the receiver.
Further, being able to reliably detect the presence of packet traffic efficiently and with a

small design footprint is a challenge.



detection of valid packet traffic. False detection of
packets, where the receiver m stakes noi se as being
waa008g5packet traffic, or mssed detection, WhRCEHUSIWE7/082745

recei ver msses the detection of one or nore packets,
hinders the reliability and pérformance of the
receiver. Further, being able to reliably detect the

[0009]  Presemi&ed theREdBh nbb@fnf the aRffbd GEQMtNe aldleMidshoRd above.
smal|l design footprint is a challenge.[0009] There is
therefore a need in the art for neeting the chall enges
not ed above. SUMVARY [001gthN§& esently descri bed
approaches are directed t acket detection. In one
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coefficients based on a sinplified version of "the
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[0012] Sequent §etugRfihdrOapReaRHe ar ipPlkMs StoFatkdt defection is described, the
transmtted signal; and, neans for filtering the
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MOG RSB cRMBhiSHid AE ARt SPNAiLn RRELEr BltGuRd to recei

rngtqi(w}odl %o(r: pac ot etgfépgtgrlaon.1 %Ilhen tnhg@ llgnchng%Hg o feeetve 4
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In still yet another approach, a conputer program
plusadiiy of ¢astiagéienss based ontarsemploimsiuteasiope bige aangmitidd sequence.

[0014] incluﬂggglco unin;re%da | e mgdi%nmhav%qﬁ ngglﬁor'ckmaithe
causi oShPUYEr” £BPTPRCki Y VAP ARSI T 4 U ftigglosed,
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for causing the conmputer to filter the received signa
EA3ISHIG dgcomputer to receive a transmitted sequence used to encode an OFDM symbol
in the signal; and, code for causing the computer to filter the received signal using a
plurality of coefficients based on a simplified version of the transmitted sequence.

[0015] In still yet another approach, a processor having a memory is disclosed, the
memory configured to cause the processor to implement a method for packet detection.
The method including receiving a transmitted sequence used to encode an OFDM
symbol in a transmitted signal; and, filtering the received signal using a plurality of

coefficients based on a simplified version of the transmitted sequence.



plurality of coefficients based on a sinplified
version of the transmtted sequence. [0015] In still
wQ@ etosasmvther approach, a processor having a neP@¥r/yS1087/082745
di scl osed, the nmenory configured to cause the
processor to inplement a meth8d for packet detection.
The method including receiving a transmtted sequence
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and, filtering the received signal using a plurality
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[0018] hoc WFI®@Ieiss packamatrictufeQdhidrmimGo tBe MaiMeedit Ottka- Wii@daad UWB)
of an exenplary wireless term nal device; [0018] FIG
sandard; packet structure conformng to the W Medi a

U trap\¥ de FW%)S ; ' .
10019] chartﬁﬁ'qﬁggr&%{} dw ﬁ&gﬁﬂg%glﬁo[gﬁg%?ﬁ%hgmpg%@’r um
[0020] [ O020FI(R1Gs apreasntde pireaurb lo€ thetpadledt of €1Gf3;t he packet of
FIG 3; .[002 FI 6 is.a blo di agram of a
[0021] packe?M-r ﬁé@?ﬁ%ﬁ?&rﬁﬁ%ﬁ?} B%?Lgtz%%?] 636105@?&&&% PeqUSRCE generator

thendpeablguatitciitng 9f FIG 5 [0022] FIG 7 is a
pl ot of an aperiodic auto-correlation function of a

[0022] base EHgueneelotsddntapenyahensbeoncitienficgopaf ¢ base;sequence used

002343 FI G 8b' S g[ bl ock di agram of a hierarchi cal
T o Eéﬁl Pt or used to generate a base

[0023]  SequePR®; 8 [[9Q24bckHfaoradn 108 adhiBtdhi@fl Vabe s@pehdcOddrerator used to
cross-correl ati on between the base sequence of FIG 7

aergratha bassrseesPedidi ng hi erarchi cal base sequence of

i erarchi cal base sequenc:
onzst ¢ os P RRb L el B Baedtah i ARER, Altfie sopuence of

BIG 7aandabia deeespendih®@hicaircHibe bagy degspeadf RG.kase
sequence; [0026] FIG is atineljne illustrating

[0025] t .he aglﬁri 19; 18 iad)rlf?ts%f ﬁ]&qﬁxgjé%ipgi&tqr%ﬁ-cigfrglgggg betgreen the bas¢ sequence of
FldTer J{dSABERGN xfefﬁ& &Fﬂﬁgkaﬂr?sﬁgﬂdﬂﬁa&?seé&%&] FIG 12

Is atineline ustrati ng
[0026] acqui BlG.i bh/isyngieclomd datstretngp thec espiiditoon/shrChi@neaton process for

et Pt EER o hah TG pr ocess for TFC 5. TR 6

[0027] and TF(&.712 is a timeline illustrating the acquisition/synchronization process for
TFC-3 and TFC-4;

[0028] FIG. 13 is a timeline illustrating the acquisition/synchronization process for
TFC-5, TFC-6 and TFC-7,

[0029] FIG. 14 is a timeline illustrating the acquisition/synchronization process for
TFC-8, TFC-9 and TFC-10;

[0030] FIG. 15 is a block diagram of a synchronizer, which includes a packet detection
module, a timing estimation module and a carrier frequency offset (CFO) estimation
and frame synchronization module;

[0031] FIG. 16 is a packet detector implementing the packet detection module of the
synchronizer of FIG. 15;

[0032] FIG. 17 is a first exemplary implementation of the matched filter of the
synchronizer of FIG. 15;



[0029] FIG 14 is atineline illustrating the

acqui si tion/ synchroni zati on process for TFCG-8, TFC-9
w@e@sF22000; [0030] FIG 15 is a bl ock di agranP@f/us2007/082745

synchroni zer, which includes a packet detection

modul e, a tinming estimation mddul e and a carrier

frequency offset (CFO estimation and frane

[0033]  Synchrmni zati @nsciBehle@smpIBR3 dhplEmEhtadién 103 tRe RREKRY filter of the
det ect or |gﬁ! enmenti ng the packet detection nodul e of

ssnehopirehpohiGzdp; 9fd, FI G 15; [0032] FIG 17 is a first
exenp V.d mpl ementation of t mat.ched filter of the .
o3 R LRy I Bish iR B S5l Bt g combiner

ex@epy@hyorirploeFERL & i on of the matched filter of the
synchroni zer of FIG 15; and, [0034] FIG 19 is an
exenplary inplenentation of a L-tap nultipath energy

conmbi ner of the syn ' fﬁ{ﬁ. fon DETAI LED
DESCRI PTI ON [ 0035] @gg;f‘gil}szﬁgrﬁnsl man¥s are now

[0035] descr Vhadusnrhbodiméss erccieow dedchibed! mativ rofgsence o tHeedrawings. In the
&ﬁH‘s’OW Eg description, for_purposes of explanatj.on, .
1R% SCCHREP:| 1OT PUIRQSES; OF FEPlaRATioN, PRIRCTONS Spgfdtic dstails are set

RrVind&d& HhrbeHeh HHOLELS LARILEBRIIRE 0PBRe BF n¥PE §spects. It may be
aspects. It may be evident, however, that such

evidodi heweyes,) thatpudhe cpbaditricots) wiay Heuprattedewghadi thess specific

AR e Bercaihcsin TG0 s SBHHFY OFmdEheGt By Syt m block
fiagiahl fodian RRE kd RcNBatt BesabREIRS ¥RIMogimdn@036] As
used in this application, the ternms "conmponent, "

e

[0036] " pdufe usedigyhis @pplicaging, theterip Keorapancniyt dneidwe.t’ osystsmyr and the
Pge %recﬂl%lﬂteg "o ngg%e?ttﬁ da g&ﬂgﬁt I'-regaltécp %ﬁtit?{arefm@rl?a’rdware, firmware, a
Irmvare, a conplination O ardwar é antd ‘sof twar e,
sarhbinatia, ofrhasdldreairl softexecybitanre, F@r sofai®lif, ex@cution. For
conmponent may be, but is not limted to being, a .
BroyEe s CORRPRRYL SPAYaLHr Bt a8 19f lingitedy t9clingra Prggess running on a

gltych%BI’ aag%og?fs‘g)ﬂteﬁlb bﬁgcta ahhé')%%aﬁfe, Q?tﬁfl:‘e:dflioqﬂexe@ution, a program,

rogram or 'a cornputer. By way o ustration,

hat/ér acomppti. By wap of ulhustragom rboth @oagplichtign tavingenancbmputing
i%he c%gﬁ ti ng device can b% a conponent. One or nore
Offrorehths CHWURE dqUCHicthPR ALH5O0eYs QRHPHMOrHFYgRonents can

