WD 2005/ 074224 PCT/ US2005/ 002544 1 TI M NG ESTI MATI ON | N AN OFDM RECEI VER
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit of WOIMWH&2#si onal Application Serial No. 60/ 5SRO0 | ed

"I nproved Initial Timng Estinmation in afp OFDM Receiver," filed on January
28, 2004. This application is related to U S. Application Serial No.

11/ 020,413 (Attorney Docket No. 040134) entitled "Frame Synchronization and

Initial Synbol Ti mmﬁ St NETRN (gigﬂmldkﬁ ' n Decenber 22,
2004 and is also relat eglﬂ?o %ﬁoﬁ cat?gﬁ erra dEtgﬁgl 324
(Attorney Docket No. 030569) entitled "Synchronization in a Broadcast OFDM
Systemusing Tinme Divigs] ! | | "o gust 3, 2004.
The entireties of the @@gﬁﬁﬁlﬁ&%@w*‘gjﬁp&*@f porated herein
by ref er ence [008ACKGIGiMNBplidatiofrcRirk the 88Tt e ST BroligithAloA silie&tionetion el at es

general ly to_data_comunication and nore particularly toward signal

acqui si ti on MedoYyHLR6mtited {Improved nity dlinging Bstimptimoiajan O Reseivg,”

i ncreasing d ' ;) ; el bl ' [ st ens.
Today, data l?i ﬁ%’%ﬁ%’??gﬁgﬂgﬁ %‘%?gr@%lﬁf} lfllre%?#r%gllo% ?‘e i#ek’ep osr%ggl Iiés/ wel | as
deskt op or pdiN2HAE GdtomeayddeketANo. OidB4paditied “Franie Sgndhpadizipn endInmited, it is

foreseeabl e that, t.here, will.be, incre nd fromath i cation
devi ces soneswg%#lwg ‘ﬁ%’%’dﬁ’ﬁ@&f‘“ﬂﬁ%‘%@eggn t’f’c : agéﬁ8%| e,
devi ces not @lsb kedated 1o W.BOMBlicalidn Setial NONIDY1 G2H ( AftordleyDEAGt NYA30569)
appliances as well other caonsuner devices, wll generate huge anmounts of

data for trasatiHedsSyehronization maBroadosst DM Sysimasingdime Division as nobi | e
phones and p BleddiQist SsiAs S0 Dg&) . | not only
be nore pr e%‘f‘e t eg(tﬁlﬂgfgllge%emn%ﬂﬂa’pr g{e en?ngﬁggfcf\%gﬁﬁé?egﬁgﬂégport | ar ge
and conpl ex applicetieustareiacaxpatated hereindyyirefergqued. i cat i ons. [ 0004] Wil e data
traffic can be transmtted by way of wire, demand for wreless

comuni cation is currently and will continue to skyrocket. The i ncr easi ng
nobility of people of our society BRCRKIGROUNDat technol ogy associ at ed
therewith be portable as well. Thus, today many people utilize nobile

phones and Pbas f Bieldoi ce and data WO 2005/ 074224 PCT/ US2005/ 002544
[0002]  The following description relates generally to data communication and more

particularly toward signal acquisition and synchronization.

1L Background

[0003]  There is an increasing demand for high capacity and reliable communication
systems. Today, data traffic originates primarily from mobile telephones as well as
desktop or portable computers. As time passes and technology evolves, it is foreseeable
that there will be increased demand from other communication devices some of which
have not been developed as of yet. For example, devices not currently thought of as
communication devices such as appliances as well other consumer devices, will
generate huge amounts of data for transmission. Furthermore, present day devices such
as mobile phones and personal digital assistants (PDAs), among others, will not only be
more prevalent but also demand unprecedented bandwidth to support large and complex
interactive and multimedia applications.

[0004]  While data traffic can be transmitted by way of wire, demand for wireless
communication is currently and will continue to skyrocket. The increasing mobility of
people of our society requires that technology associated therewith be portable as well.

Thus, today many people utilize mobile phones and PDAs for voice and data



2 transmssion (e.g., nobile web, email, instant nessaging...).
Additionally, grow n nunbers of people are constructing w rel ess honme and
of fi ce net gm%{qqdz urther expecting wirel ess hotspot SPEBUSHEIN0SH Nt er net
connectivity in schools, coffee houses, 2airports and other public places.
Still father yet, there continues to be a |arge-scale novenent toward

I ntegration of conputer and conmuni cation technology in transportation
vehi cl es suc hraﬁéiniﬁﬁérﬁ%e.gb,@ﬂétﬁle vdbpéR4l), iristadd MessaBhL . ).| RABHSRIMNG CgroRingCOMPUL i Ng
and commruni cati on technol ogi es continue to becone_nore and nore ugi qgui t ous

demand wil | dYRPEHEEPeplq a6 peptucting wirslesyhigrag andoffieanetvorks prgd further) ar as it
Is often the F&ﬁ}, ' | %{m{g | | [ 0005] In
general , theex rel%gil%%%)ém}ﬁrﬁdﬁ?%ggflo%ﬁwgrﬂ%ggggonﬁnc u ggﬁggﬁﬁ’cgﬁgéen &r’ and a
recei ver. Theirpentscand othed publicgdacdsit Stilbfurther yat, theer contipuesito baallasgebsalquent | y
transmts that carrier .signal. over a transm ssion.nmediu e.g., radio
frequency). TRECPSRIpYard qltgg:?h%thoﬁpgngbtgﬁa& W@%“&f“aP%%'gF’%%t"ﬁe carrier
signal over tth@sgoftatieiVehfeles Budhadiciy) boB] flandd Atirdihs; bdcATn dsserichas cOBPUURD! | S
tasked with synchronizing the received signal to determine_ the start of a
si gnal , i nf oriRafoBmUBISHioR;terbaologics pRntiBNGQ becomgmogaed Hore WHQWHIBNS t he si gnal

contains a . X Vel ﬁﬂﬂé' ' S, : ' Lse,

i nterference ang otiﬁgeb\rpﬁ#lg{:t{)ors. %esplﬁ?l&%@ﬁdl@gﬁ?é@}:@?&?ﬁg%ﬁher nmust
still detect mostprdetival ind cohvenient goramunication mediupr.et t he content to enabl e
comruni cati o 00 At _prgsen there are nmany conyentional spre
frequency m)g[g?dg?, o] %%ﬁn@?%{eéegs %ogx?q%mvéaﬁgp BEPé’c‘ES “V%ﬁf‘ﬁs P?-}ﬁggeq &ﬂﬁgﬁ ogi es,
the power of raceiv@t.r Thi seadd modafagds dathiod carrigNéipnal endsqubeterly tRnkafto@ak acr oss

a large transm ssion frequency, band. | This spreadi ng is_advant ageous at

| east becaus E2HIFE FigRyl QR # tEansBission mediyay{&ga radio frequelvid- The woevens ehse due
to the small : @@ﬁg j L -@y@)&a - g,y\ﬂl ‘R0 W th such
conventi onal @@Eﬁ%mngbrg t a%gﬁg?#gra? del a{ylmé‘%?%’é‘sg eggglgfn' il?JrIf?g]rference
anongst a pl pagicilaylyghe reseiver. is (aSKdiAittyechyénizing thetregeiied dignaldp deteynigai ni ng

commer ci al acgeptance .i s,orthogonal  freguency division nmultinpnlexing (OFDV.
OFDM i s a partg‘f #@‘?0 5%%15}3}18 °“€8Wﬁ‘&ﬁﬁ?@%&‘f‘8f$"§c p Plénoe{%?ﬁ séﬂ'-aPat e data
streamis spldohtafh¥@inedsagar HoweHT S hcl@bnizationay cofpliCated byemoide, inefetdnanism t t ed

si mul t aneousl y- over multiple sub-carriers spaced apart at partjcul ar

frequenci es cindpBseiactons, Despite sush obstaclss fhe peeiverapysb sidl] datech plidentdy the

ort hogonal i tysi@%f%ﬁ?&e@?&%coﬂehmmanSxﬁﬂH@d%ﬁ.es mnimze or elimnate
crosstal k or nterference anongst conmuni cation signals. In addition to

hi gh transm S6006) r aAtpresent, there are many conventional spread frequency modulation

technologies being employed. With these technologies, the power of a narrow band
information signal is spread or enlarged across a large transmission frequency band.
This spreading is advantageous at least because such transmissions are generally
immune to system noise due to the small spectral power density. However, one known
problem with such conventional systems is that multipath delay spread begets
interference amongst a plurality of users.

[0007])  One of the standards rapidly gaining commercial acceptance is orthogonal
frequency division multiplexing (OFDM). OFDM is a parallel transmission
communication scheme where a high-rate data stream is split over a large number of
lower-rate streams and transmitted simultaneously over multiple sub-carriers spaced
apart at particular frequerncies or tones. The precise spacing of frequencies provides
orthogonality between tones. Orthogonal frequencies minimize or eliminate crosstalk or

interference amongst communication signals. In addition to high transmission rates,



WD 2005/ 074224 PCT/ US2005/ 002544 3 and resistance to interference, high
spectral efficiency can be obtained as frequencies can overlap w thout

nut ual i nt eMAAEHYA2241 0008] However, one probl em with OFFSI/ES2H054254 s t hat
they are especially sensitive to receivgr synchronization errors. This can
cause degradation of system performance. In particular, the systemcan |ose
orthogonal ity anongst subcarriers and thus network users. To preserve

or t hogonal i t Yand td3fstant@Saeiférencehigh bRRIrARERIIMRY cAR'SE ofifinedat Tt aRiesed. | n
sum receiver synchronization is paranmunt to successful OFDM

communi cat i orfén oywlep FitheptIaytaligferfererdser e i s a need for a novel system and
met hod of exp@ghgii o oBlhwitOF x=Tne ' Lan. SUMVARY
[ 0010] The f(F)[I I (;t]\_/vi ngﬁ%vgeéggr?%gﬁggm npiﬂ?PFggi s&%mrilﬁig{llﬁ%{ g%@%h%?ovi de a

basi ¢ under serstitiertg restivermynchaenpzation emord. Ehisoah canst degdidatiorefisystirar ei naft er .

This summary _ | t lwve overview nor is. it intended to identify
key/critical pgﬁﬁéhﬁ%%%lp%cgiéﬁéhe %W&gﬁﬁ)lsgo PEGPAILY, Ao %8%81369 or
principl es i nha meiwgk ufdre dTd preserasortoporalityditie tr@ndnfifter 8 kg @6 vir et be
description that is riliented [ater. [0011] .In an aspect, a nethod of timng
esti mation céﬁ%é‘i‘%‘%@%r B, FeRGIVET SMERrgRizaiion if pasgpowt cessful QEBM:  sone

bei ng associ gheghuiichflor, P | ot synbol, generating correlation outputs
formng a correlation curve fromthe signals and del ayed copi es thereof,
detecting a [{600%ht i ahccorshmplndherelisa netd fonae novel systean amhmethod ef dxpeditiowsr r el at i on
out puts, and I. 1} traili.ng.edge of the curve fromcorrel ation

out put s. [001???%1ﬁ&aﬁ%ﬁﬂgfmr§§%§fr&?%§8‘nput er inplenented nethod of timng
estimation conprises receiving broadcast signals that transmt at |east a
plurality of wireless synbols, detecting a potential |eading edge of a
correl ator output associated with a fﬁwgl% | ot synmbol, and detecting a

trailing edgqopfo)t Nerabnhit Bresétd Phtinplifibhiimainrhdr brod iR bhasic @ COMPUL er

i npl emented met hod of timng~estimation conprises receiving a stream of
br oadcast i npuiderstanding ef seme|aspests and mupbéxbinenys diselossid diersihafton. tThissupiniasy synbol |

Phe signal's. anactaBesSa RS b3 i emed kit Ry Plicat S dtegple he
correl ation qupoge isad preskmt Sothé Cu@cepts dsrq:frhbipps arpsimpfifiéd ot s & preRide @itheur ve.

[0014] In another, aspect,.a timng estipati on system conprises a del ayed
correl at or  more detailed description that is presented later.

[0011]  In an aspect, a method of timing estimation comprises receiving a stream of
input signals at least some being associated with a pilot symbol, generating cotrelation
outputs forming a correlation curve from the signals and delayed copies thereof,
detecting a potential leading edge of the correlation curve from correlation outputs, and
détecting a trailing edge of the curve from correlation outputs.

[0012)  In another aspect, a computer implemented method of timing estimation
comprises receiving broadcast signals that transmit at least a plurality of wireless -
symbols, detecting a potential leading edge of a correlator output associated with a first
pilot symbol, and detecting a trailing edge of the correlator output.

[0013]  In another aspect, a computer implemented method of timing estimation
comprises receiving a stream of broadcast input signals at least some being associated
with a pilot symbol, generating correlation outputs that form a correlation curve over
time from the signals and delayed copies thereof, detecting a leading edge of the
correlation curve, and detecting a trailing edge of the correlation curve.

[0014]  In another aspect, a timing estimation system comprises a delayed correlator

cdmponent that receives a stream of input samples, correlates an input samples with



conponent that receives a streamof input sanples, correlates an input
sanples with WO 2005/ 074224 PCTI US2005/ 002544 4 del ayed versions thereof,
and gener at 3O 040743241 i ty of outputs form ng a correl at | BEIUSNPSM92544 | eadi ng
edge conponent that receives outputs, cogpares the outputs with a

threshol d, and generates a signal if it detects a potential |eading edge of
the correlation curve, and a trailing edge conponent that upon receipt of

the signal f rdeliyéd eersi6ithérbdTPdrdRn &P L PRAiGE S Tadiuesfoafidp biceRaktiaut puts to
the threshold to |locate the trailing edge of the correlation curve. [00151
I n anot her a$PBE: 2 leading edgegompencnhtipliscedyrs PuipISotppINatss shaAsmEs With ar ecei vi ng
a stream of g4 - DOl eﬁt'&] - ' hoa pil oot
synbol , rrean?ug%ﬁg&cﬁSﬂéﬁ%érng&%ﬁga%égg%rlgtgﬁe%%am pu isaeraglrn g%&ﬁdeﬁﬁs‘f%na argt}%nd
del ayed copi esrvehandedfailingwige nempnefitdhat dporerteipiopfahd sigmdl figmealkpe and a

trailing edge from.the correl ati on oufputs. 00 | n not her aspect, a
ni cr opr ocessd? o gomppanant ‘i"H’é’%e‘?"#‘@?{Ef?‘BP&‘s T?éﬁ% %‘F%P%‘gt‘%ﬁ’ﬁ%‘? d of tining
estimation caRflingede §RREEqIdABneveel ation netrics from signal sanples and
del ayed copi es thereof, and detecting a |eading edge and a trailing edge by

conparing t hdOM&H r i dB apether asproh &iiaming etiguion syskemyeompgiset means Ly jecelving syst em
of timng estydmlhaPsi :{t'léa%tsa[ﬁorfiéx{ %wﬁ&ﬁ%ﬁ%ﬁ&@ﬁ%a@%ﬁéﬁﬁﬁl dhephdiral ity

of data packets conprfsing at least a pilot sy cdénponent t hat
gener at es corfoegeatiabmg cxatelatios oftpoinfionethe sigoalpamsidetayed eopidsithateofcamdponent t hat

anal yzes the netrircs overtine.to determ ne whether Il ot.synpol has been

recei ved, thd™gf¥ B’FEWIMFW% SF%%ﬂnﬁﬂﬁﬁﬁﬁﬁgfem@ﬁgwqu%“&m ues

consi stently [0dKs}S tIRa8t @hotHef &pB&] SimicPdprécebdor Miat eXetiRey inffuctibidss f ol | owed by
a nmetric values greater than or equal to the threshold for a second nunber

of tinmes, folnedpaengy methodiod tiping esEmationromprisesigeperptingcomglation metrichr eshol d
f oy . . _ !
e 7ol ooy SR By b 8PSy B0 T 08 OBl Y Bl B o o001 o

and rel ated stratrve aspects an ts are
descri bed hertsiiling edgebycmuparing themétricste aflokshold. ng  description and the

other aspect SHIT  oRGEHEOUSH P » PP Y NEPG AEOIFARSRES FER descr | pii on
and t he appenggfhosn®Ha@sei esGlirdl of Bathk packets demprishagd Atd¢ast 4 FIR2MITIY. 1 is a

bl ock di agram of coarse frane detection system [0021] Fig. 2a i1s graph of a
correl ation cAfegendicampanenythat senErates sommlationapging the data packets, a third

component that analyzes the metrics overtime to determine whether a pilot symbol has
been received, the pilot symbol is received upon detection of metric values consistently
less than a threshold for a first number of times, followed by a metric values greater
than or equal to the threshold for 2 second number of times, followed by metric values
consistently less than the threshold for a third number of times.

[0018]  To the accomplishment of the foregoing and related ends, certain illustrative
aspects and embodiments are described herein in connection with the following

description and the annexed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]  The foregoing and other aspects will become apparent from the following
detailed description and the appended drawings described in brief hereinafter.
[0020]  Fig. 1 is a block diagram of coarse frame detection system.
[0021]  Fig. 2ais graph of a correlation curve in an ideal single path environment.
[0022]  Fig. 2b is a graph of a correlation curve in a real multipath environment,

[0023]  Fig. 3 is a block diagram of an embodiment of a confirmation component.



100221 Fig. 2b is a graph of a correlation curve in a real multipath

envi ronnent . OC%'OOZﬁJé Fig. 3 is a block diagram of an enbodi nent of a
confirmati oW it . WO 2005/ 074224 PCTI US2005/ 002544PCHUSH0BWISHE g. 4 i s
a bl ock diagram of an enbodi ment of a trailing edge conmponent. [00251 Fig.
5 is a block diagram of an enbodi ment of a del ayed correlator conponent.
100261 Fig. 6 is a block diagram of an enbodi nent of a fine franme detection

system [ 003@d24Fi 9-Fig. 4§ amcfckqwgdmftan@mw&@éfﬁ&ﬂuggéd e boipiche frane
detection nethodol gg 100281 Fig is a flow chart diagram of a | eadi ng

edge det ecti d#023kt h 5I50‘§9‘b1°°f‘@€§‘ﬂﬂf“ﬁ"@@@@%t?ﬂwlmﬁ‘%m!ﬁ@gram of a

| eadi ng edge & Eﬁﬂeﬁl{mt lon and flat zone detection nethodol ogy. [0030] Fig.
1 Cais a flowchart diagramof a |eading edge confirmation and flat zone
det ecti on net[6@Red| odiig. 6h®@:b101:kﬁlagrmoﬁanlembadmﬂwmfcﬂﬁrdﬁmhamammysm eadi ng

edge confir f ecti t hodol 2] Fig. 11 is a
flow chart di g%f’im ggg —} %anggm%fagéﬁslﬁo%? %89%5‘8"0“ [0033] Fig. 12
is a flow chahdthdlioRigyam of a frame synchronization methodol ogy. [0034] Fig.
13 is a schematic block diagram of a suitable operating environnent for

vari ous asped%zsénd Kigstia oo chart disgry ofi4 lgadingiedge deteqfiongnetiadgiogn

enbodi nent of up f fﬂﬂ% 00361
Fig. 15a is |ag amep(:)l %‘%gglr?%{)é ldﬁrren Wa%ép gg?&i %@fﬁ gl{e 15b is

di agr am of arde@ntmdnctbodolag‘y a TDM pi | ot 2. [0038] Fig. 16 is a block diagram
of an enbodi of nd pil ot processor t a _base. sta 00391
oo 1T LT i R RO ol BherRh 31 R 168 e el pfifRaied a8 Pl kot oo
station. 1004&}ecdfcbrgneth&lbl¢g§(.a di agram of a tinme-domai n representati on of TDM

pilot-1. 041.‘1% .. 18b 1s _a djagramof a_tine-domain representation of
TDM pi | ot - 2. 42]Fig; 19b ig 3 flow charpdiggrmpf am@ﬂgwm@ﬁﬁwﬂﬁﬁﬁﬂawm

synchroni zat 'é&fbcﬁ&fjmgﬁl@m@éy. estimation unit at a wirel ess device.

[0032]  Fig. 11 is a flow chart diagram of a trailing edge detection methodology.
[0033]  Fig. 12 is a flow chart diagram of a frame synchronization methodology.
[0034]  Fig. 13 is a schematic block diagram of a suitable operating environment for
various aspects and embodiments.

[0035]  Fig. 14 is a diagram of an embodiment of a super-frame structure for use in
an OFDM system.

[0036]  Fig. 15ais diagram of an embodiment of a TDM pilot-1.

[0037]  Fig. 15b is diagram of an embodiment of a TDM pilot-2.

{0038]  Fig. 16 is a block diagram of an embodiment of TX data and pilot processor
at a base station.

[0039]  Fig. 17 is a block diagram of an embodiment of OFDM modulator at a base
station.

[0040]  Fig. 18ais a diagram of a time-domain representation of TDM pilot-1.
[0041]  Fig. 18b is a diagram of a time-domain representation of TDM pilot-2.
[0042]  Fig. 19 is a block diagram of an embodiment of synchronization and channel
estimation unit at a wireless device.

[0043]  Fig. 20 is a block diagram of an embodiment of symbol timing detector that
performs timing synchronization based on the pilot-2 OFDM symbol.

[OW] Fig. 21a is a timing diagram of the processing for a TDM pilot-2 OFDM
symbol.



