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W RELESS COMMUNI CATI ONSYSTEM BACKGROUND Fi el d [ 0001]
wab@7psmsent di sclosure relates generally to PCT/US2006/060413
determining timng in. a wireless conmuni cati on system
and, nore specifically to nmethods and apparatus for
determning timng in a transceiver of a wirel ess
communi cation systemto set the start of a sanpling
039879 od. Background [0002] Certain types of
comuni cati on systens such aslthose usi ng Ot hogonal
Frequency Division Miltiplexing (OFDM, for exanple,
are highly sensitive to synchroni zation errors such as
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the transmtter have to be synchroni zed, which
includes timng and frequency synchroni zati on.
| deal Iy, synchronizati oBAGKGROUNDI n a transceiver
F%Q uld follow the transmtter. In OFDM systens, for
npl e, timng synchronization, in particular,
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PP&?%re conputing the Fast Fourier Transformati on (FFT)
of the sanple for denodul ating the synbol. [0003]
Currently, standard techniques for timng

Bagkgtugei zation in wirel ess communication systens
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mstant of the symbol and correctly separate individual symbols before computing the
Fast Fourier Transformation (FFT) of the sample for demodulating the symbol.

[0003] Currently, standard techniques for timing synchronization in wireless
communication systems using protocols such as OFDM are not known. Timing
synchronization is typically performed on an ad hoc basis. In a channel having 1024
samples, for example, when performing timing synchronization, the start of channel or
symbol must be found. In some cases, it is known to look at the rate or differential and
then set the start where symbol power starts increasing at some predetermined rate.
Some arbitrary back off or offset is then set from that point to ensure that the entire
symbol is received in the set time period. Problems with this methodology, in
particular, is that timing demodulation might fail if a subsequent symbol appears early

during the sct sampling period such as in cascs where multipath transmission can causc



during the set sanpling period such as in cases where
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SUMMARY
[0006] Methods and apparatus are presently disclosed to provide accurate setting of
start of timing by accounting for various types of intersymbol interference. In one
example, a method is disclosed....[TO BE COMPLETED AFTER FINAL APPROVAL
OF CLAIMS]

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 is a plot of an exemplary energy density function of a symbol.
[0008] FIG. 2 is a plot of an exemplary static effective interference (EI) density
function f{z) 200 defined as a function of timing offset.



[0008] FIG 2 is a plot (c)f an exenplary static
effective interference (ElI) density function/f t 200
waledoroexs4ns a function of timng of fset. 050236P¢D08BD6/060413
FIG 3 is an exenplary plot of an effective
interference density function having static and
dynam c effective interference densities conbi ned.
[0010] FIG 4 is a plot showi ng an exanple of a |ong
0p&BfM channel energy profile. [0011] FIG 5 is a plot
showi ng an exanpl e of a short %t erm channel energy
profile. [0012] FTG 6 is a plot of a conposite
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| st of, an _ex L ary-method f
e Rt o Bl 3 B8 AT LR KRR Y} Bl i
Wihﬂmtseaix@smhf tha‘wtlth aagrtansnrmfspmdseboeatrphiairyunﬁepdmdaccordmg to an
eeg%IE ing two or nore of the nethods of FIGs. 1-7.

%\/ FTG 15 illustrates a bl ock diagram of an
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CHFPOF LS EFTBXBIN®. [0024] FIG 18 il lustrates a bl ock
(002" TP f14aN0hess £XWPHREMN bARS CRIMBlarP Gl Afploying two or

more of the methods of FIGs. I-7.

[0021] FIG. 15 illustrates a block diagram of an exemplary transceiver according to
the present disclosure.

[0022] FIG. 16 illustrates a plot of a piece-wise energy density function according to a
disclosed example,

10023] FIG. 17 illustrates an example of a binned mass profile according to a
disclosed example.

[0024] FIG. 18 illustrates a block diagram of another exemplary transceiver according
to the present disclosure.

[0025] FIG. 19 illustrates a block diagram of yet another exemplary transceiver
according to the present disclosure.

[8026] FIG. 20 is illustrates a block diagram of still another exemplary transceiver

according to the present disclosure.



to the present disclosure. [0025] FIG 19 illustrates
a bl ock diagram of yet another exenplary transceiver
waewansismy to the present disclosure. [0026] FP@@/UD06/860413
illustrates a bl ock diagramof still another exenplary
transcei ver according to the present disclosure. 050236
[0027] FIG 2 1 is illustrates a block diagramof a
further exenplary transceiver according to the present
08928¢1 osure. DETAI LED DESCRI PTI ON [ 0028] The present
application discloses methods4and apparatus for
determning timng of a symbol in a wireless system
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shows a theoretical energy density function 100 of

SESieBo T oF SEBmpise ith aly P Mosyatenti the symbol strsturahas ﬁmrmular form
itdhRlise NS chdid PRI afht | aI'cﬁeagﬁﬁéym%i‘f&%eDoétgvga two consecutive

arjsing due, to nmultipath transm ssion of the sig
spRbels. PEsyRmER S or ynchprging Ebfthe &I may(thea be dgtermmed due to the
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arising due to multipath transmission of the signal. Prior to the symbol, a timing offset
(104) is defined to guard against interference (EI). The timing offset © extends into the
cyclic prefix CP time period 106 as illustrated.

10031] FIG. 2 illustrates a typical static El density function f{z) 200 defined as a
function of timing offset 1, i.e., EI per unit signal energy. As may be seen in this figure,
if the timing offset 7 is set a time of the start of the cycle prefix CP, there is an amount
of EI energy present. However, when the timing offset t is set at the difference of the
cyclic prefix and the delay spread (e.g., CP-D), the amount of El energy is reduced to
zero (0). Dynamic EI that is introduced by a channel’s dynamic behavior may be
determined by representation with a channel dynamic probability model. That is, the

dynamic EI may be determined by calculating the probability of how much EI will



function of timng offset t, i.e., El per unit signa

energy. As may be seen in this figure, if the timng
wobdogmes3ss2 i s set a tinme of the start of the cyPCEUS2006/060413

prefix CP, there is an amount of El energy present.

However, when the timng offset t is set at the

difference of the cyclic prefix and the del ay spread

(e.g., CP-D)5 the amount of E L energy i reduced to
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(B025 e el TRAE by ARthod B AU ARG Ul BAEBE reprosented
adynam ¢ conbined E T density function h(t) can be
represented as: A(r) = (P( ) + 1) /O (1) where P(t)
is the probability that a new channel tap (ray) may
appear at an ofi{sei(Plr)anyfi-)(t) is the stati@)
effective interference (ElI) density. FIG 3 shows an
exenplary plot of the effective interference density

functio 0 ppiyt f i ,
it or f onise P P Bsth Bl 3G oy DG BbI(RE) 46 appear at an
offseEl hid tM@Y idule: tatic ifkole mdifagneh QEI@QIeﬁEiityat IFES. 3 shows an
This EI can be nodel ed _% t he channel energ

B

crmplary wletorf thereffqesine inferficrmge densitse ﬁawﬁ@n @Hewgix the static and

presented by the
%%%dvﬁe& BE Inteiflreiice ‘%git&g% O%Qﬁ{eta +S)m(t)dt (2) where

[003 allnthi sref Bl isstehdug torehannsl gding ¢hasaateristion, This EI can

I
TGRS, B b T ERRTEL (SUALRY oPigl b Bt vy
pebiaien e?(t)f adizrg’ act cambsreporsetntae biyribe follosnen aguakion:

which is the EI caused by a current channel energy
profile, or, short-termchannel energy profile, m(t),

O<t<T,andcanbe regent e th the fallow n
equation: lc(S) = }?‘B f% %X,—\é}"{)J(}?’ xarrplg

of such of a short tern1channe| ener gy proflle 500 is
illustrated in FIG 5

where T is a maximum measurement titne. As an illustration, an example of

a long term channel energy profile 400 is shown in FIG. 4. Additionally, modeling EI
due to channel fading accounts for the instantaneous EI, which is the EI caused by a

current channel energy profile, or, short-term channel energy profile, mi(z), 0<t<T,

and can be represented with the following cquation:
I,(8) = h(z+8)(z)dz 3).