Riside XA h PRoRBhl/ INRLNENEx LB P d LERhAASE BBy BORcalized on
conmput er and/or distributed between two or nore
cnpempyter andiomdidirtbutnd, batwesnetwo or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thercon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal). The word “exemplary” is used herein to mean “serving as an
example, instance, or illustration.” Any embodiment described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other embodiments.
[0037] Furthermore, various embodiments are described herein in connection with a
user device. A user device can also be called a system, a subscriber unit, subscriber
station, mobile station, mobile device, remote station, access point, remote terminal,

access terminal, terminal device, handset, host, user terminal, terminal, user agent,
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conmponents can execute from various conputer readable
nmedi a having various data structures stored thereon.

wab@sosaponent s may communi cate by way of | ocaPCHEOBZ007/082745

renote processes such as in accordance with a signal
havi ng one or nore data packefs (e.g., data from one
conponent interacting wth another conponent in a

Lvaerks &y@hﬁmwﬁél&srdebi&e& %@E&Mﬁm@ﬂtd/ﬁrus@tc&éﬁc% &n be a cellular
network such as the Internet with other systems by way

tsiephpiee, i grdleys teﬁpéloxm rad Sessioaniplitzatipn Rrgtoggle@lh)ep@m, gowvireless

[ ood B o hofp I eRRBAT B! ARUERRGER e bighgld device having
WESREP benectids cﬁ]@bllﬂféC@SStihélf bioctBimpedSonsd)r ¢bdde@sd to a wireless
preferred or advantageous over other enbodi nents.

poden Irgetaie embpdimentss fhsuscrdayidi mbnbesa sousuges eleptsatics device

hehel Wi GRA Cét’t %HedM L A USiBlted QUEEE: / RalhS deg e¥%LGe player,
a b uni

can also be c d a’s ystem subscri ber

staidadarichbmagsdtat 010 lﬁlashmtmrzi@ dévatd, aor, otlrebiAVe edeipineat with content
renote. statign, access point, renote term nal, access
HRRSEMAT X4 W% nal devi ce, handset, host, user

term flreoveEMIHOR aspHEEDr ﬁgﬁ%s’d%érﬁle@%%retl@ﬁﬁ& MRlimplemented as a
wirel ess device, or user equi pnment. A user device can

wethedc epparhias, Dela@pdgn@ mangRcdlre ssinge btepdrot eprogramming  and/or

S I t t P t

Fsenneon oy S sl e g e RS Rapended to
EddoMpassPa B&ﬁﬂd&@ﬂ Brogfivi & chaMe MW L&BSutEORAGMIE B8vice, carrier,
capability, or other processing device(s) connected to

or wiedial eBer eroale, cqompeitar tregdablentedin rrentiscludh butyargrmot limited to
gﬁ"téﬁe‘%ﬁ sn%}{%eﬁge ce%SC %u "T&ld ngl? Cﬂ cﬁ&( %1 \é%gt?c %ﬁfb dz o%al disks

em at as pri Mt er caméra canc

@) Qombac)tedhsk s(txmjplamgirae wBgtiet d@kOQD\ﬂD)iSbl s ageds, and flash
devi ce, or other AV equjpnent with content storage,

MSMoEx dewites (e-gooad] stighr kive. vhar i i ous aspects or
feat ugag, desfibdhRdnd %&1ﬁ'b‘% ? 1 'mjnﬁ Brﬁgn@%heﬁ may include a
e of manufact

nmet hod, apparatus, or art re using
erahdaasfddmmgr aomp oGS dmduleen ghdieler likg tlechm huesderstood and

The term "article.of manufacture' ed h rein is
apresitiey e B c BRHRYS sSYA! emnﬁwewcwﬁﬁquim%e dg¥eg} pomponents,
flo8Me@ M d GREMKE, Bndfo? %’@bﬂcﬁ iBYALAIl o Aklde®lces %rﬂ%ﬂé@s modules
For exanpl e, conputer readabl e nedia can includ

aire spoforthj wliscessed onnggmectm stitr tyefigews.ced e@;mgl.n,atlon of these
magnetic strips. ..), optical

Eﬁ%%ﬁf’%méya%g’%é disk (CD), digital versatile disk

( DVD) With ﬁeferéﬁ&rﬂovﬁﬁﬂﬁé drawiggd, Ifa@h 1 TERrades dR¥hFRSad hoc wireless
card, stick, %§dr| ve. .. [ 0039] Varl ous

(e
éﬁﬁ’@dﬁ Bt sWikicleps petworke At s linﬁlufi@raﬁﬁ ryimbey of angbitehdgvices or
H@&’es,’ %‘f’lvyﬁligh %our are illustrated for case of illustration, that are in wircless

communication. Mobile devices can be, for example, cellular phones, smart phones,
laptops, handheld communication devices, handheld computing devices, satellite radios,
global positioning systems, Personal Digital Assistants (PDAs), and/or other suitable
devices for communicating over wireless network 100. Wireless network 100 can also
include one or more base stations or access points (not shown).

In wireless network 100, terminal device 112 is shown communicating with
terminal device 114 via communication link 120 and with terminal device 116 via

communication link 112. Terminal device 116 is also shown communicating with
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nunber of devices, conponents, nodules, and the I|ike.
It is to be understood and appreci ated that the
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conponents, nodules, and the Like, and/or may not
i nclude all of the devices, cdnponents, nodul es and so
forth, discussed in connection with the figures. A
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50040] Wth reference now to the draw ngs, FIG

19 owyr ba slsuastugdpind mﬁﬁ@@dvﬁnr@ce@i@nmmrﬂhe m@rnplary simplified
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evl ce no es, our are i
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communi cati on. Mobil e devices can _be, for exanp

&) may a@%ﬁ%@@mg sehe spaséfireanlicatintons the é?n*(élﬁéll C%?Slgn constraints.
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sate Ite radi os, gl oba
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comruni cati on nk 124. Term nal devices 112, 114, 116

Emgtian. g Avesitid signely @fcme@ser éBSPt s ibguimadernentet pothdem embedded
X\ér}lr@mﬁlagtlo% %'H?tvv%{ré/ asro L Ilruclll %‘fllé?tgodle e%{ﬁ %é@rlthrns to reduce

C
0SS bI e Ton gura 2

Si&qymcdsslnglcﬁmaﬁds 46 thd ﬁﬁﬁopﬂdcbds@ﬂ The t[]fB-P azlilt bwvukilized to provide
appreci ate, the precise configuration of termna
wause shmel wagpce%ﬁrrgg d@‘é‘é‘h‘a}sngsuéh fhe Ddlgbcpigngl  acquisition, time

' GoRs
APRLRRAIY  FUucrey BNEAL SHES-GRcFORShEALM, modulation and
dmﬂmmmaemihmnﬁmnanﬁﬂﬁﬁ@ﬁd@&ommmﬂkUNEV|ce 200 can be
i | enent.e fron ranscei ver. 204 c | ed
o an TEBHH i 6600 Ko AR AR BRUS 4o 1968 cesi IBeroupled to the
Eé%'é@zhﬁidplto@estsale 208 ang&e| MREfadQA210Ten Qﬁcﬂﬁ@é’iﬁdkd%é?& €99e, touch
208 can be inplenented with a software based

saredni, tdesplays einger, obhatar, eygie spraker.chiicrephamnce samerac htogage and/or
h%fdmar%lgétg?conbination of hardware and software. A

AT HBPERERESFVIERH be utilized as a platformto run

sof t WRthe b¥cOak @ PRocthdl 208XBAGriNse hrdceqtoel R0DS , InRY Qftvige-based
control and overall system nanagenent function. A

anRjpmentationy ﬁﬁthepb%@@s@drroqqgspﬂ hpBrocessPle Ath sy ke & oftware
&%gﬁﬂ@ ﬁgl%ﬂ% on a microprocessor. However, as those skilled in the art will readily

appreciate, the processor 202 is not limited to this embodiment, and may be
implemented by any means known in the art, including any hardware configuration,
software configuration, or combination thereof, which is capable of performing the
various functions described herein. The processor 202 can be coupled to memory 212
for the storage of data. An application processor 214 for executing application
operating system and/or separate applications may also be provided as shown in FIG. 2.
Application processor 214 is shown coupled to baseband processor 208, memory 212,

and user interface 210.