[0043] Fig. 20 is a block diagramof an enbodi nent of synbol timng detector
that perforns timng synchroni zation based on the pilot-2 OFDM synbol .

[ 0044] Fig. ' timng diagram of the processing for a TDM pil ot -2
OFDM synbowl%ﬁg/ 074224 PCT/ US2005/ 002544 6 [0045] "“FT’BSN%‘}S%% a
timng diagram of an L2-tap channel inpulése response from |IDFT unit. [0046]
Fig. 21c is a plot of the energy of channel taps at different w ndow
starting positions. [0047] Fig. 22 is a diagramof a pilot transm ssion
scherme with d0@AShbi rig.i2dh iod timikigMispnam BOM IpHthp tiannél G Bke fesgonsefoms a fl ow
chart di agrarfgg.ji a.tdet ail acquisition procedure in accordance with an
enbodi nent. [0044f"Fig. 24 shows TDM Pilotl in the frequency donain in
accordance W0l46pN FagipadigEptot of tAO&R gy of Bhandfl t5IRQNAiffefen GifdodaREGngM th an
enbodi ment, a TDM Pilotl in the tine domain with periodic waveform
periodicity PBUSRSpl es, and 36 periods. [0051] Fig. 26 shows a TDM Pil ot 2

in the frequ m]do L Myl ' : fm?gl mn[ ig. 27
shows in accgrdance '?ﬁlgﬁa% odi n{’?\&%ﬁ?%%oﬂig o] I'n %ogh{%?a%éhogomi n

wi t h peri odi dTIdwed BPM pipts.i odi city 1024 sanpl es, and four periods.

DETAI LED DES I . 53] 4Various. aspects,_and enhodi nents are now

descri bed wi W f(ca)}é&lgg 1 ﬂ"}"ﬁb‘“gﬁlﬁﬁs%%& aiﬁwqﬁ&g‘,’mwgﬁquﬁ’ﬂe nuneral s
refer to |i kecérddoé WwahpeBsbsdmehtenent s throughout. It shoul d be
under st ood, however, that the draw nigs and detailed description thereto are

not i nt ended P91 i niKig-edisbevsERMPHQT infhe Faqueneydompain ivaggordarics withsnd.
Rat her, the i g@i}d N is to cover all nodifications, equivalents, and
al ternatives.eafo 055? As used in this application, the terns "conponent” and
"systent are [0058] endigl 25shoes mraccardance withah embodimantos THM Pilgt] iethe hieve
hardware, a cgnbi na 'ong{ hak dwar e. %gg Z@twa[e, aﬁftwar , or software in
execution. FSPTEPIHE periodic waysiorm, penoficity (26 sapiples; and JOpeNieds ( eg t o being, a
process runni[egsipn Figr2ecaewoOs TDM PilAiZ @bthe freqikficy domain in accordance with an
embodiment.

[0052] Fig. 27 shows in accordance with an embodiment, a TDM Pilot2 in the time

domain with periodic waveform, periodicity 1024 samples, and four periods.

DETAILED DESCRIPTION
[0053) Various aspects and embodiments are now described with reference to
the annexed drawings, wherein like numerals refer to like or corresponding elements
throughout. It should be understood, however, that the drawings and detailed
description thereto are not intended to limit embodiments to the particular forms
disclosed. Rather, the intention is to cover all modifications, equivalents, and
alternatives.
[0054]  Asused in this application, the terms “component” and “system” are
intended to refer to a computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution. For example, a component
may be, but is not limited to being, a process running on a processor, a processor, an
object, an executable, a thread of execution, a program, and/or a computer {e.g..
desktop, portable, mini, palm...). By way of illustration, both an application running on
a computer device and the device itself can be a component. One or more components
may 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.



obj ect, an executable, a thread of execution, a program and/or a conputer
(e.g.. desktop, portable, mni, palm..). By way of illustration, both an
appl i cation %42%8n  a conputer device and the devi cePCTES10P5/WaTH4be a
conponent. One or nore conponents nmay reside within a process and/or thread
of execution and a conponent may be |ocalized on one conputer and/or

di stributed between two or nore conputers. WO 2005/ 074224 PCTI US2005/ 002544

7 [0055] Fur tf I FurdheMeSé, 2Pt iy HeTRbRIRAER ds AthetolBippRdms ARRACH US, Or
article of manufacture using standard progranmm ng and/or engi neering

techni ques t &f Frasulaetre usERisipaferd PragFamEIng and{ar engineeringectmigues ormsdduse i on
e Pl o of C Bhirike, BrnfOID Haffuat or ilLobitlliof el BEbARGD ABGRL S | The, €T

"article of manufacture uter program product") as
used her ei n iimplentestttie distlosed aspeatsa The termdativkeef mapufaguein(@aitemsativelye f r om any
conput er -readabl e .device, carri.er, or. nedi.a., For. exanple, conputer readable
medi a can | nCF?}a%utg!HrogrgmﬁﬁuFﬁ fﬁﬁ‘@ﬁc‘[]ﬂﬁmﬂéﬁg‘ﬁgflﬁ?@.tgfﬁ?’ iaReic (e.qg.,
hard di sk, f H@@@&ndbﬁksiblaﬁgﬂﬂnw:oﬁlbﬁﬂeﬂ&adab]e deoitt] dastier Brielid Fod exanfiTPact

di sk (CD), igital versatile disk éDVD)' .. i .smart cards, and flash nenory
devi ces (e. g.compytegreadable media candaeludediu 13 npt limitedioumapnptic spmpeedqviceed t hat a

carrier wave n %jq)h : 5.0 QAR t 6, dat a
such as those(g'g's’}el%aidn r@?@%m{k{ ﬁn%%&g%émpggg’l% ﬁ%%ﬁﬁgfj@,%gﬁitpg&%%kg} in
accessi ng a ndigitabvérsatijedislka@ VD). .), smert oatls,and Hashanehorgdevcesdegoedd, ( LAN) .
[ 0056] In accgrdance. W t.h the r r espongdi di scl osure, various aspects are
described in s@&ﬂnm%ﬁﬂ&’“}mﬁ@f@fﬁpﬂgp% ﬁf%ﬁ‘fwwescﬂﬁgﬁw‘wgy Pation can
al so be cal lgagly dompabrehdablesidetric dath sidh ds thod® Rieen EhuRthii@ing anPRbdifing ' €Ot €
station, access paoint, base station, renpte termnal, access term nal, user

term nal, uselecHgripmaller inacepssing durefyask such as thedntemetr a lgeal grea netivatk be a
cellular tel RARye: 2 cordl ess tel ephone, a Session Initiation Protocol
(SIP) phone, 'a w'reless local loop (WL) station, a personal digital

assi stant (P#§56]a Hardévedahcelwith the doeresponding distlesse, varimsatpests acmpabi | i ty, or

ot her processjng.,device cannected to. | r.el ess .nodem  [,0057) - Tyr ni ng
Thit1 al |y to depgibed i GaRng ORI Aep gty Sl 1B U PEIGR S e e
speci fical | y,caRabd e sibscriber Qi€ nYdile Sladéh, Mobile ¥erh S sBESH abcekEsbing t h
synchroni zati on of =~ wirel ess synbol transm ssions (e.g OFDM symbol s) .

Synchr oni zat iRg#e statioay smgtetarminalyaccess tarminap ueas éermii r“S@f_-rﬂ;Sﬁd, @YHSEr recei ver to
oBLL 1 PoCh e h S i o A B RSE f, 9121 1

Session Initiation Protocol (SIP) phone, a wireless local loop (WLL) station, a personal

digital assistant (PDA), a handheld device having wireless connection capability, or

other processing device connected to a wireless modem.

[0057)  Turning initially to Fig. 1, frame detection system 100 is depicted. More

specifically, system 100 is a receiver side sub-system associated with synchronization of

wireless symbol transmissions {e.g., OFDM symbols). Synchronization refers generally

to-the process performed by a receiver to obtain both frame and symbol timing. As will

be described in more detail in the sections that follow, frame detection is based on

identification of pilot or training symbols transmitted at the start of a frame or super-

frame. In one embodiment, the pilot symbols are time division multiplexed (TDM)

pilots. In particular, a first pilot symbol can be employed for coarse estimation of a

frame at a symbol boundary, inter alia, while a second pilot symbol can be utilized for

torimprove such estimation. System 100 is primarily concerned with detection of the

first pilot symbol for frame detection, although it can be utilized in conjunction with the

detection of other training symbols. System 100 includes delayed correlator component



Identification of pilot or training synbols transmtted at the start of a
frame or super- frame. In one enbodi nent, the pilot synbols are tine

di vi si on nuﬁ‘fqm’%&"é@‘( TDM pilots. In particular, a firBET/B5308700285#bol can
be enpl oyed for coarse estimation of a fgrame at a synbol boundary, inter
alia, while a second pilot synbol can be utilized for to inprove such
estimation. System 100 is primarily concerned with detection of the first
pi | ot symbol [10f leidifgiigd @ereetion@dmpehdnd 020 Borfirm@aioh &tnphnkhti136,Gnl Fraigg) uncti on
with the detection of other training synbols. System 100 includes del ayed
correl ator cdigefesrtiopermpensnh $224 PCT/ US2005/ 002544 8 110, |eadi ng edge
detection co nt gl | A :  strBSW of Bidiedili edge
detection co%gﬂgnt 130.dﬁggg%r]r%ﬁe?%gj&sg%g%&?%%%sor cg?r%lgirséelrlllgﬁ 10

recei ves a stsignalnfoim ajwireless deviep erceiver (gotshowh). dhhealelayed¢omstatatevinpenentcei ver

Signal s and OB el Rl 8RR Bl e merB ORI ARG sy ™"

associ at ed t h@y)aedotiated thedl@tieic t A detedtivh metriodr OAEaRbBHULOR iDmbRativeiof thendi cat i ve
of the energy associated with gne pil ot se%gence. The conput ati on

mechani sis t HAFTEYSFOFA "f‘@é’_ﬁ“&@ﬁ?‘éﬁq‘ﬁﬁ?eﬁi% PRaLen Berhanisns tapememiegnal s
will be presepifon Meies b strldhof indde bigfrlld Q1T BEEdehiRa H Gotdl ; nﬁa.ded to a

| eadi ng edge conponent 120, a confirmation conponent 130, and a trailing
edge conponenetdction inetrics gret previdest o adeadingedgé ominem 120, angnfirmatiohy to Fi gs.

2a and 2b, t e X ' Q || rat | LILot correlation outputs
are provi ded%&‘mﬁeﬁlﬁ)ﬁé@%ﬁg‘@f‘gﬁ# OEG@BW.%‘F Pﬂgfgpwf:ra%?‘felsflﬁ%e appreci ation
of one of thejopsabl eTmning®riefl§ tocklgn 08 amd/2Y, 6adExempliy diagrafils AlisQtingi pllgt ans
depict a correl atqr output as c&%tur ed by thf magni tude of the detection
metric over (OMsBtorpYputsarepEqyidad forpurpastspfstanityasovgll asio facllitgitinel wi t hout

0L S o S ppfkEH o ne UG MerifiRa fnd SRR, 998 8omaldnfagbhd | O

and subsequently a trailing edge. Fig. lTustrates an exenp
correl ati on cdepicea correlatoroutput bs eaphiresthy theomagnitudp of the déteetiongnetuc gyer  noi se i s

resi dent upon.the.. nnel ) . hserve that. a. pi.lot.is existent

honever it ng g ANty cofBief Pp1R E cipbi ol Rlise” e Sorfeledt b
Convent i onal | Jearly has #ighding bdges b flhtchoktion, Maubyeadent]ly adailingtedge. (Fig.@b synbol . In
particular, the threshold.,is used,to deternine the start, of q%@syn’ool when
the corr el at i YRstipies 38 sxemplary carxelation qurye iR f shanpel sybiehte gwitinath steefs (¢4 eshol d.

sone val ue angee Syidgiiipor e chitfeh DS RE phaive it ST BoxaiRBobOar e T2
Subsequent | y, is abssored by chamelndiss and nitipathdielay. fonresntipnallyt hsingle thréshold iedge.
Al ternatively, b0 48 8lid 1 3uSA9GbSC Hh Jarticular, the threshold is used to determine the
start of a symbol when the correlation values are greater than the set or predetermined
threshold. In the ideal case of Fig. 2a, the threshold would be set close to the flat zone

value and a symbol would be detected when it crosses that value. Subsequently, a count

would be initiated to determine the trailing edge. Alternatively, the trailing edge could
sifnply be detected when the curve values dip below the threshold. Unfortunately, such
conventional methods and techniques are not effective in a real multipath environment.
As can be ascertained from Fig. 2b, the leading edge cannot readily be determined from
the correlation values as multipath effects can cause the values to be spread and noise
can further obscure the leading edge. This can result in a large number of false positive
detections. Furthermore, the spreading of the signal is not conducive to counting
samples to detect a trailing edge and noise will prohibit detection of a trailing edge
when values dip below the threshold. The techniques disclosed herein provide a robust



sinply be detected when the curve val ues dip bel ow the threshol d.
Unfortunately, such conventional nethods and techni ques are not effective
in a real nﬁ’?/Q?"ﬁﬂ?mz%nvi ronment. As can be ascertai ned PEBHSIPH02H, t he

| eadi ng edge cannot readily be determ ned from the correlation val ues as
mul tipath effects can cause the values to be spread and noi se can further
obscure the |l eading edge. This can result in a |arge nunber of false
positive detsgtinQ@ng mefhiod of piicTaRE frafb detdion Akt RefRELVI MR 16abiaR @ keal HoN@t
conduci ve to counting, sanples to detect a trailing edge and noise w ||
prohi bit det SeYlipah gRViLONMERL | i ng edge when val ues di p bel ow t he t hreshol d.

The techniqu 1 SCl DR I s D 11 O

A systgkeﬂ'rgnaﬁt?? gl ﬁ%ﬂﬁ%@%?%ﬁénae}rﬁéhréal{m% SghpRtedto 1t s
ef fective at deteata patentwal leading edgelof a comgélatiopzutvedng.i wheneint corfeR@GDdureir ni ng
back to Fig. in dge onent. 1 can e oye detect a
potenti al | Igea rﬁigeggg‘lagg %r%y glstg%?lﬁgrr ‘%&Féﬁ“ﬁﬁiﬁf@@“‘%g&?&.&mﬁ‘?’glé‘g’i&"%‘?sraa ation
curve 1 epr essefiésofdetectivay gstricl values (84) tonthedelayddi corlatok EatiporgnicIdoe Upsiponent
120 receives a ,series of detection_netric val ues t(hFSt;'#“e’lfromthe del ayed

correl ator cdREHteNE valppis copgared i xqdior progeanypgtie.thresheld fDare Bartiepler #i xed or
progranmabl e &efb‘iﬁﬁffﬂﬁéin?isi(lgﬁe ta:%] o Witifler SUb-AT, 118 is ARLES %Béﬁgttn’ (Bﬁntbls(e.?.i,% as to

whether S" >=T. It , en a count or counter , run unt) is
i ncrenent ed. calnt}isnperemented. ARerstivelyTif Ses Tithen thocminter casbe dottoseto. tThezer o.

The counter there tqres. the n r of cansecutive correlation output

val ues t hat a?ogﬁ“atg‘é?gy %*F{l"eeE F}'? r"é'&lfgﬁnag.emfgﬁvﬁﬁoﬁééoncowg?{%lﬂfsal&aédmrmni tors

:1 hi s gount er a}beveengeutreshblaguaanpedgdebmpnd%ﬁegemoaﬁomﬁgharmﬁde:nuBimafe tﬁ%t sarrallh es
ave been anal yzed. According to , an_e i nent, this can correspond to en
the run count? Ae.fmm@?\r/ew, e nambgr mgﬁﬁ)f%"@ib&%ep et AfFoEdGioue can
be nodified t %h'pﬂggﬁgoh@'g,' lthe &l Syt ' hdicC
envi ronnent . e!j'lhi S t{e%:eﬁlﬁi que is a \?gﬁo'g%%uﬁéé?%cteﬁngt i@t Qinl%v{(éggr, Iﬁtsﬁcﬁnggél i kely
t hat a | eadi rappresdigteddhat Kusyealegan de ynodifted do optimige detecion in a perti¢uldrtsysiém noi se or

spreadi ng, because-the. | e .conse .vel yv.stay. abpve t.hreshol d
for a length 1§$ W?cﬁ%‘:. m@@ﬁthyﬁ%gﬁuﬁ'?%ﬁf@g%gégo%ﬂfl’§¥lf31 ,estlhlgssllg(g I ng edge
conponent canthstedefling cdgé aill bonlsely defected hemieblt of initidi mseas sequently,
a signal can be prgéi deg to confirryrration 2'§orrponelnt 130 ing?gzcﬁér?lg such.
[00611 As t heberaiiethegagplcs Bustcopserthigty Sy abeYRroWEsshold 2y & lengdheltit e t o

confirm thatogelikAdnBioR s YRR ,%geg@a.eﬂfgtaﬁge @&n%ﬁcx?lhﬁn et age&f&%f

conmponent 120.. Followm ng "a | eadi ng , engt | at period I's expected.
Hence, if t hespdtentiableadingxiges Suksequently) a signal can be provided to confirmation

component 130 indicating such.

[0061]  As the name suggests, confirmation component 130 is operable to confirm
that a leading edge was indeed detected by the leading edge component 120. Following
a leading edge, a lengthy flat period is expected. Hence, if the flat portion is detected
then this increases the confidence that the leading edge of the pilot symbol was detected
by the leading edge component 120. Ifnot, then a new leading edge will need to be
detected. Upon receipt of a signal from the leading edge component 120, the
confirmation component 130 can begin to receive and analyze additional detection
metric values (S,).

[0062]  Tuming to Fig. 3, a block diagram of one exemplary implementation of the
confirmation component 130 is depicted to facilitate clarity in understanding.
Confirmation component 130 can include or be associated with a processor 310, a
threshold value 320, an interval count 330, a hit count 340, a run count 350, and a

frequency accumulator 360. Processor 310 is communicatively coupled with threshold



then this increases the confidence that the | eading edge of the pilot synbol
was detected by the | eading edge conponent 120. |If not, then a new | eadi ng
edge wi || né@ﬂzﬁﬁmﬁﬁﬁ4detected. Upon recei pt of a signal PCABISRE0RBO2Hadi ng
edge conponent 120, the confirmation conqponent 130 can begin to receive and
anal yze additional detection netric values (S.). [00621 Turning to Fig. 3,
a bl ock di agram of one exenplary inplenentation of the confirmation
conponent - 130335 ifiaPil ch@lert B0] @fédubiep 40, flridolihiér 399, £ St ng-
Confirmation conponent 130 can include or be associated with a processor

310, a thres#srmulator 360. 3Bwtherpore mreqeseer 3 Hbiaaperalde to wective andéarmetriot0, a run

count 350, an ) . . 310 (sS. . .

comuni cat i ve?ofe é%‘ﬁ%?g‘gg%?ﬁ%ﬁ?gg’ﬁ%ﬁR%%G‘%ﬁ%%%@@%“ﬁwﬂ@%&‘ﬁ %%44 10
320, i nterval edgsreompeneBBIR0 (Fig 1yandrttafling3dfe componeud0 Fig.350 The thdeshbid
frequency accynul.ator,360. Furthernore rocessor, 310.J S erable to

recei ve and/ Oyﬂpre:{ﬁ)lc'@gge 8\?5?‘?’8?5?‘“1%8 at?&‘iaﬁg‘gglgyedz@'%ﬂqad‘% omReRent e g. |
receive and ty 1), SFuih@inSore, W $houli®R AofRd thab deifle e MRSIMRN valels {Ifabtchtedl) and
trailing edge conponent 140 (Ifl g. 1). The threshold value 320 can be the

same t hreshol & pat afghe confitmenpion coypencat 13948 hgrdeaded vluegp ndnstanca ¢ (Fig. 1) .
Furthernore, |j t | LG Vv '
illustrated g’é‘”ﬁ@?? L@F gﬁéﬁcb%n?le%g#ég# rggfﬁg%lnﬁe(;n}{l %ﬁg@e;ﬁ? %hﬁg?édé E:OOded

val ue, for i nameugpethertthiags, fdoiliatt progravahing ofi0h ealne. ia biie€, duterwal cdant/330
retrieved fromaqutsige the co nent t nong Qqt her .things, facilitate
progr ammi ng oFmgl?dﬁ“g‘&IdﬁW% cpfto W‘ﬁfﬂé}@%ﬂ“ﬂ%&ﬂﬂ&e@wp tﬁgﬁerﬂén%sed in
determ ni ng Wiequchéy siRLAéfplayihg ﬁﬁ?l@ﬂ@)b’adc&ﬁiﬂ%r SR Wl LleRbMgRe trhiligglUENCY

of fset enploying frequency accunulator 360 as well as detecting the trailing
edge. Ht coupdgea it connt 390 can be ntilizad tadetrst e symbad flatzane and ruscop® 380 ind r un
count 350 is .4 Q.4 | f trailing edge. [0063] Prior to initial
processi ng of u%:%?éjle%éyg%gﬁg&g . the processor 310 can initialize each of
t he counters QM63] 340riontodnitislhroaessingdflconslatidrevaluesghepoyeseardifchmt or 360 to

zero, for example. Th LOCessor an n regeiye or retrieve, a

correl ation gﬁ‘f”ﬁ‘ﬁ?e ﬁogﬂ’acf"i'fge‘?ﬁ?égﬁ@la&dh%.asVﬁ a?ﬁl"geﬂ'é‘f“%.ﬁ?ﬁ"}fnul?% can
then be mcreggm{oezémt, Rar@ﬁéxﬁple.t'bﬁépr@cé@.ﬁﬂ"3$@éﬂ_ﬁ'tﬁeﬂl@éei&e&r}eﬁi€% 4 &fRthtiorach tine
a new correl ati-on SZSEI eisretrieved the interval count 430 can be

i ncrenent ed. Fuiputa sodths thresholil 4£8n The inserval epunt §30 easrthen ke intremensed toinetd on
val ue to threghpl ﬁe\% gagnp%é fias Beer &u—%&%@?ﬁz{&g%}%ﬁ ‘%%FY Sidntiod ?arﬁd?t?ils trélﬂéveeﬁhc" d,

then the hit coun € 1T ncrenen e run cou can be
the interval count 430 can be incremented. The processor 310 can subsequently

compare the correlation value to threshold 320. If S, is greater than or equal to the
threshold, then the hit count can be incremented. As per the run count, it can be
incremented if S, is less then the threshold 320, otherwise it is set to zero. Similar to the
leading edge, run count thus can indicate the number of consecutive samples below
threshold. The count values can be analyzed to determine whether a leading edge has
been detected, there was a false positive, or the leading edge was otherwise missed (e.g.,
got in to late), among other things.