An example of such of a short term channel energy profile 500 is illustrated in
F1G. 5
[0034] The combination of the long and short term energy profiles, which is the total
EI due to channel fading, can thus be defined by the equation



[0034] The conbi nation of the |Iong and short term
energy profiles, which is the total EIl due to channe

wo ae7iosgs4zan t hus be defined by the equati on05RCBES1006/060413
d)=It d)+1 (S) =JO0 h(t+d)(m(t) +mt))dt = JO h(t
+d)m(t)dt (4) where n(t) Dm(t) +mt) is called the
conposi te channel energy profile , an exanple of which
is illustrated by plot 600 in FIG 6. The conposite
%sdhnel energy profile 600 i s thus the sumof the |ong
termand short termenergy pré&files 400 and 500
illustrated respectively in FIGs. 4 and 5. [0035J
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function 700 is representative of a typical, "rea

wor |l d" effective interference density function, as

opposed t ¢ E}/ g@agyhich is a theoreticak exanpl e. The

absci ssa of the plot of function 700 is e nunber of

sanples n in the .channel egtimation period. Here, the
funct | o%hefﬁgh? §m§ﬂ%\1@ﬂs‘6‘\98r§ 135%%#& argyfeRh Of dhe oupipypm of the

a

tomld@ber n =N channel sanples, where the N nunber of
sanples is nuch greater than a nmaxi num channel or
synbol length L or a nultiple thereof, such as N " 2L.
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opposed to FIG. 3, which is a theoretical example. The abscissa of the plot of function
700 is the number of samples # in the channel estimation period. Here, the function 700
is shown over a channel estimation using a number » = N channel samples, where the NV
numbcr of samples is much greater than a maximum channel or symbol length L or a
multiple thereof, such as N >> 2L. An example of a number that may be used for NV is
2048 samples, but this number could be more or less dependent on the level or
resolution desired. Additionally, an example of the maximum channel length could be
L =768 and the cyclic prefix cqual to a length of 512 samplcs.

[0038] Function 700 is the combination of static and dynamic EI energy densities.
The static portion is determined based on the channel symbol profile, such as an OFDM
symbol as an example, which was discussed previously. The dynamic portion of

function 100 is determined using a probability function by multiplying the energy due to



The static portion is determ ned based on the channe

synbol profile, such as an OFDM synbol as an exanpl e,
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function 100 is determ ned using a probability

function by nmultiplying the energy due to050236 7
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10040] An estimated channel energy profile may be additionally defined and
calculated to more accurately determine the total channel energy profile. This estimated
channel energy profile, in concert with the above discussed function 700, may be used
to derive total effective interference energy over a sampling period for received
transmissions. The estimated channel energy profile may be calculated with the

following expression:

mn) =p(n) =|c@)||* forn=0, 1,..., L,..., N-1 (6)
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700, may be used to derive total effective
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[0043] The above relationship of equation (7) can be utilized to determine the
sampling point at which the minimum or “equilibrium’ of the energy occurs for the
purpose of further optimizing start timing. That is, the minimum is the point at which
the channel energy profile has the minimum effective interference energy, or the mass
object has the least potential energy, which is the most stable point. The minimum or

equilibrium point £” may be determined using the following equation:

N-1
k-* = . .
ﬁglgignzﬂ;m((n-l-k)mod N)h(n) ©



the channel energy profile has the m ninumeffective
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m ni mum or equilibrium point k may be determ ned using

the follow ng equation: NI k*=argm nV nm((" +k)nmod N)

h(n) 050236 where n((n+k) nod N) is the estimted

conposite channel energy profile function, and h(n) is
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1000 at a particular timing setting of the “window,” for a value of & that is bounded by
the pre and postfix lengths —K;, K, which are indicated general by the arrow 402, where
-K; is prior or less than K>. As discussed previously, if the determined minimum yields
a value of k£ that is negative, then the window is shifted to left to adjust the timing
offset (i.e., an earlier sample) to ensure a start of timing that achieves the least FIL.
Conversely, a positive k value warrants shifting or delay to window to the right (i.e, a
later sample), to ensure a start of timing that achieves the least EI. When a timing
position is selected such that the value of £" is or approaches zero or a minimum number
as determined by equation (3), the start of timing can be set so that the product of m(n)
and /() is minimized. As illustrated in FIG. 11, the timing window is set such that the

equilibrium or minimum point # (1102 in FIG. 11) of the channel energy profile 1100
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for both short and long term fading, a balance between the long term channel

characteristics and the short term or instantaneous channel activity is achieved by
determining a composite channel energy profile m(z) as defined by the following

equation:

m(n) = am(n) + frn) ®



to conpensate for this type of introduced El, the

presently disclosed nethodol ogy al so includes setting
wo b@7e5mir of timng by taking into account boPOT/ERINNG/060413

termfading, current or instantaneous characteristics,

as well as long termfading characteristics. To
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channel energy profile. At block 1306, the composite channel energy profile is

determined by summing the short and long term channel energy profiles, which may be
weighted with variable o and . Next, flow proceeds to block 1308 where the start of
the sampling period is set using based on the determined composite channel energy
profile. The process ends at block 1310, but it is noted that the process 1300 is repeated
for each sampling period.

[0049] The methods described in connection with FIGs. 7-13 above, may be employed
together to achieve an even more accurate start timing estimation due to the cumulative
effects of combining these methods. FIG. 14 is a flow diagram illustrating an

cxcmplary method cmploying all of thc above-described mcthods. As shown, the
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1500 that effects the actual timing window for sampling the subcarriers or bins within

the signal 1505. The output of the sampler, which is the synchronized digital signal
1507, is input to both a channel estimator 1508 and a demodulator/FFT 1512. The
channel estimator 1508 performs coherent detection, as an example, using pilot tones
inserted by the transmitter (not shown) into the symbols of the digital signal. Estimator
1508 performs channel estimation that yields an impulse response and frequency
response of each channel. These results 1509 are transmitted to a timing estimation
circuit 1510 for calculation of a timing offset or the start of timing for sampling of the
channel and to the demodulator/FFT 1512.

