0704 19U2 METHOD AND APPARATUS FOR SYMBOL TI M NG
ESTIMATION | N A W RELESS COVMUNI CATI ONS SYSTEM d ai m
w@pooBseé ty under 35 U.S.C. 119 [0001] The prRGEOS2007/082741

NIpI%Peation for Patent claims priority to Provisional

Application No. 60/854,877, ehtitled "Signa

Acqui sition" filed COctober 26, 2006, and assigned to

t he assi gnee hereof and hereby expressly incorporated
METHOR)\ANPARRABAEES ER ¢1YHEOBATKTIROBRIIMATEPY INOB(EREFRES COMMUNICATIONS
SYSTEMr esent di scl osed systenms relates generally to a

system for signal acquisition in a wreless

comuni cation system and, nore specifically, to a

Eiaiieef Ridordtytungler 89di.8:0.18d19 det ect i ng packets in a

recei ved signal. Background [0003] W.rel ess._networKki,.,ng,.

00011 ¢ B A B RTST TP il s Uy R R AR g tcation
NeIbeR 5Pk 7pedrtied oigh W slui GasATUAIE @bV I6ELESE and assigned to
conmmuni cati on devi ces have becone snmuall er and nore

peweyigngde hereofaied herebis eiisesshyaaeryposataddly refeedngg derein.
i nproved portability and conveni ence. Users have found
many uses for wirel ess comruni cati on devi ces, such as
cellul ar tel ephones, peBAORIGROUNIN assistants
(PDAs), notebooks, and the |ike, and such users demand
reliable service and expanded coverage areas. [0004]
| ess conmuni cati ons networks are conmonly utilized
02l o LS St B Rl T R PR 2 O S Rlguisiion
o asencles seramiupivation eysteroy amdy 1hereg specifically vshiacpasket detection
malkigg). GEnerQ%j¥r wirele s.copnunications net wor ks
BT S 61 C UM AR Sl P B B18PR devi ce communi cat i ng
with a base station or access point. The access poi nt
Bavigirsuad geogr aphi c region or cell and, as the nobile
device is operated, it may nove in and out of these
[0003]  geogr Rprless eetyakingsysiems dgee beortcet pigylent means by which a large
n [ e iS: [
R A PAAC TR b rilitE. WSS, AR EARHL 6o have
Becoalel smdllchasd endrt @dwetfQ05Mhed dovatwmnerkneeds) valhislo itvdude improved
constructed utilizing solely peer-to-peer i .
B Y 8t iCORY S B uUSERI NV G for el $ep 6pmigclesscommunication
Hé{riéég,%ucﬁ%(%glhgﬁme?e hbR&, P@[’ééfﬁ%‘i lElicg‘%t%paésgi:dn%'sdﬁ’IjJA)st),hnotebooks, and
access points |nfr£§truc ure node) and peer-to-peer
therhkandndastuclonserTasandirghiedde sfrvice i ekmndedecavefage aeeds.t 0
as adgpﬁg net wor ks) . . Ad h?c net wor ks c%@ be.... cat
sel f - QORTTGUAHEBTEH DS UFNINEF ety SHIEROMY nibifliacd e gprpmrunicate
(P6rmALOR TSRt df WACR! ¥ /ScICRNBLNLS dlnkidl o rAMidN tsi®Eture) and

whether a user is stationary or moving (e.g., in a vehicle, walking). Generally, wireless

[0004]

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.

[0005] 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

networks are referred to as ad hoc networks). Ad hoc networks can be self-configuring



[0006]

[0007]

[0008]

[0009]

nobi | e device, the other nobile device is added to the
network. As the nobile devices | eave the area, they

wae@sdsnggr cal |y renoved fromthe network. ThuBCT/USZ807/082741

YEp8YEaphy of the network can_be constantly changing.
In a multihop topology, a traRsnmission is transferred
t hough a nunber of hops or segnents, rather than

AhERBY Wheh ra%alesawik%r(ok Qcc'%ssf ﬁ&hﬁ'r@d@ives [cBR@Knication from another

U tra-w deband technol ogy such as the W Medi a

miobadewieke lﬁl@m@th(éruvxsbﬂa:dﬁmms raédi¢doto|dhan¢t®foﬁk h&s thhmobile devices

nheentc ab|I| timze Wreles n ctl
RSN A b G BB, o Bty BB "Rl Bafrograpty

af & n@a&mrdan (PéRoNtantTheh@@ales 1f a hu@ihprt8p&I88y, a transmission is
standard is to fulfill requirenents such as | ow_cost,
traatw imdéh WS TARGT 9 hoBTeH Seements Riist Bran dificgthy from a sender to a
w;dth and multinmedia quality of service (QoS)
port [ 0007] The W Media UWB common radi o platform
pr esebitg-widtbsid i tbelinetbgye didhmas cdses Widdddia quieatwidéband (UWB)

rovi des_.a sol.ution o.o eratin i fferent.wreless
g%ﬁnpa T AR Sah - 1%%8) OPINBHE VxRS connectivity

GAWRBD nhddth iR RY 108 Wlﬂhﬂpgrvp@él@stseﬁerﬁgl Qre@%ﬁr&&k (WPAN). The
control (MAC) layer and physical (PHY) layer

gqnaés: of rdtmmrol@ss brasdadd os toviulfill tramdrametnltﬁog@haas low cost, low power

m&%ﬂ%ﬁﬁ‘% Bty e ok BB ot tilRChP service

Hdapport.0 various requirenents set by gl obal
regul at o% bodi es. Manuf acturers needing to neet

r egul Ab¢ dMMedia AW Bo eemmen redioepladenm pressntdr distréwsdd pedium-

G T N R O T S
thecdatrdendtwerk: eTe sbliNMelielUWB canpbe xadiy [ﬂﬁforﬁﬂﬁfbmﬁom’ﬁ@ media
wou gl 1S RES Ein B ) PR eBouf o Bicd on muti