[0064) Inone embodiment, the confirmation component 130 can determine that the
leéding edge component 120 detected a false leading edge by examining the run count
and the hit count. Since the confirmation component should be detecting a flat zone of
the correlation curve where the values are greater than or equal to the threshold, if the
hit count is sufficiently low and the run count is greater than a set value or the hit count
and the run count are substantially equal, then it can be determined that noise may have

caused incorrect detection of a leading edge. In particular, it can be noted that the



increnmented if S. is less then the threshold 320, otherwse it is set to
zero. Simlar to the |eading edge, run count thus can indicate the nunber
of consecut i V8285{M22% bel ow threshol d. The count val uePTHFHERIH yzed to
determ ne whether a | eading edge has beel detected, there was a fal se
positive, or the |eading edge was otherw se m ssed (e.g., got into |late),
anong ot her things. [0064] In one enbodi nent, the confirmation conponent 130
can det er m neréchiatd tdreelation adiuegpare doteconostprd nathtwhhP i3 edpéctit ekbeardimgits end eadi ng

edge by exam ni .the run count.. the hit. count. Since the confirmation
conponent shoﬁ?‘ﬁg%@eﬂ‘e{hg@ﬁ“ ‘g‘f“ﬁ“qnla{ﬁ% az@ﬁ%ﬁﬁ‘img cﬁ‘b"s"r 'é‘l""iet ‘f"@ﬁ‘ tﬁ’UWe wher e
the val ues ar ot @3dredterithador @qua? €3/ Ed8 4n@ the 16t dohits k@ Ghan 0.t he  hit count is
sufficiently low and the run count is greater than a set value or the hit

count and t hd986gh cd\fsterarination san bgmads hnthecppfirmationcqmppnent h3Qbatdhe er ni ned
; : . . N |
that noise mayehg %d%ecﬁébsrﬁﬁséd%? BiteRfke &%c?e‘&%d’ﬂ% T &B@%%%?%&S n

particular, it can be noted that the WO 2005/ 07 44 11
recei ved corr ebmpirmng theavaluss ofithe rerocouptandithe Eihcount. tTh pattizular, $f thahie covmntl.
According to qn enbodi ent . .-t.he term.nation.that a.fals eadi ng edge
can_be. made. wABH e R AIRE e it o e P o inghOh ey, W Y, e R
count is | ess einbadiméM)thig &30 ®b deddsiotnthe ah icoint degreder thaaost eival td1%86 and

confirmation conmponent, 130 that the _ |eadi edge was mi ssed qQr otherw se
detected too [hatit oyt i eraieF thap a1 sayaly 49%5%%%%5%%’@&@@%5%@% t he

run count and stiifael hereft) Hdlvalukslcdt®eldpfithiz28 or Mtjuétéliefohi barfi QA franft Mrubtiafe " UN

count are sufficiently l'arge such a determ nation can be made. In one
enbodi nent , t lhd/orenvirpemeidci ded when the run count is greater than or equal

to 786 and t it [ [ [ € I 400. rse, and as
with all specﬁ@g@] valclgéehg hld&%@ﬁ?lggééﬂé{?ag@ﬁ ,CQW?%% ?Jotélgpog arﬁ lég:%l;l?e%rﬁ t(z) ed or
aﬂj ulséI eg for deWﬁéﬁﬁliﬁge&gbﬁﬁﬁe%ﬁfvﬂ@ﬂﬁléﬁism%m’gtﬁé\ﬂitrzm%cigéﬁﬂﬁﬁ] It
shou e appreciated that the confirmati on conponent 130 can begin to
detect the tr&ﬂﬂeﬁlj"g%%‘fgﬁﬁ”aﬁﬁ@teﬁ‘ﬁ‘;°véwlé‘gi°ﬂgg @rbswg‘r:@lz%g{n%ﬁeawat ~zone to
decide if a Qﬁmgs‘ﬂm{ S be e cREayBrtiRtR & ClRsbtect &ehaﬂanF edgd, HeGntedge i S

detected, the confirmation conponent can be successfully ferm nated. To
det ect the tr &blntiapd thdgen cauhecanibesmployed. chHsirntedahove, ke interval connt inchidese

enpl oyed. As te bove. .t I nierv | pC t..of input
sanpl es recei 3% “%?P%rgi\cl)lrmgls%?@cﬁ? }%‘é&i a@?\i%#ﬁ&%ﬂf&t Jﬁiggﬁ%%g@ﬁgﬂ {%%eksnom to be
Wi thin a part iktwa o ouitiin a pertiedar dounta fHenite, dfdfier detenging apotettidlilaklingedgh ng

edge and receiving a proper nupber of flat 7Ione sanpl es there_is sone
evi dence of a 3§ ECFIvINg 2 proper num er of flat zone samples there 1s some evidence of a trailing

edge, then the confirmation component can declare detection of the trailing edge. The

evidence of a trailing edge can be provided by the run count, which counts the number
of consecutive times the correlation value is below the threshold. In one embodiment
the confirmation component 130 can declare detection of the trailing edge when the
interval count is greater than or equal to 34 * 128 (4352) and the run count is greater
than zero.

[0067]  If the confirmation component fails to detect any one of the above three
conditions then it can simply continue to receive correlation values and update the
counters. If one of the conditions is detected, the processor can provide one or more
additional checks on the counters to increase the confidence that one of the c_:onditions
has actually occurred, In particular, the processor 310 can insist upon a minimum
number of hits in the flat zone as that is what it expected to observe after the leading
edge detection. For instance, the processor can test whether the hit count is greater than

a set value such as 2000. According to one embodiment of a frame structure disclosed



edge, then the confirmati on conponent can decl are detection of the trailing
edge. The evidence of a trailing edge can be provided by the run count,

whi ch count sWIRHBAr  of consecutive times the correl afSEHSIYWES4H s bel ow
the threshold. In one enbodinent the cont2rmation conponent 130 can decl are
detection of the trailing edge when the interval count is greater than or
equal to 34 * 128 (4352) and the run count is greater than zero. [0067] If
t he confi r mat ilerei; drgexpeiéd dumibes of ldtsde thedlat zonyg shaidd Bé 34 @28 vhich dvir ee
conditions then it can si nﬁ{%‘}/\gﬁonti nue t Fec i ve correl ation val ues and

update the coutVer®Veyen B Tiemger Tlts; s thegating vgjue eamdesetcessor

can provi de ongmewhifbeRw £000. LIF RAHLEHRE kéndRtidnk BR AURL &dnfinhtidnNCr ease t he
confidence that one of the conditions has actually occurred. In particular,

the processor @mporenh 13GeAnprovigromsignabiofhetiaiingedegsspmponent altemativelyihef | at zone
as that is wh ' . ' e | on.
For instance, act%ﬁgﬁlg?i)éggééﬁr eéf;cr?ﬂ '? %g?\{ﬁvﬁ'n]g% et{gﬁgo‘ﬁ%{;@%‘t’&&gﬁ %egg%?‘ﬁégt han

a set val ue sudpe.as 2000. According to one enbodi ment of a frame structure
di scl osed WO 074224 / US2005/ 002544 . 12 herein, the expected nunber
of “hi s 1« ndObeH " 76 oulsalen b apacesiaid ties she CORRIEHACa0 EmPOReBORD cREMST er
noi se will tenpeidé ﬂﬂitﬁﬁhlﬁhct{oﬁﬁlﬂ%?s&h%@ sivingy teiaé hﬁﬁné@lahwufﬁﬁ?ﬁﬁeqiﬁﬁcws.

sonewhat bel ow 4,000. If the additional conditions are net, e confirmati on

conponent 130 Hesupiedhfiame detestiopeystemd 00 10€ Fighesi 1 is pppviding.canmiesisisetinn of the
| t tivel ' ' Lgnalk ' d
component o 1 5 w3t ok diRel ARAREILY, 53 FnP Aind IR JoBF R Do 0°

appreci at ed t hpifotreal at @dterrtin foet mosepectiza Syrichfbnization | Ferefprepatileet amgdi t | onal
functionality such_.as saving tine iLnstances apd updating frequenciges. The

subj ect. fr ams B BEFFR Sy s setorhop el s o @hise sysietn RRtaTaed dot ect i on
of the frame gQdrdigiBdne CAVHSMEASSvery RO ME nDéoant i @4Eal td 2tfo, atimdigstice! need

to be performed at a |ater tine tgheget or e precise synchroni zation..
Therefore, at dankesavedas an esimatef dhedpst Emetfor thejcoseelation surve dlet zoge of te imepy g

fine timng sy : . (o]: ol | every tine
t he run count Jﬁést?)gpaﬁgﬁdc%h@%%gn%%' ?ﬂ{stg%r?%%’ Bfégﬁresgg&g%r\%‘igbgs an estinate
of the | ast tinseessttatest lbekingon thk appropriate fireqaerddya tHenos) ¢heqrodebser 810wan update pri or
to detecti the traili dge...Furth , hroni zat i

necessi tat oo | DERIREFYIRCKAA B iigE It TPy e Ao e PO R S, 310
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at particular tinmes suc ) i
can be updated every 128 input samples as tracked by the interval counter, for instance.

[0069] Returning to Fig. 1, trailing edge component 140 can be employed to detect
the trailing edge if not detected by the confirmation component 130. In sum, trailing
edge component 140 is operable to detect the trailing edge or simply time out such that
another leading edge can be detected by leading edge component 120.

[0070]  Turning to Fig. 4 an embodiment of a trailing edge component 140 is
illustrated. The trailing edge component 140 can include or be associated with
processor 410, a threshold 420, an interval count 430 and a run count 440. Similar to
the other detection components, trailing edge component 140 can receive a plurality of
correlation values from the delayed correlator component 110 and increment
appropriate counts to facilitate detection of a correlation curve trailing edge associated
with a first pilot symbol (e.g., a TDM pilot symbol). In particular, processor 410 can
compare the correlation value with the threshold 420 and populate either or both of the
interval count 430 and the run count 440. It should be noted that although the threshold

420 is illustrated as part of the trailing edge component it could also be received or



as when the input is periodic. According to one enbodi nent, the frequency
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conponent 140 can be enployed to detect qhe trailing edge if not detected
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each received or retrieved correlation value, the processor 410 can

i ncrement t he therfrailingedge enmpongwaan declare detection ofia trailing edge: Afnctdheriling ve
number of tinmgg et$ﬁP88H? £ dn Wi e‘f@regﬁvé’bgr%;l’zf?oﬁaﬁllu?szﬁ}dHEQBE: LGudidlr eshol d

420. If the cor I on va ue 1s I'ess than a res e processor
410 can incr ef;rhme\tehehermtmmd)wmxt 4mmmummtlyMg@mmmamnatm set to

zero. The trailijng.edg, nent 1 e or 41 for exanpl e,
can test whet HaHinggdgs maélnﬁél%ﬁ}/“& ﬁ%ﬂe\'ﬁgﬁ gll&%n%een
satisfied uti 'ehx%b&lﬂleﬁthﬁudm&rdéﬁbesmlm (10235 @@me@me&ﬁﬁldrum&aueéwfﬂm For
instance, if the run count 440 attains a certain value the trailing edge

conponent can hiteot exceedg avalye thincapfindicate it 4 trailingrglge hasbegadeteatede trail i ng

edge conponent LY gp{rel ation val ues and update the
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edge needs to be located. In gne | . . .
d ai)so save u%ne instances 901' use in acquisition of fine timing. According to an

embodiment, the trailing edge component 140 can save the time instance whenever the
run count equals zero thereby providing a time instance just prior to trailing edge
detection. According to one embodiment and the frame structure described infra, the
saved time instance can correspond to the 256™ sample in the next OFDM symbol
(TDM pilot-2). A fine frame detection system can subsequently improve upon that
value as discussed in later sections.

[0072]  Fig. 5 illustrates a delayed correlator component 110 in further detail in
accordance with one embodiment. The delayed correlator component 110 exploits the
periodic nature of the pilot-1 OFDM symbol for frame detection. In an embodiment,

correlator 110 uses the following detection metric to facilitate frame detection:

, Eq (1)




enbodi nment, this value can be 8 * 128 (1024). On the other hand, if the run
count 440 hits or exceeds a value this can indicate that a trailing edge
has been det WOt284/0742&¢cordi ng to an enbodi ment, this val RCTHSI5H0324 [ 0071]
Additionally, it should be appreciated that trailing edge conmponent 140 can
al so save tine instances for use in acquisition of fine timng. According to
an enbodinent, the trailing edge conponent 140 can save the tine instance
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Equation (1) {Eqeaticadt)ther derves thh dedision mktsic on corredatioh togtplib S, bt satniplegmnipfl es  of
a pilot-1 sequence to obtain an accunul ated correlation result C., which is
a conpl ex val wes themsquared magritie of 6. dbe derésionmetrig g iisindicativet ofithe epergy of
correlation output S. fqr sanple period n as.the squared ni tude of C. .
The deci sion PR peeived pilot resbenc o 16peth e, dhthegy 18 mejpte Dettesn i 91 ot - 1

sequence of | eoglhiek hsedithr thBEISyddSoReldBi LN Petween the two sequences used
for the del ayeéc}ﬁlcorer eT atiron. [%73]0 ?Nthi n del ayed correl at or conponent 110,

a shift regisfed73p12 Wishin|delaytdcdntelator component 110, a shift register 512 (of length L)

receives, stores, and shifts the input samples {r,} and provides input samples {r,  }

that have been delayed by L; sample periods. A sample buffer may also be used in

place of shift register 512. A unit 516 also receives the input samples and provides the

complex-conjugated input samples {r,}. For each sample period n, a multiplier 514
multiplies the delayed input sample 7, from shift register 512 with the complex-

conjugated input sample 7, from unit 516 and provides a correlation result ¢, to a shift
register 522 (of length L;) and a summer 524. Lower-case c, denotes the correlation
result for one input sample, and upper-case C, denotes the accumulated correlation

result for L, input samples. Shift register 522 receives, stores, and delays the correlation

results {c,} from multiplier 514 and provides correlation results {c,; } that have been

delayed by L, sample periods. For each sample period n, summer 524 receives and

sums the output C, , of a register 526 with the result ¢, from multiplier 514, further
subtracts the delayed result ¢, ; from shift register 522, and provides its output C, to

register 526. Summer 524 and register 526 form an accumulator that performs the

summation operation in equation (1). Shift register 522 and summer 524 are also



receives, stores, and shifts the input sanples Jr.) and provides input
sanpl es {r 9} that have been del ayed by LI sanple periods. A sanple
buffer may alY9F'BE7424d in place of shift register 512. BCHH§P05993544) so
receives the I nput sanpl es and provi des tige conpl ex-conjugated input
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regi ster 526 form an accUmul at or t hat perfornms the sunmation operation in
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PCT/ US2005/ 002544 15 conflglgured to performa running or sliding sunmmtion

of the L, nostMiRgSompopent ALY and adata desedar camponept 28y Hleéxmmg compopentH10g
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514 and subtracti ng e correlation result c, e peri ods
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squar ed magni of t e a C, fro r 524 rovi des
the detecti om thtb mi] wpqgtt%ub?‘ﬂssmﬁmf %elﬁon
system 600. SY&tcﬁmn@IaQubjealwdﬁmmfdfﬁas mmﬂagnmgmﬁpaienﬁal@ oaiilﬂleﬁ dat a
decoder conponent 620. Fine timng conponent 610 can recejve the tine
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menti oned abo B%E&n “‘ﬁk{ sanpl e of

t he next sy&rrr%o I C ﬁ?%ﬁmgﬁ @%I\/I 15@1?1%9@1_ olgtgkl}ds%ﬁls%ne at arbitrary
yet optim zed Ac{:wdmgrlmmeeﬂngao_dun#xmehcrelmm ﬁeﬂuenqmlptkedﬂcbmrsutomc frequeney ni ng
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timng incl udidifeerdn Qnﬂﬁﬂﬂ%omﬁutbhﬁoﬁdnﬂadlﬂé‘réﬁftﬁblﬂﬁg to@p@ﬁlﬁlvﬂamomament
herein, a frequency- Iocked | oop or automatic frequenc cont rol Tt?nscan be

swi t ched f r omigeederi commonent 630 eanaatiRmakto dsende opppiaRong datai QRIM gymbol :
is an extra step providing for additional confidence that the synchronization has been

accomplished. If the data does not decode, a new leading edge will have to be detected
again by the leading edge component 120 (Fig. 1). Further detail concemning fine timing
is provided infra.

[0075}]  Inview of the exemplary systems described supra, methodologies that may
be implemented will be better appreciated with reference to the flow charts of Figs. 7-
12. While for purposes of simplicity of explanation, the methodologies are shown and
described as a series of blocks, it is to be understood and appreciated that the subject
methodologies are not limited by the order of the blocks, as some blocks may occur in
different orders and/or concurrently with other blocks from what is depicted and
described herein, Moreover, not all illustrated blocks may be required to implement the
provided methodologies.

[0076]  Additionally, it should be further appreciated that the methodologies

disclosed hereinafter and throughout this specification are capable of being stored on an
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for of the confirmation conditions is met, then there was a false detection of a leading edge

and the procedure can be initialized and started again at 710. At 730, an attempt is
made to observe the trailing edge if not previously observed. If the correlator output
remains below the threshold for a number of consecutive samples, for example 32,
TDM pilot detection can be declared and initial frequency acquisition assumed to be
complete. If this condition is not met then the process can be initialized and started
again at 710. The initial OFDM symbol time estimate is based on the trailing edge.

The time instance when the correlator output goes below the threshold for the first time
during observation of the trailing edge can be views as an index (e.g., 256" sample) into
the next OFDM symbol, here, for example, TDM pilot-2.

[0078]  Fig. 8 is a flow chart diagram depicting a leading edge detection
methodology 800. At 810, transmitted input samples are received. A delayed
correlation is performed, at 820, on the received input and a delayed version thereof. A
correlation output is then provided to decision block 830. At 830, the correlation output
is compared with a fixed or programmable threshold value. If the correlation value is

greater than or equal to the threshold a run count or counter is incremented at 840. If



greater than or equal to a predeterm ned period of time (corresponding to
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to the val ue the e | tion h-D val received at 810 and the
process in rep%?i#e%?o wﬁggqglfglﬁ?%a&ggﬁgef afﬁgﬁftg%iﬁﬁoqag&sg%%pq]ﬁ% ng edge
confirmation nisepardngaher Bifks. Nhistiettahingyorfh be apde et encuplecslaiogd St age
in a coarse or initial frame deteée net hodol ogy, in which a | eadi ng edge

&
detection is cOMUt¥aHEE g avovep due id?l}?%%?d&emﬂ’é @tismﬁea#toaﬂ&ﬂ%%nm
expect ed resul fegin AT Wis Betbdtédd 108 BRE dﬁ%ﬂ{eg%oﬂs%lgégeg?irﬁgle@%gﬁsrﬂdet&M1 one of

a nyriad of input safples Is receive A del ay ation is performed
on the input swtipivell intelthe fittong eetioreofsheypilot.nAt 25X a deternfig@iontiompdeatuce a
correl ation

whether a trailing edge is being observed. If none of these conditions are true based on
the correlation outputs received thus far, the process continues at 910 where more input
samples are received. If any one of the conditions is true, the process can continue at
960, were an additional determination is made concerning whether a long enough flat
zone has been observed to provide confidence that it was detected. If yes, the procedure
can be terminated. If no, the process can proceed with another method, such as method
800 (Fig. 8), to detect a new leading edge. In one embodiment, a new pilot symbol will
be transmitted one second after the previous pilot symbol.