[0052] Timing estimation circuit 1510, in particular, performs one or more of the

methods described previously in connection with FIGs. 7-14 to establish the correct
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circuit 1510 for ca culation o set or
cxeeirted bY a proricsrprf @inss thepirpeegsayfto lphlefoxm dcmmbthadsj d¢soribédbabove.
[665%(1 u @&W%TFI%}B 1[% th[:%glggxlt o-intl{g ﬁgnrp(fe?r I%ta;lq%nfﬁgé{J fhe I%1gna1 1507

In art I cul ar,
tor@t dmdgiuMClﬁ lﬁe@rpieawd@iaslng the\ srgnah &7, ovhicti s BloBslated by the

t17an_1,r§]i t{eg ?1? w o?éc%ﬁdlﬁg tée‘if ng % num 3ert6 cgvnl éelcamques After

sync ron hus, Ci rcui

d@utqdulaaon,l ﬂhlbrrgsmh’addlﬁddulatadtsk@ais anm é¢ d4&fd6d fogrdecoder 1514 and
setting the, tim t he Sa li.ng Wi ndow of. s | er )
e <R B ke R B0 PR Bl iord ARt gehich the
tﬂ&sctwve(ﬂ\nﬂﬂleusesbfsmﬁ&ﬁe a Iﬁbblﬂd: phtied devitd bk & Personal data assistant, as
transceiver apparatus, such as transceiver 1500.

“RfdPtFonal Iy, in the case of a software

[0m]ermvoad1hg No &L ekiBPRC 6h ittlerl 29 Qe &iid] thel é&hﬂ@ﬁl’f@rﬂue to the
UII such as an_Application Specif

t ed
CF@PE‘%E&@% fg ; eRtive mgrésrongec (I gret denti f‘&lﬂ’ﬂﬁ@ o h(n), a

“PicBvAs CORNBBEGH af SRslab e FIGdi I MjaNd BE1EIS T THEHiQRSwise function
stored thereon, the stored instructions, when executed

1602 approsiBaishihic BRT eompeiafipralyseBrrles fpmtm AG shown in FIG. 7.
el 8dsnslese 'El{ebﬁﬁi alk?io‘ﬂfe pl[eQQ%s]e iﬁﬁcﬁ:‘ q-lﬁl'l:ggé o g five samples

the output of the sanple e sign
(28071 ® B3derpduRal6? and 2948)rf9rdeﬁ9m§®hmmtlwg 160 In this example,

15d gﬂﬁneﬂ-%g?matm%ﬁ%}hvﬁ%md&ln%l?g 1&%&%‘% ttﬁ?%i%%leé’f“ x being 512

(not shown) accor I Ng to one o
btﬂ@@}m ﬂ‘l}’lﬁe@d the maxirdemeiiaheg! length tsHe=F@sul t ant

out S;ﬂlgts elg/ ;i hgﬁlaal esbﬁ-%n? t{) ffé]%%&? geecﬁilﬁg )écoglfqg)gﬁb Bg‘ 50é1411pa'rc]a%ons the
compnsitt clninoihemtery peofile phl oh nhe can be divided into a number of bins
1702 at the expense of resolution. In particular, FIG. 17 illustrates the same concept as
illustrated in FIGs. 9-11, except that portions of the profile are simply combined to yield
a small number of samples (bins), which are then utilized to reduce the computational
complexity. The piece-wise and binned profiles of FIGs. 16 and 17 may be utilized by
the timing estimation circuit 1510, for example, to reduce the computation resources of
the transceiver 1500, which may be implemented in an ASIC, for example.

[0056] FIG. 18 illustrates a block diagram of another exemplary transceiver according

to the present disclosure. As illustrated, a wireless transceiver 1800 includes an antenna



transcei ver i s housed, such as a nobile phone device

or a personal data assistant, as exanples. [0054]
w@\ewansismy to one exanple, in order to reduce PEEUS2006/060413

conplexity due to the calculation of the effective

interference (El) energy density function (i.e.,

h(nj), a "piece-wise” function as shown in FIG 16 may

be utilized. This piece-w se function 1602

0203p¢ oxi mates the nore conputationally conplex function

700 shown in FIG 7. In the ekhnple of the FIG 16,

the piece-wi se function 1602, utilizes only five
180MEhie%céifing. and FradsmitABg wihless %&mﬁﬁ&tﬂiﬂ@@r%) Wihin the device

define the functlgy 160& In égls examl e Eg channel

AR VPRSI Ry R GfEectpa dhe apthess dissiRged iR (G e 28y prample. In
pRftRula¥, e vagomslResat 8Scd RNG@Nthd HRHAEX SMBCRAMBEIS a channel

length is L=7"68. [0055] FIG 17, illustrates that to

SamP 1%peq%lg&@sl%ﬁﬁp@3g it eyst@t]tc g%mamlp gHfactiverjaterference densities.
[GE3OA S &&H@WG B RS ddtSrihl A efMdilve Qﬁtgrfgleence density

divided into a nunb ef of bins 1702 a the expense of
predde| 180# dp configysed o deferminerhaEL denpity pemiflabaesedt orea static EI. A

r&sa RN g%gaﬁ?ﬁ Id Hs&eﬁl %teeq ‘ﬂonmgin@sfor %’e@errlu 1&% ggiﬁ%gabﬂity of the

that portio ['e are si
oy¢la‘r6dwa of dmhdtmmjfﬁob%%fl\/lsamqomw cﬁdmmgyws Khhlmbb’c’dvﬂ@yt(ﬁkmﬂizing a

PB 9'@!)1’1 f)ﬁ‘ﬂ)a{’)ﬁl glgqblﬁ%ﬁ ok 2»1% %lfé aMe?aﬂéllégg 'I%l e)él é}{qgureg to multiply

| ece-wW se es o
tltredftjcnrﬂunz@ Qrdiybﬁ%ebyltm stgtie $l Idﬁashtyonccllved lﬁudm fied s 1$Q}t to derive

0 uc tion resources.of. the.
lfégsﬁﬁérgllc\%rdefggb E/Imﬁs rllg&grg da the relzsuﬁ t é’élalnﬁc %‘% dﬁ%?‘@f, t0 means
férounexnmgil808. [ 0056] FI G 18 |IIustrates a bl ock
of anot her. | ary tr.ansceiver cordi
(839 ks, BF P EOP ketveh B Pafams R GRLY gt Heens 1806,
a$ mﬁ%ehw statid B0 dengitg! fosta Snéins 4802 AAAOHNZ 8 thvb Y30, feans 1808

rece| d transmttin reless co nication
deYima e TPl QS 1AF SURE fotlan iEmEot 6 10. This means

1816 @6’@‘:1‘!@ sfahﬁoﬂﬁﬂl%jbéﬁeacdtpﬂﬁ%uln%&l @I BnsifiSs.aMs an example, the
exanple. In particular, the various neans are used to

veRpwoTopHe 1AM (13A6 WS #d 1810 pram wrycBpciad SHchsawarc, software or

£ %%lré NGuitkdrl BdsdiehRd 8L tbel iBPHmMINE B Ald ﬁrn?t%jestlmaﬂon circuit
léﬁgan1c effective interference densities. [O As

fhstratefPF1QG gl 5, hasador igpulgdiaap rherﬁhqgn%lr@b%m@étlﬁ%
[00%o§T figEe n@e 1lﬂﬁﬂ'§ﬂ £ Ya BiGHK ldga‘g}ﬁlq etC ANEMGUTE f)ﬂr% transceiver

determ ne t en3|ty profi on a stat
ageording|te élm p@ser@ disslasyreprHs nlhastra@dd@ Mrlméfrse drapsceineari§00 includes

a1f1 gﬁteﬁﬁ& ?96& ﬁ'Jr %wﬁ%%ﬁ@%ﬁ%ﬁ%teﬁ%wﬁljgﬁesg &ﬁﬂ%ﬁ{&ﬁ aﬁg gn?ls Within

dynam c El rm nes e pro
thePylevieé larg | wgws Poiss bor pffodiag thiet methodedisclasedain FIG. 12 as an

efﬁ%ﬁﬁ@l N in p%q?cﬂfar ltﬁg Qzalqg megnscaorg fulsgciJ {oe%fécg the settmpg { start of timing

to a new channel sampling period by using the total EI.