GIQﬁ@ohginﬁe%% g{ MRfision Afiti 18x1&g Rﬁﬂﬁmdﬁbﬂ/lzt Phd (Wlma MAC

rom existing ess Sservic e provi di ng lar ge
hthHAdetﬁemﬁ,éntldﬂs ars anentionalty dedignedhaadaptao pfarlbm mqmrelhents set

very | ow trans po Thus, one challen

becdriolveedifoR boEr b enart i MEGHRe D PEREdIstons th various
&ﬁﬁh%@s' $ah ORuO o Bo HalifAhn R REkt-BRcvdPAT ISobRRESRA! application-friendly
establishing tinme syrnichronization with the transmtted

Eiatymed tharuWiMedia Y Biqtiehipes to implanmil yndpdd the ecduged level of
ti f £l
?015%"13% W‘ﬁfeﬁ 15! Bhaftelh L omBn orabioR SR o ki modes

shhveal aspacftor neeting the chal |l enges noted
above 07 4 19U2 SUMVARY [0010] The presently descri bed
appr o2dVediag LEWB-¢asptl gt trecaiydis ntpvesto waps ofiith | intestgeence from

existing wireless services while providing large bandwidth. At the same time, they have
to perform with very low transmit power. Thus, one challenge faced by receivers in an
operational environment is the acquisition of a signal and, as a part thereof, establishing
time synchronization with the transmitted signal. Further, being able to reliably
optimize the timing estimation efficiently and with a small design footprint is a
challenge.

There is therefore a need in the art for meeting the challenges noted above.



approach, a nmethod is described for perform ng synbol
timng estinmation. The nethod including defining a
wazmsose1space in a plurality of estinated nmagnP@UUSR0T82741

EhatHél taps; defining a search window in the search
space; and, locating a synbol 3tining estimte index in
the search space corresponding to a nmaxi nrum val ue of
an energy of the pluralitgysvegtymat ed magni t udes of
channel taps within the search window. [0011] In

[0010] anot h&he appewhcdescabedapprieanhas afcodirgséads tor g eyfimsdlon. In one
5 4. £ %telgl tils Qsclri%e&l ?osr%rel o?nqi'n -Eg]rrenbgpﬁr%rnate%ﬁ Iaﬂgrll.u‘ilﬁes method

ans for derining a search space’In a pf a F&y of

s tudit @dinimonidatitiepaef inahdnaity dfansmateamgnftedes of channel taps;
defining a search wndow in the search space; and, . )
AefEee p oparrl svurdayy i theyseaieh sppres: 35d.loeatigt & sYRbrIXIming estimate

0 0. a.{mx] %
e I8 AAC RO SRa AP TRPANAT % P A WA 8 4 SBlray of the
plhediitebf ¢stipmtan rhingnitutitxseo fohaich taps mdibm the G2l wimdoyet
anot her appr oach, wi rel ess conmmupi cation pparatus . .
ooit] s gj el ppriscly %neP@_%at%?ﬁ%&ﬁ@&?fﬂ@n@ﬂiﬁ%ﬁ%wmam is
haehbdesr Iﬁ';/h#ggtltaﬁfg'?@cl&&@gfrﬂl&ﬁg ek LFfifE 81 hErcR SPLANR! a glurality of

having a s ; and, a control processor coupled t

tdtienagett magratuldey ofpdhrfimal tdps gmaansdohdadinfing a sgandhowindpwiinghe search
esti mat.i on of tqezg.nbol. Eh t.msthod.incl.uges.df%finin‘gh
Pagednmsyrclrife X‘ﬁl Urdh Pc BHng SEYTHAF S4dmaghiThq geech space
&rr GPene) th apSmakiBfuhdivadicd of @A €herdh NEIOWLd HIkdBty of estimated
search space; and, locating a synmbol timng estimte
mageiudes of ghanseddanshvidpa e ssaicheypdiidi ng to a maxi num

val ue; of h I [ty of ' -

ragn P SRR FOEh . § R sRyy bt BiorSIbbRYS fiptosed. The
PROES cdmimahichiionsedppamaishiacludgpinoatinnadconfigmdti @6 receive a signal

rogram product is disclosed. The conputer program .
E@V@e&;wr{ﬂm}; ted wBiBliPsrecr@adRyPEdndiiniHERAen PrcRfEPrming a
oS0 AR el S S TSRO RS DB dtnin
sadh fpace aaaplurglityhd cstmptet enagnitudesf ofhehaand gapss kefining a search
wi ndow in the search ace; and, .code.for causi th
BB BrE0S ST REee: A JHEENS B RG] HERG EEH ik fif the search

§faee %61%@%&@?% £ RkBIRRNAIUoA £ ndTB IoTUM YRI-MAY Af estimated
an energy of th

i
' e plurality of estimated nmagnitudeS of
wlagmhsies oagunaglttipsnvithie theewerch windavow. [ 0014] In still

yet a, further approach rocessor_is disclosed,,.the

oo V2o Sl REL P RER R RueD, PeRETRER SRS B APY T oY qsiiRed. The
@cﬂﬂ?ﬁeﬂ Bz RADHBESR find ek FPMBHRAtcadatiTe hitdthnh Riving code for causing
perform ng synbol timng estinmation. The nethod
# sempuichép é@ef/nerﬁ el smse dha phaektyi of estipiatpdanagnjtudes of channel

| i t,ud ; [ :

B R 8 AL S ROEL LORS, ML B sacs .
sodebfol chusingnthe ek piedr go ilo@ex a ispmbbletimarr Ghinmpatedy Od the search

%H%QUGZ ﬁg{%gs&}%ﬁ&gg glf) nagg{agir@trggl)éiuguor? a\llna lellileerg? fof %ﬂe %Pu?&%% oof]c estimated

magnitudes of channel taps within the search window.

