FINE TI M NGACQUI SI TI ON CLAIM OF PRI ORI TY UNDER 35
U.S.C. 119 [0001] The present Application for Patent
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60/ 660, 901, filed March 10, 2005, and assigned to the
assi gnee hereof and hereby expressly incorporated by
reference herein. BACKGROUND [ 0002] The present
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FaRvasply ircopparated by sefershce IDirgiher ent types of data (e.g.,
traffic/packet data, overhead/control data, pilot, and
so on) may be sent in different parts of each
super-frame. Each super-frame may be divided into a
nunber of franes. The term"pilot" genetically refers
to data and/ or transm SBAUKGROUNDE known i n advance
by both the transmtter and a receiver. [0004] The
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synchroni zation in this disclosure refers to a process

Qieationy diferspt thes ofelata (per, traffigipackierdats, averhaadicanuobdita, pilot,
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divided into a number of frames. The term "pilot" generically refers to data and/or

transmission that are known in advance by both the transmitter and a receiver.

[0004] The receiver typically needs to obtain accurate frame and symbol timing in
order to properly recover the data sent by the transmitter. For example, the receiver may
need to know the start of each super-frame and frame in order to properly recover the
different types of data sent in the super-frame. The receiver often does not know the
time at which each OFDM symbol is sent by the transmitter nor the propagation delay
introduced by the communication channel. The receiver would then need to ascertain
the timing of each OFDM symbol received via the communication channel in order to
properly perform the complementary OFDM demodulation on the received OFDM
symbol.



tasks, such as frequency error estimtion and channel
estimation. Synchroni zati on can occur at different
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timing acquisition with a first received TDM pilot determines a course timing estimate

of the received OFDM signal. The means for performing a second timing acquisition
with a second TDM pilot determines a fine timing estimate for the received OFDM
signal. The means for performing the second timing acquisition includes means for
determining and means for detecting. The means for determining accumulated energy
of a plurality of channel taps within a detection window for a plurality of starting
locations forms an accumulated energy curve. The means for detecting finds a trailing

edge of the accumulated energy curve. The means for adjusting 2 FT collection window



means for performng the second timng acquisition.
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3. Adjustment of a Fourier transform (FT) collection window location for a subsequent

OFDM symbol according to the performing the second timing acquisition step.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The present disclosure is described in conjunction with the appended figures:



wirel ess receiver in an orthogonal frequency division
mul tiplexing (OFDM system FIGs. 2A and 2B are bl ock
wale@ggess3d of enbodi nents of a super-franme struPCTIUS200©008977
the OFDM system FIG 3 is 4 diagramof an enbodi nment
of a frequency domai n representati on of a tinme
di vi si on ple d pi.l ot FI G a bl ock
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10D are digg{’él ?6‘&%‘%‘ PHRCR? aairaasmat(T%) data and
Sesel 5 FIG 11 is a d| agram of an enbodi nent of

a pilot transm ssion scheme with TDM and FDM pil ots;

FIG 12 i sFl&.blise blodk aipgeam of armembodindiinaiin @FDngbdulator-

for r Vi I n of I FIG 13
|g a glrrgckﬁg% tgg? gm)ag?angak e ﬁ@ﬁgttqf%%gg dgmam representation of
?g&t Aation of a normoperation for timng
synch oni Zation; FIG 14 is a bl ock diagram of an
enbodi nentFIGE. 7as & bloeld dipgrarh of apérabeditehi effa syhcl@orfiization and
has of. FAP detection in a FTA; FIG 15 is a flow
@1 §ﬁ'il18f‘tl%fmétnbod| ment of a process for show ng
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fohfize timing acquisition (FTA);

FIG. 9 is a block diagram of an embodiment of a symbol timing detector;

FIGs. 10A to 10D are diagrams that show processing for a pilot-2 OFDM
symbol;

FIG. 11 is a diagram of an embodiment of a pilot transmission scheme
with TDM and FDM pilots;

FIG. 12 is a block diagram of an embodiment of logic for removing the
modulation of pilot symbols;

FIG. 13 is a block diagram of an embodiment of an implementation of a
norm operation for timing synchronization;

FIG. 14 is a block diagram of an embodiment of a fixed point
implementation of a first phase of FAP detection in a FTA;

FIG. 15 is a flow diagram of an embodiment of a process for showing
three phases for a FAP detection algorithm;

FIG. 16 is a block diagram of an embodiment of an update step in phase
three of FAP detection,;

FIG. 17 is a block diagram of an embodiment for initializing the data
mode time tracking (DMTT);



three of FAP detection; FIG 17 is a block diagram of
an enbodinent for initializing the data node tine
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enbodi mrent an OFDM system for synchroni zing timng of
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ﬁroc Ss is term nated when
gorithms, structures, and techniques may be shown without unnecessary detail in order

to avoid obscuring the embodiments.

[0014] Also, it is noted that the embodiments may be described as a process which is
depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or a
block diagram. Although a flowchart may describe the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In
addition, the order of the operations may be re-arranged. A process is terminated when
its operations are completed, but could have additional steps not included in the figure.
A process may correspond to a method, a function, a procedure, a subroutine, a
subprogram, etc. When a process corresponds to a function, its termination corresponds

to a return of the function to the calling function or the main function.



its operations are conpl eted, but could have

additional steps not included in the figure. A process
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p@éé‘b&ﬂ%ﬂit&nelﬁﬁrﬂl@&%@neﬁf magb®couptanbensther code segment or a
I ntormati on, argunents, paraneters, . data, etc.ggay be
f,,é)arameters,

hardveasel cirduat biepageag aad/ox jeasieing ApfaEmation. 4y, Agp

means incl.udin Iy Lng, S8 Ry bt PEAAd,
PRy e o T S A paERAAG SR e By b D
SWNEHSD B EadshAfed Gia ARy quesledasas idaiihgmemorysharing, message

used for various multi-carrier systems and for the
rdesing, itokenpassiveg, netaeprk HansyFsioNe eiCThe downl i nk (or

forward link) refers to the comunication link from
[DOET]PaBke §indlitoRizatidotetigquis dedopibed herei may Be used dort waeious
uplink (or reverse link) refers to the 'Wi atilo&<
hultikcafniersysteas and for the downlink as well as the uplink. The downlt (or
forward link) refers to the communication link from the base stations to the wireless
receivers, and the uplink (or reverse link) refers to the communication link from the
wireless receivers to the base stations. For clarity, these techniques are described below
for the downlink in an orthogonal frequency division multiplexing (OFDM) system.
The pilot detection structure is well suited for a broadcast system but may also be used

for non-broadcast systems.

[0018] An improved method and system for timing synchronization after the initial

acquisition in an OFDM system are disclosed. The result of the initial timing



wirel ess receivers to the base stations. For clarity,
t hese techni ques are described bel ow for the downli nk
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[0021] Next, the beginning of the channe] impulse response in this 2048-long
cyclically-shifted image is determined. The complete channel energy is contained
within a detection window of length 1024. If the channel is shorter than 1024 chips,
there are several consecutive positions of the energy window that result in maximum
energy. In this case, the algorithm picks the last position of an accumulated energy
curve, since this generally corresponds to first arriving path (FAP) of the channel. This
is achieved by considering a convex combination of the running energy sum and a local

finite difference of order Np. Once the location of the FAP is located in the 2048-long
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196 A8hL vhﬂelég:g CecBRP 4B My OFDM system 100 is shown. The base station

110 is generally a fixed station and may also be referred to as a base transceiver system

(BTS), an access point, or by some other term. Wireless receiver 150 may be fixed or
mobile and may also be referred to as a user terminal, a mobile station, or by some other
term. The wireless receiver 150 may also be a portable unit such as a cellular phone, a
handheld device, a wireless module, a personal digital assistant (PDA), a television

receiver, and so on.

[0025] At the base station 110, a TX data and pilot processor 120 receives different
types of data (e.g., traffic/packet data and overhead/control data) and processes (e.g.,



[0024] Referring first to FIG 1, a bl ock di agram of
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[0028] A synchronization/channel estimation unit (SCEU) 180 receives the input
samples from receiver unit 154 and performs synchronization to determine frame and
symbol timing, as described below. The SCEU 180 also derives the channel estimate
using received pilot symbols from OFDM demodulator 160. The SCEU 180 provides
the symbol timing and channel estimate to OFDM demodulator 160 and may provide
the frame timing to RX data processor 170 and/or a controller 190. The OFDM
demodulator 160 uses the symbol timing to perform OFDM demodulation and uses the

channel estimate to perform detection on the received data symbols.



filtering) on the received data synbols with a channe

estimate (e.g., a frequency response estimate) to
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the data synbols sent by bdge station 110. OFDM

denodul ator 160 provides the detected data synbols to
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‘ig?i,essrfsg%\éﬁ‘ét 3 ety cast HansEgsmomiol agrauR ol W HelgEs Ispaivas adreadcast
ERERGicH 8 LA WIRADL RERive AR it lvkihad dfen. R RO Hif0n
storage for program codes and data fee by controrrers
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309 #BIDRLINGNS-t her eof . For exanpl e, base station 110 may
broadcast pil ot and overhead/control data to all
[0032%] evAthrrefepince te FIGAA, antetntoditBé @€ a siifRa-fraldSsructure 200 that

station 110 nmay further single-cast )
may be used for OFDM system 100 is shown. Data and pilot may be transmitted in

super-frames, with each super-frame having a predetermined time duration. A super-
frame may also be referred to as a frame, a time slot, or some other terminology. In this
embodiment, each super-frame includes a TDM pilot 1 field 212 for a first TDM pilot, a
TDM pilot 2 field 214 for a second TDM pilot, an overhead field 216 for
overhead/control data, and a data field 218 for traffic/packet data.

[0033] The four fields 212 through 218 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. 2 to facilitate synchronization and data

recovery. Pilot OFDM symbols in pilot fields 212 and 214, which are transmitted first



transmt user-specific data to specific wreless
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w0 e@eioyBis, and/ or broadcast data to all w rel BEGBUS2006/008977
receivers in various situatlions and enbodi nents.
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transm ssion, where M< N, and the remaining NM
syheksegh swf@@e, obtain a coarse estimate of symbol timing, and estimate

frequency error. The wireless receiver may use TDM pilot 2 to obtain more accurate

OFDM symbol timing.

[0037] With reference to FIG. 2B, another embodiment of a super-frame structure
200 that may be used for OFDM system 100 is shown. This embodiment follows TDM
pilot-1 212 with TDM pilot-2 214, with overhead OFDM symbols 216 added in-
between. The number and duration of overhead symbols are known such that
synchronization to the TDM pilot-1 symbol 212 allows estimating where the TDM
pilot-2 symbol will begin.



unused and serve as guard subbands. In an enbodi nent,
the OFDM system uses an OFDM structure with N = 4096
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prbvoplialg(x )= 2'1 4. x'[ 6033 thi ¢alse,rthé ENegvoeraton 420 Gclutles:0(1d 15

dggt&o?i ment of a block diagram of an enbodi nent of TX
Slemrats A28 thigngh d2kogoupled inseriencandalPd astmmnies 424 coupled

ﬂeﬁveceﬁ(a\éﬁy elements 422n and 4220. The delay element 4220 provides pilot data,

which is also fed back to the input of delay element 422a and to one input of summer

424. PN generator 420 may be initialized with different initial states for the pilots 212,
214, e.g., to 011010101001110” for the TDM pilot 1, to ‘010110100011100° for the
TDM pilot 2 and to ©010110101011101” for the frequency division multiplexed (FDM)
pilot. In general, any data may be used for the pilots 212, 214. The pilot data may be
selected to reduce the difference between the peak amplitude and the average amplitude
of a pilot OFDM symbol (i.e., 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 scrambling data. The wireless receivers



Wthin the pilot processor 120, a TX data processor
410 recei ves, encodes, interleaves, and synbol naps
wo e@bhdsspacket data to generate data synbol s. PEDOED)P6/008977
hi an enbodi nent, a pseudo-8andom nunber (PN)
generator 420 is used to generate data for the pilots

12, 214. The, P enerator 420 may b ted, for

sk o Tedgs Pt e BED R T bR st lierd 1o koo duta used
ﬁ#ﬁﬁﬁhrﬁmgi.lnplenents a generator polynon1al a( x)

=x15 +'x u +1 In this case, the PN generator 420

g T R A B 325’&%@? Tuppflof J5 e BN generator
brs yreRasiahaviteb @A PlIS cﬂatzdzte 841%%“‘)‘2 s babB& ol In?éﬁu}atlgn scheme.

el ement 4220 provides pil Ich 1s also
Eb@:m@ndmﬁemmpuodldaitmmeﬂchgmm mm;em ustd Tor thagilote 202214, In an

P, DR o for bl DN ARioR) i At G 5pse: Fgpping unit 430

%‘o Dl\fg the %;1313 da?é—i?l(t)o .@-r(l))%&l_ri 6%8%%@%(& rb1’c ﬁJ.e e tga

mmﬂc@ﬂoomdalaﬂmgmmmacﬂmﬂdx kembaelds) b eompled wlu@ lm) a s1gnal
ener al any data may

Rl R B OF5R e CesRos ustr Weelbona ok dea Taapggimit 430
1?1 seﬁ%ﬁ gﬂStQia'E Cfgr B% gilétflegoin%?lagw&?yan %fa_llﬁﬁﬂs 2L,

e an e avera a pl

ﬁllfdﬁd@ia Hifs £6r TDM%lIBt RitH 2 BilbNSnibeRK-A ﬁluﬁifﬁé)@g ?Mux 440 receives

variation in the ti nedonmai n waveformfor th

tbp data)syrmibpls fisim EK dditet professor AN thielpdot Smiwys ﬁbmanatp@mg unit 430,

SEEEEM i bital e 2BTFoler 188 Fhlialour 3iblorsVidease bugrom

0bdilhe TV
Abddlhk {] ‘Iei@%gltegﬂggse%ﬂj;oésr% ﬂéfl?ﬁs 9_'14 Qﬁi ﬂﬂehaﬁ%ﬁﬂb&g for the

ojierhead asq dife ficlds ppeandy supértfraiBeg as ehxsww msFIGseZzp iahd2Bdat a
from PN generator 420 and maps the bits of the pil ot

@OJIZ] { ReRbirf neky tHPIG. 3 8REEMBIiRADHY RbLOR 2 SGHET B

he same or different fodulati on schenes may be used
grahodimentwif OFM 20@iuldl 30hif thnbaseristatiomd bA js s@@@& lASsymbol—to-

d f bot h | h
e i AL 0 0 B35 i
HRbEREN 128/2HE aph %egé%}lnlﬂﬁﬂs dHe %heeﬁ’lﬁ% H%afn]dy Bhdd8 o rr%

speci fic pilot nodul dation synbol ot sy
%ubb@ma_l\éwc Wil tagnalrfrcansognﬂler dé@shﬁdabhOPmesymb%Iﬁod the
Iot t hen pi ng unj

ft'%toi efgvlfdg{ ORF BRIt FEHO 15871 giobang peflfor dataor

54 e 01 905 D] 80 s

sgigande clhievid3Mtplilet sjattols 1ol 4 désigmtcBfod aftbapdsabatssonot used
a.érlc-::L Peplacgc? v&gtlhlzero sy%%bﬁ% %oir rea?crlg] 6[& 19131' sr]ygnb%?i)émﬁis 9napp1ng unit 510
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.