10060] As shown, means for calculating a total effective interference (El) density
profile 1904 is included. This means 1904 calculates the total EI occurring for different
timing positions during a particular sampling period. Means 1904 sends the resultant
calculated total EI to a means for determine a minimum timing position of the total EI
occurring during the sampling period. Means 1904 may effect the relationship in
equation (8), as an example, to make this determination. The resultant value of the
minimum timing position is sent by means 1906 to a means for determining whether the

resultant minimum value is positive or negative 1908. The value of the minimum



the determ ned probability by the static El density

recei ved fromneans 1804 to derive the dynam c El
wa@lengiosigs2 Means 1806 sends the resultant dynamPCr/ER2006/060413

density to means for summ ng 1808. [0058] Means for

sunmm ng 1808 receives the dynamc El density from

nmeans 1806, as well as the static El density from

means 1804 and sunms the two val ues. Means 1808

0g@Bé vers the resultant sumto a neans for setting a

start of timing 1810. This nebhs 1810 sets the start

of timng based on the summed ElI densities. As an

AR SitiohN8s KRl AUsic TBANENBAHatidB Q8 wHBRE RO alB81H positive or
may be effected by hardware, software or firnmnare.

nEgHives Serthigseepahdl G ovieh BES ithe Blererft ey to paew sample. Tt is
nbtedth& BS4dsBY b 3¢ cSdHdudd to]s'éﬂﬁle: dobiSE {iﬁﬁﬁéjto'leg%ég\i/ GmpR occurring

based on inputs fromthe channel esti nmator

Igte0ten arpusrent gamplausatrior stertpfiinie ithgvalweotf the minimum timing
e r ' ' r, t
pRABLREE CESTUEYEL POSRRA, REER FOTV L8 S 0P 1o & now
sa19pe depuiringesrlier thart bewarreé@G2andpby sat domitart nfjtisigg when the value of
ot ing. W ..eSS. C icat ] i anal { 1.hi n
g BOGEh ialf SEHERD 1 RIIHOL OB 30 Sl S el mpens 1004,
1806,c1¥eand 19K Grayl Be effectad tex hagplware, | sofivanrs o€ (firatware. Further,
[ious ans .are d to.,effect . .the settin . ;

M8 SO RN RS T AR b RgR Shbh sy itustrated in
FlGi 1y tiabed doigutsHrom HIGhnésesghaver,1508ans f or

ulat. a total effectiye interferenc El .
(1T 36, P8 B 056k TFa Gt Sl RS Sbepiary transceiver
ac@lrdinkab ese pRseritaticlosate. oglg ﬂldshﬁ@d}f @rviekiéds Qfa%%evédrnzioog includes

osjtlo rrng.a parti cul ar .sa 1 N eri od. .iveans o
B apipnaS ABLL st G B o e P bGP cajoR SEnals. Within
tHednscd DO RbIS nRkall fiir ARG gTHHROMPOSH diRMbsed it FeG. 13, as an
t'otall El occurring during the sanpling period. Mans o
SAGOR e} PAFFRLT: PR PEPSFICERSHE RSP tefiient itims g » gigrt of timing

08 @%aNEll QiR TR By SsiH8 8NP dld 8fmpddR &BaHIt&tey profile,
val ue of the mnlrrumtlmngﬂsosmlonls sent by neans '

sads thef delined koYY erietiphd @ o5 (et her the resul tant
[6062) MAY e ird ﬁng_g%o,tﬂlyﬁs%r ReQahidee 1998 %Hﬁe\ggiélufed channel

of the m ni mun050 15 timng position, as we '
cReTay Peafiie raf enichidnetedilons sfmwhengyarofile004lapeingfuded. This means

b j . . | .
200 £, BRARDAY B S Lk 2STRE05 AT WLEF ol Sencs e
resplienst 109g ond shardtekingiaent] toergtprofiles $¢ amieans 2006 fargletepmining a

S ' aje current sa e set
PSSO SR e (GRS 0 AR T R By i ene
ppddes, i suph i & ﬂlop\qs_byiaqaaﬁ(aisué‘l) @o(Beatsnky, Thealeserh@dd composite
ef?eeé? 5rto%[et i freée‘i\rfgcp %yt 8 Heddsor setting start of sampling period using

composite channel energy profile 2008. As an example, the various means 2004, 2006,
and 2008 may be effected by hardware, software or firmware. Further, these means
could be implemented by the timing estimation circuit 1510 illustrated in FIG. 15, based
on inputs from the channel estimator 1508.

[6063] FIG. 21 is illustrates a block diagram of a further exemplary transceiver
according to the present disclosure. As illustrated, a wireless transceiver 2100 includes
an antenna 2102 for receiving and transmitting wireless communication signals. Within
the device 2100 are various means for effecting the method disclosed in FIG. 14, as an

example. In particular, the various means are used to effect the setting a start of timing



sanpl e occurring earlier than the current sanple set
for start of timng when the value of the m ni mum
WO Rovfs3spDsSi tion is negative. As an exanpl e, tPET/US2006/060413
vari ous neans 1904, 1906, 1908 and 1910 may be
effected by hardware, software or firmware. Further,
t hese neans coul d be inplenented by the timng
estimation circuit 1510 illustrated in FIG 15, based
09%3¢ nputs fromthe channel estimator 1508. [0061] FIG
20 is illustrates a block dialfram of still another
exenpl ary transcei ver according to the present
ofl b bl s@mpiivtg bédidbby atRAlntife W' 1 886 Ly LR e I discussed
2000 i ncludes an antenna 2002 for receiving and
PEFAREM tting wirel ess comunication signals. Wthin

[001] dPIGE 21 A0QB-afk Ehat Habh SISy eFRA0E if DhdR ! frﬁ@éﬂs% 04 B8r determining
nmet hod disclosed in FIG 13, as an exanple

ap gpeiey feasity prodils af P{?fa@lwawgfem@e lﬁEEdDﬂlS@d enftbmtatm and dynamic
Eﬁ@t tt'1§‘90t€d $ﬂa@ Fhea®b 20 0O d ¥ i F}$ @mdﬁ&s Rdah® Hrustrated
usi n | east the conp 03|t channe energ

i r‘%ﬂ | B%g FER areMat éfémsn@dexa Bde dgo elqglaltiﬁsa s ofeahs 2106 for
d@trer&%)ing LQ:Q si@é ed rbflleMaSed %g glﬂg t neaftgé) channel energy profile

det er m ni ng S hort m est1 nat e ener
C@lpultatqdexsmjtha nnmmdap’é thel shog tean rwenmc@ytkmgahtol ae:caﬁlﬁlébhort and