[0012]

[0014] In still yet a further approach, a processor is disclosed, the processor having a
memory, the memory configured to cause the processor to implement a method for
performing symbol timing estimation. The method including defining a search space in
a plurality of estimated magnitudes of channel taps; defining a search window in the

search space; and, locating a symbol timing estimate index in the search space



magni tudes of channel taps within the search w ndow.

BRI EF DESCRI PTI ON OF THE DRAWNGS [0015] FIG 1 is a
whwsksxddagr am of an exenplary ad hoc w r el essPCEUSINKO82741

{9696} FIG 2 is a block diagramof an exenplary

wirel ess termnal device; [0047] FIG 3 is a packet

structure conformng to the WMedia U tra-Wdeband

&Mboﬁn@@ dar & mhARLE] V%M@ oft dnS eﬁet@? apt s dﬂllﬁﬁhty of estimated

wor | dwi de” al | ocati on of the UWB spectrum |
Buapsitideppbehepnd tapsrwithinthe &?ﬁrChW@nﬁdm’Eket of FIG 3;
[0020] FIG 6 is a block diagram of a packet/frane
synchroni zati on sequence generator for the preanble

structure of BREFDEJOREATION OF THEDRAWINGY an
aperiodic auto-correlation function of a base sequence

0015]  ysed F¥-denebdinck dagsiaaisn exgarlawrad hroopdyssprEors i s
bl
00161 oner el ReuiR M dall TR ALET AR JASETEMEN iy

[0017] FI G BlG.S8 @& aplaoket afrutthe copfrmd © the B&dMedor UktaaWidaband (UWB)

bet (gn t he base sequence of FIG 7 and the
pondi ng hi erarchi cal base sequence of FIG 8;

[0018] [ 00241*“1(? lGs atart f eRlRdvAfic LR aBHEEF ALIBVB spectrum;
cross-correl ati on between the base sequence of FI G

[0019] and aFloundedrssartdé stmo@irepﬁéleqmpk®9ﬁ61@|3qg base
neline illustrati

o001 ¢ Ra SR b B JaShpo  BreRelfio pabpRon Sdulike gencraor

for il preaavenraycteRAT HIGFS) -1 and TFC-2; [0026] FIG 12
is atineline illustrating the

[0021] acqw EIG. o agjeictimpaperindioputpreatelsgon SmetimpoBa basg sequence used
%nerate[ Olgl%%]ﬂbfg% terh3 1S a timeline illustrating the

ronfzation process for TFC-5, TFC-6
[0022] and TFIG 78 if @Oﬁ&]k Hlagrand 4f iashiarak¢hiell ibage sdduesde géricRgor used to
the acquisition/synchronization process for TFC 8,
FECrAe A RAPCTRAICNOS [ 0029] FIG 15 is a bl ock di agram of

[0023] a SV”PR'} @15% n}|510t quh% Ep&dly gFo%s ?@égﬂf(ﬁ{ bé%@z%&ﬂlfe%se sequence of

nodul e, ng est it | oh  Modu a carrier
Fi@ (W&ﬁdye ocﬁrfapdmc{ GFeraedticabbscoreqamde bf BlGe §;

h t 030] FIG K 16 ti
00261 oL RGO PR g RGBS PREEaRD Hive seppence of
Flt® AR A8 er@dn gﬂ tﬁb cclt%esgg&ﬁn 8L s[e&)&%@& FIG 17

is atimng diagramillustrating the operation of the
[0025] ti m nhl@sti nawronmeline illustrating the acquisition/synchronization process for

time-frequency code (TFC)-1 and TFC-2;

[0026] FIG. 12 is a timeline illustrating the acquisition/synchronization process for
TFC-3 and TFC-4;

[0027] FIG. 13 is a timeline illustrating the acquisition/synchronization process for
TFC-5, TFC-6 and TFC-7,

[0028] FIG. 14 is a timeline illustrating the acquisition/synchronization process for
TFC-8, TFC-9 and TFC-10;

[0029] 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;

[0030] FIG. 16 is a timing estimator implementing the timing estimation module of the

synchronizer of FIG. 15;



FIG 16; [0032] FIG 18 is a flow diagramof a timng
i ndex estimation process of the timng estinmator of
WO-2@88/03896 [ 0033] FIG 19 is a first exenpl ary PCT/US2007/082741

YpIP8Aent ati on of the matched filter of the
synchroni zer of FIG 15; [0032] FIG 20 is a second
exenplary inplenmentation of the matched filter of the

[0031] synchpmi zeg adfminkQiagkan iMMkatih@@5dpeFdtfen of the tifhi®Nestimator of
exenplary inplenmentation of a L-tap nultipath energy
E¥mdlioher used to inplenent a sliding wi ndow DETAILED

oo SESCHET L ORRS] VBV BT B, S4Bl B of e iming
¢pinaem oTEF1des®r i ption, for purposes of explanation,
nunmerous specific details are set forth in order to

[0033]  provi H¥5.al? Herodlst exaenatyaiaplagepptig of othe ppighed filter of the

be evident, however, that such

%@Eg‘ﬁﬁ%ﬁ)@;@ﬁgy be practiced without these specific

[0034] det ai FEG. 20h iothecondskangles;, inydbnektntom of ttheiotatected At of the

devj ces ar in block diagramformin order to
?yé]&kﬁopfzﬁf%fe%@g%?ﬁ}dng t hese enbodi nents. [0037] As
0035 used pG N § ARk ) MplchleBtaliGh B8 o'1C DERhth bi
100531 "nmodul e, " "syster%hl%%ggr,ld Phe Tike are i%ﬁdeg to reter o

tseddo ooplpucetra sluling ethdent i ty, ei t her hardwar e,
firmvare, a conbination of hardware and software,
software, or software in execution. For exanple, a

conponent may be, bWETAIIND DESCREETIGNDEI ng, a
process runni ng on a processor, a processor, an