[0080]  Fig. 10 depicts a more detailed method 1000 of detecting the flat zone and
confirming detection of the leading edge in accordance with a particular embodiment.
In this particular process, three counts or counters are employed: an interval count, a hit
count, and a run count. At 1010, counters are all initialized to zero. At 1012, input
samples are received. The interval count is incremented, at 1014, to indicate receipt of

an input sample. It should also be appreciate that although not specifically denoted in
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The interval cQuhodprodeSies 868 HoEhbed 8 belfided as Eibwr) Ao etnddortimles R 1028N | nput
sanple. It should al'so be appreciate that although not specifically denoted

i n WO 2005/ 074 Xdwreriiprhitsumd sndyibe Bmpounigre seeutinized ko dhtermineif 2 falserleagingrdge | oop
can be updated L . C | nt erval nt. At 1016,
del ayed correl ati ?'ﬁ‘g?‘é&%@%@ﬁ?ﬁ P%Jr%g?’ﬁée@éﬁr%ﬁﬂttﬁesrgﬁﬁ?uéﬂ gglgg g}gater
time-del ayed valigiopequah&r E38fant thehitmusicbeingdess tieana00.01f iOis dpdided that )a. falée
determ nation is . then de, at 1018, as to ther Sis greater than or
equal to a thr@QﬁBVﬁwﬁ&?wfqd'ﬁ,ep@Gqssﬂfoc?eﬂ%W l\ﬁigmm AW "rqSEFSéH?é’FFtded at
1020 and the mafdpthe Ga4tN WEERA aBIE toBPdterinined fen thd f6¢ksPcdiBheds Tt Batsian | S
made at 1022 as to whether S. < T. If yes, then the run count is

i ncrement ed at bl@R4030.fAn930; the mntdesntrang thedvifrpountare analyzed toxdstermine ifthe and

br'i or o obser JHREsOF A UGG TR AOGEhe Cork e Gubodingr s bl T
deci si on bl ock céRespondstorntenstid fuficbynt iseacalian or lequiat tdoT88 and thy lovdotewds f or

clarity as well as to highlight f r that the order of .such
4 greater than olr uai%iOO. Ttr Linrs],?s the case, the process can contimllje at 1034. If the

leading edge was not detected late, then the process proceeds to 1032 where the interval
count and the run count are analyzed to determine if a trailing edge is being observed.
In one embodiment this can be where the interval count is greater than or equal to the
4352 (34*128) and the run count is greater than zero. In other words, the full length of
the flat zone has been detected and a dip below threshold has just been observed. If no,
then all three conditions have failed and the process proceeds to 1012 where more input
samples are received. If yes, a determination is made at 1034 as enough values have
been observed above the threshold to enable the methodology to determine with
confidence that the flat zone has been detected. More specifically, the hit count is larger
than some programmable value. In one embodiment, the value can be 2000. However,
this is some-what arbitrary. Ideally, the process should see 34 *128 (4352) samples
above threshold, but noise can temper the count. Thus, the programmable value can set

to an optimal level that provides a particular level of confidence that the flat zone has



met hod processes does not need to be fixed as shown. The nethod continues to
1028 where the hit count and the run count are scrutinized to determne if
a fal se | eadi¥g20#224as det ected. In one enbodi nent, thiRETASA0SH9256spond
to the run count being greater than or eq9al to 128 and the hit count being
| ess than 400. If it is decided that a false positive was detected the
process proceeds to 1036 where a new | eading edge is located. |If a false
posi tive was nbeenaleteeted olftike ldetomntis gretet than thefpeoyidedoahf, them theprRassat

nt are anal yzed

decision block 1030. At 30, the run,co and the hit co

to deternine iF’"P’r‘?étes'l @Eﬂ%ﬂ?} PIYfyES %?%@3@%%8“?&?&&&6%%3&@ begetsried:
speci fic embodjomery . iy, $1 ARBtrateSreREDBRichehCof W iRl tgE Hae&faﬁmetﬂoaomggat er
than or equal to 768 and the hit count is reater than or equal to 0. If

this is the cab¥0- (Tseilipg edesarethodalogy ain e rnpleyed ¢adetedt theitradling edgeivhig edge was
not det ect ed Iearﬁelatfoﬂ%nwva&omg%ﬁ&. éﬁiiﬁ?éé@xﬁ)%l,tif’nojt&%%iom?rd@tenttgcf APfdﬁb"a'
a to etermne- i a ral g

count and the run count are analyze ''ng edge’ i s
bei ng obser vedsountersineluding anl intewal and a surcnnterarefritiadized ® derd. eAndll2,dopint i s

greater than or _equal to.th 4352 (34* 128) and the run gount is. greater
than zero. In Wg?s %’Feﬁgwe‘fﬁa“f“&fﬁvg]i @Hﬁ&lh“)ﬁm%’ﬁé Coqrespo fojaeceped
detected and asghigle,hel 0. Hasiemp@ sdmpPRSs ﬁtn&bdbsesaeleﬁa%ﬁadmrwzpra&ce athen all

three conditions have failed and the pr_oc_ess#;roceeds to 1012 where nore
i nput  sanpl escerelation QuIPULE), at il 1§.c4 degisign isanadenhi | I8negardingwiththe 1034 as

enough val ues Eﬁ.}/&ﬁ Fﬁiafﬁ’ ﬁ“m@ﬁ ehﬁ@ t I e

nmet hodol ogy to etepﬁﬁﬁguv&gﬁﬁwcon |gfg ce <iit Eﬁe}’%mt ?fz‘%ﬁﬁlgeéﬁ%ergﬁ

det ect ed. Mor ecamemsiifidreratrited ankliiee pro¢escproceeds © 1126.gHithe ddneiation owtppiriogstanrabl e
val ue. I n one enbodi t, .t val.ue can be.2000. Ho hi.s i s, sonme-what
arbitrary. Ide%ﬁ@@&%&’ﬁ%%g@gﬁdﬂ? 8°"§}g’é1 ?mfﬁ@ﬁ%“'&gﬁmﬁg’mﬁ%ve
threshol d, but ciHesavedat 1120081126, defiafiinationd snadé BLtoRVIREHeABRGARh € Val ue can
set to an optimal ]Jevel that provides a particular |evel of confidence that

the flat zone fRIEclafonpgtpyisdirvebeen pbservedzonssewiyslya confislepthedecties sseaseful | £ t he
hi . ' i : | : i .
it count is OfRat@lbha gextx@ﬁl%@g&%&ﬂ S cobrbépd J}Sa%&ﬁxﬁégmg{e&g.@ pates

If not, the process procee ere a new edge needs t ect ed.
[00811 Fig. 1lequal tosX2r df the nortimeistiage emogh, dlie pro¢essedni tergnisatgmcoestfatiy.i Hn

met hodol ogy 1100. Trailing edge hodol o can be enpl d et t he
trailing edge run. Hme s ot gﬁgec%wgsh?%ﬂe%ﬁg%ﬁ“\#ﬁtﬂ%?%ﬁ 8‘%/’3‘%}{%%0%‘ 1$¥§’not
previously det gftiftgrval¥ountbdhn beGRiplyed fo deféihnieiviigthdnth AbRENGA méhgl Aobun
counter are initialized to zero. At 1112, input sanples are received. The

i nterval count shoyld becirasdeant.cln engembediment if he inferyalcourtiiy eqpal ofTI28 (102¢) 1114,
Each input samglegbifg'dhbd dd&tioR Ynethod TG HiflesSsth.” BHA REmbPLads A8 Feodt at

1128, then additional samples can be received and analyzed starting again at 1112, If

the method does time out at 1128, then the new pilot leading edge will need to be
detected as the method 1100 failed to observe a trailing edge.

[0082) Fig. 12 illustrates a frame synchronization methodology 1200. At 1210, the
process first waits for automatic gain control (AGC) to settle. Automatic gain control
adjusts the input signal to provide a consistent signal strength or level such that the
signal can be properly processed. At 1220, a frequency locked loop (FLL) accumulator
is initialized. At 1214, a potential leading edge is detected. At 1216, the leading edge
can be confirmed by detection of a flat zone and/or a trailing edge. If it is determined
that a valid leading edge was not detected at 1218, then the method returns to 1212, It
should be appreciated also that it is at this point where the frequency locked loop can be
updated periodically utilizing the frequency accumulator, for example to acquire the

initial frequency offset. At 1220, the trailing edge can be detected if not previously



correlation output S., at 1116. A decision is made at 1118 regarding with
the <correlation output S" is less than a programmable threshold (T). If S.
< T, then t Qg fgdkaraeRUNt is incremented and the process proasEEs0R26141126. |f
the correlation output is not Iless than te threshold, then the run counter
IS set to zero at 1122 and the tine instance can be saved at 1124. At 1126,
a determnation is nmade as to whether enough correlation outputs have been
observed conseobserved| Vit it heregust prerts the initial dip of the @aging fedge thatdRewimé caetd on
thereof. In one enhodi nent, this coryres ds .;.o a ryn tine greater than or
baual o 30 1 A PR it (P ER e R e Rt deioctih ot 22 A AP o
successful l'y. lgfas nbf{evibnbly det@tddthéiPthe HdtHBE r&MQAY 8112120 €5 tRE BEBAS edifelfaiCdS 1O
decision block 1128." At 1128, the interval counter can be e oyed to

det er ni ne whet dgiected then ghednitiabeparse dptgetionfegbeesicompietade Thie peagedire continuesne
enbodi nent if ' ' . 1O, 8% 2 Lrai ling
edge detecti onta{rlg%ir?g@&ﬁ@g %&y g’é{(&ﬂf;@ %stﬁgmt%‘e'toﬁghg‘%%?%%‘o}:&@i%%O%IP at
1128, then addiatquiredutikzing b escond TDiVepilet sy cind indorantiby prodided by tiegiongai n at
1112. If the nethod does tine oqut at, 1128, then t new pil ot | eadi ng edge
will need to b&CAFREHERE, IBE“PH@WM ‘Eﬁ%eﬁ%ﬁefléa?f’ﬁ‘ %&@?‘5\7‘9 a8t railing

edge. [0082] Fipgricdidr sdniplSéficat RRhin the REFIBEH N 2Rl dcestaiRE BREQnegy 1200.
At 1210, the grglglgess fiﬁrl%t waits for autdo%ﬁnatic gain control (AGC) to

settle. Aut o_rratellflw@iment, dhsraayes] tim%l%qlnm;l,q eanicpmespapsio the 3] samplerin drisdernd |
proceased. at P03 IMEET ket eftBims S ki o bl s eliihg |

: ni Ejl ali ng, Atesﬁ:ﬁ%téas @Sfﬁﬁﬁeﬂﬁg tandr Sg&iﬁdi rlgp@dg];ﬁlihﬂﬂﬂﬂf fine ﬂ'ﬂling%?liiﬁﬂiﬁn, Ohb'el _
ealngege can e._conri.r etet| n o a t zone. an or a trai Ing
biaa "t 0%, Gl Biogs oiaBbol A2 Ok TP SPORLATREIPL B R PoTs SITLEROI oA

1218, then the yIRhAGHAKECAURES. tfpatll%@-thédecocﬁ,@w{;&u%esmsﬂhe gdées%.l so that

it is at this point where the frequency | ocked | oop can be updated

peri odi cal | y uttérminatesg However, ddleprosessiwatmnl sugcessful then thometbodology retupsite e t he
initial freque;l% of fset. At 1220, the trailing edge can be detected if not
previously WO 25’/ 074224 PCT! US20051002544 20 observed. It is here just
prior to the irpesspl drke following idd disdussiéh @RS alphaility bEsdifabk opattiige saved to
be used later for fine timng, If the trailing edge is not detected at 1222
and was not pre@YIFURINS taPravaqesqnickieier PaCHA IRSRIYASRPGiE daseribed $9P7ay £t he

trailing edge WagmedfihE eded BEarit)Gnd m&e}sandﬁ%a‘r&caﬂdgpss%tm iDBRviNEE B
conpl eted. The procedure continues” at 1224 whéeére the frequency | ocked | oop
is switch to tromekmnbodimeoteof timedivisiommulfinlexed atofsi-TEM pilot-1 aid DM Elotdnd TDM
pilot synbol a’]ﬂodé]‘f Or%tgyg&rgﬁgﬂog?ghgﬁués%%sc%%w below and throughout may be

used for various multi-carrier systems and for the downlink as well as the uplink. The
downlink (or forward link) refers to the communication link from the base stations to

the wireless devices, and the uplink {or reverse link) refers to the communication link
from the wireless devices to the base stations. For clarity, these techniques are
described below for the downlink in an OFDM system.

[0085]  Fig. 13 shows a block diagram of a base station 1310 and a wireless device
1350 in an OFDM system 1300, Base station 1310 is generally a fixed station and may
also be referred to as a base transceiver system (BTS), an access point, or some other
terminology. Wireless device 1350 may be fixed or mobile and may also be referred to
as a user terminal, a mobile station, or some other terminology. Wireless device 1350
may also be a portable unit such as a cellular phone, a handheld device, a wireless

module, a personal digital assistant (PDA), and the like.



coarse estimate. In particular, the tinme instance saved (Ta) can correspond
to a particular sanPI e offset within the second pilot synbol. In accordance
with one enb¥BitfiE7422¢ he saved tinme sanple can correspond’qTGJS@Wém%Gth
sanple in the second pilot synbol. Specifyic algorithnms can thembe utilized
to inprove upon that timng estimate as described in |ater sections. Upon
termnation of fine timng acquisition, one or nore data synbols can be

retrieved and mse]ttembadmehﬁoﬁcpmﬁﬁqd@dmhpﬂum@ée%s&qazo&eelu&dﬁﬁérahen at

1228. 1t; at 1230, the decoding was successful then the process termnm nates.

However, if thBPgtedatadega Paﬁkﬁéﬁéﬂ%‘l’vefhﬁéwc‘ﬂ‘i@lﬁﬁ@}?@ém‘iﬁeﬁf@t&)r ns to
1212, [ 0083] Thob& in%ﬁe@&s'ﬁd%r% jmar&aee@&tﬂogjepéa{e'&& s?]lfnbélk“ hgbl e

operating environments to prov ext for parti inventive aspects
descri bed supr wsed hewgin, héda,tasmnhdll"emam@uhlgon abfmhﬂl foridatp, atpllotsyehoftiandi ng a

detai |l ed descri 'S on nt of tine.diyvisian,.

nul ti pl exed pi F‘%ﬁ%lanonlw%ﬁﬁéﬁsﬁ% rﬁﬁhla&oflg\m WATX e for &point in
synchr oni zat i 04 sigh4l RohstelRtionl % @ mddaktifesheme (v, | tMKRBIQ’Ml?AMﬁahdtb@ onjised for
various multi-carrier si;stems and for the downlink as as the uplink.

The downlink P B’Feqsg’rl\ﬁ& alsp pressseepilot datp tp generateqiint symbels apd pravides ﬂ}ediﬁ’fat he
base stations Eﬁh orlseﬂo%ﬁ fnﬁﬁﬁlato?'iﬁhﬁ he uplink (or reverse |ink)
i nk rom

refers to the co nlcatlon the wrel ess devices to the base
stations. For (f087] t y ORDIM swdnlaton i 8 3imsltipleses tljedmaamhdlobeghnhols‘mno thee

Ut on 1310 aREPe HPYBPCE SERLherolda Tl AR B AR oR kel 7o

station 1310 i guftiplexed bymybals tfolgeﬂdat&tcmnmmﬁmﬂs,maescﬂbmmﬂv erhQﬁdhﬁdertO as a

base transceiver, system (BTS), an access point, or sone other . term nol ogy.
Wrel ess devi clnif @é@%%@ﬁ%@%& FIMsyméols info pag ormarg 15@% ggualsad to as

a user term nalfm,th@T K

device 1350 may a mb%ﬁs&tgggr b’ﬁgé)l?r]lt??n%&c ﬁémcgﬁgel | ul r p oné%hgﬁé)
handhel d deV| c én geaemteracheddatedsighal. eBasa stations b 4| theh tyansmits the snoslulated s{ghkalp) , and
the Iike. 8“)5/ 074624 355/ US2005/ 002544 , 21 %00861 At base station 1310,
a TX data and SSr egbcei;/’é'sth%sff & ent types of data (e.g.

traffic/packet [gi88p amd wiieish @evideCI 80, rt@é tréhginited 3ipdalfroig base e Rti6L 1310,is
encodes, int erI eaves, and synmbol maps) .the recejved data to ggner ate data

synbol s. As us@awﬁ@héwhmt@mda%?aa@mmﬁﬂd tp 3 receiySMMHRORIAAhoRe®dEr dat 2, a
pi ot synbol " giuflm &Bﬁﬁbﬁéqe%n., FRMRDShpI RS, 2Rl Iﬁ@ﬁuen@;?&'o@no@ﬁ@ﬂs%b%eﬁwmm i's

a conpl ex valu or a point
signal and digitizes the conditioned signal to obtain a stream of input samples. An

OFDM demodulator 1360 performs OFDM demodulation on the input samples to

obtain received data and pilot symbols. OFDM demodulator 1360 also performs
detection (e.g., matched filtering) on the received data symbols with a channel estimate
(e.g., a frequency response estimate) to obtain detected data symbols, which are
estimates of the data symbols sent by base station 1310. OFDM demodulator 1360
provides the detected data symbols to a receive (RX) data processor 1370.

{0089] A synchronization/channel estimation unit 1380 receives the input samples
from receiver unit 1354 and performs synchronization to determine frame and symbol
timing, as described above and below. Unit 1380 also derives the channel estimate
using received pilot symbols from OFDM demodulator 1360. Unit 1380 provides the
symbol timing and channel estimate to OFDM demodulator 1360 and may provide the
frame timing to RX data processor 1370 and/or a controller 1390. OFDM demodulator
1360 uses the symbol timing to perform OFDM demodulation and uses the channel

estimate to perform detection on the received data symbols.



a signal constellation for a nodul ati on schenme (e.g., MPSK, M QAM and so
on). Processor 1320 al so processes pilot data to generate pilot synmbols and
provi des the ﬁ pil ot synbols to an OFDM nodul at or 1330. {??087% OFDM
nodul at or 133 rru dxes the data and pilot synbols ont oPEHES20%50gR
subbands and synbol periods and further pe2Zorns OFDM nodul ati on on the

mul ti pl exed synbols to generate OFDM synbol s, as described below. A
transmtter unit gTMTR) 1332 converts the OFDM synbols into one or nore
anal og si gnal s [8#%8] f (RX date progesspt 1350 prqcesses (. garsp!lnbélidem,apé deinterlegves add

frequency upco t e dul ated si gnal
Basg st a%/i olr[: 1 }f@fd&ﬁ)the %?%ﬁe??%a@%yﬁxhgﬂ%éuﬁ?ﬂdgd% aﬁ{& ??&oﬁaé’ﬁovd&?senna91334
to wireless de\dbcndsddatathxch;aqirwessokﬂ)@'ﬂﬁindkf coMitiotlbeR90 eeiyiuge tht Fathe tintl
transm tted signal base statjon ?i)y%* recei ved by an antenna 1352
and provi ded t 05"?‘?68 Zent [ypes o ‘I(‘k@\ﬂ%‘t stafiordiP i@ In geperal, theprocssing t i ons
(e.g., filtersy mﬂmfdbﬁsdulaaﬂm‘eo%ﬂwmtmm@m\mdﬁkoﬁlgﬁnﬁngﬁat%% si gnal

and digitizes the conditioned signal to obtain a stream sanpl es. An
OFDM denpdul at ¢¥ocese® by, du%mxlléé%%ihmmf@nﬂ@nﬂ@tm@qewpuﬂwanpl es to

obtain receive | s. OFDM denodul at or 1360 al so perforns
detection (e. gqeﬁ%ﬁ’cﬁé%%%s?%nroﬁﬁg ‘on the received data synbols with a

channel esti nat[@091{ e. cContrallérs @3d0eamd)l 30@ dipen SerativhiatBdse station DI Aidwitthisect ed
data synbol s, i.ch est.inmates of the ta s ol s, sent by base station
1310. OFDM derr%ﬂf’%dgro rf%@“%?o%%ﬁ%@%t@@tlégfmﬁvmﬁl for pregram; ecej ve
(R data processlind 39 uski$¥Bhindich D LAI B0 fedtkiigine! estimation unit
1380 receives the input sanple fromreceiver unit 1354 and perforns

synchroni zati o rIOQSBI d etBaserstakéorf k3el ﬁ@lamandswmmﬂo—ppmmrwymlamdes@mgb@drmmv e

and bel ow. Unit S| ece| ved pil ot
synbol s from dem) ﬁl&aﬁ? %&nr}%nfg?ﬁ@%g&u%f%%mgs, ati’ timng
and channel ez tuanmlesmmto@lBM-eﬂﬁBﬂekudae/GWeﬂ@G&emgld afmyorrahwmd&nithgn thérgcﬁllm
timng to RX sor, 137 nd/ or acontro enpdul at or
1360 ses the. SPRBATIARG AFRIaEn ST ap oo BUHGHH] Y ReA) CoHRoLAsiads o

channel —esti N&iflds®dddcs Qhder 48 boverd MantJﬁ%ﬁqsmapmeﬁmﬁs MD

2005/ 074224 PCT/ US2005/ 002544 22 | data processor 1370 processes
(e.g., synbol dperifinsdatateispecalic wircless, degn@, mdli'c@dfe@}a tolagreip af oiredpssidevices,y nbol s

from OFDM derm ffrﬁa&c%%gaﬁqgaﬂ@r\éieg%&chsewdw data. RX data processor
er may use fhe

1370 and/ or rame tim ng
[0093] Fig. 14 shows a super-frame structure 1400 that may be used for OFDM

system 1300, Data and pilot may be transmitted in super-frames, with each super-frame
having a predetermined time duration (e.g., one second). A super-frame may also be
referred to as a frame, a time slot, or some other terminology. For the embodiment
shown in FIG. 14, each super-frame includes a field 1412 for a first TDM pilot (or
“TDM pilot-17), a field 1414 for a second TDM pilot (or “TDM pilot-27), a field 1416
for overhead/control data, and a field 1418 for traffic/packet data.