IHeee %@%&igg‘éffel@' St [BAR elz%’%éans n%ag% ogies ﬁdhb%”f’ f1&hented by

as “exanpl es sen s
ﬂﬁeemkmanwambﬂ@wuﬂddghEHEiﬂbamamhmmnpk ener gy proflles

h.
[(;edr?e ay ?l.%?lo 5 6(9 [ﬂsg e}rlr(ielug%sn% n%anﬁ%(fﬁg (%’érh %eet?r%&laﬁglgl 3 ﬁ(&mmum of
ﬂteenaﬂnuéerted gyalmffwbtﬂ/@mterﬁexeﬂmed&ssdlﬁmﬂxdadetﬁﬂﬂﬁéd &[bﬁg}( 4én51ty profile

The deter ned co e ener gy,
5B kol R iy 4% R Py (TRAL o e 1hgs moted that
tipemieads ﬁmg@lﬂ@h@ﬁﬁpleﬁleﬁfbﬂﬂﬁeit leRe ke BF ed vRi0d0 banddlustrated

.a the v means 2004, 2006, and 2

16y REee S eV ou o U SH0% Bhinidige (he relitionship of

eduutione (5) drM&}SﬁadT’E&B Yeeaulnd the ninPh BAeRt64LiliNit® The determined
timng.estimation circuit 1510 illustrated in FIG 15,

ny hSSoh B imacans SR e 2cnems AL LAswhiehtssis ths@gut of a timing of 2

chAREBlankiiag Ferbd Saskd lodSthisadatulAed At tth 2B 118 may set the
further exenplary transceiver according to the present

startsed Hatirg byasslidmgistheasaapling winddvess ensares dhetvbe timing offset
et dBohChitdase @@teﬁ%{%ﬂr}ﬂm%ﬁggl f 8L o he&;%hlwl{ gch@S@nﬂus means 2104,

transmtti ng W rel ess conmuni cation Si gna
210fe % ad 2h0bmayebe, affediad birezadwhiss seftivent dndirmiere. Further,

th¥&d n%nsdb&ﬁh%%Q% &G b n%‘]the ﬂ%lé@u?ﬂ%en & %1[}‘[ 151[(]nlel]ustrated m

articular, the vari ous ans are ect
Fiat 45, hased ostinputs Sfom theichgasd 2gsmater 650% channel

[@?EL%IP%(E .Elrldrgd tlpé/ dReh %ggtllnnt%odé) % appargtgse ﬁrX%%e a 81mp1e, but

I SCUSSe
effective way to maintain a balance among four factors when determining an accurate

start of timing. That is, the balance between the “static EI” and “dynamic EI”, as well
as the balance between the long-term channel behavior and the short term channels
activity. It is also noted that the exemplary methods for determining symbol timing
discussed above may be used singularly or in combination with each other, such as in
the example of FIG. 8.

[0067] The methods or algorithms described in connection with the examples
disclosed herein may be embodied directly in hardware, in a software module executed

by a processor, firmware, or in a combination of two or more of these. A software



previously. [0064] FIG 2 1 illustrates that

transcei ver 2100 includes a neans 2104 for determ ning
w@roogfosdsgy density profile of effective interfPCEOISM06/060413

(El') based on the static and. dynamic ETs. Tt is noted

that nmeans 2 104 could be inplenented by the various

nmeans illustrated in FIG 18, as an exanpl e.

Transcei ver 2100 al so includes a neans 2106 for

0gl@B&r m ni ng a conposite energy profile based on an

esti mat ed channel energy profiTe cal cul ated using the

magni tude of the short termgain and taking into

SR ey $B984 irPRAM Qc&gncs@r ﬂhsfha@hbﬂﬂge fHOF fendory, BPROM memory,

further not ed that nmeans 2106 coul d be | Iemant ed by

QM ST resBisters, U itk 2i TRmpy e ezﬂesk &sCRrROM, or any other
f&mapbﬁrage%&ﬁhﬂ&@%clﬁl thE rt2 Mey@én%@afy”s%ﬂé?@ PnddinffR &) Soupled to
for determining a mninmm of the calculated to
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t. hi ted. 110 .
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nmd‘ﬁﬂcaﬂoh@ te@ EHRIE EXdrh\;ﬂEs g Hel rmamgy @ﬁﬂasatt t6 @Bicfse %Rﬂl&d&n the art, and

wth the dete ni num

o Pl FBRTIBI f5Med TOo Ttk b5 APPRLa b e exmples, e.g., in an

ighdr chegapiyig f@fﬂ&@b@,a@o éﬂb@eﬂewﬁéleﬁd dBREEmmintIchieR .applications,
gpse nmeans ouI ement y the timng

BhAFRAGHE FOEL bmt ¢} %cmpfuef vﬁtr@aﬂ f‘PPFFtéde&CBibeﬂé@é“dn Thus,
ti¥NsdopB Wrihd HRBlOENE i§ R8N RREnRA b MRl BhitdP ABthel QQﬁﬁﬂle_sl dhown herein
supmary, the discl osed nmethods and apparatus provide a
byt Wﬁpéoc geaerdet tlag widest saopctconsisicni wﬁ the prineintce aadwaycl featurcs
disetdsed ﬁ&teﬁ{ STH@@BI'@@JX%{TIFH}&“% Wad %5291%1%5/ h%trélﬁtto o an “serving as
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ap syamylen zmiaélcslor illygragen|” Aytdxemyld dm:@ebt;bhweenaﬂ fesemplary” is
nbf agcéssa{rﬂy%aﬂ@ RnRARAVLO brdified BE 2RO &fs%&é}aﬁﬂgé xamples.

IS&SO not e e exe
Afcgﬁrd@mlﬁ,riﬂme morvrgl asyedis desdriped dedig m@slmjd@fbmdesoﬂniy bgghe scope of

1S I y or in conbination with each other,
su‘fgj Oas‘ﬂ%g ﬁl#e exanple of FIG 8. [0067] The net hods
or algorithns described in connection wth the

exanpl es



di scl osed herein may be enbodied directly in hardware,
in a software nodul e executed by a processor,

wo 2oomnsdse2 or in a conbination of two or nore PETURB®E060413
A sof twar e050236 17 nodul e may reside in RAM nenory,
flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,
registers, a hard disk, a renovable disk, a CO-ROM or
any ot her form of storage medi um known in the art. An

058336énpl ary storage nediumis cqQupled to the processor,
such that the processor can ﬁgad information from and
wite information to, the storage nmedium Tn the
alternative, the storage n€UiAdMSmy be integral to the
rocessar. .T rocessor and the storage nedi um may

“ﬁ'é&lﬁ@ ﬁgﬁ“‘ﬁhﬂggl&é The ASIC may reside in a user
termnal. In the alternative, the processor and the

storage nediu y. reside as.discrete conpanents in a

user 1t er nﬁnﬂle%?%deﬁfew Eﬁlé‘?ﬁ)logssar?@%ll'}’rgi 880°n§b8’(/én%rfesymb°1s
cdEpfig.exenpl ary and those skilled in the art may now

make numerous uses of, and departures from the . o
above- des é?lpﬁléﬂn%%’a‘?r&t@sewthﬁdPteﬂ%Wi% uprng g @ sampling
dpentive concepts disclosed herein. Various

nodi fications to these exanples may be readily ..