[0036] obj ecVarigys axleqshimenh arc 2w Hessabedithrelstance o thy drawings. In the
elold . er. B v of || trat.i .
RUpRAaR oL Ao RN RS e bar hubHel® GbOIHE Repis aro o

foith i@aurpett tongodey iactRoroagh bedasteadin® b€ bhe oORBrORSPIBIE It may be
conponents can reside wthin a process and/or thread

eYidekebvPish Bl sichc empetiBlth(Malpalb ol BaalGedet ittt ghese specific
§QTRUL §f A / ﬁgtagéleﬁ,t Weﬁ-t%nﬁq/nb&h%ﬁgs LHP RUichPLE showen in block

conputers. 1In i on, ese conponents can execut
diagrnyfarmon srdeo npfat gitate desdabing thasdicanbodimangs. var i ous

data structures stored thereon, The conpgnents,.ma .

00371 CommuAn ESRET S AR RROR GBS IR 7GR, AP s ceiem.” and the
BMCAre@mtd e Q6 GERRANE & Vbrhputdr-RIAQRbnthaY billtbr W8dAre MAFBware, a
data packets (e.g., data from one conponent

tombinaiean 0f hwirdwaranotdheefteanponéware prasdfiveat 18yeteewyion.  For
distributed syste nd/ Qr. across. g network such as .
EET G bepSiiit T REro@ys dekd iR By bR (h B E Ry appine on @
FildCesdBr, G PRCEIEBE, adny Objkst, Us eskeb@hBleNa ttBreAB T &x@EIItInNG program,
as an0704 19U2 exanple, instance, or illustration.” .
apljorenerapuieint B agr of Héttradenibathaan applisaimarupningpn a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two 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



[0038]

[0039]

[0040]

[0041]

not necessarily to be construed as preferred or
advant ageous over other enbodi nents. [0038]

wa-enoBlsxipdr e, vari ous enbodi nents are descri beRCTHES0TI082741

P94 08RAnecti on with a user device. A user device can

al so be called a system a suBscriber unit, subscriber
station, npbile station, nobile device, renote

SRty © st A€ OFS11RRHfafbn. ”rﬁﬂ@Eﬁbbﬁﬁﬁhﬂ@éscn@&i%&n as “exemplary” is
term naI term nal devi ce, handset, host, user
n@trnwwafltrllytt@ebmmtrued@epre&g@d or adyantsigeatss aver athp¢mbodiments.
e o BB B SABC P Qe PSR G i«

s gevide.] M hlséﬂde@fteﬁfaﬁ@@be ¢HlcR)a peie, a Substtiledrasst, subscriber
| ocal Ioo% (WLL) station, a Personal Digital Assistant
St mebileatiatiagl, dneily; @f‘évl%awrn@tevﬁtart@me%ceé% RABbt eBpte terminal,

&&Qésb{e{n'n l, é%(l’am&%ﬁ QEviRL OLGSiD n%&e‘dk&%ﬁ}unﬁﬁ NBRGHAd &G agent,

W rel ess 'nodem In cértain e user

dzavlesetenmmab emaeless riesites orehsec bquipmest. d&wiscredamidehcaa HdiBeellular
mattac has rlnte order

c

Bneplaa%g es%{ SP%rf’e tlf"“Bl[lm'{rP’Q& ¢, a wireless
e 166p (\Q"LL?"SQEB ’%’Péﬁ"%ﬁapﬁ?@{al Wis§ifta £QPORN! a ﬁﬁtﬁfh@giedewce having
for exanple. [0039] Moreover, various aspects or
ealesy esnrge@Y pmbllhm@l uthnmyrobessmgpdéeam(ﬂ)e@nasctai to a wireless
nmet hod ara | cI e of manul?]act ure usi ngt s devi
2Pdegarly C%? 1H‘genEa*n JryiseaRe g FRSHCR tigEtronics device
whe 4 erwB' ﬁfoﬁbtﬁ' ﬁta@fledmd%ﬁ afétpﬁrﬁer amefed chRE&IdBr, i Busic player,
i ntended to enconpass a conputer program accessi bl e
stprriplaney mesmhigt e flagndipes deuseer efer ASf cquipmertivdth content

I onput er readabl e nedi a can incl ude but

gg%gg’ggp%a?ﬁlptlééd to magnetic storage devices (e.g.,
hard Wiosdovef, |V@ﬁ@1ys Thp&ds oﬂT&gﬁhﬁdSI des@ibtield pgrein mhy bopinpalented as a
di sks (e.g., conpact disk (CD), digital versatile disk
[oekhoy. appé)rat%nar tarele of maputapiuss WSW@wétﬁgxdaa%vmeé@mmmg and/or
éf%tgeg ng%cﬂm\%ﬁ{e% he SRY <Gl f ma&ufaok&%?g us arh'efélﬁ'ls 1ntended to
ernbodi epresente in terns of systens that
ﬁ&y)nipass aldemputoupriogranohcodesble éom eonpanpuitisicadabii tiesce carrier,
and 5 ike. It is to be gFr stood and a &ghem at ed
PhEEYEhe" Yari2BRss SPSIPUIFE T ﬁaé{} ¢ aecaad?ﬁ PRy are not limited to

efﬁ%sstorﬁgé'f@&“@é@t(é fgh TRALYiSS ﬂd})@? didke nlalok&ic ﬁﬁfsﬂ 05 dﬁ)éal disks

h
g i ncl ude al e devi ces, onents, nod
é@@l Qampmttd'lsk c(CQBu;d@tal Merscabhnél@k GVt shart cards and flash
onbi n t| 0 hesa approaches may al so be