[0043] An inverse discrete Fourier transform (IDFT) unit 520 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” OFDM symbol that

contains N time-domain samples. Each sample is a complex value to be sent in one
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[ﬁﬁﬁ'al eRQEHn%quxt to FIG. 7, one embodiment of a block diagram of the SCEU
180 at wireless receiver 150 is shown. Within the SCEU 180, a super-frame detector

710 receives the input samples from receiver unit 154, processes the input samples to
detect for the start of each super-frame, and provides the super-frame timing. A symbol
timing detector 720 receives the input samples and the super-frame timing, processes the
input samples to detect for the start of the received OFDM symbols, and provides the
symbol timing. A frequency error estimator 712 estimates the frequency error in the

received OFDM symbols. A channel estimator 730 receives an output from symbol
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synbo] for o) ntains. S identical pilot-2

e Tap S ey eSiuihe d0e drieapiang crtmators in
$E1Re-190 TR &S&%‘Qahféﬁ)w The cycl ic prefix for TDM pilot 2
IS conposed of the C rlghtnDst sanpl es of the
DDA B 5i=EFmelo<Ea Vi b oot ogbontion
2045 f<§TDIZ{ {115 eTBut G |
woul d contalnltmo coﬁb%é%gggpﬁoﬁgglggégéﬁégé F%ﬁﬂﬁg
meminpelhtoﬂle EupﬁafﬁfmmmdrtMEIOm; mopl2fidited with-acteimed correlator that

clic_prefjx faor TDMpI t 2 would )
%{iefﬁe C\% caX%YPPf ﬁw PallPHl HAFIM sypbo @éa\a@ﬁé@m dstetipn.
Referring next to FIG 7, one enbodi nent of a bl ock
[9048)r aWithf refenencSQERIG.SR) adflockd disgremshowe eitiveslind 300 f& one
er-franme detector 710

the SCEU. 180,
Fitped ariah. itk 3¢ sﬁtﬂnegr gHtg Rl ety aoargis pertoed as the last
HRIRTIO Tofife AaRHLS HTBh BP Al BrotRhs sadfle il o dhefiiNG i
gaﬂsayﬂhml bledkri18g Nbat ¢ adﬁ@pomQEFT ioirfopsied hpor thpsimple window in

AT afpreate oW Eubes PomplecI R fsgions fea paseelons 12-
ﬁmﬁ%%ﬂﬂ $he RAG1aPE r%eé{h 76{42? AP hetéi %Hﬁ rmfdtion is
frequency &rror estl 12%esti ?requency

denvcglnlated dndextrepeated ﬂofﬂ:iﬂh/bﬁb(ﬂhrﬁ:lr&n Pock8lriglthe same interlace

estimator._730, r elves an out put from synbol ti
SR o NoBohiT Fds P@Ié%m%qﬁlén Binsics4F oe44q depadularyipilot as a

ol 3 d

SEIE 5 7 S SRS, L SR80 S iy o
theifet alfdr himerbyechephiziafiat blook BY6 ceahsietes.nThé BTA KRR @itialized
1 | n_the |g put sanples fromreceiver unit 154. For

i fhtack §fl s Prasn the Rracess ofEnding Hd'Aft Beis pipelng! precess is further
t hat | oit
de e b%gﬁ P%gg%wngl{aur e o%rq%{ﬁqm%% ?&ﬁ%ﬁéﬁwasy%gl O:‘ o?

agfgjr frame detection. [0048] Wth reference to FIG
bIsizefrenge ik ihdlng blodki diagram of gnembedimsaof symbol timing

[ t

GRSl on A0 IR LL R p B AOONE 25001 o

héeqzﬂ @t thd pflot-2 OFDMkyhbél. pWitkRsgmbal mﬁﬁ@ Rtestord2W Hample
gth Nc is atheredln bl ock 812. Next, aNcp0|nt

b@%%r D12 15691V e the dnbup spmnlprelrem ApAcayofinid A prd stores a “sample”

window of L input samples for the pilot-2 OFDM symbol. The start of the sample

window is determined by an offset computation unit 910 based on the super-frame

timing from super-frame detector 710.

[0050] With reference to FIG. 104, a timing diagram of the processing for the pilot-2
OFDM symbol is shown in one embodiment. Super-frame detector 710 provides the
coarse symbol timing (denoted as Tc) based on the pilot-1 OFDM symbol even thought
the pilot-1 is detected at some later point (denoted as Tp). The offset computation block
910 determines Ty to position the sample window 1012. The pilot-2 OFDM symbol

contains S identical pilot-2 sequences where each has a length, L (e.g., two pilot-2



bl ock 814, where Nc is 2048 in this exanple. The FFT
is done in a cascade of 512- point FFTs using the
WO nicedser sequence 6,4,2, and 0. The pil ot i nPOT/IBL0EMSIT7
i s denodul at ed and extrapoliated fromthe sbcarriers in
bl ock 816 in the sanme interlace sequence. A Nc-point

| FFT i s perfor dn b k 818 an e denodul at ed
S&H}lﬁ‘cce%%fp lﬁn%ﬁ&@ggbfj 8- %0%3-% hE %Oﬁ%zgsAﬁgmﬁ Widowd$2 of Nc
! _ " . '
B BRE 1S EARERATY sApblHHleEo [P0 tR HIcRD QRS M gpbofiing a
loeatrontlv.s i nitialized in block 820 to begin the
process of finding the FAP. This pipelined process is

he I | | [ N £ Re. .
o S B e Pl R0 101 BB 1 408 S Ofhe from
itie agaragsypibod iingng) A, or T, =0f, s@SHhol The initiy) offeételdbotiot Hdbd to be
is shown for one enbodi ment, which perfornms timnmng
sspeailhyoaricamtd ol ibaslededto nkere that ohe 2orapleid iiptBekquence is
Wt hin. synbqgl  tim etector_ 720, a S le buffer 912
llsgied aLdatmde Pﬁ%%ﬁﬁgﬂ%bwlr@w?%err@asewﬁgywett@m egligate. The
A SR e AR 1 e R0 mi) bt oRTehe blocksfy for the
piditSrOFDMOsymybohnarobd sehpletedpefoad themrrival bf Hhi Beka@EOMXBYymbol,
the super-frame timng _ from super-frame detector 710..
0B} et idiias ehiad rom e Piew2 OF YL sy abeARmbied to

[ or the pilot-2 OFDM synbol is shown in
%%?egﬁgggﬁrrgﬂ%&l%uper-frane detector 710 provides the
@88 se_synbol. tjmng. (denoted as Tc) based, on the
|

Iyt PR thepetion @ﬁrfm?cﬁéoma&es tgeged by an
gﬁ)ﬁf E&%l@koﬁﬁgﬂs THR D@c%{%%le( e%ﬂf?}} S&uﬁl%si_gl-ﬁ)\falu-mﬁat the

set onput at1 on bl oc termnes Tw to position

hdgtnnseggl the vyalicd @reftOdPan RRMpsyindiol 2ndEduldtssypndanil value Noppy—1,
cont aj ns StLdenti ?g{%gl I 01@- 2 _sequences where_ each _has
where htorpym 15 the gvegall op Pt #t OBLM sankad saftsr whishgt rells @xer back

Cf J _ .
ety DR EP ok AP DA R RSAOE e sont o
thb &Fbiengine 2 1 OFdMesyuiinitios haetthe OFRM lsapleicotintétteaches value Ncp
[0051] The start of the sanple wi ndow 1012 is del ayed

(S)

B dfeisymppLimprercogectigsrfatermyinge hyrfhe syabal dimipgpesrcher 920, are
) ' - ey ¢

o8By oy ] Ko ol BERR O HIS Y b B

Setespdndthgf t0 thnsanigutédidingrdfse Mft@todait h@juisttiGE QUEMe dp, the

is collected in sanple buffer 912 despite possible

@rsgmetipm of yyakob hpwrdary shthryreseiyerip eaptured by wiitingghe value Tp-Tc

i@ﬁo; 1‘%18 tbthﬁgrsoc gfé c%ﬁnt%f l(;l?ﬁ:hﬁgalto(ffsgf C%L?t,l ils ﬂ?e@loalﬂgﬁe(? fﬁ%o steps.

Ssi ng
The OFDM sample counter value is first increased by K and decreased by the duration

of the window between OFDM symbols (e.g., 17 in this embodiment) in the offset

computation block 910. The constant K corresponds to the ability of the algorithm to

correct coarse timing errors and in this embodiment, K=256. When the OFDM sample
counter reaches a count of 1024 in this embodiment, the start of the sample period, Ty,
is presumed and the sample window 1012 begins. Other embodiments could use other

values for the first and second constants and the count.

[0053] Referring back to FIG. 9, a discreet Fourier transform (DFT) unit 914 performs
an L-point DFT or FFT on the Nc=L input samples collected by sample buffer 912 and



pilot-2 OFDM synbol can be conpl eted before the
arrival of the next OFDM synbol, so that the synbol
wao 2evofoge3abt ai ned fromthe pilot-2 OFDM synbol PE/URM®06/008977
applied to this next OFDM d99nbol. [0052] mthis
enbodi nent, the notion of the synbol boundaries is

tracked by an DM, sanpl e. counter., The OF sanpl e
BOUHE B TEguciy ot YAReraoD L h S Ao TelRestart of the

L R Ot TR R T PR OEE PP 2 P bl i,
ap £FDMhsy deadhamad] irapulediesporist iy @tcurig\shifted aekich @neans that a
zero. During the processing of regular OFDM synbol s,
frome poatigl efshaclenbeli imgulse méspbusetvivepEdumhiyi theb&ksd f or
denodul ati on after the OFDM sanpl e counter reaches

= lo 143 I ' :
e i oB 7 PROM SRR 21T BOyGR R RE! 1 md g pilet->
sagpéncesi 1008 inlsacgssign {drdhis embediment | IndhofrequeacyOEdvhin for one

R T R T .
RS L3R 91, ARG Ay 2o

¢deh eF Mbosnph&IGo3NEero. insEntéon betweal twoffometero Sbhririers ehsures
sanpl e count er

h lied in : : .
Ry R U TN
i ot oy BESISTAL AR Sl i

@idowTitd2const ant K corresponds to the ability of the
algorithmto correct coarse timng errors and in this
| KRRt theKrmiaabr - BETYg4 GO 08 initi

@gggﬂes a cgunltéglfp\log% ?Fri@qt %%%%%%nt, 08, the initial 2000
ndn-tdre carainysl aad @8rguard, cafniers ke apaidableyafiersprdsih ehrewgtithe channel.
&d ndow 1012 begi ns her zler‘nﬂgodi ments_ coul d use other

ar-%er capiers e medulatediythe dnformation sy the caanggl andyihe noise is

t i ) ) i 168kl 1

%?1 Ieprcgljtagg[ﬁ]sr?ééﬁn%%)ﬁ i§ uﬁlﬁlf%o rgl%zlg%g%ef’%ﬁrlr@a%n {é pol er%tlmpulse
kponse up-for2(a8 thyhse wisarebd taffuntio’stheptmbtiaf béthe@@dnyro carriers and

sanmpl e buffer 912 andprovides L frequency-donain )
zrap-Btthe garriersdhat hage Bespeamigied Gie..sypaxiagticrs) befee the hrpoint

N 012 | I .
BT i Mo BRS fAhipd TDATPiS FARS Mbhglion gog
shepolation) evhichig pesformebinahs pildtsletiotaldtion Liyit 816.1 t ed,

whi ch neans that a front portion of the channel

R R e
invderpért die densiylition @perhi08 of the aUL-CeDi10 séq@endelih Sny interlace is

enbodi_nment. In _the frequency domain for one ) )
shown. In this embodiment, an inferlace represents a subset of Ny subcarriers which are

uniformly spaced in the original set of N subcarriers. For example, N can be 4096 as in
this embodiment, and if eight interlaces are used, each interlace I is a set of Ny
subcarriers, which are separated by seven subcarriers which do not belong in interlace I.
At the input to the demodulation block 916, the in-phase and the quadrature phase
components of the pilot observations are each given by 9 signed bits, while after the

demodulation, the bitwidth remains 9.