appar ent determiniee sk pinigee (Pl e ealeulated dofal LTReHEe jipterference
TR clof efhBeinPeLEld) iRY be applied to other
Oexan‘p%g'grﬁge&fg q,&?nngﬁ .l?nstaant nmessagi ng service or_any . .
general wisetthggstatebtiogeniithe symbal baspi cadby defgrmined minimum

' : | the spirit or scope of the
0%%2&gespec@étdgggg{eﬁg§d herein. Thus, the scope of the

di sclosure is not intended to be limted to the

exangl es shown | tesd Sal: r L0868 e timi
Soope condStBrrohR Ao ipih FryRGERtRRaL IS M GPbe iming
irfchales IsHEingi & sdroplég véndeivn respomssiveo tal tHeedatenpiined) nipignum to ensure

used exclusively herein to nean."sSerVi S .9
ek Tels Yhiae Bircattiio] gl ar it SRho (R o
descri bed herein as "exenplary” is not necessarily to
be cgnstruyed as eferred.or, ad t ageous aver ot her
oxanl o, TRECBTAPAER SIS FBI ReiRE Lo TREREE: ped

her eidBtetgidi®y Rethef tHratbiaalitdymimuleisseRd agfosithe number and a
fol]low ng clains. 050236 18 CLAIMS WHAT IS CLAIMED I S:
nggalixe gEPIsH for setting timng of sanpling of one or

DT € o SYiAP PheS staRPBMtirgB 36 a new sample occurring later than a current sample

when the determined minimum is positive; and

setting the start of timing to a2 new sample occurring earlier than the current

sample when the determined minimum is negative.

4. The method as defined in claim 1, wherein calculating the total effective
interference includes determining an energy density function of static effective

interference and dynamic effective interference.

5. The method as defined in claim 1, wherein calculating the total effective
interference includes calculating an estimated energy profile of the symbol and

determining a product of the energy density function and the estimated energy profile.



calculating the total effective interference occurring

during a sanpling period; determning a mnimum of the
w@alcsmsrd total effective interference occurPCNyS2006/060413

during the sanpling period; and setting a start of

timng of the synbol based on the determ ned m ni mum

of the total effective interference. 2. The nethod as

defined in claim1, wherein setting the start of the
089289 ng i ncl udes sliding a sanpling w ndow responsive

to the determ ned mnimumto ghsure that a sanple

where the m nimum occurs i set as the start of timng.

3. The methedmatddeid BeGndd i bREM 2, whetelh®e symbol is configured
conpri si ng[:godet erm ni ng whet her the determ ned m ni num

apeordpg to pithogre fieqeeney dbdpion meulirlse e QFOMunber ;
setting the start of timng to a ew sanple occurring

later_ than a current sanple when the determ ned o
m ni rund imeetiskior is¢iéing simting ef samipfinehef eneayrtmas® syinhplygomprising:

to a new Stﬁ'lg?]rrﬁniﬂ %Hreﬁq!e f mrstﬁr %ﬁoﬁl?%@ eﬁ’fkgégti\‘;‘\é"{nrt&‘géren]cﬁeoccurﬁng

_sanpl e when the déterm ned numis negative.
et hesgt gse dpmbokbaded @i sliativ Effeatiey iterferaheuibad angrobdtelity of the

obOlRlncEf Qggli[ld'%ﬁfe@&%é‘ﬁg&&g@éen&ﬁ&des determ ni ng an

ener gy den unction o ati'c effective
i nt er f er ersetingnal saynefiiiming 6£tte spenbalttesédornbe determined energy

lnlg d as defined in claim1, wherein cal culating
d}ﬂsg tg%)glfe' effective interference includes cal cul ating

an estimated energy profile of the synbol and

det ergm ni a_product of. the energy. depsity functi.on

and the es errgfegbodéﬁ%r%)ﬁnﬁ ofti %3%"85702‘3{ erfgyél.eye"flﬂgung the energy

demdityostofite filethemiadludas:cl ai m 1, wherein the synbol is

configured .according to.orthago frequency division

o ¢ (G EReRRES Ao BL IR (o PEGCERPY P R gr:

sanp|defgmafing REp:@Eu 06 £ tHeY FroBhISi1i60 Bl iaﬁieﬁhgi;gty density profile of the
e

determ ning an energy density profile of e ctive
d?’ﬂ‘l‘r@}‘feﬁe@ﬁ%%‘%‘?f PPt n at | east one synbol based on

st at isan@hih@ahd ¥RerbDIRNEIBF BRABe JFUnA sREORBRENT Wni@FerbAR and the
occurrence of dynami c effective interference; and

pEduct-ng a start of tining of the synbol based on the
det erm ned ener gy

9. The method as defined in claim 8, wherein determining the energy
density profile of the static effective interference includes utilizing a known channel

symbol profile.

10. The method as defined in claim 9, wherein the known channel symbol

profile includes an orthogonal frequency division multiplex (OFDM) symbol.
11. The method as defined in claim 7, wherein the symbol is configured

according to orthogonal frequency division multiplexing (OFDM).

12. A method for setting timing of sampling of one or more symbols

comprising:



density profile. 8 The nmethod as defined in claim?7,
wherein determ ning the energy density profile further

w0 p@assg2 determ ning an energy density profiPET/0B20061660413
static effective interference; determ ning a product

of the probability and an energy density profile of

the dynam c effective interference; and summ ng the
energy density profile of the static effective
0p¢78erference and the product. 9. The method as defi ned

in claim8, wherein deternini®g the energy density
profile of the static effective interference includes

utilizing alddiaimy £ banpeditesotEbe) pRIME bl ehe 40teadtMie symbol based
wherei n t he known

net hod. a efined in clai , )

B RO B AEY ST RCPIOUF tRAQ 86 SO PGP & short term channel
chérgg el o6 \e 1sh@Rrmlihbhitl @¥elePMiles ol . 11. The

net hod as defined in claim7, wWherein the synbol is

conf i gur edeHEER it 9T tigning ehibgeh @asﬁqm bajedioni the composite
ehttgl/ipRbei ng (OFDM) . 12. A nethod for setting tining

of sanpling of one or nore synbols conprising: 050236
20 calculating a conposite energy profile of the at

| eastyzone ’Plli/e'mgﬂhog’ as Q%Mtiﬁr&:lagﬁ# im%r%Gng)?ﬁinge nergy

profile including a summtion of & short term channel

ener gy pr cletdreniging shororgdt bmg tdvem pedfiles ebygylopridss | Bltering an
eﬁﬂﬂaé&tcfaétﬂ&l Qné&?h}ofﬁé of {hlg's?ﬂxbgf the at |east one
synbol d on

ase e conposite energy profile. 13. The
met hod as defined in claim12, further conprising:

det erypi Ni S .termprofjles | ow pa
etenm & i
filteri ngnlg[he Iggethl&rlrgp g§ @%%%n@ mlegé’r‘aberﬁll’not?%ll%wcﬂ’agst ﬁ@ermg of the
skyrhriaotl . lofig terfin erofiieh dd pafortedd méth aspedtidientirkB antMyec®idneffective
| s filterjng.of the short .and | ong term .
AT SN IEEGTON R e AL T —
beddveidti.ve bandwi dt hs, where the first effective
bandwi dth is | ess than the second effective bandw dth.
15. The method as defined in claim 13, further comprising:
multiplying thc short and long tcrm profiles by rcspective first and
second weighting factors; and
calculating the composite energy profile by summing the short and long

terms profiles after being multiplying by the first and second weighting factors.