[0094]  The four fields 1412 through 1418 are time division multiplexed in each
super-frame such that only one field is transmitted at any given moment. The four
fields are also arranged in the order shown in Fig. 14 to facilitate synchronization and
dafa recovery. Pilot OFDM symbols in fields 1412 and 1414, which are transmitted
first in each super-frame, may be used for detection of overhead OFDM symbols in field
1416, which is transmitted next in the super-frame. Overhead information obtained
from field 1416 may then be used for recovery of traffic/packet data sent in field 1418,

which is transmitted last in the super-frame.



to recover different types of data sent by base station 1310. In general,

t he processin by OFDM denodul ator 1360 and RX data processor 1370 is
conpl enment ar ﬁ?éoq%ﬁé‘mbrocessi ng by OFDM nodul at or 1330 arR§TIUS2¢0508258ind
pil ot processor 1320, respectively, at base station 1310. [0091]
Controllers 1340 and 1390 direct operation at base station 110 and w rel ess
devi ce 1350, respectively. Menory units 1342 and 1392 provide storage for

FB ggrz iam codes[0098) dahﬁaomeﬂpbyy&ﬁﬁﬂdd irfénitoietd 14A2Qaiiesl ods38FDM SmipEiorvel y. I
Base statjon, 131 end.a pojnt-tQ-point transm ssion to a single
Wi rel ess devi@él,ho%{l"ﬁ‘gl ‘E’%d[@%f“l"raésﬁﬁ‘i@%f’%(gf Msygibglsor SDMpHRtdB devi ces,
a broadcast  { GABAITGAH SN inly 8b b alycaleSH, A8 WerRMILIe 4 rea,
or any conbi na%i on t her%ﬂ)?. yF_or e>¥anp| e, base _stgtl neldéltf%g&n@;g{l))f%gggast
pi | ot and over FeNdpilntdand TDY4 piottZoarg broadeastipsriedicallydn eachdframede fadilitatecover age

area. Base staf] 310 r Lrans [y Cifl specific
W rel ess devi i%’g&ﬁ'%]}?%m_n C Xsi?é“g{éélggtdg%é&g?jgﬁ%‘ eg‘fﬁ%d.lzf@%“§"°a§sﬁq?{§§‘% f‘ﬁgng/ or
broadcast dat amhyaled tontdin piletsgmbely thaesre fleQiAcY divisihn mvltiplegadswith dagper - f r ame

structure 1400 that may b ed for OFDM system 1300. Data and pil ot may be
transmtted insygﬂ’ﬁgr@?%é?fg?giﬁm"h each super-frane having a predeterm ned

time duration (09g) . PREOFDMPEem HhsaH BRLrall §315R PRYwILSor PP Mg iGed to as
a frane, a tine slot, or sone ‘other term nol O%i/ﬁ For the enbodi nent shown

in FIG 14, eapstiéangdinte Norbogonsl snbbands using OFDM: 1 Dhef spacing bétween aipioendi | ot (or
"TDM pi | ot - 1" ' 0 ' " il of~2"), a
field 1416 fZ:FF”“’ga\‘/‘IedrE ﬁée%g} g‘{]}?ﬁzb P@*&?ﬁ%@‘%&&@ﬁ?@ sg‘i"lé’%mf’g?y%‘%gf e b)ac ket

dat a. L0094] TJ&? damﬂanﬁrhiﬁkidﬁ, ﬂlﬁie?llidtileuﬂ][théJl%gﬁizﬁigeM4mpbﬁmg§ineﬁbaul tiplexed
I N eac super-tra SucC that .o n |l e IS tran te at an given
monent. The fotfusedqndisgeyeas @%ﬂ_g@bivﬁaﬁbwmh?%@tﬁﬁﬂégb&wq ‘f‘?eqzi&b. 14 to
facilitate syngppRhiARIrORitR M= 46@%&3@’ @gwswﬂmghsﬁﬁ%ﬁ%ﬂra%& NDpfields

1412 and 1414, which are transmtte I rst in each super-frane, nmay be used
for detection 6 gvard sehbdands-Dnvegenerdlsing QFDM stewcfure with@ny wianbér of totaly esablei t t ed

next in the su -fr . rhead | | ained fromfield 1416 may
then be used fg}%rﬁ“é‘cdgsx‘}ngwgéﬁ‘a?ﬁg}‘?efig;’r%g@gw@?gg ent in field 1418,  which
is transm ttedoa®t i Asiderribeteprd, TRNE pilMO1 2002 nfdy b ddsigied kd Kaciligid 002544 23
[0095] In an exenpl ary, enbodi nent, field one, QFDM synmhol for

TDM pi | ot - 1, afciroRizatioppyshewiglessdeyicesin i‘f%%&%ﬁﬁﬂas deyiee maxss 1M 2. 1 n
pilot-1 to detect the start of each frame, obtain a coarse estimate of symbol timing, and
estimate frequency error. The wireless device may subsequently use TDM pilot-2 to
obtain more accurate symbol timing.

[0098]  Fig. 15a shows an embodiment of TDM pilot-1 in the frequency domain.

For this embodiment, TDM pilot-1 comprises L; pilot symbols that are transmitted on L;
subbands, one pilot symbol per subband used for TDM pilot-1. The L; subbands are
uniformly distributed across the N total subbands and are equally spaced apart by §;
subbands, where S; = N/L,;. For example, N = 4096, L; = 128, and S; =32. However,
other values may also be used for N, L;, and §;. This structure for TDM pilot-1 can (1)
provide good performance for frame detection in various types of channel including a
severe multi-path channel, (2) provide a sufficiently accurate frequency error estimate
and coarse symbol timing in a severe multi-path channel, and (3) simplify the
processing at the wireless devices, as described below.

[0099]  Fig. 15b shows an embodiment of TDM pilot-2 in the frequency domain.
For this embodiment, TDM pilot-2 comprises L; pilot symbols that are transmitted on L;
subbands, where L; > L;. The L, subbands are uniformly distributed across the N total



general, each field may be of any duration, and the fields may be arranged
I n any order ilot-1 and TDM pil ot-2 are broadcast periodically in
each frane towpa?({,'?f!"‘p’i‘gi‘e synchroni zati on by the wirel ess YV EaE/00333&r head
field 1416 and/or data field 1418 nmmy al sm contain pilot synbols that are
frequency division nultiplexed with data synbols, as described bel ow

[ 0096] The OFDM system has an overall system bandw dth of BW MHz, whi ch S

pgrt i tioned ib Btsﬂabhhdsrambag:;mahuysspbmmﬁn UﬁSmbﬁﬁilaMwhEE@SzszQiLﬂngggk ]
adj acent su s, BW/ N tot al subbands, M subban smaye
used for pil ot W‘@aﬁ’c{a’t 40¢% éﬁ&/gizsgr Sgan V\?{g"r'é’aWF%me algebe vied ?ré\'r&rz’rﬁ“ﬁézl\l- M

subbands may behisWRUEER fANTDRESIIR238n ardaa&uﬁb@%%o ihir in SHRAA 1t t he
OFDM system uses an COFDM st?ﬁ%ture W?M = 4096 total subban %M: 4000

usabl e su bband§haﬂaﬁbﬂ¢lﬂldlm a severe myulirpathsabanyieh dEhe wireleps deviggs mwﬁsc@é[ame to
structure wrth uar be used
for the OFDM s tem i%ﬁfo@%%&g@%h%&r@%%ﬁ o@llglﬁ%rwi%ﬁ@“nay be
desi gned t o f aatrival aftthe nesy OF DM symiadl; wldctbig chrheccut inehaliatelg afterccH3Mipilof-e
system A wrele devi ce may use, TDV | o ej ec t rt of each
frame, obtain én‘i@f“géyg?t VH%PW%@%&“H&%@H@“@?P%FQ%&Wr equency
error. The W r ¢496] dWélﬁﬁleWMuéﬁQﬁ&ﬂfé?m§o\fhé4§€!ar-£9\ﬂ-dﬁhk&5{e%o¥&mUébt ain nore
accurate synbol tim ng. hows an enbodi mént of TDM pilot-1

in the frequen&gmrestadavith {'ﬁMpll%ls Aehtgsdvﬂws usedtﬁun@msoohatﬂxmhpr?swanﬂs pi | ot

synbol s that a subband
used for TDM pr@'&%‘rm lﬁﬁgagﬁrgtes ﬁﬁg?(ggbq%ﬂr ?&%ﬁf&ﬂaﬁﬁd?ﬁﬂ@? re across t he
N t ot al subbandmmelﬁemehepﬂmﬂlsquea:éﬂledpmlubahls f&;TDM;ﬁmndSe sel«hﬁd@ucﬁ, =

NI L,. For exa val ues

Ty Bl o be o Bt Sibenticalpilot-1 seavnces o sonriEt Gr LI PR RSB a L e (1)

provi de good p@ﬁﬁuaﬁmapmmu&rmseqi&tea@.ﬁdmaﬂsg idéaticaPpotlyRGFeneds edannel
including a severe nulti l\g o channel, (2) provide a sufficiently accurate
3]

frequency er r ogeessatpdiior dD tcharse synbol timing in a severe multi-path

desort bed bel oftPbbEdjEAeSISEE BERETAB Yol BRMREAET TORH SR IOE°, |

frequency donmiprocessor lﬂbiasbaabtadbmﬁmo Wibhih prokestor2 320,ra0F X data ptagegsod 1610

symbol s that are fransmtted ub re |2 > L1. The [ 2 subbands
are uniformy dPEHVERSATAdES. iR ﬁ"«‘éisﬁilm?’ ‘Hi’ps\%ﬁ%&ﬁkﬁﬁ?éﬁgmﬂm Gia
PCT/ US2005/ 002@%1,01;_4

[00102] In an embodiment, a pseudo-random number (PN) generator 1620 is used to
generate data for both TDM pilots 1 and 2. PN generator 1620 may be implemented,
for example, with a 15-tap linear feedback shift register (LFSR) that implements a

generator polynomial g(x)=x" +x'* +1. Inthis case, PN generator 1620 includes (1)

15 delay elements 1622a through 16220 coupled in series and (2) a summer 1624
coupled between delay elements 1622n and 16220. Delay element 16220 provides pilot
data, which is also fed back to the input of delay element 1622a and to one input of
summer 1624, PN generator 1620 may be initialized with different initial states for
TDM pilots 1 and 2, e.g,, to “011010101001110’ for TDM pilot-1 and to
*010110100011100° for TDM pilot-2. In general, any data may be used for TDM pilots
1 and 2. The pilot data may be selected to reduce the difference between the peak
amplitude and the average amplitude of a pilot OFDM symbol (i.€., to minimize the
peak-to-average variation in the time-domain waveform for the TDM pilot). The pilot
data for TDM pilot-2 may also be generated with the same PN generator used for



subbands and are equal ly spaced apart by S2 subbands, where S2 = N L2. For
exanple, N =4096, L2 =2048, and S2 = 2. Again, other values nay al so be
used for N, LWO2U¥@78H This structure for TDM pil ot-2 cRETHSWsAeRSHCccur at e
synbol timng in various types of channelsi ncluding a severe nulti-path
channel . The wirel ess devices may also be able to (1) process TDM pilot-2
in an efficient manner to obtain synbol timng prior to the arrival of the

next OFDM symbedrambtiigldata. SThe MireRiS BévideB WRR KRbRIedp@b£18E dAPMRIbOIDNL pitotNd (2)
apply the synbgl timng to this next OFDM %g!bo_l, as descri bed bel ow.
t p

g
[00100] A snal B&Pt denatacqddo kney theglata used for ottlar ger frequency error can
be corrected vy T b0t . ' that the
pilot-2 sequen‘({:neless] DMo‘ﬁg{eofgyn&'}?ll @ﬁf)@fn?%i’égb%& r!31 e‘? sefg%%g%{ﬁ%gaeﬁ' o%(;&bt ain a
| onger channel genepabdrslé20 empmapscthe bits afitiset plot daarta gilet gmitels Basekbapence. The L,

subbands for TDM,pil.ot-1 are.sel ected..suc t S .identical pj]lot-
sequences are B@ﬂ@?g?%%%%?'e%\ﬁ%el% Y .mgfnﬂé‘p%qnﬁheln?ﬁ? “Eaé’cbeé’ﬁ%ﬁﬁ@h or TDM
pilot-2 are sebiet ¢dnd2Cth dnedibodindnt QYRSKC usdd thObotll THRAPRAS and? CIn tARNET at ed
for TDM pilot-2. [00101] Fi g 16 shows_a Dbl ock di agram of an enbodi nent of

TX data and pi F#6 ™ 39 grypythe piletdataintoi2dhit binary valpps andfurthes sps or
1320, a TX dat oG Evahey : ' . ‘B4 : nbol
maps traffic/pac eztotsi dat a t’? (Jgt“g %ﬁ%‘?@'ﬁghﬁgﬁlgﬁ s{’ﬁgngBchbgiﬂosgﬁl ‘Sﬁlzxsg?]&gpﬁ)\(
enbodi nent, a psleeihe signaticonstellativarfox QRFK g HiQRSK isusdife0the TDM gilots,thergener at e

data for both TDM.pil o and ,2. PN gener at 620 .may be | mented, for
exanpl e, with gaaggx_ﬁg%ﬁ ??%Jﬂ?psééﬂﬁ%ggm?ﬁf ?‘F%@épé‘?t t°ﬁ?§ﬁ)s% Ml enent s
a generator pairhepihy 2[g piot datadil forxiDMbpilot Do BipfloESabolsPA anipleréor 1620
includes (1) 15 delay elenments 1622a through 16220 coupled in series and

(2) a summer 16MEx)448uenetvgs Hedgiesymbels Somel deta procassonto 18 fhe pidat symbele| ay

el emrent 16220 V{h' ﬂ%&#ﬂnﬁ TONR! [ ap&&@ é}ﬁ‘q’ Eﬁsjﬁt 29 J.aput of
del ay el enment %gla n totqrg%%’dtﬁﬁgut oféﬁgtﬁ?ner 8 -11 gghg&é{;&g#eg&o may
be initial i zed 164Q providésite OFRM mmidulatir 1830the pildteymbdlDkdrthd TOM filoahdnd®?2 e. g. ,
to 0110101010Q1110'. for, TDM pi.l ot-1 and t "0 1Q00 00" for TDM
pilot-2. In ge%&&ﬁf“}d ‘&ﬁQa‘aévag?}&?PBéheﬁngwﬁdgﬁﬂd%%h%&? ga‘jiljﬁlag??daszs?m"mé" pi | ot
data nmay be selrpctig£d to reduce the difference between the peak anplitude

B

and the average anglitude of a pilot OFDM synbol (i.e., to mninmze the
peak- t o- aver agd0UI84l aFigA7 showsablockdiagramaf an cakesiraentof OFDMmodwiaton] 339 ) |

e LYot S N R AR Ot b "
pilot symbols from TX data and pilot processor 1320 and maps these symbols onto the
proper subbands based on a Subband_Mux_Citrl signal from controller 1340. In each
OFDM symbol period, mapping unit 1710 provides one data or pilot symbol on each
subband used for data or pilot transmission and a “zero symbol” (which is a signal value
of zero) for each unused subband. The pilot symbols designated for subbands that are
not used are replaced with zero symbols. For each OFDM symbol period, mapping unit
1710 provides N “transmit symbols™ for the N total subbands, where each transmit
symbol may be a data symbol, a pilot symbol, or a zero symbol. An inverse discrete
Fourier transform (IDFT) unit 1720 receives the N transmit symbols for each OFDM
symbol period, transforms the N transmit symbols to the time domain with an N-point
IDFT, and provides a “transformed” symbol that contains N time-domain samples.

Each sample is a complex value to be sent in one sample period. An N-point inverse
fast Fourier transform (IFFT) may also be performed in place of an N-point IDFT if N is
a power of two, which is typically the case. A parallel-to-serial (P/S) converter 1730
serializes the N samples for each transformed symbol. A cyclic prefix generator 1740



25 scranbling data. The wirel ess devices have know edge of the data used for
TDM pilot- 2 but do not need to know the data used for TDM pilot-1. [001031
A bit-to-syn3H? 2081y unit 1630 receives the pil ot dat aPEFHRPH028dner at or
1620 and maps the bits of the pilot data g pilot synbols based on a

nodul ati on schenme. The sanme or different nodul ati on schenes may be used for
TDM pilots 1 and 2. In an enbodi nent, QPSK is used for both TDMpilots 1

and 2. In thisy ts mmrmbﬁlp%%?ewh%&ofnk&@}dbehowawﬁ?w-bit

bi nary val ues and further mab{)s each 2-bit value to"a specific pilot
nmodul ati on sy riywbol thetchntgins dt+ € pampples.i Eheryelinrelis vsed togombatinter-gymatiol

constellation . LS. b e Il,ots, .then .r I ng
unit 1630 napéi‘%“%)%@ﬁﬂ %“ﬁ%a@’@w {)lﬁi’)octa;[%'éﬁ[b@ T?n%?qlﬁwgefﬁg@ﬁg and
further maps 2ZbZmpnicatioriciaanddi Delay epreadiditiz tinnd differfiefice btwdehakie aylidepl s. A

mul tiplexer (Mix) 440 receives the data .synbols from TX data processor
1610, the pi| Grmafgfgnal ‘Wﬁﬂ%%‘bﬁﬁ@t %Y‘Pgi‘%}nséﬁ‘fﬁe?}ﬁmﬁ-rﬁ“QF@MI from

controller 13 bMHekib® & %Eipt 1640mBél i isitRe @tpm_ {;m pi | ot
symbol s for S b oLl (il 4 SOmBeIperioey i t%%ﬂé{ga}%g%mbol £ 301 ke

over head and daequal fodf #€ ssmplepeniods.ane, as shown in Fig. 14. [001041 Fig.

17 shows a bl | agk- f Loent o |.at,or , 133 base
station 1310. c{ﬁ&sog"m%lgm 08?l §ﬂ‘§‘gsa§§3§%‘§?’ﬁ§%%ﬁ°ﬁ§%‘§ﬁ5@ﬂ%é Sﬂg’lﬁ%{la and

pi | ot ?]ynbol S g‘yﬁmmfgﬁqbgiﬁbmdgﬂfﬂibt-l Smmmorﬂ)%&n?pwtﬂml afcnbﬁﬁﬁecﬁyﬁbolls
onto the proper subbands based gn a _Suhban x Crl, signha romcontrol |l er
1340. I n each SYBRORRIISASHLY apds £ Fpﬁéﬁﬂ??@g& -t BECauss the banileb syrehods 95t a or

il nmbol | ' |
pi l ot synbo ol(fnmlgg)glﬁt 1 aidlRband L?%@di:ailfl&rﬁléﬁ}eaevgﬁly )Q}Ba{cc&i ap sS5HaRds S'Bﬂ a

"zero synbol " Is a signal value of zero) for ‘each unused $ and.
The pil ot synilstauselzerd gyrabalsiare sent on teaemiaining subbands, thedransformedzymbolfot aced

wWth zero sy - each ORDM.. I pRILN it 1710 provides
N "transmt mlpéhpi S?n%%se‘gzwgﬁ é{f’agtbg%ﬁé@gs’ \)Win%reg‘:he‘gkqxﬂts%lwg?ﬁ t synbol
may be a dat af@nﬁhﬁﬁ( g L ;ainpd-derhain yamislés, Bﬁbhpilolﬂ;lseq&)i&mhy alée1bé gaﬁfa&ﬁnb | I:?i scr etﬁ
Fourier transform (IDFT) unit 1720 receives t transmt s ol.s for eac
OFDM symbol RéFPBRINg 1 4nRetat IR T ondhe Ly piloh symbo %{;ﬁ‘SQFV&P@QS 1y foeeysle domai n

with an N-poi 2;[”%1?,4 foF ToMe tﬂrie}ééﬂﬁo%e&ofﬁlé Eph A hmplae U e dddSform@t @i ns N

time-domain s es. Each sanple Is a conplex value to be sent 1 n one sanple
period. An N- pymbol anduginserted fim ontred tirei tensformadssiymbod. (TheEilpt- hEFDM syonlivd

Pypi cal ly t he hduenes 3ot fdy Re/ Eimiolt stiores CERFERPRR ifYiguodtTL2 '
128, S; =32, and C = 512, then the pilot-1 OFDM symbol would contain 36 pilot-1
sequences, with each pilot-1 sequence containing 128 time-domain samples.

[00106] Fig. 18b shows a time-domain representation of TDM pilot-2. An OFDM
symbol for TDM pilot-2 (or “pilot-2 OFDM symbol™) is also composed of a
transformed symbol of length N and a cyclic prefix of length C. The transformed

symbol for TDM pilot 2 contains S, identical pilot-2 sequences, with each pilot-2
sequence containing L; time-domain samples. The cyclic prefix for TDM pilot 2 is
composed of the C rightmost samples of the transformed symbol and is inserted in front
of the transformed symbol. For example, if NV = 4096, L, =2048, §; =2, and C = 512,
then the pilot-2 OFDM symbol would contain two complete pilot-2 sequences, with
each pilot-2 sequence containing 2048 time-domain samples. The cyclic prefix for
TDM pilot 2 would contain only a portion of the pilot-2 sequence.