[0057] Referring back to FIG. 9, each output sample of the L-point FFT block 914 is a

complex number where the real and the imaginary numbers are each 9 bit signed



enbodi nent, the pilot-2 synbol 214 consists of 2000
non-zero QPSK subcarriers or subbands that are each
waepaigsesl by a zeroed subcarrier with guard PCT/US2006/008977
subcarriers 304 on each end8as shown in FIG 3. Zero
i nsertion between two non-zero subcarriers ensures
that T ilqt-2 c ists of two periods of 2048
WiRhre i blramiodipal: Theemagakatine pilotippdulationiis essentjally
RBIp1EA G ealiEpift FRIrRS LA .64 gl
t heibslan'pl e vaan d%lw 1012. %&g%\éf%{l%rvat egcrofrﬁ%:rt%lggﬂlg%g il
fubpairiat, WHidh B iade agaitabkeat thd receiyerf drhid epPatn it peformed four
éni ti 3£f20(810 non-zero carriers and 4 ,tguar_d carriers
PES WA pUpsivderenirpierenss sequrpees msdagHiiirent migilsess (ie- 6, 4, 2,
DNRI0)Z8E SolfReH RS thR R .i ' on i
t he )channel ,e and theo ol s%%t?éﬁgg%og?(@ﬁi‘l g%ggg@%dg‘g&vgﬁonm
méarlaver (it02,40h) anriled carnéde (ke0i 10 99) isezivendst Yixahé thehe
channel ..i | se response u 2048 taps, we need to
IO AT RG] Bt BBSR OGRS B PGS hfho Teceiver
E6MAnOstrath | thad, A e=heen o ¢ e
guard car r?@r}gg}{e%gpéf t he L-"lf)oittﬁ +1I%@T%’?2€’%ﬁ§ﬁ“
Mhdglatipeomthepilot subcatiesds pebmmeddas aZotatioboperation (by 0, 90, 180 or
dul atLon and extrapol ation, which is perforned in
?ﬁ’g&&rqeg} %"8‘8}‘{6@! gy aopguplisstion by 6l - odbe pmpertal rotatiomisx t
ierlifd LIRRE, Of | | it
it eene RToRIRARTONS 0 e d5tafld BherRE KTy addition
aainsubradiopi df die rsalgmd imeginaryaoynponérgs.| Bleetabls foh@dtion dif Y
‘%ﬁhi s_.enbodi nent, an interl ace rgstes.ents a subset of

PeRdipg 9P thesicramiplercaiitpit bity 2o L) js Spercledow in Takle I which is
L@ . I E I can be
%g%blgg{eig%% ﬁ@@%@g@%&%g% cl% StEI gE% 5 ntb girs; | aces
are used ch interlace | is _a set of N subcarriers,
which ard agg’pﬁl%}géﬁogﬂ?t%@géﬁa%}%% of bitsstrom seramblern ot

belong in interlace I. At the input to the

denodul at i ¢itbsRl; dsR (Do sdrhmbiei) Hhasde afnebtitich (degrees)
guadr at ur e phase conponents of tihe pil ot observation
are each giIrggm by 9 signed—bits; | witeafter—the
denodul ati ¢on, the bitwi dth remaijns 9. [0057] Referri
back to FI6—9—ecach output sanple of the |-point FF
bl ock 914 {8la conpl ex nunber whéPe the real and the
i magi nary nunbers are each 9 bit] signednunbers in th|s
enbodi nent | iThe renoval of the pijgpot nodul ation iIs
essentially a nultiplication of |each pilot carrier
wWth the r e grence vatue—correst |7’Ji frg—to—that
subcarrier| Wwhich is nmade availaglg at the receiver
This operation is perforned foud tines with four

di fferent reference sequences, as four different
interlaces (i.e., 6, 4, 2,

[0058] At this point, it is noted that ¥; in i™ interlace buffer starts at the memory

U7

=0

location 262. Hence, the 500 pilot observations are obtained in sequence by starting at
262, going through 511 and wrapping around to 0 and then through 249. Note that the
memory locations 250 through 261 correspond to the guard carriers, and in this
implementation they are set equal to zero. The interlace zero for FTA follows the
conventions for data, i.e., pilots are written from location 262 to 511, location 0
(corresponding to DC) is skipped and is zeroed out, while locations 1 through 250 are

populated. Guard carriers reside in locations 251 to 261 at this point.



and 0) are collected fromthe outputs of the FFT bl ock

914. The pilot observation in interlace i (i=0,2,4,86)
worooslgsgnrrier k (k=0,1,..499) is given by Y]P&I/asz06/008977

the correspondi ng referencddsynbol (from QPSK

nodul ation) is generated at the receiver fromthe

nmbli .operat i iven by Sj,k. = [b2k+i b2K].
@ﬁéﬁr ehsf%g?n%ex?f?eﬁﬂ%ﬁzh‘ﬁﬁ%twh@w@ Brpdse weppnse fioay the
IDFTP&1if IR 8l r i d 0 Olveli
D30 i e ki for ol SebORnAE PA) bt iSkedtontd bt dybyetic
shifé inaifre whannef estiotate. i Bachios thbdl mprrisessbdiated tith aebpicdannel
) rrbcﬂ_lﬁ he ot%té%%g.operationisfollomed by . )
i Ton AR Bhs demne imbyist Frepemss e il lraRed, which
1R OLHR PhHE i i - '
il PP Ion R U nd) FBhsFbsBons finds AGP SRRk appear
1 dheoseriyrpoTtadnl of the owthutcorh IDBA it 948, t he gray mappi ng
of bits to the QPSK constellation synbols. Table | :
00ad]e REf | L19niah <& i
e e T £5. 3y b Saborainily sblcker b2 Moy deternpin fhe
symbihtiesid ghryedetect g thedtegirnin gad f thdehanmaettnyrgy@hawh 6NFRHA0B.

501 eSS 302 A5 ST e o
SRR a RIS difnfk] @(Ssl%tignﬂ G & Efog% %& At dim ﬁgtﬁgrr%%%ﬁxh This

the nenory | ocations 2 roug corresp e
dgtegtion obithe begisningrod therchtimed eherpy,eilseriindtvinis “fifve rrBfi@s path”, or
]iﬁ% g%ﬁ%%wbo %ggo..The interlage zero for FTA follows

&y 1e3 &Ly gliding,¢ adetection” windogt L014rof lepeth Nerpcross the
b8l bapald 962 AN |
DERLIRAAL RRE ey i 26500 T, MR IRRRRL R ooy be
determingd a2 8escaibed belpwl dttedch Wirloor statifg positiors Hhed@etdy of all taps
ijﬁlgi;at i.ons 251 tQ 261 at this point,[0059] Referring

g Witin-he defegiion windop.is sompwsd frefind thedcemnylatep eperay shown

a5 L enE FRPAhunit 918 is shown for one enbodi nent.
e 1 npul se response shows the cyclic shift in the

Th
nel .estimate, FEach of the L taps is associated
(0513 " Wi et i RRei 06 m plotof thegeowaplata eagesy whaifferent
' L cay | i fted .
RSB Ep! EBPT T SRS Tl fol o

shifipdts therrighp cinadarigeyo thataftentheuipht adyd cIiRedtedtion WiBdow reaches

ear | ortion of the output fromK)FT unit 918. [0060]
t@%’%ﬁ AgnexcNeitthe wmdowgwrags axpnpé to the firstdansdandaver. Brrogy is

R0 84tEd For %Hi% A Yol Sl B GhleNSord 1€ -
beg; n n"? ng o?ﬁet e chan ngFf éeﬂr'ﬁlg]rl ggaﬁéhfgl\?\%aclﬁ ﬁie#—ef:%m Yo Hiating
pbsikienl poi nt functionality of the synbol timng

searcher 920 is divided into two subsections: a block
[(?:(girZ; gzlf}%g%{tectliﬁ? gztiﬂcfwv QEQN% n%)%ekse{e%{edfblage% ch1| e gygpected delay
spread of the system. The delay spread at a wireless receiver is the time difference

between the earliest and latest arriving signal components at the wireless receiver. The
delay spread of the system is the largest delay spread among all wireless receivers 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 Nw may also be

selected in one embodiment to be no more than half of N (or Ny, < N/2) to avoid

ambiguity in the detection of the beginning of the chanmel impulse response. Thus, as



detection of the beginning of the channel energy, also
known as "first arriving path", or FAP, may be
wa@edvemysds by sliding a "detection” wi ndow 1016POT/US2006/008977
| ength Nw across the channéd inpul se response, as
indicated in FIG 10B. The detection w ndow size may
e determ_ned a escri bed bel ow. At each w ndow
@P& Ps Neds ghosen ?0%30{1% OL AHagie e maxmyng sxpecigd ¢hggnel delay
irkdai P A8lECOFBN Writse Wndise RARM i
5cuﬁuT§{L§ﬁ ener gy shown agngé%ﬁlrve }aﬁ?én%gﬁ%t%eké}ﬁless of the
¢la0sd realizbtiorr.ef erence to FIG 10C, a plot of the
accurul ated energy at different w ndow starting
83} | RBRriS FRWFIG! 10D ! ey it
\%@n owlils shifted to the ??gﬁ?ﬁ%e:sgu eanregy seo tg-]ﬁ’gt%%&the
aictumplatddeenergyteimedg shawn. t Tiee hgimdig afitheciedow inpatsh eSsponse or
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f&ﬁ m%yrstsﬂtcfefeat?gé%y (#hgfémmgﬁ@rwk eRereF agops AY gt e derstion
hliR0% AT 6 BUBE! pisi i | hl-f0,
W ngg,\% starti gp c%;glso?ltg ?g%ﬁvﬁo%ggﬁ g#glen gjg%eéglt%%g?; W n gv%ﬁ' 10C,
=m1dA@) Mentifyirpcths eipkinicdddeadiod winddw €0 bk sexting hosiebawith the peak
stem The delay spread at a w rel ess

S rea‘c}_ of .tpe .scy1 g )
frieEss, anultiplevyadew starting nositions Bavsdheeame phamgar pqak spergies. A

FRE RIS ol ol Wi SO TAEC D Sy b Bel Bl Sindow
1G6gmd ta fitgtlealjffapreaiom mamximlin ofithiedeamuledeanedyutve.
the system If the detection wi ndow size is equal to :
Yeximjizigg this seare eHectiyslyfinds giwaingsrdze REthesewenylaied epergy curve's
.0 ' | i .
R e A s S
nesqpod sefiltdieé taletiteita orewicaidae estimate Witybegindth gosf the channel
selected in one enbodinent to be no nore than half of
ppulssresnnse iR noisy ohapgelalnAny cases g hegipning efithe channel impulse
' RRAI - nnel | |
BEGEL 1<enea bORABIITRS, [V ik B ORANRS ohIB SR ey by
egadly sanputed omoci theibegtxiitg beitle chanpEimpiddeayspoRsE£Blis
FTA can detect OFDM synbol timng wthout an )
d: yThepeeparegtienssmay be drsigand snas torbsingi @@%AB focation, or
fQEr | E 0D, an.ex | e of..t he
PARATIRIT0! L0 8o DB denditonl B SE RS o8RO B e

ctaniidl estithste deghaenOIDdMigmbehannel i mpul se response
or FAP nmay be detected by (1) determ ning the peak

. t ' 1016 '
OGN0 LRI, braibtf, 45 BT RIady dhefd 3 b e
FARlockfi¥n, agm@ll(ad the edifiatddydelig shiead bf Bletchmgde], %t ThikidelRy

w ndow 1016 starting position with the peak
spread, D, can be determined by finding both the leading and trailing edges of the

accumulated energy curve. Similar to finding the trailing edge, the leading edge can be
found by scoring a weighted sum of the accumulated energy and its positive finite
difference. In a different embodiment, the fine timing searcher first finds the place Ty
where the maximum accumulated energy occurs, and stores this maximum value Ey;.
Next, accumulated energy curve to the left and to the right of Ty is examined in an
effort to locate positions where the accumulated energy drops below the value (1-b) Ey,
for some pre-determined value b, less than one. In other words, the leading edge and the
trailing edge of the accumulated energy curve is defined where the accumulated energy

falls some percentage (e.g., 5% or 3%) away of its maximum over the detection window



energy, if nmultiple wi ndow starting positions have the

sane or simlar peak energies. A score could be
waleooswes43 rom a wei ghted sum of the tap ener gyPCTUS1066/008977

detecti on w ndow 1016 and &ifinite difference froma

maxi mum of the accunul ated energy curve. Maxim zing
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exllgstion windew fer awhlra@eé‘@fd&l*ﬂlawysyam Ipssavpid (ndatempanteol
Q. . 5%
BB GAERA AR AL e 8 AP, BIEE Do PGl in Bl

vitingmod 0.8, inl}epREDEE Bé18&@€ofl ¢findd@splacddang nak @&t i an erroneous
maxi mum of the accunul ated energy position. Entering

shvanel asimate). i(heasrarhin preersresghataely onfthe exslit prafixdemt. iftaquency

' 2 T | l.eavi t he hand .defi.

tfkiiieB8 20 o0 5. A U oo SE g R, R Do ol
- inb@klsb BY ueAIe obRINE hides adbhitafe ﬁb@eﬁ%Béﬁdr%iﬁﬁtew%xﬁioﬁtﬁig the
arriving path, while the [eading edge is equal to the
paipdicaratyrg oh gDPApiotd-nus Nw The di fference between

t he | eadi ng edge

[0066] The channel impulse response from IDFT unit 918 may also be used to derive

a frequency response estimate for the communication channel between base station 110
and wireless receiver 150. A unit 922 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 924 then performs an N-point DFT on the N-tap channel impulse

response and provides the frequency response estimate, which is composed of N



and the trailing edge is equal to Nw m nus the del ay

spread, D. Therefore, delay spread D can be conputed
W@20060993M%- Tj- TL. Once D has been conputed, PECTES2006/008977

timng corrections may be determ ned so that the

channel content remains centered within the cycl iC

%&%&%X FIOR, EB0BC e AL PR P perestoiae [0 gay use the

({gﬁ‘:i s nBIEVI bé;]ynﬁpwg% If& d_'tle_fl;égh?’x?&f fé@eﬂ? d 4ﬁ§?}§nﬁlﬁg§ mcéfubée&ﬁ%nt