[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

conmuni cati ons software |ayer, which runs application
specific algorithns to reduce the processi ng denmands

W@pooBls2200 cr opr ocessor. The DSP can be util i zeRPICT/0S2007/082745

provi de various signal processing functions such as
pil ot signal acquisition, timd synchronization,
frequency tracking, spread-spectrum processing,

nmodul piG; 08 ANsrASMRAMCRE HudBCI00RS,a Phckel QUWRILAling with the
error correction. [0043] Term nal device 200 can al so

WidlodireUlier Wedsdand €9 Wikhipdy siadlday2 (BHY o apd ewdiagaceese layer (MAC)

b[ akl)(? rf1 ﬁg &R ds%rortzrglg%e vlat% &les | %rgrrnfufalﬁ:gts 0&12 x Opl%%'ﬂulg&@d by ECMA
ude a e pa nous ouch SCreen,

Inmg@tionav i rSadmelard BN A-3%8e &Kerh RmeCqum WiglebadBHA, and MAC
storage and/or other input/output devices. [0044] The
prraeran Percabes2¥5) 208 conprises a processor 202. In a

sof t Wef, & ré@gg‘d S{teﬁ@h@?@ cﬁﬁésoy 2[8%’ ey faﬁ? baaQ\qreless epersonal area

processo essor e a softwar
petogrianiPAN)N iuﬁljziﬁgl the miclicepscolc 8siH0r — HOWE0eMHasfréduose® band,

BiroeEEeotita o8 & nad Mory F00bG. SRS hBodonedEs. 2phbs. 320
WRYs, 260 ML &R mg@my FRY UTPBRSe KA diiddd B4 bands, each with

I ncl'udi ng any hardware configuration, software
& dahdwudttavf 638 MHzc ol fisst il@nbande renfhenvgipgiedi iwto 4 band groups

capahl e erform.ng the rious functi.gns scribed
FARBRRE ofp BT, aedlBran g ERITHE ertifrusPa AEhEI Sow. Fio.
i arustrbiRs & W RIBAIOd1 RBlich of\Rc BIWBIsp@dtiued processor 214

for executin dgpllcatlon operating system and/ or

separ At BEMA cHendand spasified sonpdiiandyoghagons Sxawancy ndIVlswn
Fl S, POBLOEBREPRUBRSSE SRR hAuoUR YR ) Yoarier

@00. Ja@0&bticrk lated 18 guhfdJ@irll‘laﬁ)SSre aisphpéeetiand s tahsmie tiOBformation.
of a_packet conform ng e WMedia Utra-Wdeband
uaggitigpy 47 crijot| %ﬂ?@%rrlelrsw}%rfar (FRBFTEN g EeleEon; g yfdpquency-domain

ARG A A, o O MRS S v e

ot earg alradd FEChMRe36Bhe FELC gledRast aeccbﬂlvbMochk&)kia rvdthPtddignchtes of 1/3,
gﬁcﬁg 8%2 " (Decenber 2005). [0046] The ECVA
be

ecifies a UAB PHY for a wrel ess persona

ar ea mgt WoAdd GEANS tHEd lshehdQisindea Wihd-HENRAEY %OAQQTFC) In one
10,600 MHz frequency band, supporting data rat es of

a@T@aWbﬁiﬁspmmlmdsby tho @CMMI@daIﬂ6GIGWYS twe @enbf Bme-frequency
89(&3 g@%é%)n?tbe Y erszl?wed%orzie% g?to rr{}'\él%{oiq is 1nterleaved oxp thrFGéJ Wand% referred

to as Time-Frequency Interleaving (TFI); and, one where the coded information is
transmitted on a single band, referred to as Fixed Frequency Interleaving (FFI).

Within each of the first four band groups, four time-frequency codes using TFI
and three time-frequency codes using FFI are defined; thereby, providing support for up
to seven channels per band. For the fifth band group, two time-frequency codes using
FFI are defined. This ECMA Standard specifies 30 channels in total.

FIG. 5 illustrates the standard preamble structure of the WiMedia UWB packet
of FIG. 3. The preamble contains a total of 30 OFDM symbols. The first 24 preamble
symbols are used for packet detection, timing estimation, CFO estimation and frame

synchronization. Channel estimation uses the last 6 preamble symbols.



a bandw dth of 528 MHz. The first 12 bands are then
grouped into 4 band groups consisting of 3 bands, and
W@ b@ss200 t wo bands are grouped into a fifth beEEUS2007/082745
group. FIG 4 illustrates a worldw de all ocation of
the UWB spectrum [0047] Thi s9ECMA Standard specifies
a nul ti band orthogonal frequency division nodul ation
[0051] ( MB- OFfoM) 6 s€ ResTBe QiaofAn DT at pleBinBlc MR- geﬁertaﬁfraéOOOfincludmg a
110 sub-carriers (100 data carriers ‘and 10 guard
sm&dee 1683, Blustrafgdonsesppsesst afohaw argmible syrabols may be generated,
ﬂgr%r mation. In addition, 12 pilot subcarriers allow
P0r'“coherent detection. Fr equency-domai n spreadi ng,
[0052] ti me- domat B ghheat8gicqadtdyfcod WaTEC el QI - IR réfeatd @as TFC-1 to
FEC) coding are used to vary the data rates. The FEC
Eed 0)s seectothotimeidomain doste sedueno odichgl riated lof- 1773, and the
1/2, 5/8 and 3/4. [0048] The coded data is then spread
DopRgcaver issguneR gued#y=ddde 1 FRC)y . 2Bn dhe tawd‘@ahr S%lence is
prorrul ga({efd by th ECI\/A st ndard t here are Wo ty
Byed 1%@% rf‘&ry eeduang Wisepaske ar&%&%c romzatlon
i efdmation is interleaved over three bands, referred
to as Tinme-Frequency Interleaving (TFl); and, one
[0053] vvher e2t Ped 3@ derhsian o erelt afahe basct sequset tta éﬁmmeaxmdqi gequence
E? iefe red to as Fixed Frequency Interleaving
} F@O 97 Wthl n each of the first four band

group i e fre uenc d T

oosal {1 0PS LA Bt STURAGY AT TR SSePR e sl Eal S hsine the
Bireadedl 601 BhPRRKAmpIGTof Uit AR pRaM®I SMspNa Gvaeky:band.
For the fifth band group, two time-frequency codes
usi ng FFFsyna,r[é]ﬁéIorerrﬁwsexﬂkﬂ,s = AUS andgﬁ*,dne,—ﬂbéal ‘£ 8% 30
channels in total. [0050] FIG 5 illustrates the

[0055] st andBKe prlkkusisice the ppertadiceawp-corelatipnodithe DR faekEe 5., [m]
of FIG .3. The rearrble contains a total] of 30Q OFDM
errsperdingriie TFFCE -4t O4hss hasgprauyRhHIRY Bpve tiarlgr fayjo-correlation

Flfﬁ%ﬁ?r( el Gifet d @hrohizgﬁ&g aﬁﬁBééﬁameo&ce@@ SRd-LTRA R  property is

rame syn ron| zation.  Chanhnel estimation uses
Exgoitadl. erearmhmpEyrtb@I‘t&se[ RaBthecd-liGgeeratsd afrdoh oz lierarchical base

S B Eatarer b Y07 1 SO (g Gnd: agPlBH Brerhigiybehing using a
RIcRRAARER SYIRRES idTRY pheitiosNeE %h@&im%}@%c%ss Ep%Zﬂ]raﬂsmltter into a

For a given a tinme-frequency code , 1-
higfasghyesp that dbe TR@plexity of i ﬂ@godl@p@@@SSt #ethe receiver is reduced.

RO HE R 476 oV B B ROBSEco Dl bk 20 2% 28] H spread by
desond %&'s@&ﬁéﬁc@ OVifEE 1, SIEdWeNCE '7? with a spreader 802 to generate an
intermediate sequence (also referred to as a binary hierarchical sequence) C
{clk], k=0,2,---,127} of length 128. Then, after taking a fast Fourier transform
(FFT) of the intermediate sequence C using an FFT module 804 and shaping the
sequence in the frequency domain using a frequency domain shaping module 806, the
sequence is transformed back to the time domain via an inverse FFT (IFFT) module 808

to obtain the base sequence s, [m]. There is a unique set of binary sequences {a[k] }
and {b[k]} corresponding to each of the ten base sequences.