[00107] Fig. 19 shows a block diagram of an embodiment of synchronization and
channel estimation unit 1380 at wireless device 1350 (Fig. 13). Within unit 1380, a

frame detector 100 (as described in detail in supra) receives the input samples from



serializes the N sanples for each transformed synbol. A cyclic prefix
generator 1740 WO 2005/074224 PCT/ US2005/ 002544 26 then repeats a portion
(or C sanpl eg‘g’ of each transforned synbol to forman OFDM synbol that
contains N+ CVQAWFOLE2 The cyclic prefix is used to conbatPCirﬁJtSéﬂWQVﬁﬁol
interference (1SI) and intercarrier interf&rence (1Cl) caused by a |ong

del ay spread in the communication channel. Delay spread is the tine
difference between the earliest arriving signal instance and the |atest
arriving si gnatecéiveruanidashpraressecthi inpnt sample®ididtecs forttld stapeof aach frame,andpl y, a

sample pori odsP T FeF g T SRl S e 100 AP e e R emhRs  Tom
pilot-1. An OFuM thefametiming probbds@ thoinpit sh@iples R dedct for BleldrofMitdlecaivdds

conposed of a formed synbal of Iength N and a cyclic prefix of length
C. Because thebﬁﬁ%w’&ol&m@dﬁwe s pmingy Ay freguenéyegitor gsimatord@bbands

that are evenl ¥ [AY=Talo] F@@ds a aﬁﬁ’%}?‘* ols are
sent on the reﬁ?ﬁﬁﬁsﬁggﬁﬁg?#ﬁeﬁ%ansf?m %E%l BA’fstg"r \ plEq?ot 1
contains S, i dE¥0ireceiveppan output fonmyspantod iming detecton d 92(parkd alerivesshphamsd
containing L, %s;lgprr%-edorrai n sanpl es. Each pilot-1 sequence may al so be
gener ated by })Fn‘i ng an L,-point IDFT on the L, pilot synbols for TDM

pilot 1. The cfooles] Asdédcxbédin flihdr fethidin Hig.i 1 fram@idesadr 100, bétforfas Famat oSt
sanples of the transforned _ synbol and is inserted in front of the
transformed syfBeronizsiiondy dstectingofmeranplpdpr THM pilog-d in thednpu samplesfram s + C
Il L, pilot-1s . r b E N = Lot Jagng a2, and C
= 512, then th@ﬁ%ﬁ?&?ﬁp%@gﬁéy igﬁy’m%%ﬁngalggﬁggi@nd%%n%llorlot - °§§‘é‘5ﬁgnces,
with each pil otonimunication chanvekis an additiyendstetGanssiziomiie (AVWGN) chenndlOTHO61 Fi g.
18b shows a tine-domajn representatian of TDM pilot-2. An OFDM synbol for
TDM pi | ot -2 (o}npmpﬁa%ﬁe[}?rM%ﬂ&)mqysbeﬂ‘%%&%%osed of a transforned
synbol of length N and a cyclic prefix of length C. The transformed synbol
for TDM pilot 2 congalfs:w2,identical pilot-2 sequences, with each Hg’\ﬁhpt-Z
sequence containing L2 tinme-domain sanples. The cyclic prefix for TDM pil ot
2 is conposed of the Crightnost sanples of the transformed synbol and is
inserted in frwhere ofis aniedexfansimplepaiodynbol . For exanple, if N = 4096, L2 =

2048, S2 = 2, and C = 512, .then th il ot-2 OFDM.sypbol uld. contain two
conpl ete pilot-2 seﬁu@ﬁé%e,‘dw*l%sm’é‘g% “W@’r’bﬁs"'ﬁ’ﬁfﬂéﬁbﬁ?‘f&’ cgpding 2048

ti me-domai n sanpl es. .The.cyclic,prefix . for T il.ot. 2 would.contain onl a
portion of themSi | of-153% 108 m!epob?mne)éby?hewuge\gs evice in sampfépenoé)n; and y

w, is the noise for sample period n.

[00109} Frequency error estimator 1912 estimates the frequency error in the received
pilot-1 OFDM symbol, This frequency error may be due to various sources such as, for
example, a difference in the frequencies of the oscillators at the base station and
wireless device, Doppler shift, and so on. Frequency error estimator 1912 may generate
a frequency error estimate for each pilot-1 sequence (except for the last pilot-1

sequence), as follows:

1 = .
N;:E'Arg[z ru"'t,m.,jl ) Eq (1)
D i=1

where 7, is the i-th input sample for the £ -th pilot-1 sequence;
Arg(x) is the arc-tangent of the ratio of the imaginary component of x over the

real component of x, or Arg (x) = arctan [Im(x)/Re(x)];



[ 001071 Fig. 19 shows a bl ock diagram of an enbodi ment of synchronization
and channel estimation unit 1380 at wi rel ess device 1350 (Fig. 13). Wthin
unit 1380, a WPRUTEt ector 100 (as described in detail PETASRHRAPIPHECei ves
t he i nput sanples from WD 2005/ 074224 PCTI2852005/ 002544 27 receiver unit
1354, processes the input sanples to detect for the start of each frane, and
provi des the frane ti m ng A synbol timng detector 1920 receives the input

sanples and the fr t g, processe t igr-iLpput . sanples to detect for the
start of the receiv @I‘s ‘%ﬁﬁ‘ﬁo\”@“’ n Dpr_'—dgw e%ﬂdt he synbol timing. A
frequency error estimator 1912 estimates t ié'""frequency error in the

recei ved OFDM s nbo ar out put from
symbol timng dgt ect’d %;%Eﬁﬁ&%&gﬁﬁf%g@ta%fmﬁﬁanngﬁ% §lFrlgr"ltge [80108] As

described in f ther e ai | i 1, frame detector 100 performs frane
synchroni zatio %V“&"e? chBe ’lﬁ%ﬁﬁ‘b‘!sé“ay §BIVEBRApi [ ot-1 in the input
sanples from receiver unit 1354. For sinplicity, the I nstant detail ed
description assunes that |{4&le conmuni cation chagil is an additive white
Gaussi an noi se (AWRK-Igh x/The i nput s r, each sanple peiq@y nay
be expressed as: r,=x" + WS s Eq(2) where nis af ‘Lndex for sanpl e period; X
is a tine-domain sanple sent by the base station in sarrple period n; r" is

t I bt th | d d d w
S Lho noi oo 1 SR8t & IS npblFemPI s BaYSter E)elicy SR sFe BaEs SHaelsHed01
t t th th Thi
Frequency err ofed “e” a%érd?écrx'slﬁw085@51?%%#8%@&%%9ﬁmé@%@ﬁ”@%ﬁﬁm N

difference in béqaeﬁceeﬂteqmicsz&rrelfeshhﬁtoewlﬂlh@tmo%eafnpw&&n&aaﬂﬂﬁm& ﬁ%eand
wi rel ess devi ce, pler shift, and so on. Frequency error, estimtor 1912

may generate QetF‘?t‘éfcfﬁmeyﬂ’éleﬁﬂdég‘PrFﬁﬁﬁc@WW bywanokihe delayedsarelatote (except
for the last p ) o[c(’x‘@& . ria.L, Eq
(1) GD where r%‘ﬂﬁon%m ﬁgg%ﬁiégﬁﬁlaﬁ%@légdé Pglt"e:é i c%isaﬁ‘ﬁp %%h@nsequence;
Arg (x) is theseamment®dgent of the ratio of the imaginary conponent of x over
t he

[00110] The fréquency eITor estimates may be used in various manners. For
example, the frequency error estimate for each pilot-1 sequence may be used to update a
frequency tracking loop that attempts to correct for any detected frequency error at the
wireless device. The frequency-tracking loop may be a phase-locked loop (PLL) that
can adjust the frequency of a carrier signal used for frequency downconversion at the
wireless device. The frequency error estimates may also be averaged to obtain a single
frequency error estimate Af for the pilot-1 OFDM symbol. This Af may then be used
for frequency error correction either prior to or after the N-point DFT within OFDM
demodulator 160. For post-DFT frequency error correction, which may be used to
correct a frequency offset Af that is an integer multiple of the subband spacing, the

received symbols from the N-point DFT may be translated by Af subbands, and a
frequency-corrected symbol R"* for each applicable subband &k may be obtained as
R =R, o - For pre-DFT frequency error correction, the input samples may be phase

rotated by the frequency error estimate Af , and the N-point DFT may then be
performed on the phase-rotated samples.

[00111] Frame detection and frequency error estimation may also be performed in
other manners based on the pilot-1 OFDM symbol. For example, frame detection may

be achieved by performing a direct correlation between the input samples for pilot-1



real component of x, or Arg (x) = arctan [Im(x) / Re(x)] ; V\02005/074224
PCT/ US2005/ 002544 28 GD Is a detector gain, which is GD = 2 ;. and Lanp
cif, is the MW 2error estimte for the P -th pil ot - fcg@éﬁﬂg?@@“" The
range of detectable frequency errors nmay B2 given as: 2nL) WI <,r/2 , or
lAfil < f"-P Eq (2) funy 4L1 where f, is the input sanple rate. Equation
(2) indicates that the range of detected frequency errors is dependent on,
and i nversel y QOEDS syehbbDwith the abtanlgtilot-d sequiancepeherated at thebase 8ation. FTleqglieacy
error estimator 2 may. als vmthlnthefrarre detector
conponent 100 Qgﬁ'ﬁlgaﬁﬁ?gm\éﬂgﬁﬁﬂggﬂﬁgwrﬁw Qr eagh, sirqng signal Instace Lotat or
conponent 110 gilfif&hy. 'BinckGRd1EHad o muRIpal or peakindyEiSe Ubiifinsd for #kiven Basai | abl e
from sunmer 524, [00110] The fre uency error estimtes may be used in

various nanner$ationgs wirelessdsyise wopld perfapmport-prosessisg oashe desactedinseksda ebfaini | ot - 1
sequence may blﬁnféﬁg %ﬁbﬁ&éiﬂ? d?fa%eﬁieteﬁﬁ&ﬂﬂﬁf‘%l%’o l%e{]%ﬁié&m%tfg g gorhgi%hcﬁltc}fe pts to

correct for any d8tected frequency error evi ce
frequency- t r acdelaygd tarogbation\and direct pbraedatidnocked | oop (PLL) that can adj ust

t he frequency caLri Si gn ed for fre onversion at the
wirel ess devi c@Blﬁrluea# @Lﬁﬂ&@ Z’h"g gy ofAnsm Hg eéf %{%’YH’@ Q%Wﬁ&&tﬂ ctph
obtain a si ngl p20f Witk p&fatms tihfdig @ﬁbﬁrﬂﬁ&ﬁmihfbﬁeﬁbn&lkt%lm-ijFﬂMQﬁ%lSynbO'
This of may then be used for frequency error correction either prior to or

after the Npowmnmmbmttmmadmlﬂienwmpéalmffemmrﬁqug&ﬁmmﬁmplesquency
error correcti uhieh, PP’P Qg l, qgéjﬁ t hat
IS an integer |p e o ﬁgﬁgﬁ é ang:gelr r@ﬁ&({"ﬂm{b el ve Iifb?rglt(g:Iphilsérom

t he N-poi nt DFIOEmuQmHoﬂamﬂaredfthysaﬁiplswhﬂamkdetmwbyfanmnmmyased)rrect ed
synbol Rk for ea l.i cabl e subb be obtained as Rk = Rk,,,. For
pre- DFT freque?fb‘&‘ Q‘PE‘BPW#@E %ng’ﬁ@r F‘ﬁ%ut sanpl es may be phase rotated
by the frequenﬁ) lﬁ]rOFlgeﬁidsmﬁfaﬁﬁ]ﬁngdlé’ﬁﬂnbh&e @ésﬁig tbiFthe pRyt-2 OBDMOE

e

performed on t phase-Trot at ed sanples. [00111] Frane detection and

frequency err ofymbst. Frame detesten 1 O psevides thrgoptse myrabal fiming (denotetharen) bassdsed on
th lot-1 OF db
pe(rafglrmong a d%c corrgﬁ I"on gpb\%epﬂf& ?@%Bﬁﬁﬂ‘ggﬁ%@ggsﬁ‘@?‘“% of[:Oy_? Y

sequences of length L (e.g., two pilot-2 sequences of length 2048 ifN=4096and L, =
2048). A window of L; input samples is collected by sample buffer 912 for the pilot-2

OFDM symbol starting at sample period Ty. The start of the sample window is delayed
by an initial offset OS;.; from the coarse symbol timing, or Tw = T¢ + OS;n. The initial
offset does not need to be accurate and is selected to ensure that one complete pilot-2
sequence is collected in sample buffer 2012. The initial offset may also be selected
such that the processing for the pilot-2 OFDM symbol can be completed before the
arrival of the next OFDM symbol, so that the symbol timing obtained from the pilot-2
OFDM symbol may be applied to this next OFDM symbol.

[00114] Referring back to Fig. 20, a DFT unit 2014 performs an L;-point DFT on the
L; input samples collected by sample buffer 2012 and provides L; frequency-domain
values for L; received pilot symbols. If the start of the sample window is not aligned
with the start of the pilot-2 OFDM symbol (i.e., Tw # Tgs), then the channel impulse
response is circularly shifted, which means that a front portion of the channel impulse
response wraps around to the back. A pilot demodulation unit 2016 removes the

modulation on the L; received pilot symbols by multiplying the received pilot symbol
R, for each pilot subband & with the complex-conjugate of the known pilot symbol B



WD 2005/ 074224 PCT/ US2005/ 002544 29 OFDM synbol with the actual pilot-1
sequence generated at the base station. The direct correlation provides a
hi gh correl at "WYY for each strong signal instance (RCT/HSAES0025A) .
Since nore than one nultipath or peak nay 39e obtained for a given base
station, a wreless device would perform post-processing on the detected
peaks to obtain timng information. Frane detection may al so be achi eved

With a combi natdr@ht Siibbakle bR Ye dPT OURIEL G B B8 thetbeeiield pHBY dya1bBlsi 9 the [ 00112]
Fig. 20 shows a bl ock di agram of an enbodi nent of synbol t1m ng detector

1920, which penfwedsubbardsigzay ephicds | AaDRTMudic20ad it pelformiy dnl,-pdidOEDIM
nmbol. Wthi [, tim det 920,. | buf f 2012 i
The i nput | SampPaEe o Pt dediodipted STRGI 8rouAG 5 Apteedompin Wl WhchiRdows of

L2 input sanpl gpsbPin i%ﬁbﬁls@i‘ésﬁénse 3f (R EbhsvniBalon cﬂ%e?ﬁé?&&enﬂia_sé%ﬁ}oﬁqw

w ndow is determned by a unit 2010 based on the frame timng fromfrane

detector 100. Puelessyleviceds0.21a shows a tining di agram of the processing for

the pilot-2 OF y e vides the se. ol

timng (denot e%éﬁTm%]g%%q%rﬁgﬁffé%ﬁ%%@?m@% %eo%’mme BP‘E@WS OFDM

synbol cont ai nEadidfithbelyttapsds agsodiated Rith a eopplex elsannfl gaﬁmﬂhthﬁdéﬁy.g'rhedt Wo f

pilot-2 sequences qf. length 2048 if N = 4096 and L2 = 2048). A w ndow of L2

i nput sanpl es FRANP IWB@F%@SWS%E%{’@WU?;}@P £9: ‘Ylﬁgh mpans that Hhe tail pesopeS y nhol

starting at Saﬂié'cﬁatﬁ@fihﬁﬂ%s@%spJﬁ%@nﬁa&%ﬁp QBuﬁCfEd%?ﬁG&}ﬁltm:QQ%&ﬁoﬂﬁ'ﬂ?eyed by
or

an initial offset CS;";, fromthe coarse synbol tim ng, w = Tc + CBmr
The initial ofwspueiframBEFhwait288d to be accurate and is selected to ensure

t hat one conpl il . 2 4 { ' fier .2012. The

it al of f sot ML, Retend BRKEPEE. 305 a it inbll cHhchBRaE il opEimift e

Cymbol - S0t hapthe Symbol LI na. bt A ned. 11 Qn L ne BlLOL-2 - CEOM Sypbol

synbol, so that, the ol timing obtained. fr e pilot- synbol may

be applied to {TH? gea@émﬂﬂm% eYe‘le'T‘aﬁ'F a% fiestionn Riacyess theghamgl 5

DFT unit 2014 gg;sl‘g@rre%oﬁ@, 4sAndiedted inBid 296, Théedetdefion %&Hows.ﬁmﬁéésoecm lected by
an r

sanpl e buffer ] provi des L2 frequen%/-dorrql n values f L2 received
pi | ot synbol s. determingd asidggcribed belows. Aheash avindomostarting posisionathe gnezgly ofilk thpst he

start of the pi - 2. lyacf s * Ts), then the channel inpul se
response i s ci ?%ﬁ%@@r%d?%g%ﬂW{?P%‘ﬁlsr%&wgwfihat a front portion of the
channel i npul s¢011Hs p&is 21¢haps apla oftheieferiyef thechennd tislapdifeaDaindaki on
unit 2016 renoves, the  nodyl ation on the L2 r egei ed pilot synbols by

mul ti plyi ng t hétaqtlgg@pgg%pspi Bgetgg;ma\pn ow is shifted to the nght circularly so that when

the right edge of the detection window reaches the last tap at index L,, the window

wraps around to the first tap at index 1. Energy is thus collected for the same number of
channel] taps for each window starting position.

[00118] The detection window size Ly may be selected based on the expected delay
spread of the system. The delay spread at a wireless device is the time difference
between the earliest and latest arriving signal components at the wireless device. The
delay spread of the system is the largest delay spread among all wireless devices in the
system. If the detection window size is equal to or larger than the delay spread of the
system, then the detection window, when properly aligned, would capture all of the
energy of the channel impulse response. The detection window size Lw may also be
selected to be no more than half of L, (or Ly< L,/ 2) to avoid ambiguity in the detection
of the beginning of the channel impulse response. The beginning of the channel
impulse response may be detected by (1) determining the peak energy among all of the
L; window starting positions and (2) identifying the rightmost window starting position

with the peak energy, if multiple window starting positions have the same peak energy.



Rt for each pilot subband k with the conpl ex-conjugate of the known pil ot
synbol P2 WD 2005/ 074224 PCTI US20051002544 30 for that subband, or Rk Pk .
Unit 2016 al S0Pk E [eceived pilot synbols for the uRGIAS2WHBBEHdS to
zero synbols. An IDFT unit 2018 then perf8ims an L2-point IDFT on the L2
pi | ot denodul ated synbols and provides L2 tine-domain val ues, which are L2
taps of an inpulse response of the communication channel between base
station 110 anthe emerpadsderdifferentowind®0 staftid@ poStonsingpy alolbeslveraged drdilteizd ttap
channel inmpul sg. r.esponse from |.DET unit 2018, ach of the L2 taps.is
Ges0c) at eq vi ¢+ SPiR BOAY accerfAimace g s bsEnRg or PR SherBeLimpuiek b BRE A

i mpul se r esponfdsydhyntel Bysdlicest| thy bedimdih@eek the\ttiatifiel ilpilse febiinsd 18 Gerodéd as
portion of the channel i npul se respogse may wr.ap around and appear in the

early portion Of 2Rhie offsat Bervern this:s thesppplsindow anshthe peanmming ofithyy back to
Fig. 20, a syniphnd kR F . ' : I mng by
searching for the %é@ﬂ%ﬂéﬁ%&ﬁ;ﬁ%ﬁ%& ??%gﬁtghgﬁt??é:ﬁﬁ}]ﬁn%ﬁ%gy%@%%se. The
peak det ect i oncamputddenae the dogitnipg oEthe dhangelampullee respanen T; isidetgominedr oss t he
channel i nmpul spgnse.  as ndi cat in Fi.g. .21b.. The. detectj gn .w ndow
si ze may be deﬁ)@}@ne e%gm&ggg}g.g’%ﬁgﬁ%ﬁmﬁ?ﬂgggw i e?t@?t‘;{aﬁé’fﬁ%sition,
the energy of fkeivédPEDM sihibol) OThsi fingisymbdlgintif Echbphe wed toabcinatehadiidut ed.

[001171 Fig. 21 ¢ E‘POWS a_plot of the energy of the channel taps at
di fferent wi ndBRRPerbipisceianPETo syipdoyfor canhsubseausatly sreeixpd G5RM wymbols They to the

right circul arbw%&cmhdwﬁ%@me%ﬁ&ifﬁ:iﬂi}ipuﬁﬂﬂ@w&iﬁ&d&‘%m@ﬁ%w CofpubRaN

reaches the last tap at index L2, the wndow waps around tothe fir%t tap
at index 1. Entercglledt fortehehsreceiveddQFIaM siymbol: e dainputrsamples within th@Fhel t aps

for each wi ndow.starti Ltion. .(001181 det ect {,0n W i.ze Lw may
be sel ected ba¥¥ o‘gﬁrettﬁg" gg‘%tc&ng@wb’éIagypoggﬁ}:[dwoo%’%yr?ﬁgﬁgﬁﬁw?ﬁ%t del ay
spread at a W gyettisSorhe reeived OFDM bynit] dAtdedte placemdncbfihe DFTvanéwr forest and

| atest arriving signal components. at the w rel ess device. The,K delay spread
of the system F%’hf‘??é“’F‘éf%E s 013»8 %@@%O%W@Vawdl(lm%ﬁgg@?a@ﬁ%yei n the

system 1f t heqdnieai d fidoothilia ek GEDNTSyRBYEL) UBeraatiof rfamddh Bltinkdin de! ay

spread of the 'system thenthe detectidon w ndow, properly aligned,
woul d capture 8. imprapeeDFEmandpyw placenisnt noajenesidt injamsorbresus chupoel setimare)e

detection w nd size Lw ma I sel.ect 0 n re.than half of L2
Cor L L2") "5 o8 o ifodic By BF ettt e ool RSB g of ¢ he
channel i npul sgutsstRaRgEconirbR(AGC), M so®nyfand (W) otheadeleterious effects.