OEQM syl unadthdryendoiodinpmoy ek ;m'@zil ahanne] Sfimatoinag alsb be
8W for each subsequently received OFDM synbol
‘?nvg n $4mpe QPFSBHIERt OFDM synbol s that carry data and
FDM pil ots). The DFT col |l ection w ndow i ndi cates the
B)pé%]i f Weiti\reiferpnde te iG5| B affermdoriammn gf Apiot@ranspission scheme with
s to e each received OFDM synbol. The
%%fa:ﬁ@ %%{Eﬁlﬁ RIRE Ipehob| BasesroAn dA f BB tigngmit TDM
I&Ql%ﬁ@@%ﬁ e4dned &
1¥r)lecel ved dat a/ p| égltﬁ%)l/ o%blﬂ%o‘{r]ﬁltltﬁg rcgﬁsé?%%}%%gmdess
wyeiberks. The overhtad fpt the 8MvItpilots it tveo DFDM ejihbalk, winich may be

ow for ea h received OFEDM synbaql hel ps avoid (1)
Im'iﬂ tingias p the seRerfagpey W&a%stwmay Algo gransmlt an

PO pi %ag% %ﬁ | | or sbrik o@%r@%ﬁffﬁ%’?}? DM | i é in pach super-frame.

estl tion , L nproper
Etbra;he ﬂtﬁbd)dlnm;lt shesml ih FI@. H tler Floagilos 133§eafmediltematmg interlaces

|mat errors in processes that rer on_th
|ﬂ?aé Pﬁ%ﬁryg’? ofsgarg;sent pp @aﬁgmr cf ineyenrymbsEd symbel Beriods and
I t
%ﬁﬂ%ﬁ% fdocth BEf nBbELE st DA Bach Wi le Bhtae o
Mﬁqenﬁnm;mber bf)mbb&tds e swppoyt chaied edtintgionad pesdisigifequency and
nature of TDM pilot 2. [0066] The channel inpul se
g faride by %Wlﬁfﬁqssa?ﬁeeve% gniggyeral, agy wgnlzrg@é 1terlages max be
onse estimate for the conmuni cation

lgsh %ﬁg}i@g w@gﬁtpbase station 110 and wirel ess rece| ver

[}}Bg A unjt 922 receives the L-tap channel i npul
$ondevirelpssagseiyer yayise TOM piots Haaaalﬁéll for %mlﬁnchromzatwn

eE. g 2 %gi%? > Fraf@ s&?&nﬁ%ﬁdg‘hﬁmﬁsﬂéﬁgwoff%t &GN g%&%@?tlmmg

nse 1 s s an appropti

akquiitionyfafpreger phecméntof e DYT Sﬂlllefcheﬂ “ﬁﬂi&lﬁﬁﬂir subgethét OFDM
r esponse and_provides an N-tap channel inpul se
he wirstess eaeiverypay perépmyaitrbsyashiomizationfox cxprple,
t
‘?fr?eer% %g%%s&graag%a%% %g{e%&{e g tr %Uitﬁ?tlﬂ\xﬁs\glﬁéﬁsrgce?@ Bf Peé'ugj§ %g daFa for

thve firgp ltite @rladilen® longaieried bDinatthatyNwhed filst §¢>hbaaﬂ @8, arfdsoMn.
denodul ator 160 may use the frequency response

@Bg%]ggfljgen {V?lrelegseltegé;i%rq‘ﬁa}p]gerfo?ﬁ’lecieYa?fgd Q%é}at%éff‘é‘k%é pf.l&-l sequences
to detect for the presence of a pilot-1 OFDM symbol and thus the start of a super-frame,
as described above. Thereafter, the wireless receiver 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 sample window 1012 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.



OFDM synbol s. In other enbodinents, this initial

channel estimate may al so be derived in sone ot her
wWorwaep9343 0067] Wth reference to FIG 11, an PCT/US2006/008977

enbodi nent of a pilot trangdi ssion schenme with a

conbi nation of TDM and FDM pilots is shown Base

@h@lon 110 {mg/transmt TDM pj | ot s and in

2 e aretess TeSRAVEY, TRAY wseithe Pil%trz QEHM émlbqi o ebtatnr@le symbol
%fn%l t§ %?bré 9&%&%&5@%@% I?%’F %Efg&gﬁé gx{m&ot&?fogr u dﬁ?ﬁ&{t ﬁeceﬁfed
@FEM S)_sfmltd'le 'E]ntFchoﬁmonﬁhﬁddmmhspambﬁ f theytiad-86main signal

R PR BB bdin 2 S Bl i
GPPAAGE B 45 b T A S0

chentel @stimation atdefrdgnercyi diroe estimationb athe gils - IOHDN&mbdkallows

? @glanOt her interl ace in odd-nunbered synbol
%& 3shend acewele deigraynation of &ﬁfmerﬁgr@owmmgcqnémmm Ripgpment of

t?é]ﬁ:lctb&ﬂfggﬁoﬁ‘glﬁggport channel estimation and p035| bl y

requency and tinme tracking by the wirel ess receivers
@Zﬂe% nunber of interlaces may be used for
i HIITS st TeseiE e may Yiethe BRM piletdos channgl pstipatiopmd time
r
' lfllgg{ﬁ??la ;)%egsqzlé r{{):lﬁfl' cLu!ghé tt?%c%ﬁ?é? ?2168@%%%&[6 lsvgfnﬂy 'obtain an initial

dahnetettimate based dni the pytrbOFDIM sym@olaasqies&iﬁeﬂaboéef OFhe wireless
)groper pl acement of the DFT coll ection w ndow for

%&@%%QSCMP%R% [t pbtaipRosg; Chém@é gstimates, patiowar)y if the
e}ﬂfd?‘lé Rielshiitte SIRGH 'il?erguﬁglt fr%lﬂ Qhowk ?‘Pﬂ(? 1 lth?lg wireless
accessing a base station tor irst

teedi eérvhayoal o0 ugeahit EBM pidots! & wpdiater thé Beqlidnbﬁ fraéktnﬁ@lo@p that can
after_a long period of inactivi Féi when first powered
%saﬁrecfaﬁ?a fregueggy erronipghe rreived PEDPM symbele Vg wirslpss receiver may

§ [ f

ffﬁﬁﬁg ﬁ@#ﬂ@hogé) 61%1(2%}% ggﬁg%d chglﬁ}eﬁ) %At&iatéa\fp%?
mﬂghusp thaecHt Redumd forainsiup dfififin ﬂiﬁanpﬁssaﬁi@ﬁd@ (. @?due to changes
above. Thereafter, the wirel ess recelver my use the
igitheehapnel dmpalse ssporse of therpommynieationshenneby error i n
the pilot-1 OFDM synbol and to correct for this
cnmmngiecwm@ AND FAPYBEI?'EYJ"IIIP)N A% GORYTHAT OFDM
synbol . The pilot-1 allows tor estimation
VT By ool o T Wpalch S be shought ef 4 @npbmain chanmel

: {. next
SRR i Bt O BR TR R BT At Mhed BP0 o T
depitedialHIG. PUBf Axtasid sfukd Alp6rithin foh ehahatidoédtiol dsieahion & to

The pilot-1 i L ] )
determine the amount of this cyclic shift Tg. This can be achieved through a

combination of the accumulated energy within a sliding detection window and the
negative difference calculation illustrated in FIG. 10D. This version of the channel
location detection algorithm is also known as the first arriving path or FAP detection,
since the described metric is designed to peak at the location of the FAP. In other
embodiments, channel location detection may be performed using an alternative
algorithm where both FAP and LAP locations are determined using the percentage
method for detecting the edges of the flat zone as described previously. For simplicity,
only the implementation of the FAP detection algorithm is described in detail in the

following. N and N, are defined as the lengths of the channel estimate sample



OFDM synbol can thus provide inproved performance for

a terrestrial radio channel with a large nulti-path
waledoaposms ead. [ 0070] The wirel ess recei ver nmayPCBES1006008977

pilot-2 OFDM synbol to obta&#n fine synbol timng to

nore accurately place the DFT collection w ndow for

subsequent received OFDM synhol s.. The DET col |l ection

W (12 apd helidimenergy defestion HindeshEg1s- Speraivelyh &g order to

. s 1 . .

S MO g PR REI R En3P S BApbAgKEE O itk b8 Flatonship

MceiVgP . MayhelFFT bisek Q18ethid is athidvddNs tEDV, =048 and

channel estimation and frequency error estimtion. The

N =022, TheBbAvslyedmt chddennaddralie dsadhpacitthacihs haixémum delay

determ nation of the fine synmbol tim ng and proper

spireaskednen hotodxcedre] A Tapsalot gutui H85wiindoevempOditht),lihe total channel

B 1 5 PR P A e PV o o Bt

feﬁ%‘&%cﬂaﬁﬁ&‘%&ﬁkﬁate?&ﬁﬁlgv&iﬁh%510123,0ei ver may obtain

an initial channel estimate based on the pilot-2 OFDM

BV 0 5 e S e
B BEA0S Sl 12 b S o 0
128CRMR tdPP¥ndt3Rys 8GhE Bexiih Rbiiohs \xxjﬁ’ddﬁpg%ff'ﬁﬁ §ition moves

frequency tracking loop that can correct for guency
keyiood thet APe Theetors; dldteCHIZF AR singilyg ambhets vo deba@sg the trailing

recei.v may further use the FDM pi]Jots, and thu )

14 A A EerieaY i SRPEREe PG &edaen?ﬁ%uwasgmgn FIG.
{eOPTLBRhn BRRCHAGRE %?tcoﬁﬂfniﬁg e RBcuidihed bﬁ‘er%‘{j mehdiPhent within
sanples (e.g., due fo changes in the chann I mpul se
thesiptenisen windohewitlh theunegatitel foritecliffieramde) . TheldAMNFimeasurement is
g gl é&\ldD F?P,DETECTI ON. ALGORI THM [ 0072] The_ out put
Flned as £ ediptegegativgliffarenqe i grder Y, enameke Ly dwai n
channel estimate that is 2048 taps | ong and possibly
cyclically-shifted b¥ t he anount ;EVB as dgpi cted in

FIG 10B. A task o&&theyal gorit hni\eor ch¥shel |ocation
detection is ?%_de%erlkﬁﬁle’ %Hi;ﬁa'n% " '_@}kgﬂtycl iC

shift Tb. This can’ be achi eved thfotigh a Conbi nati on

of the accunul ated energy within a sliding detection

wi ndow and the negative difference cal cul ation (1)
T

Edtintite, @hd {h\éivﬂﬂd@s@F“Q’rzgfs FRRa%Gh fRt éeﬁ% th tﬂﬁ Rrdifd@nd the indexes in
described netric is designed to peak at the lTocation
dfovt bemAfond shooldtertaken modulo N,. The location of the FAP is then

roughly determined as the index » that maximizes the score. In other words, let:
S,=a-E, y +(1-a)-D,, and n" = argmax(Sn>, 2N,-1<n< N, +2N,-1.

)
Then the FAP position is found as

FAP=(n"-N,)modN,.

€)



enbodi nents, channel | ocation detection nmay be

perfornmed using an alternative al gorithm where both
WO-2Pcam343 AP | ocations are determ ned using theCT/US2006/008977

per cent age nethod for dete@fing the edges of the flat

zone as described previously. For sinplicity, only the

| mpl ement atj on_of the P detection_algorithmis
I otreiebeogisin ot Abycs el SR BHARIR e @ and
fi t be  C nel ' S
O Tk 2 2 ok R SR pbigions o o,
WA 1A 16 diffeBiP Bvels\ 6T itiportdh ol iAo drn@ s on detecting the

anbi guities in FAP detection in general, this
wadkoldading taps af thefchemmel hopulsd mipomss INpmly, elbodim2nts with low

sl oS Fuehoabies of o il drGeGF AR WD affntall i magnitude.
BEATR 0 s, TR SRR BB T s

I C . t [ [ i di
SRR R o s R SER Sy P26

s50f the channel estimate sanple w ndow 1012.
[0073] hi the absence of noise, the maxi num energy
L NS ' ' e en the (w ndow starting
]é?]?f@&%ﬁ[&@ﬂﬁﬁ@ﬂ@ﬁ@ ~tlg)lgll?eater than the position
75he O e 1R to'eRPimABlenthei it SRENP HerbOfon XA i
gfr?ti tt111e V\nn%%évev st gr??%nglﬁpog?tflon m)vesegeyéﬂg)&{l e mode s
F3(Fng i déineline &r cdapettiongwiksiPtake picys beforerths sthxd of the next

PO HRO AR EBUAIRNES- ANCAD) TGP oGt bp &men)
dddpletfbsrofeatle H@x’cmt GRHd 1%18% fB&v &éﬁﬂd@ﬁﬁ #1G.

ener gy neasurenent wthin the detection w ndow w
10 Reghisireasoh, the templitbfier efthe inifldl eviaderglenrraatesnm@iients in

s defined asEn and the finite negatjve difference of
ftuiion KB iminsd Bimihe lastassn e BRg L Hlockyi £ 1n THe srbegiment.
t he begi nning of the detection wi ndow, h(n) is the

[9976in e The FFT and EF Taimplementaioidfowtieviireimiap auqdsition it optimized
the sense that the linmts and the i ndexes in above

O ReRL A SBHEeE iBuglme3e RRUAYSH modul o Nc . The | ocation of

the FAP is then roughly determ ned as the index n that

maxi m tesThelf@ Tsarclritechire o heexd tovalieks for hipuGionaf Bhepfidtage of
+(1-a)-D and n = argnax(.Sn), 2ND- | n Nc +2ND-|.

(2) Then l{h}f‘eprpﬁsmﬁggql Parghiel vty iggomgingdatanfone Qmw}%%%%

. architecture is described in US Application Serial Number 10/775,719,

e

filed February 9, 2004, which is incorporated by reference herein for all
purposes. The FFT implementation is chosen to match the number of sub-
bands per interlace (N7). For example if pilot-2 uses Ny =512 and 4
interlaces, then the FFT implementation is chosen to be a cascade of 4 X
512 FFTs and the 4-point FFT is computed as the samples are received,

with no extra latency.

2. The 512 point FFT is computed for interlaces in a specific order optimized
for speed. For example, if the TDM pilot 2 is transmitted on the even sub-

carriers, the FFT is performed in the following order 6,4,2 and 0.