?ﬁ’é%f]iegvf?’{ raE rléeﬁ'c Yow 't o the drawi ngs, FIG

1 i || yskio@t @SbamasRk QviBtheR6seWict &h @SSt YMetas 10 .may include a
Wrel ess network 100 can include any nunber of nobile

devbeeel devigrsdeemperentshineddutesypndithe like.udt intede ﬂmderstood and
SRRl AL DDA 308 AL BLEBRY, di, componcs
mettles,aindphoties and e niaypieo iedudd @pbOs ,dehizbd vemgonents, modules
gtg{m‘u éogt t:dgsgp%g I(}g(e)gpnfg%g)%h svlltﬂ h%nplgltlrlegg egérgbmatlon of these
approaches may also be used.

With reference now to the drawings, FIG. 1 illustrates example ad hoc wireless
network 100. Wireless network 100 can include any number of mobile devices or
nodes, of which four 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,



7 gl obal positioning systens, Personal Digital
Assi stants (PDAs), and/or other suitable devices for
w@essig@at i ng over w rel ess network 100. W r eP@BES2007/082741

WatWWEEKk 100 can al so include one or nore base stations
or access points (not shown).7[0042] In wireless
network 100, term nal device 112 is shown
gl@ﬁﬂuﬁﬂsﬁﬁ)tn'lﬂggsyﬂ'tetrﬁb tP%fﬁhﬂablg(iiﬁl/ IAGGisthAdd (IPDa\s) and/or other suitable
conmuni cation lTink 120 and wth term nal device
Jevaces dameampanicaiing ovek witekess Tiefwerkd 00 déerrfd@ssmewrk 100 can also
1ncﬁ1%e ong %mm%fr)e mt% 5 n \é\ﬁcetsg Be S ngtaslhogv% ice 118 via
conmmuni cat1on AR %E TEHT RA vices 112, 114, 116

[0042] and 1ﬂ;18wnf&1esbaeﬁr&drlacnoor edmadid deofeki O 8dsHovnacsipmdaiasteng with
with the exenplary sinplifjied block diagramof a
tseagiabdavied il giin FoMBRIBFatiqn ¢ pknil Hy jand evithe derpgigpl device 116 via
é&ﬁlwﬂmcgtlﬁl %Jﬁ%leS TEQHEQ &%Vl(l:el ?ﬂ% L0 afsg h%wn &Hl unicating with
appreciate, the precise configuration of termn
cevinak d&06e hm/vmabmmm@mmdnn@konm Hecrsipet id€vices 112 114, 116 and

lication and th raII desi const nts.
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Bdsicbdneldpionedstue 268 .t Md;drlmfeefadd:sl 210 can include a keypad, mouse, touch
screen, display, ringer, vibrator, audio speaker, microphone, camera, storage and/or
other input/output devices.

[0045] The baseband processor 208 comprises a processor 202. In a software-based
implementation of the baseband processor 208, the processor 202 may be a software
program running 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,
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[0050]

appreci ate, the processor 202 is not limted to this
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time- ' readj ng, forwa error. correction
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h’l%@ﬁﬁah@n AVIBAOY DIV écﬁ@ﬁle t& @eRsilt ikfoRREINY Aab@s 0Pl 1d6db-carriers
1/2, 5/8 and 3/ 4. [0049] The coded data is then spread

(90 rigtaacariiens-ahd éq L&lﬁ@ca@@@e) ETRSYd perbanddo &ppsroia tiie, infggmation.

B SER T2 qutoncUBeret DIREIP! onertlt 8r e fne "TtatRey-domain

&ﬂté&ﬁ@tﬂn@mwrﬁam Rpeadivayadl RyRirdtdieohasis, (FEE) ebdiad are used
to a i me- Frequency Interleaving (TFl); and, one

e e thendate sriesd Thes BEGasedis 3 gonvolutional code with coding rates of 1/3,
1/2, 5/8 and 3/4.

The coded data is then spread using a time-frequency code (TFC). In one
approach, as promulgated by the ECMA standard, there are two types of time-frequency
codes (TFCs): one where the coded information is interleaved over three bands, 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



transmtted on a single band, referred to as Fi xed
Frequency Interleaving (FFlI). [0050] Wthin each of
wa beshi21gde four band groups, four tine-frequenRyr/Usmes082741
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Si m ar auto-correlation functions. In one
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[0056] to paﬁ(‘?]t’}’ AMystrals HAEQ rﬂﬂhcﬁ hAG&RtreRtioh '3)? t?er @E&%‘@eﬁh@t{ce Spase L 71]

Into a |erarcysotatteco 'exit

daeapbnProOcHTS 18t OHRE BREakby&ncks n’fa?d}ﬂ&»%dsmﬂ%f %{d EWdrelation
to the figure, a first binary sequencé { [], 0, 2,

fungBons. i kn ensr syadhroyization approach, the excellent auto- correlat1on property is

[0052]

exploited. For example, the base sequence is generated from a hierarchical base
sequence generator 800 as shown in FIG. 8. The basic premise behind using a
hierarchical sequences is to partition the encoding process at the transmitter into a
hierarchy so that the complexity of the decoding process at the receiver is reduced.
Referring to the figure, a first binary sequence {a[k], £ =0,2,:--,15} is spread by a
second binary sequence {b[k], k=0,2,---,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
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[0059]

[0060]
[0061]
[0062]
[0063]

second binary sequence { [ ], k =0, 2, , } with a
spreader 802 to generate an internedi ate sequence
algoszed erred to as a binary hierarchical seRUiBH828)7/(82741