[0056] FIG. 9 illustrates the aperiodic cross-correlation between the base sequence

Sy.lm] for TFC-1 and the corresponding intermediate sequence C {c[k]} generated



[0057]

[0058]

[0059]
[0060]
[0061]
[0062]

used as a delimter for determning the ending of the
packet/frame synchroni zati on sequence. [0053] 2. Pad

W@70030520280 at t he end of the base sequence to fPRCHUSI087/082745

ext ended sequence sext [k], k 0, 1, , 164. [0054] s.
Spread the cover sequence mntH)the extended based

sequence using the spreader 602. The M sanple of the

{Mg @ﬁeeﬁf@taalreuwn&% sbiueﬂbé/ %en&y or gg?cg}"lgg]%oss)&bnﬁlanon property
mdlqms rtlaette)dlemwemaﬁﬁéﬁtd Bltprcis a‘cmpcha}@drart @%ﬁep@ﬁefofhethﬂée b%qyence can
E?)'ee u?aceg b a&le ‘thn CS%E[IEGGS ?% ﬁ er C effl‘CIGIlgS h?n one a roach, as
=To ences ) ave ST ar auto- correl%ats'en funcpl Rg.

linseaed wmwh rﬂwwmz@tdlmm SPIItORCT, thé bRaXeRubeRrtC can be efficiently
auto-correl ation property is exploited. For_ exanp
nyed tpaueplifE dheehrrdware of dhe Foseivar F&eérfPTaSWFhﬁO&leéﬁﬁ)lt aFurther it may

@‘Sctﬁvﬁﬁ 6I¢ %o %@ﬂ?ﬁeatr&fndgc@ Qle o> B? Eb% b§se ; ‘ﬁelllce as the

asi c nlse ind using a |era sequenc
tatchad ti lfltter ooxffibient ras od¢1hg FpG ot@$lmsa’atet; Itllea hpam)slm tross-correlation
into a hierarchy so that the conplexity of th
Btwsen e prse esquaice t e lrdcérvF Gk andathce aounﬂeql eYersipry of the
a first binary sequence { [], k =0, 2,

“”T@p?m$%gﬁﬁ?égﬂwﬁﬁia second binary sequence { [ ], k

=0, 2Asa sbné’l’lrbllﬁzzﬁlo?ﬁfs)%RQ@xff B2 110 PRNAUETIEstAR the synchronization
i nternedi ate sequence (also referred to as a binar

mide rpaqukition| tlrg@lq@ nfee) alC t[l@ [T(ﬁCs k S@cifieally, ¥iG. }1 1 ofllustrates an

SR Ao 3k PSS A B peaision

aﬂleﬁlEelemﬁfﬂrerf&Qé aAABdrEhapi Fig. t1l3@11§m'ebe%eadqnlstthﬁ timeline 1300
frg&ienc%gdonaln using a freq uenc¥ domai n shapi ng
T

(e580BC- el Eequlenae FlG. 14 dhsiraican apgikition tlnwéme 1400 for
&E?%gq@Qﬁg Yirgcan i nverse FFT (I FFT) nodul e 808 to
arn the

Dase sequence base [ ] . There is a unique
set oRefeiigy witidigue RE@S1 I, aljdkihajor ayrthfdmfizalion tasks can separated into
%%rrespondlng to each of the ten base sequences.
PEESEPAURICRAS: j | | ustrates the aperiodic

crosslcqﬁ&gggkkgnnpetmeen the base sequence base [n]
for TFC-I the correspondi ng i nternedi at e sequence

C {c[R\Yﬁgem;wﬂhedoeing the hierarchical base sequence

gener 800. This cr.osss rrela i on e

Pnd cat deriraediaey IFh kst metiat srdighE pisbpnigation.

the rAgejid@EscdtHBvOARE IROMUCRERI SR PrReddseRt *EpBYahAE and, as
binary sequence C as the filter coefficients. In one

sqepriesae the taselines det ¢1hTEGS,k?eIIe©fVWGFt\Wé1 byl defaule divelhjon Band-1 before
]%atlcrklejf: (tieLf:Iec%oquls etlsrs]ertek()il lidisDedisd eefo%:e Ig:a%ﬂetbc{setecilon C[hee petcleleer has no

knowledge about the correct timing to switch to other bands (if it is in the TFI mode).
Thus, the first three preamble symbols in Band-1 will be consumed for packet detection.
Once packet detection has been completed, the next phase, timing estimation, is enabled
and the receiver will scan for the next preamble symbol in Band-1 to determine the
optimal FFT window for the OFDM symbol. After timing estimation has been
completed (e.g., the timing is recovered) for Band-1, the receiver will have enough
information to know to switch to other bands according to the TFC, and automatic gain
control (AGC) gain estimation will be performed. After AGC is settled, the rest part of

the preamble symbols will be used for CFO estimation and frame sync detection.



[0063]

[0064]

[0065]

[0066]
[0067]

used to sinplify the hardware of the receiver used for
synchroni zation. Further, it may be advantageous to

wa@e@sose0r ounded version of the preanbl e base BELUSWOE082745

as the matched filter coefficients as well. FIG 10
illustrates the aperiodic crokls-correl ation between

t he base sequence base [ ] for TFC- I and the rounded
WalchbRA finct 8¢ GOdNQSRO AL fMich] BagRt §ﬁd@@mest{n%§,%]w1ﬁsoe sent to
a synchroni zation overview, FIG 11 -

# bhasstretatos andh élegymvﬂr Wl pmqedhwath@h@tmhemmat@n

timel S r the TECs SeC|f

11 s ok bl o POTCUPRER nby ol gty ghgy maior
JyrChdniati6n tabRs. i Tﬁd@hblﬁbﬁﬁeﬁl’b’ %Gﬂﬁu@estal aifiablerm@in zﬁﬁphﬁer (VGA)
1200 for TFC-3 and TFCG-4; FIG 13 illustrates an
meduliediSP? o anelogrtpribgitd gonvester HICE | SOrengtelied fittco(MF) 1506, a

?(Zglqﬁﬁéghlé ]1%%: Ci g&%ﬁg&ﬁ%@%ﬁ&%@g{d %ntfl n%eéshﬂﬁnc%%dule 1540

amd 4 CRDI optitnatiéil &ad frdme syrehromjiatios ynodhleolrdi7at i on t asks
can seﬁarat dinto %}gree separ rts

[O
Packof TG ERREEIBN. {q{bbgoT 022 " Ti Wre}g oF .Mr%tlég(g cany %esliqsen cither
é.;’sy trlll {nra ege fugﬁc%u{e c'[f%]%e)/g}f ;g’t diglgé loggt g mat pn e %&g'éd\%? Sequence
o | fo p d d of

teﬂ??f Pt 152 L2t PR Ban 32% | ?ﬁ%ﬁg the b drchical

g}”&ltﬁre @ tlﬁaﬁﬁar%r REHQKE {rc‘?lﬂl'}ehoxg@\te‘? Cth %ple&eﬁ%%@ﬁ bthe MF 1506
his I's becausé before packet detection, the receiver

fnagz b&mfn@ﬁﬁb&dg@h@b@uﬁ at igarg drie@eshidal mqwnctdn\mwlt/(ah of O1G. 17,

ot her. bands (i is in the TFl node),
Wlhlfle forthg @HQ%WP@ %ﬁ%ﬁ‘oﬂ@wlw rsw@asel(ﬁm 1mmiementatlon MEF 1800

reP t:
RABSREe I 4P @R URE kb s SFER Bcieehn 121 Fdﬁhéd’@elay lines
i s enhbthedoamdbdtdppraael.ethe emawheldl filge aneﬂ”mrentshe[kt] ext=0,2,---,127
preanmbl e synbol in Band-1 to determ ne the optimal FFT
Wi srtow thorfoudsdORMAOB yofbiie. pradmble basai sequasst | Rewridén,...[£]). As
has been conpl et ed Eeg the timng is overed) for
e?:mdleﬂ for A thepeamble bask Iseiizmnecse RoveH( Slbanflds watyi ket values from
now to switch to other bands according.to the TFC,
é:h% %u@bnﬁhmb hgles rio exster 8ie handiyre sampleéty iasanyl dpliGatipn by 2 can
I t

F PR kel 3 1 SEHHRET, SOC AR oP Rk 3 G 10,
&@dnd(&@sgﬁ]ﬁ)tﬂﬁnﬁﬁiseg@dcb@rdﬁh@ﬁ@@’l@ﬁoﬂ rpﬁ’di@r@yﬁ@thl the base sequence

detected the final output of the CFO estimation wll
Bént Tiee complexity of the two different methods for the matched filter

ba.se

implementation is summarized in the following table:

Matched Filter Type Number of Real | Number of Real LUT Size (bits)
Multiplications Additions
Binary Hierarchical 0 22 10*(16+8) = 240
Rounded Base Sequence 0 127 10*128*3 = 3840

Table 1: Matched filter implementation comparison.
The number of operations is for either I or Q branch within one sample duration
Tsampte = 1/528MHz = 1.89ns. For each approach, the reference sequences can be stored

in a lookup table (LUT) of the size as listed in Table 1.



a phase rotator and the receiver will proceed with
channel estimation. [0063] FIG 15 illustrates a
w@ywshsnm zer 1500 for performng the major PCT/US2007/082745
synchroni zation tasks. The synchroni zer 1500 i ncl udes
a variable gain anplifier (VA% nodule 1502, an
anal og-to-digital converter (ADC) 1504, a matched
0068 filternd MpudsfQRe MF BIV6AE bRGedsBl by IROBuardn P@EKEI08. Denoting the
100681 detectio%ﬁﬁodule 1510, a'Pining e%tinatioﬁgﬁgdule 1540 ¢
meeived GRaplestas mivtli die emenifudgnwugsenethihe nhatahedofilterodetpet may be
%5¥OSGJ0064] The coefficients { [ ], k =0, 2, , 127 }
of’ t1e" MF 1506 can be chosen either as the bi nary
sequence {c[Kk], k =0, 2, ,[427 } or t rounded
[0069] preanbl e base sequenceqﬁyﬂFgg{ﬁ+ha&ﬁk{§), k =0, 2,
127 }, as discussed above. e to thelhierarchica
structure of the binary sequence }, however, t

C e
00701 i np eftehiaich dheton qaHel &n ¢ 1%556%&?9%@% By §s performed to
SRR gD AR oA BhiAbIsSequence M 1700 of

or the rounded version, a finite

i mpul se response (FIR) ipuple iogn MF 1800 is shown

[0071] in FIG 18, which in onéﬁgéﬁrsggﬁﬁm ran FIR filter
with 127 tapped delay lines. [0065] In the rounded

[0072]  SBBYORCR,thé Aemb& ahedsdcutivepathohbl dreicBmbied [kl . D] s the sliding
2, , 127 is set to the rounded version of the preanble

basiewsedpen cléhe RiuM aif ey Yraisepldrhgntediss abk-eapymditipath @aletgy combiner

reanbl e equences, Round(s base .on

80,85 S dn AT 25 e Bin RGP aPpE hdRRc L4 allows o
Hﬁfe@é’f@ﬁ»eei%m'?@!b@)ﬁbﬁgneﬂsto gk b | ER QP he GRIT BBeration may be
conveniently inplenented as l'eft shifting 1 bit. Al so,
assddydhe packE| dgtection nReluted( Olsad ¢hd fimingeistmatiiersmgdad 1540.
cross-cor.rel atign propert ith the base seguence_.base

oot PP ARG B BORBRR o M Rp ATy SO P packet
dectivatmb@de fisl o &5 detoR] tBEPRdsahideqdt d SalfpavREd. Z€Ek patkeh@etection
follow ng table: [0066] Table 1: Matched filter
meptlenen? atill epsceionprekeisdptectippemnp! tpHbe Humgeestigfation module 1540

r.at i [ r..ejther C it hi S

98 FLUBTRI 018k, R BRI 0 s
arpribapicket feedtioh encatute 1 Siqus iedisatedithabe padket Bak baenaletected by
| ookup table (LUT) of the size as |isted in Table
&e.tf[u@ﬁ)@ls efrflag ém% [igicagfrue)n theiaming g3 1maliqn raedide byt Ojy cpphled.
squar | i ' ' I

o 08 MRl OO, 8 LGERLYES BATRLES<oncmcnca
Gt paakaty ddsectior pnabide ¢S s : PreRTably, the packet detection module 1510 is

designed to meet the following requirements:

[0075] 1. Target missed detection probability.

[0076] 2. Target false alarm probability.

[0077] 3. Tolerate a maximal range of the variation of the initial CFO (+/-20ppm): The
maximal range of the variation of the CFO is 10296MHz *40ppm = 411.84 KHz.

[0078] 4. Robust to initial VGA gain: Before a packet is detected, the AGC is not

settled. Instead, an initial VGA gain is applied to the received samples by the VGA
1502, which are then quantized by the ADC 1504. The detection algorithm works on
the output sequence of the ADC 1504 and it has to be designed to be insensitive to the
initial VGA gain.



[0079]

[0080]

[0081]

[0082]

[0083]
[0084]

[0085]

[0069] Rn] = r[n +k ] -q[k] [0070] It is noted that
an equal gain conbining (EGC) operation nay be

w@eoosos2ed to coll ect the energy from the nul t PEEUK2007/082745

channel s: [0071] D[n] = RRm], pC=n [0072] where Nis
t he nunber of consecutive pati‘ﬁs that are conbi ned and
Din] is the sliding window output. The EGC may be

i mpl epeNbRPaR DS dl ISidrRARIITNbEsE RatiB (SNRI)Q)AS%@BNReéanJ&O& low as
as shown in FIG 19. The L-tap nultipath energy

eobd)o v dr dB.9b0o patkichdefeetion medule shoulk by Hesignedie V%ogls iy precdh @ SNR
1tra% each tap. The results of the EGC operation nay be

JEq by the packet detection nodule 1510 and the
t i M nBewsdihgred FIETN 16pthelpaclddd 40tectod DF®] indtidel 5@611&181@@ unit 1604, an
the first step in then&ﬁchrom zation process is

{Heupihonde shdingcvindawnoal) antt st@8tadgetdeeit pade SW urmt 1610, a
T

BOSERRE oot A MRy SR S AR, topg o

pzhe of botfag &SRj héd4, @nclnmﬁpémv&l&%u@feﬂetb am adaler ¢h pqxakredf adders

S tected.. Specifjca e.packet det.ection
gggﬁ?tg‘ © Oyt fropt, eﬁéﬂéﬁreu%eléé’@? IHi9d fecisien grodule 1640
ﬁ@goﬁ&gb§gg&gcﬁg@tbeﬁ)vpacket has been detected by

setting the detjlag to a logical true), the timng
est i mAs idowussodiabevel BREGE oparabbe may[l@Oﬁet}forﬁitho téllect energy for

i | t | ket 1600 .t hat
it BhRe R0 1F SR oheRle SlrerGLhE Shlinh Snad T2l 6FS¥n o be
Rr efger aphys, thheE@ackey wetgadbj@nuiduhe dLado Wwide S\]V ilnlt 1610

designed to neet the follow ng requirenents: [007
replgmentad a3t Idéqperntlhtlmhmngmmombm}er IP@Q)?B] other amr@@hes the 8-
fa se bil it 0077] te X]

il Wédeo,%a; ?(? apstgacy 8? {)?IH% \ﬁl%%h f) g %s (rx}?y ga ernented as
ﬂh@e Hﬁl@@ﬂ&hltsf amg@ s@efmﬁch@hdi@d o@thie aiuntfer bh@nftd-@ ths 1rnplernentat10n
10296MHz *40p 11.84 KHz. [0078] 4. Robust to
mamdr:%ﬁnd\sbe&h@%pﬁof Q@fn@fsleb%naa@rerz@ﬁeds detected, the AGC

t I o
appl 1 007 P RE SIERGR A EL SombR g a3 e sw
8iitBut AEMpAEBY h B ctirdshREIdAPT Mﬂput Dhencthffatdien 61 % 65 either 1

al gorithm works on the output sequence of the ADC 1

afdin] ihasaten dve) @esirgiver] Tierhe “iMsensedkt” iepérforied by the check
initial VGA gain.[0079] 5. Tolerant of |ow

siognlal L680: o téle pReltdt dleleSmR) 60(hesserie PBNRE detectiva (as., detflag = 1)

&Ren it observes three threshold-crossing events that are N1 and N2 apart. The values

of N1 and N2 are dependant on the TFC, as shown in the following table:

TFC Number N1 N2
1,2 165x3=495 | 165x3=495

3,4 165%5=825 165

56,7 165 165
8,9, 10 165x2=330 | 165x2=330

Table 2: TFC-Dependent Parameters for Packet Detection.

The performance of the packet detector 1600 is measured for an additive white
Gaussian noise (AWGN) channel and channel models 1 through 4 (CM1-CM4). TFC-1
is used in the simulation, and the performance is the same for other TFCs.