3. The pilot demodulation is performed on an interlace by interlace basis.



(3)[0074] In the algorithmoutlined above, the free,

adj ustabl e paraneters are a and ND . The val ues ND and
W@ 2@6me998ept programrabl e and di fferent conbi naPCDES2008/008977

(N, a) pairs lead to different |evels of inportance

the al gorithm places on detecting the weak | eading

taps of the channel, i | se response, Nanely .

enbodi fte r{S%CB\/dq? WT‘?‘&WW”E%&E%H 5rdoRre the d04H RRintEF T ds coppyged.
typi cal | EARSinW : -ip_magni t ude.
However , y{}ggfgs?ré}%al ueg%t%gg{%%&ﬁ%%g' noi se

averaging in ki.ng ,FAP deci sjions. The val ues used in

one enbodi nént lngflﬁﬁsprﬁﬁ@a(gémrg?qs? Ve 2npotef IER-

a =0.9375. FAP DETECTI ON | MPLEMENTATI ON [ 0075] One

t hi ng speci bi cThedwiddde infipdicetivireis iapplieglf onfiAfer detwadies 6/4 and 2.

i t he FTA i tri t ti i ..
computat i on. wAIERC GRS pBGE S S GHLE HEPLpatiop. Sherefge, the
next synbol . TReTth Ridiase @eﬁﬂ)&&pgé %&ﬁl@ﬁth%ﬂ@ﬁﬁﬁ@e

)
m croseconds in one enbodi nent onpl'etes betore t
next OFDM overdoawatasipniiod the dther mterkaces, vadng8mshown i n
FIG 10A. For this reason, the conputation of the

initial w ndovegoiRNeTdio TEABIERREMSpdifk TERt R (1)
is conbined with the |ast stages of the FFT bl'ock 918

| i emont B bRORDIFFRIR 8 o Wi i Lo of e FAP

opt i ni ageetioR dMESthid. The URGRRIFET Bﬁdid@ftﬁéf&l@%{%"%ﬁp&eﬁ:

The FFT architecture is used to allow for conp

of the fi st ag f FET processi in parallel wth
ncom AT o2 Honidlvel BET Db dbt s a3 .
described in US Application Serial Nunmber 10/775, 719,
filed February 9, 2004, which is incorporated by

[067Hr eNoticdhatinforid@ro sbthpis iRoOsREowdd endryin Equation (1) from
i mpl ementation is chosen to match the nunber of

rasKivary sapely B nwemadiomtil all )V, Rof-pejns M Es liave pp¢rotonpleted.
uses N = 512 and 4 interlaces, then the FFT

Hewye e tha sage time whbeesenoygh data teeerapufe /f, ; dhux thasg two sliding
FFTs and the 4-point FFT is conputed as the sanples
windoyeeeypelgtorsgantberromputedan panaele \Als@ comsidershoensagyapdate

To1 g conputed for interlaces in a specific order
Jg‘lfzﬁ?orrnﬁlzee Ofagfgmgﬁlgfé&c’.' For exanple, if the TDMpilot 2

is transnmitted on the even subcarriers,
E, =E, —{|iz(n)|2 —lh(n+NW)|2}= E,—d(n), for 0Sn<N, -2 and

By s = By, + B0 ~ o1+ Ny =, ., +d(n), for 0<n<N, —2.

n

“)
[0078] Since the same correction factor is used to update both accumulators, these

values d(n) are stored for future use. The first phase of the FAP detection includes
computing E,, E, and values d(n), for 0<n <N, —1. First phase is carried on in
parallel with N,, /2 4-point IFFTs and thus may use as much time. An embodiment of

this computation is shown in FIG. 14. Each norm operation 1408 is the same and
results in 11 unsigned bits. The block diagram for the norm operation 1408 is shown in

FIG. 13.



the FFT is perforned in the follow ng order 6,4,2 and
0. 3. The pilot denodul ation is perforned on an

WO paoeiohsar by interlace basis.4. Once the pil oPCT/US2006/008977
denodul ation is done, the 2048 point |IFFT is computed.
This is perforrred in 3 steps for this enbodi rrent a.

The interl aces. 6, and, O are processed b"
Coprne sstmmes ) 1864 Ustng TPNbPileich b Qoigy plrn.l%w SNR
%éé*a%? bt ffes R n ApPaf adort i ECHARE BnfiRESpffping

écm‘ectmﬁsahirﬁ(gd? ™ cmﬂd hﬁpmmnsly takieahia lattéficialicohtehihiato account when
tWIdd|e co tion for the other interl aces, savin

%I} ingcthe gb %‘F gstipreger %ﬂf@é\?% réeulqted S\f{@b%&fﬂﬁvg rsed on the

Eeé)‘%%]lﬁf ?ugti | ?6? fegﬁgﬂ}?ﬁ] e Eﬁ@g%@c? |ﬁ%ér}119a gor | t tap%eégl o8 are

ébmpared tol dpre- @tmm@éshfeklmld 1ol o ) glesqmdeeges ibeE])ow then
+Nw/ 2 P(H% +3Nw/ 2) for Q. n
91}1 qrélae ROFHY onerﬁtl@pdép8,tsen@@ﬁﬁw@én%@nﬁ}uﬁl gksgshold block

r
Ol R P 0
cdosal ﬁlédnnddahewqrectedtvalﬁhﬁe sfthe noisepuier he\eesuemnnioghhat the
data to . conpute EN ; .thus these two sl|iding w ndow

wpuirRiRds spnge Erﬁrfi%eém@mﬁiﬂwgdvaﬂw B aBxrhegsing ansl K appropriately,
SR eh ul e pFaabEty P 8 Sfb AP eh Wi 1%? cdk s TOM 2 channel

edtifrite dileoto nOise at Mdput SIQR&BdeimgHAﬂ-IIn ond &{amptdy Kl €an be chosen as
i EntNi y +d(n), fox On . 84) [0078] Since the
ad R aF 1248 i 1830y sesecthis threa@é@ 1&1@?13 piogtammpehle, and if st to zero,
t d f future .
%2%%@%%&1@&%%2%%%‘?*&?%%&% B ction i nol udgsu

computin , ENand val ues d(n) for O < n
n& Eheu C@rr&%ﬁmm@é ﬂasfrﬁrﬁtrplaa@,éhq secongd phasqis periormed where

tglﬁ,grgi Al o% ﬁ e?’ di e1de gjarrp n?éct:org ?H Iaaie ﬁtga t til‘l as ﬁeén J}?guatlon 2).
E&%pal %ggﬂ%agf sﬁlﬁéﬁ] gr%%torgd t & s%aon @%&e isge Ié'lr:ntbed lbefore

unS| gne ock diragram

ﬁi@ sétﬁﬁ%ﬁcé of dc&%fs)a.:ﬁﬁléé T%{(Ajoﬁlfl%fb g&%ﬁ%h tggjﬁf%qﬁgt value of the

ES obt al ne can

ﬁ@i‘% diNBrence fat sedmpbrRdes IDJES, , adifSeitCammpaRal thkenergy values
artificial channel content,” and tim ng

E, to E,y _, are found. These energy values are computed using the recursion

Equation (4). Throughout the process other things are still computed in parallel, along
the two tracks offset by N, ; in other words, the energy values E, to Ey ,,,  are

computed and used to initialize Dy_,,y . At the same time, the energy values E, to
E,y,, aswellas Ey to Ey .,y _, are stored and they will be used for computing the

boundary values of finite differences and scores. The sequence of operations in the

second phase is as follows for one embodiment:

1) Initialize D,y ,=0,Dy .,y , =0, §" =0. Finite differences are 14-bit

signed numbers with scaling 2°, and the maximum score S is a 12-bit
unsigned number (scaling 2*). Update D, _, =E,,and Dy _,y =Ey ,

keeping the same precision. Store E, and E,, inmemory.



corrections during FTA could erroneously take this

artificial content into account when anal yzing the
w@eb@aned34esti mat e. Soneti nmes, cal cul at ed synmboPCT/URI006008977

based on the noise can res@Bt in poorer perfornmance.

I n one enbodi nent, the channel tap energies are

conpared to a pre-determ ned threshold to renove the

tap endegirsshi f? Helowli it thrdedhe fAlowalg:er t he norm

operation_1408, so odi pents include a threshold

bl ock 4dJpdaisthe P’éﬂ‘g% g;bapg éznt-zapﬁcéwg}% t@?‘luf"il’% ; after each

enbodi menidditioagubtiictidhpdatirhte Mikd residbdek t6 NR s8siga&] Bits (results are

times the@xpectesbypsdignge of the noise, under the
assunption that the ?ﬁpﬁaSNR is sone pre-determn ned

| ower waIItﬁez@NDBypdataIﬁﬁenagcdeaarmML(_l&@{Nggmat,eh&, one

can adj us}, the prqgbability.that an artificial _tap wl
appear inb & TV Z%bemnveld’ S ¥ ’r?&ﬁ%rwdﬂeeast ZI‘ho‘i_sz)??&t-l_EJn’and
i nput  SNRB, P, angd=,ghgr ., 4 1), pneasxaephek tok 4csimel dits.
chosen as 12 and P as -2dB. I'n any case, this

threshel Stbe Eepid B Q9" iafHedre; they treluse® &ithé BnZ6f tBe last phase
t hreshol di ng takes place in block 1404.

effectivel
[ 0080] Afclfé:lArEﬂeée%laﬁpl etion of the first phase, the
secogsdhgﬁgﬁg%rgﬁgﬁ - where the values of finite

di fference Dn an core Sn are initialized as used in
ti [ K 2)-.E,SeVieE ho agy valmges of 1En are
gtg%?]ed%me ség’o}r?g prelzseH%'L(é‘”],I dseri b@&z elgore provi di ng
t he sequence of operations. According to Equation (1),
(OGELY | Fote P i, o0 Ho, Liveys 465 BR(ToFeS 6 cempHERS g boundaty
conputed is D2ND 1 , and for its conputation, the )
wsqyf Malhgwevedhis smbpriment stgres thesy ariweltukieh amgregplt in fewer

val ues are_ conputed using.the_ recursion Equation (4).
PICERIRPS 0% the hatdpiage dsumpietian ok phiapgEvomarks I%ilq itiabigafianeef the

i [ | . o .
SPRERh S SRR DB AEASHROaLbERE il Wi llorivd nens
conmputed and used to initialize DNVND_X. At the sane

time, Té BemeaRsd) ¥t thad piast thO IR wWiZMNArRbRS a¥etolbeasitibiiedt O

EN +2Ni 2 are stored and they wll be used for

conpu¢ i Rynhing bndiersd&f,y,., el ugs,..ofoffAM| ekentnfsfeackences

and scores. The sequence of operations in the second
phasee i Besisschl bows.for one enbodinment: 1) Initialize
DBX=0DNW2ND =0, S* =0 . Finite differences are

14- bi ¢ dingreydvauash By, wi tHy yscasiwegll 38, Egnd, ] he - nEx i gum stored

score Sé‘ﬁ“%‘%é%@it unsi gned nunber (scaling 24 )

Updat e N and DN\W2ND_ =ENi y , keeping the
same @r @eogrhihablel pren&ter andsddNnl BquioR!(2) ddd Bffialived ko a 5-bit
N 2ND ypdipndd vitue. do the foll ow ng:

e Values d(n), for 0<n< N, -1 stored in memory.
e Also, initialize Eypp =Eyny1s Emmypr =En,iony-1> Do =D,y ., and

Drgrpr = 'DNW +2Np-1*

[0082] Phase three of the FAP detection algorithm can be summarized as shown in
the flow chart of FIG. 15, where it is demonstrated that the FAP positions can take

values in the intervals:

N,+1<n<N,~N,, and N, +N,+1<n<N,-N,.



Update the values En and En+N according to Equation
(4); after each addition/subtraction, saturate the
w0 e@aloposiack to 12 unsigned bits (results are PCT/US2006/008977
guaranteed to be positive)29 If n <ND update
differences as D2N _ =D2ND_ +En , and D N +2ND - i =D
| P+ - |+ E.ntNw > oth i D2N 1 =D 2ND _ -
ﬁl%m}zslggﬁ@&tmwe% od of the hs%ksvimansbg qbfhe o s{ardng Window positions,
C 8] kiton St [ ;
Packolt ARG ok ) 20 ERANTeRD: Mol dndTBERY Y 1505
Sl oUpaite FAP, ﬁidtdr@h&'ﬁgdéﬁ’é’%n W Gb,128 eﬁ&%; Ghfes. [1RQ5]
Note that E2 1 and E 2ND X are not uSed for
aobglimenty thersequrocnaboperatimne fs st 1508 jis dsdfnloes. t hi s
enbodi nent stores themas well, which may result in
fewer exceptions for the hardware. Conpletion of phase

two B8 tlhernisiis alli Zatitedodhe folewingck for FAP
detection. This detection takes place in phase three,

and i b YedeteiBed: Adkir T saunbhr B el p s vpoiidt t he

fol |l owm varimbl es gar e rthpy-Pg i nrifi plpzed: Runni ng
buffers%ﬁ:FP}%ﬂ éaéﬁﬁéz%fgﬁlﬁﬁ[gfglngﬁts each. Best

scor e)Sshiff FO . and"B! ré@Ferrht tdhe 16, SHAEYE | OTand £ ¢
f ut ure)Sﬁs,e. PBtogr af |' € par anet er aeuese’gl ?%EEqﬁ%‘(’t?non n 10
(2) andbehirightrespedtively.- a 5-bit unsi gned val ue.  Val ues

00, 3 h b 1 E 0 R g
=D2ND _ Faliift= @VPR ,~ N, +2ANnod IV, .

4) S=a-Eyyp,[Ny—11+(1~a) Dyypp,; if S>S,update " =S and

FAP =Ny +(n+ N, —Np+1)modN,,.