[00120] The pilot-2 OFDM symbol may also be used to obtain a more accurate

frequency error estimate. For example, the frequency error may be estimated using the
pilot-2 sequences and based on equation (3). In this case, the summation is performed
over L, samples (instead of L, samples) for the pilot-2 sequence.

[001 21] The channel impulse response from IDFT unit 2018 may also be used to
derive a frequency response estimate for the communication channel between base
station 1310 and wireless device 1350. A unit 2022 receives the L;-tap channel impulse
response, circularly shifts the channel impulse response so that the beginning of the
channel impulse response is at index 1, inserts an appropriate number of zeros after the
circularly-shifted channel impulse response, and provides an N-tap channel impulse
response. A DFT unit 2024 then performs an N-point DFT on the N-tap channel
impulse response and provides the frequency response estimate, which is composed of
N complex channel gains for the N total subbands. OFDM demodulator 1360 may use
the frequency response estimate for detection of received data symbols in subsequent

OFDM symbols. The channel estimate may also be derived in some other manner.



| npul se response may be detected by (1) determ ning the peak energy anong
all of the L | w starting positions and (2) identifying the rightnost
wi ndow starti ﬁ’é’%@@'ﬁﬁ%n with the peak energy, if multi pI%(gW%Wogi“érti ng
positions have the sanme peak energy. WO 208%/ 074224 PCT/ U32005/ 002544 31
The energies for different wi ndow starting positions may al so be averaged or

filtered to obtain a nore accurate estimate of the begi nning of the channel
i mpul se r espond@0122] a Fig@2showhapikeitrandmission/schasewith b eonbinhatior of DN ahdie

channel inpuls sponNse. i s n as... 1B t.he of fset between the start
of the sanple \;%viﬂn“gB@vg'ﬁ-ng"%eﬁéa%ﬁ%g? ﬁ?ﬁ‘@uﬂ’fswt@ﬁeﬂgﬁr}&“diﬁﬂﬁ? SUPESTIRdR i s
Tos = TB - Tw. fhdilitetespitillQkquisitfonBy 0@ wiltiessdévitd€ | The cverfiebd 24 dRTSMIp6ts is

begi nni ng of the channel inpulse response TB is _determ ned. [00119]
Referring to Fitho OFDM symbals, myhich maxbesmallicampgred to the size af the supsr-frame. Teexrt  of

th ) d Lne. s\ b4 : T ini
e received GaRMswaR10 rlnlflﬁséh- 111_¥ﬂmhgk%@rlﬂqu, most] sglﬁe Hﬁ‘ﬁg{én?lau}ué% oi ved

accurately and properly ace a "DF or ‘each subsequen
OFDM synbol . TH¥FDNEYmbpls ttosech sufie-frame. Fordhegebadinent ShowrpintFig 22pthe EDM r om

N+ Ci : | | | f i ved OFDM synbol .. The N
Phout Samples BipHS RO Mgt 38 of flbbd &R o S RRls S PR e
DFT to obtai n Nubtaeél ivedertfinbdpéd syinbobpeiiodd sndfonranbther seesBubRmd sy ol .

Accurate placenment of the DFT@gli ndow for _ each received O-DM synbol is
needed in or derumyersd syrbql pengds; Eachsphenstains i sufficignt paraber of Gigm) sybbands to

preceding or n%ﬁ%})og:c@myggﬁmaﬁoﬁ aid ﬁ&ﬂﬁl?%;%ﬁﬁéﬁ@yﬁﬁhﬁﬂ@ﬂg&!in thERiLRL (e 9.,

i nproper DFT wi ndow pl acement may resul an” erroneous nnel estimate),
(3) errors in plevces Jbs suihandsinlegcheat miebayniformlyphistiibuted arags thef¥ wtalency

tracki ng | oop, utematid ¢ _gain contral JAQG and.so .0on and (4) other

del eterious ef fsg@{ag.& Tﬁ(ﬂgg’f Spﬁﬁ%‘i)%qaftg’t”g‘“ O f%%ﬁ?“dﬁagjﬂrg}%orge&ﬁsed to
obtain a nore a0bYbandd i@ oné kR SR KtaEereT orFfsétWAtirespedt to SeiBbads inltBe bth@quency
error may be estimated using the. pilot-2 sequences and based on equation

(3). In this cdSeso hrdhesnbhands dnthedveerts Br midlacelwith one angtist. eds 11 examaled of
L samples) foly Lgodi, gl 4255011880 thlibbablis T\ FiAMLGhay 88U B4 B7 PONSE

fromOFT unit 18 nmdy” al so be used to erirve a frequency response estinmate
for the communifowtsibhandhdngehertlcanyammbbiaafsubluind sétomay Bd Gsed for the FRMesibot,devi ce

1350. A unit 202 i the L2-t | i | e | ar |
ShiTis the chatitPap SR SceopE,iabRls it sy fns HEEER GRsbodndinel
i npul se r esponge01i2g] atA iwiéR¥s devideh§esTusé TDM SR Did 2hof initidTRpichnizagsm)s af ter

the circularly-shifted channel |inpul se response, and provides an N-tap
channel i npul sdor example for frame synchronization, frequency offset estimation, and fine symbol

timing acquisition (for proper placement of the DFT window for subsequent OFDM
symbols). The wireless device may perform initial synchronization, for example, when
accessing a base station for the first time, when receiving or requesting data for the first
time or after a long period of inactivity, when first powered on, and so on.

[00124] The wireless device may perform delayed correlation of the pilot-1
sequences to detect for the presence of a pilot-1 OFDM symbo] and thus the start of a
super-frame, as described above. Thereafter, the wireless device may use the pilot-1
sequences to estimate the frequency error in the pilot-1 OFDM symbol and to correct
for this frequency error prior to receiving the pilot-2 OFDM symbol. The pilot-1
OFDM symbol allows for estimation of a larger frequency error and for more reliable
placement of the DFT window for the next (pilot-2) OFDM symbol than conventional
methods that use the cyclic prefix structure of the data OFDM symbols. The pilot-1
OFDM symbol can thus provide improved performance for a terrestrial radio channel

with a large multi-path delay spread.



response. A DFT unit 2024 then perforns an N-point DFT on the N-tap channel
| mpul se response and provides the frequency response estinmate, which is
conposed of channel gains for the N total subb

denodul at or 1%8%@554% t he frequency response esti nmat e%ggﬁlsa‘g@#‘ﬁon of
recei ved data synbols in subsequent OFDM3ynbols. The channel "esti mate may
al so be derived in sone other manner. WO 2005/074224 PCTI US2005/ 002544 32

[00122] Fig. 22 shows a pilot transm ssion schenme with a conbination of TDM
and FDM pi | ot $0015s e The mtielsss de®ico mayyuse thapdlot-2 OFDM gintted o dbtzinfin® i n each

T e T

=

over head for t /
conpar ed to t h©FBIM eymibiold. Eheskipstess Hevitemayldig use dsepilet-atORDM $gdbolifey al so
transmt an FDM pilot .in. all, nost, or sone of h_fple remainin DM synbol s
in each super - FRaRfgl estimationad SeARsar Y EAr cSBAHOD; FPﬁ‘?"ZZQFD{Vﬂﬁ“%MH%SI ot is
sent on al t er ngingafictudle CHARRARASH Uil Fnbbl tiing UIPRbS: pHcBmeRYe ON one
set of subbandsr I n eyen-ngnbered synbol perrods alﬁ%gon an(k;t hpgé set of
subbands i n odthe Ditlhwindew. synbol peri ods. Each set contains a sufficient

nunber of (Lfd bb . | B L pl.
frequency and llﬁlj or%gkit r:@g?"#&%ﬁ%ﬁ#ﬁ%%ﬁ&r‘%?@g sli:‘f:J B@ﬁ@étg‘é@?h%g%a@ﬁg@ﬁuﬁe each
set m;y be unLhml?ﬂymﬂipﬁvﬁsiﬁl?mréquaﬁmyaaclﬁﬁp Ne’ﬁﬁteﬂ?éss deviderandsbtindn guteanl y
spaced apart by, Sfdm = Lfq,, subba ~Furthermore, t subbands i n one
set may be st agwgéswatspﬁgpﬂmmﬁkgg%@éﬂsxfelécﬁ-r?é disbbed OVPn Thwirgester
set, so that t'&@viéé’:ﬁ%ﬁ\ﬁk@%hé FDNHlof WQRbeE] & ndfeackthid ich#m8leshinkia, ﬁﬁiﬁqu‘l’dﬂ}tiher-
As an exanple, N = 4096, Lfdm = 512, Sfdm = 8, and the subbands in the two

sets may be st #gdBINpilpyis tramsmpitted astse the super-pmeeasshown iy FikudbeThewireledsband

sets may be usgd.fo E g} g i nunber of
subbands and aﬁgﬂ%en%a%gg% %%@ﬂl lots@b gﬁggﬁ ﬂs&ﬁ@@éﬁ“gﬁ%fo}’ Blﬂggéandevi ce my
use EDM pi | ot swn?nﬁrﬁﬁmcy eirdériin thexypoedved QRDM ymabols. Tigerwieelessdbwicd may f r ame
synchroni zation, freque of fset estimation,. apd fine synbol . tjmng

acqui sition (fg‘!‘“hﬁﬂr%é]i"’nﬁgc@ T?tupgimtaﬂé“ ah _%BWBW%ﬁﬁ&I&Wm@DM
synmbol s). The Wiigh f $npi¥intilesTBY,., BEE fothMRgedinl th@bhafél SPASE RsionSof thoT

exanpl e, when accessing a base station for the first tine, when receiving
or requesting demmuhigationeharinedst time or after a | ong period of inactivity,

when fi e : . 41 Fhe Wi £.elk oV i
ot ayed cor el NAER oFE R ISR N chrCdgah of A Berth ifad 3oquiilorpdlite BT 0L
a pilot-1 OFDMasysrdaate witlilan &mbodiments Frghenal amd OBDMEsyniboltimingase slescr i bed

above. Thereafter, the wirel ess device may use the pilot-1
presented.

[00128] The initial acquisition procedure based on a first TDM pilot symbol
comprises three stages. In the first stage, the leading edge of the correlation curve is
detected. In an embodiment, the leading edge can be confirmed by detection of a flat
zone and/or a trailing edge. In alternative embodiment, the leading edge is not
confirmed, but is assumed.

[00129] At 2302, the process waits for the AGC to settle. The AGC adjusts the input
signal to provide a consistent signal strength or level such that the signal can be
properly processed. At 2304, a frequency locked loop (FLL) frequency accumulator is
initialized and a run count is initialized to zero. The run count counts the number of
consecutive input samples.

[00130] At 2306, the magnitude square of the correlator output S is compared with a
programmable threshold T. In detail at 2306, for each new input sample, the process

performs the delayed correlation and if (jS.>=T), then the run count is incremented,



sequences to estimate the frequency error in the pilot-1 OFDM synbol and to
correct for % 0%7(3 ency error prior to receiving the pilot-

synbol . The pilTo DM synmbol allows for estimtion of %FT%?’Q@“"?%‘équency
error and for nore reliable placenent of 3he DFT wi ndow for the next
(pilot-2) OFDM synbol than conventional nethods that use the cyclic prefix
structure of the data OFDM synbols. The pilot-1 OFDM synbol can thus

provi de i npr ov &tk derthin count isrefinitialiged & 266 t Suidghotesilie corvdlatomnaitput fartatsamplear ge
nul ti-path del gy spread. WO 20051074224 PCT1rJS20051 002544 33 [00125] The
wirel ess device may use the pilot-2 OFDM synbol to obtain fine synbol
timng to nore [6@K3A] atAd 330p)ifithe cbﬂ‘nelaﬂ:d'utpﬁtmdcmds‘mé tiseshequenéonsatve/ed OFDM

synbol s. The w.rel ess device 0 us he p | o OEDM synbol for
channel esti nat‘ﬁ’%s%esflpé&‘i?é%‘é’}"ﬁ 'FP'S"T @%H\'Ab‘f 'S WHE sy nbol
allows for fasbeoaddta 6%@5&1&%@%0@@ Icnﬂerﬂ{setth@ﬂswr&c&mﬁéocéedmmg and
proper placenent of he DFT wi ndow. [00126] The wirel ess device may use the

FDM pi l ot for cR8%nEhuseifitindeterarined thatjvalid 13@¢JEB:R¢E$QV?<§WG1 getrstadist 8'3%1‘11611
f I
e;te?lrjrgtngybggggli%ér:&? gp%%{ﬁﬁ@@l Iaﬁgmmaeg% escrrb eh%% ﬁmﬁ%@@w rel ess

devi ce may use siﬂcetﬂél]udmgadgetscasmntedldnteatedrmchsaotcmmﬁhmedchannel estimate,

particularly if F i | ot |str ted across the super-frane, as
Bhown 1n i G 19013 Ttheendi stageva 25 i) SO A BECRBhRR) P TR S Uit o
the frequency- takambtialiged 16 26ro! Mithe S&dnd SiAEd, 8 ft cht if ihGraMemned efRh title tha) t he
recei ved OFDM synbols. The wirel ess device may further use the FDMpilot to

update a time torelRiongutpeissceeda thedhiashalde dihgrlgotthm fepirngto lmmlfstatq afterite i nput

sanples (e.g., I

conmuni cati on cdhantstufd) ﬁﬂ?%g@ﬁdg#&gw%%gggﬂ#@gv ﬁ%@g&gﬁ‘géﬁ m 041 a detail
Initial acqui sisecomd stage)foe@raaterthan oaethdq:rﬁetevmmbd pfrriodniﬁoﬂicmennnl 1Fr equency

and OFDM synbol tlmn arem% S Qi R €S g012 l&%}lnlt ui sition
procedure based®PSAVE Pyt ﬁ@*}ﬁ‘i&eﬁge % °rﬁ°8'83§’531j'@ In the
first stage, ”t@mhxﬁs?\gélé\ﬂ ﬂﬁ@ﬂ@ld%rﬁ&ﬁls&%{r@?@tmﬂﬂ sﬁﬂélw tHeh théjﬁécﬁﬁﬁxﬁ%avésn an

enbodi nent, the |eading edge can be confirnmed by ection of a flat zone

and/or a trail istage sy el qusadic@pnmﬂalxﬁ@qmmmmon acpurs wadlel theglgstithen isdn not

confirmed, but ska%e &os uheds updated once every 128 input samples while in stage two.

[00133] At 2312, for each new input sample, the delayed correlation is performed,
the interval count is incremented. If (}S,>=T), then the hit count is incremented, If
(IS4f’<T), the run count is incremented, else the run count is reinitialized to zero. When
the run count equals zero, the time instance is saved, which is used as a buffer pointer.
The FLL is updated when the interval count less than or equal to 32*128 and the
interval count modulo 128 equals zero.

[00134] At 2314, a check is made to determine whether (run count is >= 128 and the
hit count < 400) or (run count >=768 and hit count >=400) or (interval count >=34*128
and run count > 0). If yes, then the flow of control proceeds to 2316. Otherwise, the
flow of control proceeds to 2304.

[00135] At 2316, a check determines whether hit count is greater or equal to 2000. If
yes, then the acquisition process proceeds to 2304. It should be appreciated also that it
is at this point where the frequency locked loop can be updated periodically utilizing the
frequency accumnulator, for example to acquire the initial frequency offset. If no, then

the flow of control proceeds to 2318.



[00129] At 2302, the process waits for the AGC to settle. The AGC adj usts
the i nput si ovide a consistent signal strength or |evel such that
t he signal ca‘%a%é“}og‘fzg{)erl y processed. At 2304, a frequen(?fTﬂbsé%’é@‘qs%p
(FLL) frequency accunulator is initialize¥ and a run count is initialized
to zero. The ran count counts the nunber of consecutive input sanples.
[00130] At 2306, the nmagnitude square of the correlator output S is conpared
with a prograf®#Bfke tAt%éé%dh@nthvall pougbisaeinitighized 30 gerof Bor aaglt hewinpui nput

sanple, the pr |'|r§]%? e A4 Xk, then
the run count ?ﬁ%cﬂr)‘g%{#ggﬁ %8@%%5%%{% gﬁﬁéégﬁ%hggtﬁéeﬁse t he
run count is r €Sifi<T,thén the cint cougtcis increfijentdd eddedhe tuheomu iy eimtixdizedwotzptet for a
sanple n. [00131 t 2308, if . .the correlator outpuf exceeds the threshold

for a consecut %ﬁ@ﬁﬁ“‘@%e@%mﬁ?ﬁ%@mﬁ%ﬁeﬁé'th an enbodi ment, then

the al gorithm qep187F iA112820,AheSkES Riade fol REEMRE WhteP®E Mitsivhll cBlintRy P85 5y
O herwi se, the flow of control proceeds to 2306. Thus, if it is determ ned

that a valid | digdmngowlge I¢alf nepthen thedloweaf camtrol pomeedsiie A318: HEyesy thewths
230 ' ' i ¢ i ded
returns to Gow d}ggxg&oﬁg{ogéégﬁtrt%ag@p 23'5%9%2%% acﬁéci‘tﬁs %Q&)eato' “@hf’ w[i&g%% €

since the leading e det ecte 'S not confirr 32] In
t he second st adie ruatoudB?8 32alif nonthen telflowoafrebntral proceedsaai2304. dfigkss then than count
are initialize(}@toquero. I n t(%g $ ond stage, a hit count is increnented
each time the IRFAFEPUIAPrSEISIR 228 ceds the threshol d. The al gorithm
returns to inifo@EBSE! At2324,idRfectidn is dedlfed sndithedavbd Bistafiads 12 2860l ved
was a fal se one. The alg&rithm stays in_the  second stage for qgreater than

or equal to prdernestQFR - ofit 254261 therEL b swithsite trackinggpader \Féne i8i st ent
trailing edge qtﬁr@&uﬁﬂ%i’%@? 'A?QSfSUQgsmeidfmfoﬂﬁﬁt%{ﬁ;%?ﬂbﬂglsﬁ’#ﬁu%tar emal ns

bel ow t hreshol or a consecutive 7 I nput sa e algorithm
| eaves stage tsymbolfhrede¢adlsdd | oop initial frequency acquisition occurs

whi l e the al gorj I Sl st two.. FLL.is. updated e every 128 input
sarpl s whi | o 100138 a0, s e b terdoting SYHRlnEr QRDR Al 07 e
del ayed corr el ahéceqfiilSIfRY fheh MRAlow éftnivdl pRiceds t6 930U If esi thes @a’dﬁﬁiﬁ%ﬂ is | f
(I'S" 1Z>=T), then the hit count is increnented. If (I1S'f<f), the run count

i s increnentedto@PKE.-the run count is reinitialized to zero. Wien the run

count equals z hey,ty ' iRRE S0k SarsB, ' LSy fer

poi nter. The 39@"‘.”@ u%djg?g’dh aﬁﬁelﬁﬂ%ﬁige ?nter%&ct%tﬁ?pke&i&%%gﬁ&é@ Zﬁgal to

32* 128 and t hehereijudt privetb theainitial dip dfithe trhililg edgesthat thetime can be saved to be used
later for fine timing. If the trailing edge is not detected at 2322 and was not previously
detected then the method returns to 2304. If the trailing edge was detected then the

initial coarse detection has been completed. The procedure continues at 2326 where the
frequency locked loop is switch to tracking mode. Fine timing is acquired utilizing a
second TDM pilot symbol and information provided by the prior coarse estimate. In
particular, the time instance saved (T;) can correspond to a particular sample offset
within the second pilot symbol. In accordance with one embodiment, the saved time
sample can correspond to the 256" sample in the second pilot symbol. Specific
algorithms can them be utilized to improve upon that timing estimate as described in
later sections. Upon termination of fine timing acquisition, one or more data symbols
can be retrieved and an attempt made to decode such symbols can be undertaken at
2328, If, at 2330, the decoding was successful then the process terminates. However, if
the process was not successful then the methodology returns to 2304,

[00141] Stage three is for observing the trailing edge if it was not already observed in
stage two. In stage three, if the correlator output remains below threshold for a



[00134] At 2314, a check is nmade to determ ne whether (run count is >=128
and the hit count < 400) or (run count >=768 and hit count >=400) or
(interval coulP28547922458 and run count > 0). If yes, thdETURROUS0MRMoOf
control proceeds to 2316. O herw se, the 3Jd ow of control proceeds to 2304.
[00135] At 2316, a check determ nes whether hit count is greater or equal to
2000. If yes, then the acquisition process proceeds to 2304. It should be

apprgci at Sd agﬂﬂ:ﬁma'gqﬂcbxlnslebmi\&fslz_tiﬁﬁtﬁ sm@lmm?m&rceuﬂtheﬁﬁg ﬁﬁgé&?@kéxédéﬁd]{ded | oop
can be update i odi ca utilizing t requency accumul ator, for
exanple to acqaﬁ‘f‘@“tpww%/‘ﬂam%&ufgﬁ%?ﬁ%ﬁ ?‘kélc deteqtion s declaesd m&ﬁﬁ“‘fll ow of
control proceeggqiency sokfisitidRi?imhQitd 38 SompitledSTRORUDY SFHM syinbdl BB 36] Al

2318, the interval count is reinitialized to zero. For each new i nput
sanpl e, the dekstiate isbasediontharmiling qsiges Thotinge slancenwehanthesorelataroutput | s

incremented. |, (e &?&eshgﬁq& wgﬁsﬁ Fﬂ‘g ?’ﬁ? the ﬁb%e%ﬁgﬁ;%;%g Haitifh ?:ﬁggf 1?? rr;u n

count is reiniﬁ?allzed 0 zero. count equ ero,
i nstance i s savaken ad 166 236¢th sakiple 3Pfkxt @FDMesyimbiob (TRM @ilon2)d &f the hit seunedet her t he

interval count .= § 0] he run cqun = 32. If no, then the fl ow of
l:ont r \cl)l pr ogeetg‘%““g&’ é%z]%%s tf“f‘rf '519 Bg{g'l%{aﬁh"’t ‘hJéeSh‘?l&BW eAusisioht trling,sdge ng‘ét 0 step
2322. At 2322, tigeCluEpiddof MBZLinp& sdRpRIAS t}h‘%@‘lishﬁit obdeRRd! tHéh ®E WRbrithm 32. | f

no, then the flow of control proceeds to 2304. If yes, then the 7flow of
control proceedesets thexonuts apcdihe Sgfuency agpmulatps pEihe Fbk and refwos torthelfisshatagene

saved instancek%oﬁngl}gr%{;&teplemﬁ?&%ei n the next OFDM synbol. At 2326, the
ra g n

FLL swithes to KI'ng node. Timng is acquired using Pilot2. At
2328, Over head [00182) ndiponsudsyssiid detecidn)of tedlDMgilbesynthphhglilet syiboli2 saded.