%@ﬁwpz k =0, 2, , 127 } of length 128. Then, after

taking a fast Fourier transf otdn (FFT) of t he
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Vi ew, FIG. 11 - FIG 14 illustrate
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dddaishkion tiffelidd 11106 Ust MRS AR '@PQW Sule) 01'2 Hlu@ﬁﬁtbé"%n acquisition
1300 for TFC 5, TFC.6 and TFG- 7, and Fi G

tlmlehm 1 200efor S Grd quid STRG-8n KIGmd BiiHestris®anf 'mquﬂiﬁ@n&lmehne 1300

B T8 ek TR TR Ane Ei o F lsiftetel i @it altefing 4400 for

Theee TFepanad BFEant s: [0060] 1. Packet detection.
[0061 Timng estimation. [0062] 3. Carrier

fr equéﬁ@vntﬂ‘ ingwdly toEHy. b thamion pynehepnizagiag tasks can separated into
E%g&gié%h%on [ 0063] As di scussed above, the ECVA
vides for multiple bands and, as
. Packet detection.

2. Timing estimation.

3. Carrier frequency offset (CFO) estimation and frame synchronization.

As discussed above, the ECMA standard provides for multiple bands and, as
seen from the timelines for all TFCs, a receiver will by default dwell on Band-1 before
packet detection is asserted. This is because before packet detection, the receiver 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
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[0065]

[0066]

[0067]

seen fromthe tinelines for all TFCs, a receiver wll
by default dwell on Band-1 before packet detection is

w@s®ensatk This is because before packet deteck@DHS2001€82741

Y@¢€Pver has no know edge about the correct timng to
switch to other bands (if it lls in the TFl node).
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anal o%hto digital converter 7)} 1504, a matched
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111%; S s1§1§11§bc§ ‘éy§§@v§in %?%V@nar%etraﬁ:hwa?s u%ﬁ@:r §AH €600 of FIG 19;
structure of bi nary sequence {c[k] }, however, the
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shown i.n i.na hi erarchi c e NE of )
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in FIG 20, which in one approach is an FIR ilter

Ioi gt t32Re trapid dakiay dfi theSprehilBIeGhast nctin@ice Oﬂﬂmﬁiﬂsbase ) As
approach, the matched filter coefficients g[k],

bscrved, fok AT thé p@inbleObdsb 8cqurubele Row@dbi ok] §)fontyhﬁkes Values from
preanbl e base sequence Round(s base [&%af. As observed

{2, 4l 0} tkich rhe@n‘m ecdnas ércsleqdrearc e:smpl%mydué smtialsle:ap]n) by 2 can
ﬁnl t akes, val

whi.ch to
BUCHFUIYR HPE!I\%‘P@@ {i‘ef&.swtlé% hﬂﬂltf i p‘P Sﬁ’ata? offcthynof1G. 10,
I I
NG CTY R b RRRIRE AT b fou il Buse scquence
gggggt 121 P HBhpRRS S of Ihe Bt PO RREAs Mk Nt Mhatched filter

se quence
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.



base - The conplexity of the two different methods for
the matched filter inplenentation is summarized in the
WO loBosaing tabl e: [0067] Table 1: Matched fil tBCT/US2007/082741
Pipl%EFent ati on conparison. 0704 19U2 12 [0068] The
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[0069] Thé @h@)ﬁit foﬂth@ MP Llﬁpéltls pRyccked Ebsp Eﬁsﬁﬁﬁnﬁg un#2750800DBhoting the
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i mpl enented as an L-tap nul#qd path energy conbi ner 2100
as sh

wn in F 21. The L- t . MU at h ene
00711 5oy nofe ohtiopiba ek FrPBIE Ui Eher Sty be gidermed to
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used by the packet detection nodule 1510 and the
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the first step in the sy% ro h process is for
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wiralowi eritpef. eldei bfet inmy bﬁidmlenqzﬁetbasaért lettapamuliipath qretgyetombiner
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wﬂibmat ¢ BAf ﬁ&ftﬁwceowmu sl SdRapd & tlf[l@l@PS‘]lmFill@ megule 1540.
N
[0074] :ma USAE %?%g%@h?%é%ﬂ?% ?s'&%f)h é{ 91' ”%ﬁ{%ﬁ {E%é?#t{ p}c?c%Qs (ﬁji‘?éer the packet
a&édglonngdvlélt ﬂﬁl@t@iggbﬁ&hg prebefd ofm{éaldbpac&eﬁ [l(;lﬁ(sh pgket detection
ow uni t Tl n et ector
%Hvlet}éq%%ﬁll APFER mgﬁgc{] C?aon f@nalgtﬁé hg ﬁ%ﬂ}ggesegﬁtlﬁﬁmdule 1540
é—f@goa HILPRES: TR BeRR eRclhe Eﬁﬁéf‘ﬁchl‘?f e %a&éet ABtcEfioh is asserted

w ndow
(i.e., the packet detection module 1510 has indicated that a packet has been detected by

[0072]

setting the det_flag to a logical true), the timing estimation module 1540 is enabled.

[0075] FIG. 16 illustrates an exemplary timing estimator 1600 that may be implemented
for the timing estimation module 1540. The timing estimator 1600 includes a sliding
window (SW) unit 1650 and a timing detector 1660. As will be explained using FIG.
17, the timing estimator 1600 attempts to locate the best location of an FFT window
such that it can capture as much of the channel energy as possible.