16. The method as defined in claim 12, wherein the symbol is configured
according to orthogonal frequency division multiplexing (OFDM).

17. A method for setting timing of sampling of one or more symbols
comprising:
determining an energy density profile of effective interference occurring
in at least symbol based on static intersymbol interference and dynamic effective
interference;
determining an estimated channel energy profile of the at least one
symbol based on the magnitude of the gain at one or more samples;
calculating a composite channel energy profile of at the least one symbol

based on the estimated channel] energy profile and including a summation of a



15. The nmethod as defined in claim13, further

conprising: multiplying the short and |long term
wWQ@e@7iobisg2 by respective first and second wei ghPCTyS2006/060413

factors; and calculating the conposite energy profile

by summ ng the short and long ternms profiles after

being multiplying by the first and second wei ghti ng

factors. 16. The nethod as defined in claim12,

0#3é¢ ei n the synbol is configured according to

ort hogonal frequency division2hultiplexing (OFDM. 17.

A nmethod for setting timng of sanpling of one or nore

synbahsrt Cleffar elsnAgl ef&ber flofild1@ndna 688¢ G¥rrdledhehhdl energy profile
profile of,eQ;ectlv%ﬁgnxerference occurring in at

| easPOSHASER ndeanelfading: i ¢ intersynbol interference

and dynam det@idiiah iV Ridl NRiclios neMered8d 88D ROHRNyY multiplyi
estimated channel gener gy profile of the afpg?égstl R uitplying

synmbdhe prEen dgpsibharofdq)and theecasppasite dpanpel smergyeptofile for one or
nor e nsAERh@plescal cul ating a conposite channel energy

profile of at the |east one synbol based on the

est i mat ed deFrAMARING e evigimpnoth He aplgulates trdaingffective interference
SUMTRhbR) RbAR ML BrictbrhlRb s hBlifl g&%@&l ener gy

profile and a long termc anneﬁ nergy profile

account i ngeftimg tarirmdltivhiadiofidghe denkelnfonianybsequetiadampling period

td [ fe ' tiplyin

e by Sy R AL SR60, S D hRL e bR e prose.
energy profile for one or nore sanples; determ ning a

m ni pYm oft l,at ed .t ot al fecti.ve i.nterferen .
ener g? "pro |6P§et§€% %y ggfé)t}egd%tdeaﬁ?ﬁ lﬁ{éa" L FrtHgS gl?eer ﬁ%‘g 9%&’6 tming
irhaiies etitlingga sarsplang wafidav Béspgngfe td ehesyetb@hinb® midimum to ensure

S equent. sanplin eri od based on the cal cul ated
thr%:tJ %Smnﬁ%eo‘?'h?rﬁ gpet lgfrg’fn PhYEHEVRSE 25 tﬂ? étlafté%% &HEBEener gy

profile. 18. The nmethod as defined in claim17,

wherejn setting the start .of the timng includes

sl dﬁ?g a %%Pﬁ@dﬁﬁamqlékaa&& {ithes comgrisfgger ni ned

M ni mum t deRP@Ulifs tWRstha SRTRALRrWRRHE nfiligFh Nk BB of a positive

occurs (s set as the start of timng. 19. The nethod
as dBPFREANdR RSN BEUDEYr t her conpri si ng:

setting the start of timing to a new sample occurring later than a current

sample when the determined minimum is positive; and

setting the start of timing to a new sample occurring earlier than the

current sample when the determined minimum is negative.

20. The method as defined in claim 17, wherein the symbol is configured

according to orthogonal frequency division multiplexing (OFDM).

21. A computer readable medium having instructions stored thereon, the
stored instructions, when executed by a processor, cause the processor to perform a
method for setting timing of sampling of one of more symbols, the method comprising:
determining an energy density profile of effective interference occurring
in at least symbol based on static intersymbol interference and dynamic effective
interference;
determining an estimated channel energy profile of the at least one

symbol based on the magnitude of the gain at one or more samples;



determ ning whether the determined mninmumis one of a

positive nunber and a negative nunber; setting the
wa@t@rs3sfizti mng to a new sanpl e occurring | at BET/URZNNG6/860413

current sanple when the determned mninmmis

positive; and setting the start of timng to a new

sanpl e occurring earlier than the current sanple when

the determined mninumis negative. 20. The nethod as

og@Pé ned in claiml7, wherein the synbol is configured

according to orthogonal frequ&ghcy division

mul tiplexing (OFDM. 2 1. A conputer readabl e nedium

havi ng i NSfaldddtin@NScoibysRe chiglcd ehergl oSk Vr@fthe least one symbol
instructjons, when executed by a processor, cause t he

pr ocP8s%t or Fisestimated shanveh sprrey Praftlerandgneiugingge symmation of a
sanplshbd {éfmo&fémﬁgl BRESy SHBRR Sindt9oABUBRH chapnel energy profile
conpri sin detern1n|ng an energy density profile of

ef f eccputing et shanseldadisecurring in at | east symbol

based on te

effeCtlve§%%%E&P2Eéh%§M f@?ﬁ}ﬁ%ﬁ@&ﬁﬁ@EQQQ%&QXQQP%frndhpbnng
chanrie¢ eeqrrgv gpngitopiofide end tthrecqnmsetasqham gyryoprofile for one or
based, %%gggagnltude of the gain at one or nore

sanples 8 22 cal cul ating a conposite channe

energy pr ofertdrmmhgatt mitiswieat theocraéc@ymﬂdbtab agedymhol herference
estl £ of.i nd |nc udlng a

Q¥E%%T%$€QQW% C%%ﬁggﬁgﬁ%mplg%g éﬁ?bflle and a
I ong ter mscttmgme’staﬂnﬁ‘rtgmngrcﬁ‘fthé symabalofontal sulpséqient sampling period

R T e i e T

denS|ty profile and the conposite channel energy

profile f one or, nore | es; deterim ning i mu .
Dt L1 oo Tt BaBvie PecaBiy Biecimar cefnst By efti 21, Wherein the
seRet disticibhd, ewbdelexaciBEL ARt er Hlobedos asilsé NBe PROEQESr to further

and setting a start of timng of the synbo] for a
vt BER e BRE et PhEreTaredredetsiuting ReamRling Wapdagy responsive to

tHE BétBAAMed nhﬁﬁnﬁrﬁ&@'enhlﬂ%%@tym?l'e RLest SRS RGRInANS ro%’urs is set as
profile. 22. The conputer readabl e nedium as defined

th%ﬂ%mafﬁﬁang wherein the stored instructions, when

executed by a processor, cause the processor to

further
23. The computer readable medium as defined in claim 22, wherein the

stored instructions, when executed by a processor, cause the processor to further
perform:
determining whether the determined minimum 1is one of a positive
number and a negative number;
setting the start of timing to a new sample occurring later than a current
sample when the determined minimum is positive; and
setting the start of timing to a new sample occurring earlier than the

current sample when the determined minimum is negative.