00139] At 2330, a check i e to . determ.ne ether A S/ a Jecqdi ng was
[succes]sful. If?‘?ﬁﬁq"{rﬁg’ﬁlﬁf’ﬁiﬁ m@ol@mwggihe&aﬁge%gttq@t%%et? ec3‘?8%'31“’t(‘:]hen
acqui sition isQI§ w&mm&@?&&@b@m Spdfdls, 1T AFCBlobp 08 thAackipgdet ect ed

i f not previously observed. her'e just prior to the initial dip of the

t
trailing edge mede afterdhe ﬁlﬁbﬂa%:lﬁlséé Hahesd¢cedingsef QiSaad dptaQRDM symbeldailst i i ng.
If the traili ' : i .
det ec'ta edr ? 'he'n”&%‘%ﬁéﬁ%@@%ﬁﬁ@ﬁ@%ﬁﬁ§§ﬁe§%§gn¥%g%%u%g@é@?&m%éﬁaet ected

then the initirgeateddurire thenext fiamt, has been conpl eted. The procedure
continues at 2 ere the. fr ency | ocked | oop i.s,swt o0, tracking
mode. Fine ti mﬁfﬁ#ﬂ &Eagptpléﬁ{ qﬁel?%#d @me structure includes two %Bl\& pilot symbols

to acquire the initial time, frequency and frame synchronization. The TDM pilot

symbols are known OFDM symbols designed for initial acquisition. The pilot symbols
are placed at the beginning of each superfame preceding an OIS signal field.

[00144] The first TDM pilot symbol has 125 non-zero sub-carriers in the frequency
domain. These non-zero sub-carriers are uniformly spaced. Each pair of consecutive
non-zero sub-carriers is separated by 31 zero sub-carriers. The frequency index of 16 is
assigned to the first non-zero sub-carrier. A PN sequence of length 125 is used for the
binary modulation of non-zero sub-carriers. Such a structure in frequency domain
results in a periodic sequence in time domain with periodicity equal to 128 samples.
Thus, the first pilot symbol in time domain has 36 replicas (including the cyclic prefix)
of a sequence of length 128. Such a pilot structure not only simplifies the
implementation, it is also well suited for frequency estimation and frame boundary
detection in severe multi-path channel.

[00145]) Though the first pilot can provide sufficiently accurate frequency estimate in
severe multi-path channel, it cannot provide fine OFDM symbol timing in such a

channel. It can only provide coarse OFDM symbol timing along with the frame



second TDM pil ot synbol and information provided by the prior coarse

estimate. In particular, the tine instance saved (T.) ca to a
particul ar s¥WORARS/G#2det within the secon(égpl | ot synbol . p?ﬁﬁg{('g%@g%nce Wi th

one enbodi nent, the saved tinme sanple can“correspond to the 256th sanple in
t he second pil ot symbol. Specific algorithns can thembe utilized to

| nprove upon th est | ect i

term nati on of ?‘?“&gh‘? %ﬂ% h‘gﬁﬁ%ls (ﬂﬁ%#eegén cmﬁ%ﬁé"%ﬁ @@%@@M@gﬁ%ﬁ%
retrieved and atimiigt emtmamdés é%sdﬂﬂﬂd&egdﬂhha&}trﬁbﬂb%mﬂlebﬂrdwwﬁbio&kﬁ@ at
2328. |If, at 2330, the decodi n S suc sf ul en t he process m npat es.
However, if thEeHt %?\‘glﬁci@géﬁgf’ Sﬂ’ﬁ’gﬂ W‘H%“ﬂ‘gi‘ffgdﬁﬁff tFS%{IB}?Fs to
2304. [00141] S&@gﬁ:ﬁé}gasgge&df&&mfa\mmmsﬁﬁ@a&Imes%eks}mﬁmlphowas not

al ready observed in stage two. In stage three,"if the correlator output
remai ns bel ow t #ymehohbasdl amo&zmsmwmmmmw@ommmm mi ni mum

of consecutive eded
anot her program%f)#sg&}%tgé EEH:I!;gasggglj"len Wow&htl&%dﬁp’g%%&r’on |s 1gli(raed and
|n|mt) i ?l fr eques;mybomqmeqnlbt smbaameasrs]aelmﬂaﬂlmy @ecedmmleaﬂqﬁ:h roTInen-mbtsulﬁl \?I;DIVI
synbol tine estimate is on the trailin The i nst ance when
the correl ator %F?}'ﬁfsse@?fé@g&%ﬁ% glalefd%q“‘ff}%"? °?‘g§ #Fr‘i‘és‘@?ﬂluhg

t he Observat'Onﬂﬁfﬁritfibﬂottguﬁlcbiﬂ%ﬁ L h&.ceaﬂhﬁ@h%odﬂa%s&ﬁ@mesm e of next
OFDM synbol (TDM p t he h|t count is found to be less  than the

progr ammabl e t hm@dﬂeﬂx@ tzt) th&aplbxbn@mm Sucaualsnngru@dgérquy\goraammsnhsmm

B gor i thm  r escPeRie i nEARREn b BRI auE R ihmpleiTnlelfe o
retur nsf t Io fj he técond pmf]:t agﬁbollmﬂine ﬂlgmﬁmmaang adlpheas (baaﬁcﬂlmhﬁggflhc pi-émléeidUpon
successfu etection of  t 'BEM | | ot ol 1 0 i.is se to
acquire the fi n@w%m&l rrﬂ‘l‘@ F'é%ﬂ??sé#‘e "éﬁ?) °rrF¥’(§'§°]ttB“e
decode the O Suﬁ%@@%@ﬂ@@é@%@h bsﬁwn@mh% fﬁ@%e(ﬁﬁ@pﬁ&%?mgﬁerat es in
the tracking node aitter the first TDM pi t he decodin a S and

dat a OFDM synbo[oﬂﬂdﬁll s The irtitia frequency affsetineads tdaet acAmeed widhpa fagtoreﬂZto conver ge
and entire acquisi L on .pr epea ri h e 43]
In a detailed efHH n@ﬁ@%anse%sﬁt}\ﬁ tﬁgddﬂ{r#crﬁ%er%crﬁv\% &FBH %H]%tcosq‘%%ol S

to acquire the ismgmﬁa time, frequency and frane synchroni zatlon The TDM

ilot synbols are known OFDM synbol s des for initial a sition. The
B: | ot sy?/mol s #0347 adicyould be F@%@F’ﬁh‘?ﬁqlél%&“?@é%a‘%H’ilﬁbﬁl‘qlﬁ'rf@f‘ggé%!ﬂﬂlpﬁg an

Q'S signal fiel ¢seq rather than those shown in the detailed embodiment immediately above.

[00148]) In accordance with an embodiment, the frame structure with TDM pilots and

structure of pilot symbols in frequency and time domains are shown figures 24 to 27.
[00149] Fig. 24 shows TDM Pilot! in the frequency domain in accordance with an
embodiment. Every 32 sub-carrier is non-zero. 4096 sub-carriers 2402 are shown. Fig.
25 shows in accordance with an embodiment, 2 TDM Pilot] in the time domain with
periodic waveform, periodicity 128 samples, and 36 periods. 128 samples 2502 are
shown. Fig. 26 shows a TDM Pilot2 in the frequency domain in accordance with an
embodiment. Every fourth sub-carrier is non-zero. 4096 sub-carriers 2602 are shown.
Fig. 27 shows in accordance with an embodiment, a TDM Pilot2 in the time domain
with periodic waveform, periodicity 1024 samples, and four periods. 512 samples 2702
and 1024 samples 2704 are shown.

[00150] The synchronization techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,

software, or a combination thereof. For a hardware implementation, the processing



[00144] The first TDM pilot synmbol has 125 non-zero sub-carriers in the

frequency d i e non-zero sub-carriers are uniformy spaced. Each
pair of consg‘gﬁtz%gyﬂg?)n-zero sub-carriers is separated bf%@@@s@‘m“

sub-carriers. The frequency index of 16 is38 assigned to the first non-zero
sub-carrier. A PN sequence of length 125 is used for the binary nodul ation
of non-zero sub-carriers. Such a structure in frequency domain results in a
peri odi ¢ sequeHBits 3t g baserptatign meddrto wirphrt sprchrosization (ee BX date add@ it propésser.

Thus, the firs i ' Y ' repld ca tncludjing the
cyclic prefix) tlz@fnl' ag’[bs? éélgg%(%ieg# 1%‘6@%@& %ﬁ%%gg %&f%ﬁlﬂ%g‘%&f@fﬂf‘g{sngt only
sinplifies the(ABls),digital sigriabprocéstors DSHs} aigieal &igeallpioeeksing devit&(DSPDY),
estimati on and frane U{Idar %S(hﬁ ti in severei mul ti - path_channel .

[ 00145] ThoughPRIEMITNG °§1°I‘%/Y‘° éF)o?}?]G@W@? %E‘E‘Fﬁnﬂggﬁ?@f‘@’frequency
estinmate in  spxRERordohirolkad, hi6ldaonedllerd, hi&g;smwss&&,%eﬂaeé&d?& oM synbol

timng in such a_  channel. It can only provide coarse OFDM synbol tim ng

al ong wi th t hedesigned topsrirondhcfpnstings déscrigshomsio 054 oanbinationgherenfalhe The
Trmng. e st Plocrsing WiPREidtas HAice s Bftofly bpEnChDRIGTEY, Y T

timng. Its st are e sane
har dwar e r esousyrebronizetion ankichamghéstimatiomnit ¥88¥ iniay glso Beinaplemérat wishifioad ti me

tracki ng uses 1000 F [ sub-carriers staggered over two adjacent OFDM
synbol s. The sgﬁﬂﬂﬁ%ﬂ#&&m@mol has 1000 non-zero sub-carriers in the

frequency donuijgp1ai) t Imrhm&og,leﬁaﬁtﬁﬁm@@n@&&ﬁaﬁd}ﬁe&h@%@ﬁbfw pi | ot
| ocations in two adjacent data DM synbols.” The pilot sub-carriers are

uni fornly spacé&uplgmentedisicophination with progeamymadies (e.gr rousings, progeassar at ed by

three zero S“b'c&ﬂfi r ' ?ﬁ'ﬁf . ' ggﬁg he first
pil ot sub-carrier .CH rg%gﬁrg%’ce O?ﬁ%‘i)ei%% 8%S$§mh§ezﬁ§{ etﬂgel vnagélrgﬁs

modul ati on of fimetigs|describedhereinr The softvéinetodas may bestored in mmemeryumitqy.gdonmai n
results in a periodic uepce. J.,n tinme d in with periodicjt qual to
1024 sampl es. oy Wt RERLEHE 1t RGHBEPY rArodraner Gamaprrailes 19957 £ | cas
(excl udi ng t he nferfory nithsf beGinpMmehtedSAMHRCINE PrabssbiedtiktbmbP ¥rhe fldb&ss&t ruct ure
reuses the sane hardware used fm@@b& tinme tracking and achi eves the

fine synbol ti MarepveR thosepkiledin prepiateshat Shermgbiiect inyept vemwpthgdsemani t i al

f ff . ' Lt . 2 ' [
VCXO gai 1 sena o PHEREES wifh s B6HNE b S th Sl silE Bk Bl 11
assuned. [ 0014 Tjultiprocssser corbmutaspsterns) miticcopoting ddvides, anhinfranid@nputerd, Bat ot her

val ues m ght be _used rather halil1 td’lﬁ)ﬁg) shown i.n .the detail ed nbgdi ment
11 as personal computers, hand-held computing devices, microprocessor-based or

i mmredi ately abd¥
programmable consumer electronics, and the like.
[00152] As used herein, OFDM may also include an orthogonal frequency division
multiple access (OFDMA) architecture where multiple users share the OFDM channels.
[00153] What has been described above includes examples of various aspects and
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies. Various modifications to these embodiments will be
readily apparent to those of skill in the art, and the generic principles defined herein
méy be applied to other embodiments without departing from the spirit or scope of the
aforementioned embodiments. Thus, the disclosed embodiments are not intended to be
limited to the aspects and embodiments shown and described herein but is to be
accorded the widest scope consistent with the principles and novel features and
techniques disclosed herein. Furthermore, to the extent that the term “includes” is used

in either the detailed description or the claims, such term is intended to be inclusive in a



[00148] I n accordance with an enbodi nent, the frame structure with TDM
pilots and structure of pilot synbols in frequency and tine domains are
shown figure [00149] Fig. 24 shows TDM Pi |l ot | ency
domain in ac?gﬁég&ﬁ@g&gﬁ th an enbodinment. Every 32 sub-carﬂrdl}g}rsgﬁ)go{inzg%zer 0.
4096 sub-carriers 2402 are shown. Fig. 239hows in accordance with an
enbodi nent, a TDM Pilotl in the tinme domain with periodic waveform
periodicity 128 sanples, and 36 periods. 128 sanples 2502 are shown. Fig.
26 shows a TDMnmhﬂeosiﬁliiantottheteﬁnéqunmisjngH@&rﬁdompﬁning’étsdntd@nﬁei whenrempioyed
enbodi nent . Ev fo rhﬂ“&ygul%@ |er is non-zero. 4096 sub-carriers 2602 are
shown. Fig. 2 accordance with an enbodi nent, a TDMPilot2 in the
time domain mnth periodi c waveform periodicity 1024 sanples, and four
periods. 512 sanples 2702 and 1024 sanples 2704 are shown. [00150] The
synchroni zati on techni ques descri bed herein nmay be inplenented by various
means. For exanple, these techniques may be inplenented in hardware,
software, or a conbination thereof. For a hardware inplenentation, the
processi ng WO 2005/ 074224 PCT/ US2005/ 002544 38 units at a base station used
to support synchronization (e.g., TX data and pilot processor 120) may be

i npl emented within one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), progranmable |ogic devices (PLDs), field programmbl e gate arrays
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors, other
el ectronic units designed to performthe functions described herein, or a
conbi nati on thereof. The processing units at a wireless device used to
perform synchroni zation (e.g., synchronization and channel estimation unit
180) may al so be inplenented within one or nore ASICs, DSPs, and so on.

[ 00151] For a software inplenentation, the synchronization techni ques may be
i npl enented in conbination with program nodules (e.g., routines, prograns,

conponents, procedures, functions, data structures, schemas ...) that
performthe various functions described herein. The software codes may be
stored in a nenory unit (e.g., nenory unit 1392 in Fig. 13) and executed by

a processor (e.g., controller 190). The nenory unit may be inpl enented
within the processor or external to the processor. Mreover, those skilled
inthe art will appreciate that the subject inventive nethods may be
practiced with other conputer system configurations, including

si ngl e- processor or



mul ti processor conputer systens, mni-conputing devices, mainfrane
conputers, as well as personal conputers, hand-held conputing devices,

m croprocessor - based or progranmabl e consuner el ectronics, and the |ike.
[00152] As used herein, OFDM may al so include an orthogonal frequency
division nultiple access (OFDVA) archifecture where multiple users share

t he OFDM channels. [00153] What has been descri bed above incl udes exanpl es
of various aspects and enbodinents. It is, of course, not possible to
descri be every concei vabl e conbi nati on of conponents or nethodol ogi es.
Various nodifications to these enbod'ﬂgﬂh@ will be readily apparent to
those of skill in the art, and the S’principles defined herein nay be
applied to other enbodi nents w thout departing fromthe spirit or scope of
the aforenentioned enbodi nents. Thus, the disclosed enbodi nents are not
intended to be limted to the aspects and enbodi nents shown and descri bed
herein butl.i s tAnethodad dorinieestitradonicdmptisiag;ope consi stent with the
principles and novel featureﬁ and, t@chpigues gLscIosed enﬁin Fu{thernore,
to the extent tRSHVIRHESTATHPFNRYL Siggalsat least sume beingasspeigied withe frgtniiof ed
descriptiq&nqbythe clains, such termis intended to be inclusive in a WD
2005/ 074224 PCT1 US2005/ 002544 39 manner simlar to the term "conprising" as
"conprising" i sgeneredngeastedaiioniouiputsfpinuing d corsglatzont quavesrer dhreadignatsraddi n a
claim 40 ALVS.1. . A ngthod of tim ng estimation, conprising; receiving a
stream of ?%%ﬁ?“@?&ﬂ%??ggt | east some being associated with a first pilot
symbol ; gener atdeRgtif®4 petemtidi Gaddigledpd of thOEdttoldion cabefRindtdrilatolovgpulst om t he
signals and del ayed copies thereaof; detecting a potential |eading edge of
the correl ati orPOEHRER FFRRNOOPFEddeoRIE L& fTpaHeEey aceHIA G GesRORTBi%ency | ocked

| 0o FLL : r L etecting the potentia
o cUASER BREMASEEA Bec e BRRARLN Aol 2oLl 13 L P

| eadi ng edge o etecting a trailing edge of the
curve from cor riteatingatreiing edgs ofshe/curge fromicngelaniérooutpits;on based on the tine

of detecting the trail.ing_.edge; and rform fl.ne,timng responsive to
detecting t ﬂe t YR i%ﬁﬂn%g'&@?%ﬁﬂ‘ég?sﬂ 88 eﬁi"hegOP‘%Feé*’?ﬁ thedr aﬂﬁ’%«fﬂg?ﬁ %"%1 second
pi | ot synbol angrfoRfingdne EinlihgtedBorsiVe @6 BREHIRAR the trailing edge, the fine timing

preformed based on a second pilot symbol and the saved timing information.
2. The method of claim 1, wherein the input symbols are OFDM symbols.
3. The method of claim 1, wherein the input symbols are TDM symbols.

4. The method of claim 1, further comprising decoding an Overhead Information

Symbol (OIS) and N data symbols.

5. A timing estimation system comprising:
means for receiving a stream of input signals at least some being associated with a

first pilot symbol;

means for generating correlation outputs forming a correlation curve from the

signals and delayed copies thereof;



2. The nethod of claim1l, wherein the input synbols are OFDM synbols. 3.
The nmethod of claim1l, wherein the input synbols are TDM synbols. 4. The

met hod of claim 1, further conprising decoding an Overhead | nfornmation
Symbol (01S) and N data symbols. 5. A timing estimation system conprising:
means for receiving a stream of input si Enal s at | east sone being associated
with a first pilot synbol; neans for g erating correlation outputs formng
a correlation curve fromthe signals and del ayed copies thereof; 41 neans
for detecting a potenti aI | eadi ng edge of the correlation curve from

correl ation out puts; for a frequency | ocked | po FLL
frequency accu Fﬂlsdc?r %ﬁgp@ﬁtl%?geagg}ggég?ﬂéﬂ ﬁloélrﬁuf‘%flfoqrga((ji ng) edge of

the correl g&r}@ﬁl&%ﬁﬁm rreans for detecting a trailing edge of the curve from
correlation outputs; neans for saving timng informati on based on the tine
of detecting theeansgpl undgtmga@lgequeamdlonl@@irigon iLLp drefleaney agrupiivdasont i mi ng

reSpOnST Ve S Bh TG hLRGine R Sl a8 e It 1R Lilpuigh b0 performed based

£FSpe
on a secon % ot sy save ron.
means for detecting a trailing edge of the curve from correlation outputs;

means for saving timing information based on the time of detecting the trailing
edge; and
means for performing fine timing responsive to detecting the trailing edge, the fine

timing performed based on a second pilot symbol and the saved timing information.