[0076] As discussed above, the EGC operation may be performed to collect energy
for multipath channels. In WiMedia UWB, the length of the zero padding (ZP) for each
OFDM symbol is 32 paths, which means that there are at most ZP+1=33 consecutive
paths that can be captured. Thus, a sliding window of 33 (i.e., N =33) is used in the
SW unit 1650 for the timing estimation and the EGC operation may be deployed using
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such that it can capture as nmuch of the channel energy
as possible. [0076] As discussed above, the ECGC
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Table 2 : TFC Dependent ?@Lran% ef 1f69r Hi m ng

Estimation. [0079] The maxi mum val ue anpng the N3

out puts fromthe SWuni 54650 |s tled nost energy that

can be captured, andthg CpyresngW@iizg | ndex is

identified as the value of a variable TIMNG |NDEX. In

one appr ckatfe 2t TEECeBeptmdeuhP@lfamﬁer farnkiming Esmiation.
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X An ope [49p@pth. thoosaptiqn Rf K fipEdetector 1660
ﬁltﬁ Be 1&181%%%11‘[611 ngQQx?RJllo}ng pseudo code:

TIMING INDEX = 0,

MAX ENERGY CAP=0;

for(step = 0; step < N3; step++)

{
if (input[step] > MAX ENERGY CAP)
{
MAX ENERGY CAP = input[step];
TIMING INDEX = step;,
}

}

where input[step] is the output from the SW unit 1650 (which is the output of the
multipath combiner for 33 samples), and MAX ENERGY CAP is the highest detected

value of the captured energy from the SW unit 1650 in the N3 outputs encountered up to

the current iteration.



[0090] where input[ste/?] is the output fromthe SW

unit 1650 (which is the output of the nmultipath
wa@wbsese f or 33 sanpl es), and MAX ENERGY CAP PGI/US2907/082741

#O4WESt detected val ue of the captured energy fromthe

SWunit 1650 in the N3 out put¥ encountered up to the

current iteration.0704 19U2 14 [0091] FIG 18
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NERGQY CBHp thempitesatioanepnginees Wih isisprlSianybere Bye window for
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tikn thierns tefey aBdabl e is not I ess than N3, which
i ndicates that the multipath conbi ner wi ndow has
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4566 a3 oitputS\Wndrih¢ vdl6S6f th veriatde EIMEYG gMDlé‘ém dugput.
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bRbi@ rem Bafd wayr drecfly bppades ofietlBdRAr e, m crocode,
or ani/! conmbi nation thereof. Wen the systens and/or
S

[0096]  net holisisarte berpimsiewstodd that St cwdpdimaniy Wrsgribed herein may  be
@ﬁ%@%@& elg;ﬁrhéi‘h%r%c OBfwaP!, OBEATL&O AR REE microcode, or any
gnent s, ey nay be
combination thereof. When the systems and/or methods are implemented in software,
firmware, middleware or microcode, program code or code segments, they may be
stored in a machine-readable medium, such as a storage component. A code segment
may represent a procedure, a function, a subprogram, a program, a routine, a subroutine,
a module, a software package, a class, or any combination of instructions, data
structures, or program statements. A code segment may be coupled to another code
segment or a hardware circuit by passing and/or receiving information, data, arguments,

parameters, or memory contents. Information, arguments, parameters, data, etc. may be
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stored in a machi ne-readabl e medi um such as a storage
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interpreted when enployed as a transitional word in a

claim0704 19U2 16 CLAIMS WHAT IS CLAIMED IS: 1. A

nmet hod for perform ng synbol timng estinmation

conprising: defining a search space in a plurality of

esti mat ed nagni tudes of channel taps; defining a

search wi ndow in the search space; and, locating a

synbol timng estimate index in the search space

corresponding to a



maxi mum val ue of an energy of the plurality of
esti mat ed nmagni tudes of channel taps within the search
warmdos19®2. The nethod of claim 1, wherein thePGEHSNT/082741
MOAd8W has a size based on a | ength of a padding for
an orthogonal frequency divistfn nultiplexing (OFDW
synbol. 3. The nethod of claim2, wherein the padding
is a zero padding. 4. The ggtApgsof claim 1, wherein
t he search space is based on a frequency hopping
B&ttern. 5. The nethod of claim4, wherein the
RATISGYLAGMEN S patt ern conprises a time frequency
code (TFC). 6. The nmethod of claim1, further
o A . y - of
Eory el Iot MERIrRl Ik i ERALCE TGt IHIBRPEL cearcn
W ndodefininglet@ireh spacd imen @oeatigyyof cdtimited naphitodesaff chdmichaps;
6, further conpri sj assigning a weight to each of
the pfefere? SROFRL IR R TostScaieh sageegt gni tude of
channglead:@Ps sihbdli fninbes8RGRINM RAAWscch SPhcBRBAEGHSing to a
for perform ng synbol "timng estimtion conpri sing:
meamsuni ypludeffiani angrey ofehe phirglpsied csiimatedngagaltides afchannel taps

esti mat ed nitudes of channel taps; neans for
83%@&?% @%a§§5P8W>mnndom/in the search space; and,
means for locating a synbol timng estimate index in

t hertzeadtidd SMAgie TovHeesH ttciehfhtviindowrBXd 4B bakd en @flength of a
an energy of the Iuralit%rof esti mat ed magni t udes of
Raidineeior pmpehegonpl fiequsacys@xistn mplHalewing 10X ?mepl-g.

The apparatus of claim8, wherein the search w ndow

a : [ for an
ST TS gEER B R RE R ety R b oy
synbol . 10. The apparatus of claim9, wherein the
paddiemgethad of danol,pdddéinghe starch Fhaceappacdius fofquehcyi hopping
wherein the search space is based on a frequency
ﬁ%ﬁﬁ?ng pattern. 12. The apparatus of claim 11,
wherein the frequency hopping pattern conprises a tine

51 etideng Mo et@aitnl4;@herdis thelfh@uan@aichipits itte@l @niPrBes a time

further conprising neans for conbining a predeterm ned
frodrsaey e9deddF ot ed magni t ude of channel taps within
the search wi ndow to determ ne the energy.