[0083] At this point in the processing, the FTA algorithm has completed phase three,
the FAP has been detected, and the FAP position has been stored in variable FAP. The
last stage of the FTA algorithm is to compute the fine timing correction based on this
information. Before we describe this phase, we provide additional details on the
implementation of phase three described above. To this end, consider FIG. 16, which
presents a fixed point implementation of the update step characteristic for phase three.
It is interpreted together with the flow chart of FIG. 15, since flow chart shows the
sequence of operations. Once the score, S, has been computed for both halves of the
channel response (Note: FIG. 16 only shows the first half), the values are compared to
the present maximum score value S* and, if necessary, the maximum score value and
the FAP position are updated as described above. The final output of the FAP detection
algorithm is an integer FAP which can take values between 0 and N, —1=2047.

Below, we describe how this integer value is used to compute the fine offset, and what

is the impact on the OFDM sample counter.

FINE TIMING OFFSET CALCULATION AND CORRECTION
[0084]  The integer value representing the location of the FAP, T, of the wrapped-

around channel estimate as in FIG. 10C is translated into the fine timing offset that is the



[ 0082] Phase three of the FAP detection algorithm can

be sumarized as shown in the flow chart of FIG 15,
wWoL@6m99383 i s denonstrated that the FAP positi oPGT/T82006/008977

take values in the interva3¢: ND +| n Nw - ND, and

va +ND +I n - ND . The m ssing points are | ocated

G TooHE °“?ﬁaa§ 1 RO bt EeR s SR SREY Lhohet it in
%g%ﬂﬁypgﬁ 1%%’&@%&@&%@%6%@361&}59@1@@' ll@@amples

d are dependent on the stored energ
whatell6s250 in tbmembmdmﬂnﬁ@ﬂd:nbeﬂrabow qmiatheefacﬂfthajml&rmarsﬁ rgfset

for st 1508 is.as follows. For n =V, 2ND, - 1.
prpyided y qopise peAHPTHEHEhE Pe offchytrmoterhns: 8o spmpise. s

) , and TEMP = *-*TEMP2 ~
el%JFFﬁanQﬂ%Uéé%ﬁﬁjﬁﬁsgg m]‘k%sﬁ' Shi ft EBUFF1 and EBUFF2
by one elenment to the left, adding En+N and En to
t hei rIfr Fght-51pespectively. 3) S =a EBUFFI[ND - 1] + (1
- a) DTEMP1 ; if S >S*, update S* =S and FAP =(n +Nw -
ND +) nodNofifset =AFSH S - BRISAPZ[NB,t ] +(1-a) - DTEMP2 ;
if S >S*, update S* =S and FAP =N +(n +Nw - ND +l ) nod
V. [BB83] At this point in the processing, the FTA
al gorlthm has conpl et ed phase three, the FAP has been
det ect ed, /&% 'Fﬁ\ﬁbbngBb@n has been stored in
vari abl e FAP The | ast stage of the FTA algorithmis
(0035 MRidtE thBetht R cdrtd¥hRMlis GO IHRFIMHOR 0P 2F 88nPRs I3ERed between
|nformat| on. Before we describe this phase, we provide
tmdijDFDM] emlzhds @i this corbordingent,pidéte understond dat fiivaweresponding

UL PRI RN S T
RABER: RESehsHI R Ciﬁs%fti@ta' cfété‘rﬁﬁmﬁlﬂ?@e@a}l 1|ﬂrtﬁ‘@}?er!|::<%1\ééc§silg1bol

i nterpreted together with l ow chart o
lsaumderids, onyegzalentsy cﬁwsnlrtbrhlcmlaas:m AP p]caecraeﬂt dosfuture OFDM

ted f hot h. hal v
oo hﬁniﬁ%@%@%%@@% ROT1LES AP i) e R e abown
I 54412 et MR RS AASOISOTRRED Gt SuloR RIS symbl

maxi num score va necessary, the nmaxi
saglmgldbads ta Imd)rid‘;ferﬁﬂﬁ’arms 4 owemb@limpatathedahs of B, is
descri bed above. The final output of the FAP detection
clogen fotlen27sbarotherteenbpodinte avnidiseadrer tvakies.val ues
between 0 and Nc - 1= 2047.

[0086] The first option in the conditional tends happens more often, assuming that the
coarse acquisition error was less then +512 samples. The FTA algorithm can, in
principle, handle coarse timing errors of up to 1024 samples, however, if the initial
acquisition algorithm was late by more than 512 samples, there might not be enough
time left to compute the correct offset and apply it before the beginning of the first
symbol in the Overhead OFDM symbols 216 shown in FIGs. 2A and 2B.

[0087] The integer value offset calculated above is used to apply fine timing

correction by modifying the OFDM sample counter content before the beginning of the
next OFDM symbol as described above. The counter rolls over once the value of 4625
has been reached, but updating the current value in the counter effectively changes the

point of this roll-over. In one embodiment, the value offset calculated above can be



Bel ow, we describe how this integer value is used to
conpute the fine offset, and what is the inpact on the
WORDWMosBapl e counter. FINE TI M NG OFFSET CALCLRAITULI06/008977

AND CORRECTI ON [ 0084] The i3nt eger val ue representing
the location of the FAP, TB, of the w appedaround
as in FIG 10C is translated into the

h t
R Bie At Graedert ZEVIRE PRl ArdPrHR e HEG coBiT Eapsition of
{ﬁ%':ﬁeahgg aﬁhﬁg{yc g step is conplicated by the fact
that In

g IDMrilot-2 symbol we introduced a
| ber at deI ay .of 4 - K sapples, where K=256 in
?ﬁgﬂe 56 Ak taE s Ehe Tl alggpimn lsasalgtth%d?aae?l sshmptegpained as
A L
mﬁtgaﬁrzaﬁdnhalls m&oﬁmtldamdulhﬁoxi:é\ﬁhe iz, symibbls €The~dhahtidd edtimation
3: | se, offset =FAP+ 512 + 17 - BOFF ;
’[nﬁﬁ’é’@i‘“qqe‘ls Sclnil?é Pt or 17 corresponds to the w ndow
of 17 sanples inserted between two OFDM synbols in
BOOTSTRARPING CHANNEL ESTIMA®FIONood t hat the
rrespondj ng _f agt may vary in different
@?Pﬁ@d' f@"“ﬂlé‘kgor%f’ﬂtétrﬁm%% e gbrne} &stimaiop dortherghamael
%ﬁfrﬂl@@tﬂb 1%&&9%&1 W&y e di ngibﬂllscﬂftflé &Qh]ﬁel%gﬁﬁﬁﬂ 7861416 provide a
ay in the perceived sy boundaries, or,

staytiing abmun fdrye, chuptiel |eMm.m‘h1mmkgf‘berb ITa® tinme fribd? Wﬂrh@emrﬂmée
f or future OFDM synbol s. Thi s garamster is usually

EMSSIHVE S aémﬁlo%srlmatﬁé REA b P s Dy S%W%@e%wgmeméﬁntmg

(E et R R e 1 Bt Bl SIS Siskine gt st

6T tREF T A1iEBARASletell Nthe MbaB PO APHMdin rgomhyﬁ}egaﬁq{amel h(n) is
BOFF i s chosen to be 127, but other enbodi nents coul uy

instealigedeith Wiad S0stap [cR4BG] es’ﬁhﬁtef dered Gk the 10P4-1dig estimate

condi ti onal tends happens nore often, assum ng that
¢dneputabateore fequill referon this impulvamespass ag hér) 1 SIHR modifications to
sanpl es. The FTA algorithmcan, in principle, handle
e0araetireearfoddy errors of up to 1024 sanpl es, however,

if the initial acquisition algorithmwas |ate by nore

than 512 sanples, there m ght not be enough tine |eft

to compui(g) idrbecﬁﬁw@cgmﬁédf@e;m@mhapfd rlybhgeaﬁqmﬂ&ﬁg channel
begi nning of the first synbol in the er head

synbol s e@tiriate thatrwould FHa@s be@Aobtathed Bf the symbol tlmlng was correct.

This offset, FAP  is calculated in phase three of FAP detection above.

Therefore, when bootstrapping the channel estimation, we consider the

channel estimate #,,,(n) obtained by cyclic-shifting the estimate at hand,

h(n). In other words:

Piosa(n) = [(n + FAP)Ymod N,], 0<n< N, —1.

®)

2) g, (n) is converted into a 512-long channel estimate which would be

obtained during the TDM pilot 2 if it was replaced by a data symbol with 512
pilot tones on interlace 6. One reason for this operation lies in the time

filtering operation of the channel estimation block 730. Namely, the channel



[0087] The integer value offset cal cul ated above is

used to apply fine timng correction by nodifying the
WORDWMosBapl e counter content before the begi nnP@ryUSL006/008977

the next OFDM synbol as deseri bed above. The counter

rolls over once the value of 4625 has been reached,

but updating the curyent value in the counter. s
ef fecti 9%1193%%%&%%%‘ ‘{aﬁe‘{e&ﬂdﬁlaﬁeﬁ apgRblaipe 3.4, e filtgring” unit
one enbgsj f

por i rt o i pee] SPgHBoRBIRk vty (BHLANE o R R ed by
or der t DM pildts irmfhecccronematies OFDAM Syrhbals irodnetdmebodiment. For

frequency trackjng block. [0088] The fipal stage in .
the  FTAUES Blork ihek DY pdqth grecskreseia b iaterlaces 66 consecutive
obt ai ne [ ]%,gpﬁ] ik Niqd.ald T Png o
filter i@)n tﬁg%ﬁglﬁﬁgf estl r#&t%l (h)g %Ikgé:ék@%%]iﬁg ﬂﬂo%‘m the first
i ni ti al spabdlafteNEDPMSpilat 2l sretitertead ol the carespbndilgeFDM pilots
next synbol. The channel estimation injt.ial iég({jiq nis
een a normal

descr i b@@uifeiave beroreradenppiqdacs NN Vet R
esti e o sPphe Yikibey RS TORPRNOS. G R8Pl e

bel ow. Chdmal extinfatibhblock aliowes it @ FakeulicoprestdOe oBa hidrmal symbol in
provide a starting point for a channel estination

ti mef i | therplaceind TWwilet Prasd capyeruensly sperdeep Bissaeaionef the
channel eps bhIFREESirMdwich calbd usel (B dobd dem S RATRSS

| ong, representing e past present an uture. I

three | gemicksidistoar ¥ 2-Iohg cidnnglbshstivatidd tszehiesed Wsallasidg the

| ast stage of the FTA is conpleted, the [ocation

cor r es p&er@nd falf of fiae (Prateef its fitgieal; imoethiey wpxls, for
initialized with the 512-tap channel estimate derived

from t hd40s4V4/Grig estimate conputed above [we will

refer to this inpul se response as h(n)]. The

nodi fications to h() are three;i%l d: 1) h() is a

cycl i caplpy=%hi {4 VaRrSi on/pf et Propey kY-l i §_/2). 6
1024-1 o%dgycﬁhaoﬁge)ﬁd]éoszgi rrat"é/zt)hat vvoulhlggfgvé g‘ézégm /2 ©)
obtained if the synbol timng was correct. This

of f sel), JKAR dsobtahalindE@utiom (@hasealel upeyod fdekP V2 with respect
detecti on above. Therefore, when bootstrapping the

channel teshs phannelnestimateson$herefore, le dash siap| iselot soalst the channel
1024 abt ai hed by cycljceshifting the estimte at
hand, h it BS henpofpiale it 19 S ben
+FAP)nmodiVe ], 0 <n Nw- 1. (5
y(n) = $(m)/V2.

)
DATA MODE TIME TRACKING

[0090] In data mode time tracking (DMTT), the problem is similar in that timing
corrections can be done based on channel estimates, only that the channel estimates are
now obtained using FDM pilots. The algorithm for finding timing corrections (or timing
offsets as mentioned above) based on channel estimates can be rather similar in one

embodiment). In this case most of the hardware used for FTA can be re-used for DMTT

purposes.



2) h m(ri) is converted into a 512-1ong channel

estimate which woul d be obtained during the TDM pil ot
wWQ2006/094343vas repl aced by a data synbol w th 51PCPUBNG6/008977

tones on interlace 6. One B&ason for this operation

lies in the tinme filtering operation of the channel

GBI L g s BT 5 SR i o
Sl PO B LR el 02

taps)sbonger vlmnﬁﬂ[albtlmytm’s olay help mﬁ&so@ﬁhg dinbizoities EDOFDIM Symbol
e TR T
bl?zﬁm& r}@éepolﬁg\'ﬂoﬁ%ér%a}cﬂe 1§ ZtFL}tfbgc obdntigi )?mhte% @Jlerégﬁ% some

on 1 n e cor spon

]i@M’JEiﬂf a;lgmuhhﬁ hmaeD]bH&rns peeformakdoon ¢hahedllestimatés bfllef[@MlOM.
nbol . Therefore,

gWﬁber’?r'BRA\’gﬁ’ aﬁeqrgi Lapad! ré?tlrrpat%@t%ﬁ Modepee ‘E‘ﬁ%‘rﬁﬁé@g in one
S 5 1 A D o

tapnsequent |y speed up the generation of the f| rst
channel estimate which can be used for data

du | l ..
(072N S BOM >, RN f ol Bvcky b Qi T pilgy 2 can
Hcﬁ&dlu(ré!a })ermtdmallp bnéetin N sulﬁt—ﬁlaﬁieﬁ by e retdiedr tovBdslve ahPpotential

fh A(n) + fh<bA + w/2) -e~J 8 = 024 gn)

m&m&a@a igs 1 inggme eppodiments, )N carpie priogrHBEple pnd might be
LB e o defay SRR o el “FOFT ALl RATbe | °
Imﬁ)lnaedl be eaﬂh&i‘ﬁth@;hp@ﬁamtoea pbly docigRIto ftid @igdingddNAT: process.
(7) DATA MODE TI ME TRACKING [0090] In data node tine
tracking (DMIT), the problemis simlar in that timng

ec e
0009° KRRy, B, BRORPIROLALRTNNY SRRy o

FHokebiper to tasece"ﬁed GHIMr sii griairisf digcldsed.d Thg OFDN 8gstem includes means
or, timng offsets as nentioned, above)

orrections
@5@@20%1%% Srh Imingaqaisites 1894, meansderpsriosming asecppd timing
&URisition 1808 and means for adjusting a DFT collection window location 1820. The