In one approach for the false alarm test, a total of 1 million hypothesis tests were
simulated, in which only white Gaussian noise samples were input to the synchronizer

1500. For miss detection test, there were 500 channel realizations simulated for each



or below 0 dB, the packet detection nodule should be
designed to work in such a SNR range. [0080] Returning
WO 200B082200L6, the packet detector 1600 i ncl udesPEI/US2007/082745
squaring unit 1604, an 128-unit w de sliding w ndow
(SW unit 1608 and a 8-unit wde SwWunit 1610, a
conparator 1612, and a detection nodule 1630. The
gehastt mede! rodul-eM IAd iffct el @B amhcP &daliz&fond ulck© 68l B880 packets
1634, each respectively coupled to an adder in a pair
mnsauu@mdltssec? 1638 The output fromthe adder 1638
is then f.ed | ta ISI ul e 40 perates. .
osel L3 o8 iy Hefbsle oI uC oL B S b ERarptiied
bped adn @nbifey b&ra@el{lf:aﬂr f@deice Bepltraeitater gWhéorthe MF 1506 is
mul ti path channels. I n one approach, the size of th
gplemaRichisiag & Oingry: hisguehicad seeicRee 8he Mfm@ctuf%@némmphﬁed to
MTRSmgrﬁQ& Qy&d b&&%a!rfﬂw‘reﬁ@hl@?l%% Q/PE BHOURIs %QH’FIG 17. The
nted as the ener gy conbi
ﬁl@ﬁiﬁoldl 19 chbdvartoangt olac presst dekign 8-alugriof nvilissddaet&ﬁ/oumnti false alarm
1 i.nstead of being a width of 8 units, may be
Wéfl Hifted as nore or less units. The specifi c choice
[0087] of t thﬂPfE?%rd BfthdBFE& dfmihRial Fﬁlﬁk@%?ﬂiea@drﬁﬁom the initial CFO,
depend on the type of channel being processed. [0082]
Wh@h8s amqietﬁmmidbO\S\mdvlt put D{n] is then conpared wth

18 1287 ot 05 SRl L7 g r e
ooso]  §hkRelo2delrz Shf cérﬁer%efc@%ﬁg%jfogghﬁohlgﬁéﬁecﬁﬁ 8dnd T he loss in

triple I's per
heIary herarchibe spacket Miet WOtdoe td 60Omasisedt CFOpacket
detection (i.e., det flag = 1) when jt observes three

part.
The val ues of N a%?, gzqda t=of qf‘llz\ugdglic, as
shown in the foll ow ng e: [008 Table 2 :

[0090] WhEeDependgnts Bar %I%?&ﬁsacﬁﬁhulpﬁ%%ng@?ta%@ti‘w I/E%Mﬂlz) is the
The perfornmance of the packet detector 1600
maﬁmgemrmd;r an addi t [ ve white Gau35| an Noi se (AV\GN)
chann nnel h -C\V4) .. .

[0091] TEC. | §n§et g 241 és Isras[e‘f %) tlile 1q1?1 S POE hgtﬁ:gtéal problem
brfcoiit@redaii®ing @acl@t ek ctidnGs tha @(Q&a]argersm gce&i@ﬂé ane€ feckied signal
the false alarmtest, a total of 1 mllion hypothe3| S

mext ke weesdysrlinnedt efer the MWAGH Bl pvedicals st Psobiem, additional
ﬁgﬂu?aet i0 lb%gn ffgrrﬁéap LeediQnd %si%%gaﬁgwrgﬁe[bﬂ}@%r aﬁglrly large
et ectirontest, ere were cnanne

dﬁﬁlln‘llz adrigons thé rackate <$NRJr Sgac lehanxiguniestelveld CidhaCidngth is -

for each channel lization, there were 1, 000
tg:orrespondlrlllg to the c osest targeted operating distance 0.3m), and the

t hreshol d-crossin v@sm(h%t@r@)?

minimum received signal strength is -81dBm (corresponding to the sensitivity for
53.3Mbps), the received SNR can be assumed to be in a range of 38dB. In the
simulation, the test was performed from SNR = 5dB to 40dB to ensure that the
simulation covers the complete dynamic range. In the evaluation, the VGA gain is set
to be the maximal gain and 6-bit ADC is used. From the simulation results, no error
events (i.e., miss detection) are observed for CM1 throughout CM4 within this SNR
range. This indicates that the packet detection algorithm is robust for the initial
maximal VGA gain setting in the SNR dynamic range.

[0092] The implementation of the MF 1506 may also be simplified based on a rounded

sequence implementation, where the MF 1506 is implemented as the FIR



[0093]

[0094]

[0095]

transmtted and tested. [0086] As di scussed above, the
i npl enmentation of the MF 1506 nay be sinplified based

w@eoos/of2omr y hi erarchi cal sequence i npl enent at PGRIUSA00B082745

the MF 1506 is inplemented using a binary hierarchical
sequence, the MF structure cal® be sinplified to be
i npl emented as the binary hierarchical sequence M

h{S10mestaSBPWIE | 1R0B! &3 shdwn TREFEdT €8 hOTTHe ir8at6QS Btet Qoefficients
neet the preset design values of m ss detection and

f7Hils & alad. m: pr2@bsbsdt ite j the ro@oigd Alerafpn lof rthegy pregmbde bhss sequence
ef fect of xi mal range of the variation of the
Rennd (.. b, Agpbservaddonall thermrensebla bevectusnpes, Royodey..[k]) only

=10296 Oppm = 411,84 KHz , [0089] where :

o0 BRRE 10 120 he B T ishulstey 9 6?‘1[“€ﬁéﬁ%wihﬁ'f?§?€e samglexity as
ﬁl%ﬁﬂﬁi'catﬁl)w‘t’er T 0% bOSshvbRichiMeinkl BAEMc DL EIATEIMIRAN bit. Also, as seen
sequence 1700 due to this maximal CFO is: | [0090]

ithBIG N),=Ra@@1(5,s. [k hemaoitene gbodcoussrabatipton pepgtth witld the base
Ts = 1/(528MHz) is the sanpling period. [0091] Since
sdyged@A, .gHi1n The niiss détedtion meformandehe thexoumdkd bascusquence has a
one potential problem encountered during packet

gleghé grinopver shathrdithe binagy hmrayehisNRegeansaryidh a shghtly lower overall

ceived sjignal may be nostly clipped after the ADC
ﬁagseiarlﬂlrglslfrlgtd%%l@tyt his problem additional sinulation has

been peid apnbel drictstsid tthe thHeS enbot@ednt icpribeabhéreiny may be
for a fairly |arge dynam c range of the received SNR
mpementad Haxhartviice cOftaE: s fiRaprest MEKR1RIE.s MicCgedm or any

mihﬁ&o%kg%e%ﬂ, ‘\@}]eglhtflﬁ ‘éﬂz&éﬂﬁ? bnd/Bf &%{h%‘éisé gf%gilfn%%@&ned in software,

ance m ni mum r ecel v
fitmeagt midélew8ted@nm{icocsdes posgtamgeddo drheodsesegindentsi they may be
for 53. waa}si%, tg recel ved SNR can be assuned t%abe

ptAred ipgngachirc-mageblc mediyre Wichnds 4tSIQJASS FHBPIEEL (Yeode segment

Ry FQiaRd: § FRRENR TurAB @ sG5HELR, §PRIYSn! J‘ﬁﬁtih%‘,ﬁaesubroutine,

sirul’ation covers the conplete dynam c range. In

evabdide,i ansofivvec \Waskagai n rlessetr tay wembirativaxdimalstrgetions, data
a,[nd 6-bit ADC is tutsed.t Fr@m t.he si m{l at i En re@u%tts, ne d
SFIHoR AL EETAT YAt mghss AePde SPERTIIPY BhSaIRIEY g gpother code
§¥mehhb oM BRaWEr VUMbl Habsihd hisd/ SR i Aing @aforlatfon, data, arguments,
i ndi cates that the packet detection algorithmis

papmsters 6F mepwry gonterds. Information, arguments, parameters, data, efc. may be

passed, forwarded, or transmitted using any suitable means including memory sharing,
message passing, token passing, network transmission, efc.

For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor through various means as is known in the art.

What has been described above includes examples of one or more embodiments.
It is, of course, not possible to describe every conceivable combination of components
or methodologies for purposes of describing the aforementioned embodiments, but one
of ordinary skill in the art may recognize that many further combinations and
permutations of various embodiments are possible. Accordingly, the described

embodiments are intended to embrace all such alterations, modifications and variations



maxi mal VGA gain setting in the SNR dynam c range.