6. The method of claim 1, further comprising combining a predetermined number of

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

7. The method of claim 6, further comprising assigning a weight to each of the
predetermined number of estimated magnitude of channel taps within the search

window.

8. An apparatus for performing symbol timing estimation comprising:

means for defining a search space in a plurality of estimated magnitudes of
channel taps;

means for defining a search window in the search space; and,

means for locating a symbol timing estimate index in the search space
corresponding to a maximum value of an energy of the plurality of estimated

magnitudes of channel taps within the search window.



14. The apparatus of claim 13, further conprising
means for assigning a weight to each of the

wpe@desasai ned nunber of estinmated nmagnitude ofCTHS2INE082741
AU t hin the search window. 15. A wirel ess
communi cati ons apparatus conpti sing: an antenna
configured to receive a signal having a synbol; and, a

g0 nltﬁe%pﬂﬁﬁl@ ®$ 81alm SOWRERH the sdahéh RIHIBANAs hQlze based on a length of
performng a net hod’ f or synbol timng estimation of

# heddiggrissian ottheganet fieghcoenpivissemgultigeing R RM3 sxemlbH.
space in a plurality of estimated magni tudes of
; [ ' search
I ook RS pr Ol 0 BBy RREp Sl RS bl PRACE"
the search space corresponding to a maxi mum val ue of
ah TEreppyrans of blimBuwhdrecinthebeaedt spaed sdasmigm 4 frepenof hopping
channel taps within the search wi ndow. 16. The
R#te8t-ess conmuni cat i ons apparatus of claim 15, wherein
t he search wi ndow has a size based on a length of a
PRAH NG pE fus 3 cRlh W@gﬁlﬂ@}!:mftﬁ@ﬂb'(ﬁﬂ:ﬁyy AbpHisd Pftern comprises a time
mul tip eX|ng g synbol . 17. The wreless
oumeney eede (AHS).appar at us of claim 16, wherein the
paddlng is a zero padding.0704 19U2 18 18. The
r n [
m ﬁge gﬁar%&%‘g 8lgﬁﬁ‘§ % g@@&@riﬂs‘iﬁ 68{% ﬁiéraéq@b]lémﬁ WL Rt mined
mahba’rdﬁestilrﬁated' hegitide! FsBartenapfivitain the Seaﬁiﬂpﬁfrﬂlbw&o @ttermine
claim 18, wherein the frequency hopping pattern
H§#pfies a time frequency code (TFC). 20. The
Wi rel ess communi cations apparatus of claim15, further
Ol gﬁgtug QFPiath 79, RrtREEYRE éﬁ’fsfﬂ '}ﬁgang 'f(gfba%gl 1Q1fn a weight to each
esti mated magnitude of chann §ps w th he sear%
of thd pwedeerieied nninber ¢offpstimated gyagnitade dﬂtélaxmai ¢édpesigthin the search
co ni cati ons apparatus of claim20, further
Hﬁgg?sing assigning a weight to each of the
predet erm ned nunber of estimated magni tude of channe
1806 wikeldd$ Sorh@niS e ﬁpp\érblﬂl@%mgﬁsm conputer program
product, conprising: conputer-readal | e nmedi um
conpr #1 arﬁgnnacc@aﬁgwréd t%r@s@ve@ signaldiyinger sy oleine a

sear CQ coliftt %rdc@ss%r Qé)lff)rl&i ﬂottpfe Qt{tenna for performing a method for symbol

timing estimation of the symbol, the method comprising:

defining a search space in a plurality of estimated magnitudes of channel
taps;

defining a search window in the search space; and,

locating a symbol timing estimate index in the search space
corresponding to a maximum value of an energy of the plurality of estimated

magnitudes of channel taps within the search window.

16. The wireless communications apparatus of claim 15, wherein the search window has
a size based on a length of a padding for an orthogonal frequency division multiplexing

(OFDM) symbol.

17. The wireless communications apparatus of claim 16, wherein the padding is a zero

padding.



esti mated magni t udes of channel taps; code for causing
the conputer to define a search window in the search
wapmees21and, code for causing the conputer to POUDHS®OH082741
g@ﬁ%&? timng estimate index in the search space
corresponding to a maxi num val®ue of an energy of the
plurality of estimated magnitudes of channel taps

M.tﬁﬂenmm@ss%Sﬁlhﬁﬁid&iaﬁsoa%fp_a&als oF RIS SMEreiCOERELrS §ce is
a nmenory, the nenory configured to cause the processor

baseil apladragnenca heppingdattern. per f or mi ng synbol tim ng
estimation, the nethod conprising: defining a search

i ity [ . nj S ;
PR BBl BRSO WRL® gy oroie
ppeeecompiikes hoieat freygiecysaodb TFC).mM ng esti mate i ndex in
the search space correspondi ng to a nmaxi nrum val ue of
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a predetermined number of estimated magnitude of channel taps within the search

window to determine the energy.

21. The wireless communications apparatus of claim 20, further comprising assigning a
weight to each of the predetermined number of estimated magnitude of channel taps

within the search window.

22. A computer program product, comprising:

computer-readable medium comprising:

code for causing a computer to define a search space in a plurality of
estimated magnitudes of channel taps;

code for causing the computer to define a search window in the search
space; and,

code for causing the computer to locate a symbol timing estimate index
in the search space corresponding to a maximum value of an energy of the

plurality of estimated magnitudes of channel taps within the search window.

23. A processor, comprising:
a memory, the memory configured to cause the processor to implement a
method for performing symbol timing estimation, the method comprising:
defining a search space in a plurality of estimated magnitudes of channel
taps;
defining a search window in the search space; and,
locating a symbol timing estimate index in the search space
corresponding to a maximum value of an energy of the plurality of estimated

magnitudes of channel taps within the search window.