I'—i—g

means for performing a first timing acquisition with a first received TDM pilot
determines a course timing estimate of the received OFDM signal. The means for
performing a second timing acquisition with a second TDM pilot determines a fine
timing estimate for the received OFDM signal. The first TDM pilot is received before
the second TDM pilot and the fine timing estimate is a refinement of the course timing
estimate. The means for performing the second timing acquisition includes means for
determining 1816 and means for detecting 1812. The means for determining
accumulated energy of a plurality of channel taps within a detection window for a
plurality of starting locations forms an accumulated energy curve. The means for
detecting finds a trailing edge of the accumulated energy curve. The means for
adjusting a FT collection window location for a subsequent OFDM symbol is done

according to an outcome from the means for performing the second timing acquisition.



enbodi nent). In this case nost of the hardware used

for FTA can be re-used for DMIT purposes.[0091]
w@h@nnoed34est i nat es based on TDM pil ot 2 in FTAPODUS20a6/608977

| onger in one enbodi nent (&4g., length 2048 taps) than

channel estimates in DMIT (e.g., length 1024 taps).

ercanel est | pat may help|nresolv

@ﬁgﬁguwlﬂb? @%ﬁ@yﬁiéﬂ ebefimpent %%Hm@ﬁ“ériﬁap fors

d 2rhaBRivePty f

LRSS AL ksl SOV EOPDIRBAR ghoi, R

muhgﬁcqmbitmn ¢s paxfoemad prithld fst feosivad DMK tadeferminb a®ourse

si nce DMTT |s erfo on channel estimtes of |ength

B es ﬁﬂmsmaég Block Bihoh Seem imiag

4

RS S 08 SIS DB

tipirtecestimatgt for iO):E"l)M aymbol[di@decalr¢hOFDM gighait In?the second timing

trapnsmtte t least in_every super-frame, TDMpil ot 2
%CaHISB@ndwiﬁ fb&é rnualed gnesgref ¢hannel sapsover 3 éﬁ@@w@wmdow
K RERRRLE6ILR 1950 il ARl congy
‘datetted ighidodiel 94 Daligbldclb 88K a FTsvlldeticnywimdo®docation @diﬂmbsequent
factors. The ETA process woul d be perfaornmed on_each

RERM sysabals jsadivisted agepsfipede Fh@ééfoil‘@ﬁ%f)ft Bouhthe drailigagd/or
M 93] Referring next to FIG 18, an
lg%g% ﬁﬁl{%ﬁ%‘pf o]r synchronlgm ng timng of a
receiver to a received OFDM signal is discl osed The
[3:%\11 tem ncl udes ans for perform ng

ng eapmc brOpi3Hon tsehmians descrt F heesin e ﬁgnale@eefsﬁ by
\Hrﬁi'u@ thedhd Wotle Sééxﬁmplleltﬁgé t@&&d%%%ﬂfaﬁb@ ngfé&ﬂéﬁgédriﬂ hérdRare,
coll'ection wn ocat i on ans
godinfane, wr ngombinatien thHetaok. nBoracclipnd warkeiimplementatianf the ptocessing
received TDM pil of determ nes a, cqurse timng estinmate
la%ltstaﬁég?ﬁﬁ%&%@nﬂu@?%@mﬁmﬁ@%&@ £ bk dakayand palphprocessor
B S b Bl BT obY GLbe oo BORR AT M Arah ciruit
(QEIL)s idipital s1g1ﬂ erdcessets (D)) idigital signdl pecziessirh dxeices €DSPDs),
the second TDM pilot and the fine timng estimate is a

Bragy logte depiees GlA%e, fisl qlfpmwé@mawﬁgéte amaEs (RRSHYS),
greeesg&yc%gby 5 HHRrR& ilgfs @8&y¢ %&% g}shfé%sﬁs

nmean ermni ng ans etec

dla%ﬂgaed icheerforarthke ﬁmbtlmt@sctﬁb’ed hgreit Ou aubmbﬁﬁuem ﬂfegapf OTrhe
a plurality of channel taps within a detection win
Rreresaing Lpithitia Wirelessqecsier weed to pstfown syrchrepizagian (c.2., “8eu 180)

itA 4 M%”b@ rﬁﬂeﬁ@l‘ft‘é@ WithH! offe: ormo%e %%%6?, ﬂﬁfs, and so on.

[0096] For a software implementation, the synchronization techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 192 in FIG. 1) and executed by a processor (e.g., controller 190). The

memory unit may be implemented within the processor or external to the processor.

[0097] While the principles of the disclosure have been described above in connection
with specific apparatuses and methods, it is to be clearly understood that this description

is made only by way of example and not as limitation on the scope of the invention.



detecting finds a trailing edge of the accunul at ed

energy curve. The neans for adjusting a FT collection
wowemdomshidbcati on for a subsequent OFDM synbol PET/U82966/008977

according to an outconme fr@émthe nmeans for perform ng

the second timng acquisition.[0094] Wth reference to

FIG 19, an enbodi nent of a process 1900 for

synchroni zing timng of a receiver to a recei ved OFDM

signal is disclosed. Afirst timng acquisitionis

performed with a first rec€DhAAMSDM pil ot to determ ne

a course timng estimte of the received OFDM si gnal

in block 1904. A second timing acquisition is

DA P IRREL Mitkygecond TDM pil ot in block 1906 to

getermne a 11ne timng estimate for a OFDM synbol of

the received OFDM signal. In the second tim ng

acqui si t i oh bl oARnQE@BforSYr@hmmgjtimi@jofmcegjyerdé areceived

annel sovrade t|on w.is. dete in
?ﬁ% 3 i35y vigPn i 88 (BRI Rigeit i pd fomprising
rfy curve |s detected in block 1912. In block 1916,
a FT col l ecti on wi ndow | ocation for subsequent OFDM
synbol s i speafrmsigrifiat twing avguisiiontvetl aficst retived timdeatitision
rail d/ or. | eadi ng edge. information, [0095
el O 2ot Bt e e ioaiBe SHuR OF irerormyFRFDM
élmlerrent ed by various neans. For exanple, these
t échni ques may be inplemented in hardware, software,
or a conbi pmtfqrmmg heecend timfrgracquikigiod wethea second TDM pilot to

ARG Sl e el s merant DEDH Sop nhRinia portorming
ﬂblségon@'hﬁﬁﬁéﬁﬁmsl{%@ stEPY s'eé‘Hlbeﬁgg%t i rWI thin one or

nmore application speC|f|c I ntegra cuits (ASICs),
digital si gnal pr oc edsamsniipsisimulaied etagy of gnal
processi ng 1| ce DSPDs) rog rarmabl e. |.ogi ¢ devices

(PLDs), B%Pé“@ nd é?tﬁmygl WipgeRdyr 2
pr ocessor luPa‘H é :Jﬁﬁﬁglocftﬁcﬁfs% ﬁgﬂltz[tpéclcﬁr&ﬁlated
m cr opr ocessor er_electronic units designed t
performtrmlefg;rmltve;aﬁd descri bed herein, or a

conmbi nation thereof. K The processing units at a

Wi rel ess receiver us‘g‘ﬂe“'{tl@gﬁé'iaflﬁ’rgrﬁdg?fﬁﬁﬁﬁonl zation

(e.g., S ( gﬁls"% e | emented within one or
more ASI gsE%dc g’ﬂsat an 0 onfaltd(')rg%] For a software

i mpl ement addjusting ta%uﬁyﬂm&mmmu“) cvliectomwinmioaslot@iontfer a

i npl ene d wth nodul es prqocedures, functions,
%ﬁwge%snt DMysymibobpecgrding 'f?eth? peréeing thesseqndiaping acquisition
ﬁ{eln The software codes nay be stored in a nmenory

unit (e.g., nmenory unit 192 in FIG 1) and executed by

a processor (e.g., controller 190). The

2. The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, wherein the first TDM pilot is received
before the second TDM pilot.

3. The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, wherein the fine timing estimate is a

refinement of the course timing estimate,



menory unit may be inplemented within the processor or

external to the processor. [0097] Wile the principles
wo@Roobloe93ds scl osure have been descri bed above iPCT/US2006/008977

connection with specific apparatuses and nethods, it

iIs to be clearly understood that this description is

made only by way of exarrpl e and not as |imtation on

t he scope fth |nv |on AII\/BV\HATISf%II\/EDIS

1. A metho for ﬁ?rzﬁ PRGNS 81 FECRIYET 1 e

RecEiQEEOYPM 6 Fﬁilch@ Qéb%.ledﬁﬁ glaie DCYhelkitithé RN La@lgepi's odaR using a

(OFDM) signa t he met hod conpri sing st eps of

peightsdsimepf 4he docamulataed angrZyGd) aipsiticiltan startinig lecation of the plurality

QR e bR it b Birrass P trenutad dhgrey curve o

ik ﬁhg@g{lamngqgéa@ibﬁl ng a second timng acquisition
i a second TDM pilot to determne a fine timng

esti mate of the received OFDM signal, wherein the
perform ng the second timng acquisi ti on step

conprises sub-s det erm ni ng ,accu ated.ener

of a plurality t]f?g%’ﬁ&‘ﬂﬂé fuogiz |t’r’im§gggh’§d'?‘feb‘f?rt°%
HeEdeNOFDIM 8igRAIUE 2difedl iPE1adh @r\khé}gml tRC AL AR shb-sfeBalbws
an accumul at éd energy curve, and detecting a trailing
é@g@unmgtaﬁhrstaamwngpaﬁle(&@her gy curve; and adjusting a
Fourier transform (FT) collection w ndow | ocation for

a subsequent OFDM synbol according to the performng
the second timng acquisition step. 2. The method for

synchroni zg.ng tTH Methel féﬁk@né}ﬁﬁﬁkﬂl@tlrﬁlﬁg bbhelr8&RieY Bffthe
GDMSlgnal as recited in claim1l1, wherein the first

eopived OEPM signad @eirecaigd meﬂ@m 11\Mbersla@dmdlﬁ'mgmah_d the tgailing
RS 8 P Gl oA 2 el e Both dBgehed Holrhe e some

aEls Aedlateh s b kdporl Withiith Retain TRk @ntage 3f energy from a maximum point

in the accumulated energy curve.

7. The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, wherein at least one of the trailing edge or a

leading edge of the accumulated energy curve is translated into a timing correction.

8. The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 7, wherein FAP is placed in relation to the

trailing edge.

9. The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, wherein at least one of the trailing edge or a
leading edge of the accumulated energy curve is translated into a timing correction by
placing a location of a channel profile in relation to at least one of the trailing or leading

edges.



refinement of the course timng estimte.4. The net hod
for synchronizing timng of the receiver to the

wo e@eioysd3s OFDM signal as recited in claiml, WET/852006/008977
the trailing edge is |locatéd using a wei ghted sum of
the accunul ated energy at a particular starting
| ocation of the plurality of starting |ocations and a
negative finite difference of the accunul ated energy
curve at the particular starting |location. 5. The
met hod f or 16y NCRRORLAHLE Gort dyfEREnDinetthEin E}%P%\f@&&&@ fig
received OFDM signal as recCited in—c wher el n
teheivelbOFDM mgna;lwls reritep 1ratllamm8 wlhdsremmach ofthe piuraliy of channel

arrivi ng ﬁ)(g FAP? g tl1e .ret hod for synghroni zing
EPSEQTEPsBendsie a caripley channsl g#a af apespertiye @t gnal as
recited in claim1, wherein a | eading edge and the
trailing edge of a flat zone in the accumnul ated energy
curve are both detected fromthe flat zone that is
decl ared akl.a rE@&mﬁﬂmdﬁ’mszyndlromfz’trlgitinnipgpﬁ‘dmtra@évemﬁo the

ener a X1 mJum oi nt in he accunul ate energ
B OB DR Enil keh B tim L bt e tﬁieftetn ProgHEqdteond
ﬁl%ﬁf‘g' éé?ﬁisﬁféntlé‘@orﬁﬁ&%ﬂ B8R rrha! '09 lse@hdr

claim wherein at | east one of e trai |n dge or

a | eadi ng edge of the accunul at ed energy curve is
translated into a timng correction. 8 The nethod for

synchroni zjng t of .the receiver.t.o t recei ved
Som s anal2as. TEARR S SpRRRANEimRe oDt © the

fél:éi%‘(ﬂOFDM §1|gﬁ£l' aQRedited ‘iﬁ‘@lafnﬁ g dvh&&nﬁﬁa&ete&mmg%uﬂc%ia Qfld the
for synchronizing timng of the receiver to

d@c&émgedb@épmespegfmme@,sat teast agtthliynceimsidentlin tihefogiapagttcular
l.east. on |I|n edge or a |eading edge of

?l}?gn?gé%ﬂ{f?“&?ﬁfﬁﬁ t?l}és is translated into a

timng correction by pI acing a location of a channel
profile in relation to at | east one of the trailing or

| eadi ng edges. 10. The net hod for synchronizing timng

of the rech.ver Theomethed rf@rssfhdsdm@ﬁ@lﬂnghg nhtheasceiec ta the
in.claj ) relnechof Iurllt of. channel

e e OF PR aRIaS i G BB EhEriieR tsitiweiie SERSne ofa

ﬁ/ﬁ@@%&l'v&eoﬂ@@lra@is&}%el% The et hOd for synchroni zi ng
timng of the receiver to the received OFDM si gnal as
recited in claim1, wherein thestep of performng a
second

14.  The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, further comprising a step of bootstrapping a
channel estimation using a channel estimate obtained during the performing the second

timing acquisition step.