[0092] The inplenentation of the M 1506 may al so be
wareplsRded based on a rounded sequence i npl eneCE/HS100TI082745

where the MF 1506 is inplenented as the

FI Ri npl enentation MF 1800 as Khown in FIG 18. The

mat ched filter coefficients q[k], k =0, 2, , 127 is

gt fAowithig the (sjiﬁﬂfegnd/ﬁr b %Bt&fapbgﬁda@r&zﬁﬁﬁ' %btﬁ&@mre to the extent
sequence Roun base As observed for all the

ﬁxaéﬁmbﬂeémﬁ‘@méu@é lipen@ésm Fiban d(esd%@l@él Qqsyrlmmnyort tikedaims, such
vaI ulessln{engna{t "hes nch}siVGMI eh hnenle snm At t%d eetetrrge“com rising” as
Tar dware conp eXi t nI?lp |cat|on by prising”
Ceomeisingftid mtdrpﬂéteﬁrmlf&xﬁdnlﬂsyddeﬁta tiiiﬂsﬁlbhﬂgw&d bm ] Claﬁhs o,
as seen in FIG 10, Round(s base []) nmintains good
cross-correlation property with the base sequence
sb3se [k] . The m ss detection performance of the
rounded base sequence has a slight gain over that of
the binary hierarchical sequence with a slightly | ower
overall false alarmprobability. [0093] It is to be
understood that the enbodi nents descri bed herein may
be i npl emented by hardware, software, firmare,
m ddl eware, m crocode, or any conbination thereof.
When the systens and/or nethods are inplenented in
software, firmnare, m ddl eware or nicrocode, program
code or code segnents, they may be stored in a
machi ne-r eadabl e nmedi um such as a storage conponent.
A code segnent may represent a procedure, a function,
a subprogram a program a routine, a subroutine, a
nodul e, a software package, a class, or any
conbi nation of instructions, data structures, or
program st atenents. A code segnent may be coupled to
anot her code segnent or a hardware circuit by passing
and/ or receiving information, data, argunents,
paranmeters, or nmenory contents. Information
argunents, paraneters, data, etc. nmay be passed,
forwarded, or transmitted using any suitable neans
i ncludi ng nmenory sharing, nmessage passing, token
passi ng, network transm ssion, etc. [0094] For a
software i nplenentation, the techni ques descri bed
herein may be inplemented with nodules (e.qg.,
procedures, functions, and so on) that performthe
functi ons descri bed herein. The software codes may be
stored in nmenory units and executed by processors. The
menory unit may be inplenented within the processor or
external to the processor, in which case it can be
comuni catively coupled to the



processor through various neans as is known in the
art. [0095] What has been descri bed above i ncl udes
we@x@ao5x80 of one or nore enbodinents. It is, OPCTYUSRUSB(82745

not possible to describe every conceivabl e conbi nati on
of conponents or methodol ogi e¥’ for purposes of
descri bing the af orenenti oned enbodi nents, but one of
ordinary skill in the art may recogni ze that many
further conbi nati ons and pernutations of various
enbodi ments are possi ble. Ade®MBngly, the descri bed
enbodi nents are intended to enbrace all such

I i ] ikfi cations and vari ati onst hat fal
3Y@§1n t?gzg%ﬁggyéand scope of the appended cl ai ns.
Furthernore, to the extent that the term"includes" is
s ekbpamted fohdetetting ahe®BDMegdnates endqotd ethar transmiteddaicqmence
such.termis intended to be inclusive in a manner
SIPTEP8t 0 the term "conprising" as "conprising" is

| nt er PALAC MK ATRLAY Blcdn 8 SHANTUNARS o WE tahfinified
cl ai m CLAI M5 T 1S CLAIMED I'S: 1. Apparatus for
shsuentei ng an OFDM synbol encoded with a transmtted
sequence conprising: a filter having coefficients
e ch Bl o Rllny | PP RS imdige e MM fBfired sequence
Bidipsichiretaderish Or tahsihhediséq@ras.t t ed sequence is
cross-correlated with the transmtted sequence. 3. The

apparatus of claim1, wherein the sinplified version
of kheerprras of cleen 1 swhersindle sisnndifisd epmiannidhg trgnspufteshsequence

figfa lgggr&icaﬂéﬁgibhsﬁt@ﬁ%ﬂg@ﬁﬁeds c[lueEB@ apparatus of claim

rein the sinp version of the transmtted
sequence is a rounded version of the transmtted
4edlirernpparatis of hieimap pahetinstho finyllidierhvérsionhe it martshetted sequence

filt i .mat fil. . 6. Th t f clai
b ST RE b it i ssaendng | amPanct Coomor st ng

a sliding wi ndow nodul e, wherein the normalization

8NiThelappsatikiofulagfl 11 @heeathe fiteN@hmRdttzRdileer si on of

the transmtted signal. 7. The apparatus of claiml1,
further conprisjng a detector nodule configured to . .
fetlderapaariug oariatry 1ofurthar emRyisngs BagIalgatiapaiicomprising a

Mlﬁﬁg!wﬂldo(lﬁm%ﬁé,%ﬁ Yin U ﬁ&ﬁ%ﬁ?ﬁ{?ﬂ'&ﬁt‘ﬁ %r{?%ug%ﬂg.tc?eat a

conprises a det€cted energy In the transm si gha
hévatalized gereah ef thehamnsmitted signal.

7. The apparatus of claim 1, further comprising a detector module configured to detect
a plurality of threshold-crossing events, wherein the plurality of threshold-crossing
events comprises a detected energy in the transmitted signal that is greater than a

predetermined signal-to-noise ratio.

8. The apparatus of claim 1, further comprising a multipath energy combiner
configured to combine a predetermined number of estimated magnitude of channel taps

within a search window to determine an energy.

9. The apparatus of claim 8, further comprising assigning a weight to each of the
predetermined number of estimated magnitude of channel taps within the search

window.



predeterm ned signal-to-noise ratio. 8 The apparatus
of claiml1, further conprising a nmultipath energy
W@ 09Bi0s200 conf i gured to combi ne a predet er m NneRCHUNOT/082745

of estimated magni tude of channel taps within a search
wi ndow to determine an energyl® 9. The apparatus of
claim8, further conprising assigning a weight to each
0. A hRtHydedep Lkl dredttibH obapridhgest i mat ed magni t ude of
channel taps within the search wi ndow. 10. A nmethod for
pac k eteceigtngot rawmeidadmei eineg usqdde engadenO K P Mhsymibol eda
seque &f iug?-dantdo encode an OFDM synbol in a

Fansnitted s ghal ; and, filtering the received signal
usi ngﬁaexmc%%a kddetwcaligaaBfsingcd plofasitpasedfdierds based on a
Si mi)_l ified version of the transmtted sequence. 11.
sRwlifed Mergionfof thofransmattedisav@ics t he sinplified version
of the transmtted sequence is cross-correlated with

r . 0

ey AR b b R e o 1P oD el scquence
segesogclagdavith thedraobmt@t se@rscon of the transmitted
sequence. 13. The nmethod of claim 10, wherein the

i nplified ' f thet ntied. i s.
Phuitsae i RO PYhs P iefirpl b SRR AR Ha g seuence
rethedrdicabl@tigh b0 thowh@kMitredfsbddped Ng the received

signal conprises creating a matched filter to filter
the received signal. 15. The nethod of claim 10,

1 hrkhserctberheh slaimn i), cyheain iy samplofierayqryier of de djagymigied sequence
sMGohf RRNEGGFE AL HRImitdPscalBficaet Nod of claim 10,

urther conprising detecting a plurality of

t hreshol dcrossi ng events, wherein the plurality of

1 hridehodtbecoodainmty), exhendis fittemm ths escetvedsignat eonmerses grgating a
i n hh{f tranzﬂitted si.\g al. tgat IS greater than a
prisded Bi HAUICE fhgiaf Y- %i%e ratio. 17. The method of
clai m 10, further conprising conbining a predeterm ned
nsINRm&@ho®st d1amt 80l ramenichbmptsial cFRBANEhotnddScdW ElioR ofithe
search w ndow to determ ne an energy. 18. The net hod
oansgitiedwigml. furt her conprising assigning a weight to

each of the

16. The method of claim 10, further comprising detecting a plurality of threshold-

crossing events, wherein the plurality of threshold-crossing events comprises a detected
energy in the transmitted signal that is greater than a predetermined signal-to-noise

ratio.

17. The method of claim 10, further comprising combining a predetermined number of

estimated magnitude of channel taps within a search window to determine an energy.

18. The method of claim 17, further comprising assigning a weight to each of the
predetermined number of estimated magnitude of channel taps within the search

window.

19. An apparatus for packet detection comprising:
means for receiving a transmitted sequence used to encode an OFDM symbol in

a transmitted signal; and,



predet erm ned nunber of estimated magni tude of channe

taps within the search wi ndow. 19. An apparatus for
W@awRes220et ecti on conpri sing: nmeans for recei vPEIUS2007/082745

transm tted sequence used to encode an OFDM synbol in

a transnmitted signal; and, nealds for filtering the

recei ved si gnal using a plurallty of coefficients

basedn@ns¥os iTBHind the decéRica 's%ﬁiaptfsdé"@plhfa@l'ﬂ}sﬂi’ ddetbients based on a
sequence. 20. The apparatus of claim 19, wherein the

smppificd verdionef shaomansmittddescguendeni t t ed sequence |s
cross-correlated with the transmtted sequence.

3-6] eTh% ﬁﬁﬁ%ﬁ? E)g gltalrﬁ Il Q‘Im\'%%glg tﬁ\@ Sﬁlgalllﬁea O&sﬁ)‘nlmltﬁef Hraqﬁrmtt

Versi o rans sequence I s hierarc

Mgm&mansoﬁmih@r&ﬁ@@sﬂ%ﬁheﬁm&ﬂqwaﬂﬁﬁumﬂﬁ, The appar at us
of claim19, wherein the sinplified version of the

smtted sequen unde rsion the .
H glﬂ@rﬁppi‘réaw@ga BR A8, whecinthsi g‘gﬁiwréwafo dretrapsmgted
WhEERIeNs b lﬂf‘erﬂ@lﬁ@ﬁ VieRliorf bft thefrhRghiltbesdgeficved si gnal

conprises neans for creating a matched filter to
filter the received signal. 24. The apparatus of claim
Z@ Tffeljirppitfews ©6 ﬁk@rmét)n‘ghfrremrthe siowlificé sictsion od theoranamitiasd
UgnCe.1s a nt& rapsmft[h tran m%?e% 2e%c The apparat us
ol 3‘1‘5.%1‘?}1 F%F?ﬁé’r O SIS RG oEaNdFor detecting a
plurality of threshol d- crOSS|ng events, wherein the
2@uﬂﬁbbpwaﬁﬁofhhﬁﬁh@lﬂh@fmﬁﬁéﬂ@mﬁM%ﬂﬁEm@Qﬂmbkaﬁ&eaﬁgnd
detected energy in the transmtted signal that is

ERTBRT P nteﬁ%foa Crrduet B1ished diltst gridter tﬂtf-‘rféPfé‘ée@ Hgna, 26,

The apparatus of claim 19, further conprising means

bOITH %éﬂgfu@ Of 8lalh § g SfuBthB REthrHEIRL A fforec%dtﬁgta%rmahzed

magni tude of channel taps wthin a search w ndow to
desien of e temsmritedgignal7. The apparatus of clai m 26,
further conprising nmeans for assigning a weight to

d nunber of es
FRrec Bl Gr BERERRIP TRRE TR e S RS maglyretis of
ﬂﬁesh&ld\l‘érb@hrgs@eﬁ@ WhettBahé pRisalRp Bﬁm@éshﬁldcd?m{ﬂgsdvﬁﬂts cafprises
antenna configured to recelve a signal; and,
a detected energy in the transmitted signal that is greater than a predetermined signal-to-

noise ratio.

26. The apparatus of claim 19, further comprising means for combining a predetermined
number of estimated magnitude of channel taps within a search window to determine an

energy.

27. The apparatus of claim 26, further comprising means for assigning a weight to each
of the predetermined number of estimated magnitude of channel taps within the search

window.

28. A wireless communications apparatus comprising:
an antenna configured to receive a signal; and,
a control processor coupled to the antenna for performing a method for packet
detection, the method comprising;:
receiving a transmitted sequence used to encode an OFDM symbol in the

signal; and,



a control processor coupled to the antenna for
perform ng a nethod for packet detection, the nethod

W@ 9pi52INg: receiving a transmtted sequence RGEUS1007/082745
encode an OFDM synbol in the signal; and,filtering the
recei ved signal using a pluraddty of coefficients
based on a sinplified version of the transmtted
sequence. BAferindBc WdeRlc8 %f%n | platdlinst @l@ﬁffma{tyﬁas@& ona
claim 28, wherein the si fied version of
tr anssirmpthé@dgerq@@mféhq tsausms%tmw@ﬁ ated wt h t he
transmtted sequence. 30. The wi rel ess comuni cati ons
3PP coff i MRSEELDMEnS R ek e YERAIARR version

of tht animians stdukret is efpssncecladd withnle wanshiesd sequence.
communi cati ons apparatus of claim 28, wherein the

?é}[ﬁﬁﬁlfl%d version of the transmtte gquen ejs %

BB SPBHBHCAfIARS NPAHLY §1tC qUiBRicE! thg simpied version

Y e 'tﬁﬁém@t@&'géﬂﬁ'eﬁ&t is Q@l@er%ﬁﬁﬁ@e&'ﬁo@&f fhk AaRiBed ‘é‘é’t{%ﬁéeﬂ

filtering the received signal conprises creating a

mat ched filter to filter the received signal. 33. The

M. ﬂéllee@selm mm@mﬁlomamsmsaaf@@mf%ewaﬁmm@e smmllﬁed version
further conpri sin reat | nor e

OEDERER B R EPERE o PTGl B PORR e

comuni cati ons apparatus of claim28, the nethod

BurTHeavirdesspbmsiunicatioheqipargusaofiel dimas] teetn filtering the received
t hreshol d-crossj ng events, wherein the Iurallty of
VEP SRBIPHETSTESAG 2dEmey f&%’r ﬁ§@§h%re&§kV§‘é igdlener gy

in the transmitted signal that is greater than a

s eARLGET RRImh Bi@kiohOa Sﬁibgfa%?s Jf%idu‘ﬁ 283Mhe rf[éiﬁod"ﬁfrﬁ'e@ccﬁnprlsmg
comuni cat 1 ons apparatus of claim28, the nethod

mwamM£an@nmbzﬁh%ngonoﬁﬂmmumgnawpmemekern1ned nunber of
estimated magni tude of channel taps within a search

det
?%Eﬁw 15%?“%8@%%3% iy rgy af3 ﬁ%“%‘?% hﬁén‘ﬁé?‘fw%léth“ comprising
fstedtivgra SlQmRAL 3' S tR@siRASIcBRbING cReg vifeteih ﬂlegﬂ@ﬂah@/f oftthi@shold-
predet erm ned nunber of est | mat ed magni t ude of channe

ELQPENGP YRISPoNHEIse e ARIRCIof peagy, inghe tfﬂ@%ﬁffh@lgnal e & eqter than
g&%g@hnmggg%hgibqgquggputer-readable medi um

conpri si ng: e for causi ng a conputer to receive a
transmtted sequence used to
35. The wireless communications apparatus of claim 28, the method further comprising

combining a predetermined number of estimated magnitude of channel taps within a

search window to determine an energy.

36. The wireless communications apparatus of claim 35, the method further comprising
assigning a weight to each of the predetermined number of estimated magnitude of

channel taps within the search window.

37. A computer program product, comprising:
computer-readable medium comprising:
code for causing a computer to receive a transmitted sequence used to

encode an OFDM symbol in the signal; and,



encode an OFDM synbol in the signal; and, code for
causi ng the conputer to filter the received signal
waigingsaopl ural ity of coefficients based on a PCT/US2007/082745
sinmplified version of the transmtted sequence. 38. A
processor, conprising: a nmenotl, the menory configured
to cause the processor to inplenent a nethod for
packet —det ggdel BPcaukg tREEIRSLEATH B IR FeccRAGEMHaNGsifs a
transmtted sequence used to encode an OFDM synbol in
a t r aplemality eficasiigrients baned onfaisimplifiqsgversien pieibe itraasimitted
signal_using a plurality of coefficients based on a
si npl PHEY Version of the transnitted sequence.

38. A processor, comprising:
a memory, the memory configured to cause the processor to implement a
method for packet detection, the method comprising;:
receiving a transmitted sequence used to encode an OFDM symbol in a
transmitted signal; and,
filtering the received signal using a plurality of coefficients based on a

simplified version of the transmitted sequence.