15.  The method for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 1, wherein the performing the second timing
acquisition step further comprises a sub-step performing a Fourier transform over the FT
collection window, wherein the FT collection window is twice a size of the detection

window.



timng acquisition is conpleted before the end of the
second TDM pilot. 12. The nethod for synchroni zi ng

wWao overoge3as t he receiver to the recei ved OFDM sP@naB20a6008977
recited in claim1, whereid8the determ ning sub-step
and the detecting sub-step are perforned, at | east
partially, co-incident in tinme for a particular

channel t of the ural ity . of .channel taps. 13. Th

ot hod 1 or sync HGRPEPR fosiietibniGReiang bEES peseies s e
1866 VOFDN A 129 Pitlite@n F181L 1 8FhdrBinthShdPrhulaf¥eneldy curve is
the receiver is at least one of a wired receiver of a
filtered, oderebycpimars. defettiom htthawtatlong ddge isspdled.oni zi ng
timng of the receiver to the received OFDM si gnal as
recited in claiml1, further conprising a step of

boot strappi ng a channel estimation using a channel
estimate optai negh Gehbd Gorls)RcREKiEREHnEg bite $8ERRE o the
timng acquisition step. 15. The nethod for

rsgeived QRDM signaliagirevitedin ¢lhion i ovkdreinrthe perfommingthe seoedd timing

OFDM.,signal.as recited in,clai , rein.th .
SAPPUPRIRG B SEEBREcS 4 TR cshe iR caxtuey theplapie of
SRR R Defors e RieRiMRS S adtpg a Fourier transform
over the FT collection W ndow, wherein the FT
collection wwndow is twice a size of the detection

wi ndow. 16. The nethod for synchronizing timng of the

receiver tg the,r ,ved OFDM signal. as recited in.
Chaim 1, wher et a0 RN St Sa BReei thire off seiver oo
febdiv & OHDMWIghAihe THIINIQYStelRbRiptisRg: Of the trailing
edge is reduced. 17. The net hod for “synchroni zi ng

timng of mpansrerpsrioemings filvbtiméngsicyeiitiorDNisd fratecaised TDM
RS tatinf e PoiRisati e Rt EsPrLbERY SgplSt op
of threshoheiRFoeasfor@ing N\@cidiilid a)ég%giti%ﬁ IANE] sekSRETDM

before the determ ning sub-step. 18. OFDM syst em
it tedeteiminai fine gintingrestignatd ofithe eweiveéd OFDM aignek iberih the
OEDM_si gnal |, . t OF stem conpri si ng: nmeans for

B G e Feop P S IPGIa GFRSEh a1 1 1 ot

recei ved TDM pil ot 1,8.HRY4s" &Eté?ﬁl_iﬁnggwlﬁﬁﬂétéd"%ﬂwgy
estimate of the received OFDM signal; neans for

per f or m neofa pueebitybfichanned taps writhii 4 detectiontwindowecond
TDM

for a plurality of starting locations to form an accumulated
energy curve, and
means for detecting a trailing edge of the
accumulated energy curve; and
means for adjusting a FT collection window location for a subsequent

OFDM symbol according to an outcome from the means for performing the second

timing acquisition.

19.  The OFDM system for synchronizing timing of the receiver to the

received OFDM signal as recited in claim 18, wherein the first TDM pilot is received
before the second TDM pilot.



pilot to determine a fine timng estimte of the
recei ved OFDM si gnal, wherein the neans for performng

WO b@edesand tim ng acqui sition conprises: nmeanBCT/U82006/008977
determ ning accunul ated enéfgy of a plurality of
channel taps within a detection window for a plurality
of starting locations to form an accunul ated ener gy
curve, and,peans, f tecti a trailing edge.of the
accunul at e 'ene?B?BKgQﬁ{géYS%%ggrﬁ@%ﬂgom@Pg 'lﬁgf’f&‘& regepver to the
£bived DFDIM WehEQW rbGea ih ORirh 98, Qh&&h%ﬁ&ﬂﬁ@ﬁmﬂfggyhmate isa
synbol according to an outconme fromthe neans for
eémbmentiaf ghe ¢oarsedoning estimatag acqui sition. 19. The OFDM
system for synchronizing timng of the receiver to the
received OFDM signal as recited in claim 18, wherein
the first TDMpilot is received before the second TDM
pilot.20. The OFDM system for synchroni zing timng of
the receiver. toThQ@FDA eysv@d féXsMiebapiab tAfing 8£ht 96keivdr to the
claim 18, wherein the fine timng estinate isS a
reseivedk QERM signelips recdigd s cleinil Bgvlsreinilae wailigg ¢dgeTibbocated using

stemfor synchroni zing .timng,of the receiver
0 1Ze\érse e?ti/tg%at(ﬁY—l ay ﬂlfrgﬁ% arpé’Etf‘i%Ieaa sfaffing lg¢ ofé’?the
PRERY O Sthifing IRblibiGn@ AR chiSve RERIBHerdddd T the NRUSNIAMY cnergy
sum of the accunmul ated energy at a particular starting
trast tbapatictlnestptting d0datign.of starting | ocations and a
negative finite difference of the accunul ated energy
curve at the particular starting |location. 22. The
OFDM system for synchronizing timng of the receiver

to the reczl.vedTRFEONDM gybtdm & siRstréiink Binfih@bfMhd Seceiver to the
wherein a | eading edge and the trailing edge of a flat

wespized QFDM sigaelpsuecatied dn elaian §§, wharein adeadingedge dad detteadling

t. zone that i.s decl ared reqj W L hi
LA b SRS A SR Rl Bt bt one
thaeis de€lbnd laa b eski e Rithih Lebitdmh pedebntakd %f@fé?%ﬂ' F¥mlLhkiBfum point
synchroni zi ng timng of the receiver to the received

orthp/pes; techenergcduresd i n cl ai m 18, wherein each of
the plurality of channel

23.  The OFDM system for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 18, wherein each of the plurality of channel

taps corresponds to a complex channel gain at a respective tap delay.

24.  The OFDM system for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 18, wherein the second TDM pilot comprises

a cyclic prefix and a plurality of identical pilot sequences.

25.  The OFDM system for synchronizing timing of the receiver to the
received OFDM signal as recited in claim 18, wherein the means for determining and
the means for detecting are used, at least partially, co-incident in time for a particular

channel tap of the plurality of channel taps.



taps corresponds to a conplex channel gain at a
respective tap delay. 24. The OFDM system f or

wa@yeelowms zi ng timng of the receiver to the rECEUSEA6/008977
OFDM signal as recited in @baim 18, wherein the second
TDM pil ot conprises a cyclic prefix and a plurality of
i dentical pilot sequences. 25. The OFDM system for
synchroni zing timng of the receiver to the received
OFDM signal as recited in claim18, wherein the neans
for determ ning and the neans for detecting are used,
at | east pgg.tialhe/QFDM byb€dntl & lsyhdhrdriiriBg tidingof the receiver to the
particul ar channel tap of the plurality of channel
reapisePOFDM sigTRDMIrepjted melpion 18, ywishieio thetiepgjveriisrtigass bne of a
the.receiver to 1t he received OFDM signal as recited in
‘éfFSﬁlFﬁ"i‘é’?f%?e‘F’é? P RE Y%cei ver is at | east one of a
wired receiver or a wireless receiver. 27. The OFDM
system for synchronizing timng of the receiver to the
received CFDM signal as recited in claim 18, wherein
t he accumutat edTe@FBM systepe farsydhrerazing timihg pEibg receiver to the
SRUL | tection of .the trajiling.edge is r ced. .
SRUVLPHEPRENERY 2 Sl el Bl e Ppc b Bl ey ayrve i
Altéred, Sieeshyshfials detdeBioBF thedrafifiidics i18dsde@Ps Of :
performng a first timng acquisition to determne a
course timng estinate of the received signal;
performng a second timng acquisition with a TDM
pilot to determn rne tihmng estimate for. a . synbol
bt the recalved argid 1P Spisp s By G sty R § TRved
giglm,rtﬁehietﬁoagoﬂfpﬁuingistejp@ef;step conpri ses sub-steps of:
determ ning accunul ated energy of a plurality of
channel t apssfopming izt dHeingacqvisitisnie defefnaine g cplmse Hming
gsfﬁmsattea&t&%nge I.(‘),c gii ons to forman accunul ated energy
curve, YECTRG & ai | i ng edge of the accumul at ed
energy Cury@fordith 4 8oStEHRIIY 42l MigitdH Rvift £PDM Fil16th6 determine a
detecting sub-step are perforned, at least partially,
Bee iimbigdshimaterfor 4 ssanliad of thegaedi vadidignal, sitwreie the pepfouning the

the plurality. of | taps; and adjusti FT
tehrrEliheeon S RBEareERaR B shsequent “symbol

determining accumulated energy of a plurality of channel taps

within a detection window for a plurality of starting locations to form an
accumulated energy curve,
detecting a trailing edge of the accumulated energy curve, and
the determining sub-step and the detecting sub-step are
performed, at least partially, co-incident in time for a particular channel tap of
the plurality of channel taps; and
adjusting a FT collection window location for a subsequent symbol

according to the performing the second timing acquisition step.

29.  The method for synchronizing timing of the receiver to the
received signal as recited in claim 28, wherein the fine timing estimate is a refinement

of the course timing estimate.



according to the perform ng the second timng
acqui sition step. 29. The nethod for synchronizing

W ovsiogp3ad t he receiver to the received signal PEEUS2006/008977
recited in claim 28, whereidh the fine timng estinmate
is a refinenment of the course timng estimte.30. The
nmet hod for synchronizing timng of the receiver to the
received signal as recited in claim28, wherein the
trailing edge is |ocated using a weighted sumof the
accunmul ated energy at a particular starting | ocation

of the pl u@l i t yhdrheBbaFdriHcHORhE AATnABEHS raRBaE to/fe
finite difference of the accunul ated energy curve at

repavpskyignad a$ eacited mrdaimgd, sdetdinthe t@dlingrdge relopied peing a

sy.nchr.oni zi timn f the receiver to the received .
gt Soim o 2 qostmiieionpiay 202 bigtievlar siing Tesg Bt Gspturatity
SHERBhg lotatidhs @l ne YR finfie M e R Gf 1R Rbtrhdlatddenbigy curve at
data synbols, and a plurality of frequency division

the peitichlex startingddgatipn ot s. 32. The met hod for

synchroni zing timng of the receiver to the received
signal as recited in claim30, wherein a | eadi ng edge

and the trailing edge of a flat zone in the

accumul at egi eneTRy/meMbY fordiyRcROniPing Sndfis 6ethkred¥ivieh ® the
flat zone that is declared as a region within a

rsesived Higd pe rasitedim ddimedl mdwrdin heisabsegnéntsympeliisen OFDM
th gﬁCCJﬁULaLed energy curve. 33. The nethod for
%%ﬁ$ FORP2IME timing of the receiver to the received

signal as jgritdlRfof duit£éymitnlL8nd Wher ei n each of the
plurality of channel taps corresponds to a conplex

channel gad plugalitpof Eeqeney divisicapnaéipeyed GDMIpdotset hod
for synchronizing timng of the receiver to the
received signal as recited in claim28, wherein the
receiver is at |least one of a wired receiver or a

Wi rel ess rgxrei Ve dethod g syBEHIOH zing tinSiHH 6Fhe Réceived to the
timng of the receiver to the recerved signal as

teeeivedeeignal as tegited 2&:laimh), evhereinhe leadingredpa antithe tratlipg edge of a

3tg0Fe g ety it fite it B R B R io CEom b Bt matis
dRNar&Y A WeBidnZiiftfn b Bt peceRad LYY fidn 8 {RERIMGint in the

signal, the conmunication device conpfi sing:
accumulated energy curve.

33.  The method for synchronizing timing of the receiver to the
received signal as recited in claim 28, wherein each of the plurality of channel taps

corresponds to a complex channel gain at a respective tap delay.

34.  The method for synchronizing timing of the receiver to the
received signal as recited in claim 28, wherein the receiver is at least one of a wired

receiver or a wireless receiver.



a processor configured to: cause performng a first

timng acquisition with a first received tine division
wordosiopizexed (TDVM) pilot to determ ne a cour sePCT/IBI9g6/008977

estimate of the received OBDM signal; cause perform ng

a second timng acquisition with a second TDM pilot to

deterrn'neafin 8est|rmte of the r? ei ved C]:Dl\ﬁl

signal, whetei n n%‘@ ff rsﬁﬁlﬂﬁo@ﬁ’é‘gélé@%& thegpgeyyer to the

T Eéﬁ%?%yﬁ”omf b ZE AR B BB RILEVO fitered

whérbbynsparides detectom ofithedpailifigpedge iptedunedd. ty of starting

| ocations to forman accunul ated energy curve, and

detecting a trailing edge of the accumnul ated energy

curve; and causing adjustnent of a Fourier transform

(FT) collegdi OnAVUoHﬁil%éaﬁGﬁﬁbﬂ@e f(ﬁ‘rs%nﬁ:hf‘d%ﬁﬁﬁg Heithg &F: aDMcelver to

synmbol according to the performng the second tim

awgeived signal, $ieepmuamibatiomdenice/conpurisired Wit h t he

processor. 37. The ¢ ication device as recited in

cl ai m 36, HHECETSA ¢ gmeaé?' TDM pilot is received

before the seco 38 timh b
devi ce as recitgbg1 |%¥k %al 3 eég:?cﬁa E f‘?ﬁe thsrtn ng
est i neta@vedtisedefision nmfttiplerfedt(ﬂTBM)qutoﬂ; & détennmine a

estimate
course timing estimate of the received OFDM signal,;

cause performing a second timing acquisition with a second
TDM pilot to determine a fine timing estimate of the received OFDM signal,
wherein the performing the second timing acquisition step comprises sub-steps
of:
determining accumulated energy of a plurality of channel
taps within a detection window for a plurality of starting locations to
form an accumulated energy curve, and
detecting a trailing edge of the accumulated energy curve;
and
causing adjustment of a Fourier transform (FT)
collection window location for a subsequent OFDM symbol
according to the performing the second timing acquisition step; and

a memory coupled with the processor.

37. The communication device as recited in claim 36, wherein the

first TDM pilot is received before the second TDM pilot.

38. The communication device as recited in claim 36, wherein the

fine timing estimate is a refinement of the course timing estimate.