24, The computer readable medium as defined in claim 21, wherein the

symbol is configured according to orthogonal frequency division multiplexing (OFDM).

25. A transceiver for use in a wireless communication system comprising:



performsetting the start of the timng includes
sliding a sanpling w ndow responsive to the determ ned
WOR07/053%HL 0 ensure that a sanpl e where the m nPOTIIG2006/060413

occurs is set as the start of timng. 23. The conputer
readabl e nedium as defined in claim?22, wherein the

stored instructions, when executed by a processor,

cause the processor to further perform determ ning
0%7é¢ her the determined minimnumis one of a positive

nunmber and a negative number;2%etting the start of

timng to a new sanple occurring later than a current

sanpl e whensdrigiesl eb€figired o BhMpRLATE@iRASInpi SgndNd a set timing
égttlng the start of timng to a new sanple occurring
°USf%i er than the current sanple when the deternined

M ni num i s RRGEel \eBtimdtbr JOMEIBRIMPYS SEcdiRANRD S HBGEMD from the
as defined in claim2l, wherein the synbol is

SEBRIeT i ERMBRS GRAMRYISE 5espPRYogRthal frequency di vi si on

nul ti pl exidgmtdddPuit BafighriiBRe&H /Al ct)ﬂ{é)u'té?ﬁn{ ]ﬂ% response for
wi rel ess communi cation system conprising: 23 a sanpler

aSyRToY drosy theochanre)) estignatercanidviegdatenmine simpalinformatiaebased on at
1200 1f EiBhuted RERH VQQJlteﬁ%FénB@&E’f) deQd ﬁﬁ%@gaéc%un%in for static
receive the input signal fromthe sanpl’er and conpu &

apgh dypaspicdd., p éh%@ﬁ sdjustarait hasddmmaycaléuleteid tmipomfiingotabenergy of the

eCcelV. : j S -fo synbaql

SOl Rl € e RRofiRTBES, LI S RRRI i oRt P8 stort term
chamng}l frdingwffdséssed on at | east one of a conputed

effective interference (ElI) density function

accounting for static and dynamic ElI, a sliding

adj ugbnentTisagensceiven ag alefinkdtie dblaiin R mbectialthe Bifigy circuit is

| ., and a conposite,.channel ener rofile :
o QPR 1oq 1%y PaiaE SOV O o B R the Sampler is
caffimredto 6 theheingrodfisCleisyd bn dse daidgiatrdatiehai m 25,
wherein the timng circuit is configured to provide
the timng information to the sanpler and the sanpler

i s caff i guuedppapatetortsbRingi thhitg Fsha@linPaseHe 8P nidP€ symbols in a
tlﬂ%n information.. 27. An apparatus for setting

e SﬁgOQFnWEEWBPPﬁﬁwﬁ?C@%Emﬁﬁghnre symbols in a

Wi rel ess oy Fh€ Qi MCiBtal QRREIS Merference occurring during a

sampling period;

means for determining a minimum of the calculated total effective
mterference occurring during the sampling period; and
means for setting a start of timing of the symbol based on the determined

minimum of the total effective interference.

28. The apparatus as defined in claim 27, wherein the means for setting the
start of the timing is configured to slide a sampling window responsive to the
determined minimum. to ensure that a sample where the minimum occurs is set as the

start of timing.

29. The apparatus as defined in claim 28, further comprising:
means for determining whether the determined minimum is one of a positive

number and a negative number;



means for calculating the total effective interference
occurring during a sanpling period; neans for

waledoenndsmt ng a m ni mum of the cal cul at ed t ot al PCT/US2006/060413
effective interference occurring during the sanpling
period; and neans for setting a start of timng of the
synbol based on the determ ned m ni num of the total
effective interference. 28. The apparatus as defined
0b023€l ai m 27, wherein the neans for setting the start
of the timng is configured t?& slide a sanpling w ndow
responsive to the determned mninumto ensure that a
sanplge 6L stiBgNhB | FHLOGEMAE thSa B8l @SnfIB®celdhly Bfer than a
timng. 29. The apparatus as defjned in claim28,
CHEPRIFEIPiOYBER ﬂmrfgvﬁerwe%ﬁwu@e@ SPRtNEdnhet her t he
det e g dofM At Md §a0B¢ Bfind tPSIc ¥enHUTREArHbafticr than the
negative nunber;050236 24 neans for setting the start
cofrenti sanpée whem theelgtermipidenid@uny S MgeHtEcer t han a ‘
current sanple when the determined mninmmis
positive; and neans for setting the start of timng to
a neWwlsanple ggewtns agdefarediia rclaiba?7, twikereinrthe meags fpl @lculating

n_ .t j [ j ive.. 30 T . .
DR S BRI AL S990BHBAE B epy unrion of
static efzbiw mtdrfagendeantiatyabmef dféctive etenfitrenéeer ence i s
configured to determ ne an energy density function of

static effective interference and dynam c effective

I nt er¥ler ertle: agghratihes dgpedahusaias2Hefhaereid the nedaas fior calculating

7 ei.n the ans. for .cal qul ating.the tota
(B toutl T PR e ERBRCES BTG 1§ FPISHALh OF PR ige anghey profile of
18 byiiBb1egh i @EaYinp ra0prokictadf thb ensyb@dnsin dufi@ionr sdthedestimated
product _of the energy density function and the
CBSEY PG energy profile. 32. The apparatus as defined

in claim27, wherein the synbol is configured

according to orthogonal frequency division X
mul t i3 exi hip proeEps agdetingd Wglalint (sWherpnstbersypypol is configured

abbdraG 87018 PBhdl B qREnQNEvision RN RXIRAICF N &
wi rel ess device conpriSing: neans for determ ning an

energy density profile of effective interference
33. An apparatus for setting timing of sampling of one or more symbols in a

wireless device comprising;:

means for determining an energy density profile of effective interference
occurring in at least one symbol based on static effective interference and a probability
of the occurrence of dynamic effective interference; and

means for setting a start of timing of the symbol based on the determined

energy density profile.

34. The apparatus as defined in claim 33, wherein the means for determining
the energy density profile further includes:

means for determining an energy density profile of the static effective
interference;

means for determining a product of the probability and an energy density profile
of the dynamic effective interference; and

means for summing the energy density profile of the static effective interference

and the product.



occurring in at |east one synbol based on static
effective interference and a probability of the
wocewanssare of dynam c effective interference; PEnusS2006/060413
nmeans for setting a start of timng of the synbo
based on the determ ned energy density profile. 34.
The apparatus as defined in claim33, wherein the
neans for determning the energy density profile
06%2%¢ her includes: means for determ ning an energy
density profile of the staticZ®ffective interference;
nmeans for determ ning a product of the probability and
an energy density profile of the dynam c effective
inte%fere e; and neaqgifor,sunning the energy density
prof i'Pe ofl NHPPERLS 35 defiped {1 Glaim 4 e Wheseshihs Taemms dpredstermining
tipy egbugy deIZ3srofildboBthe sthiee 3FRAAl iMferRpe8lik RE8AFERed to utilize a
clai m 33, wherein }he nmeans for determ ning the energy
kpawacpsnist Srmbel miptilene static effective interference
is configured to utilize a known channel synbol

profile. 36. The apparatus as defined in claim 35,
wher éPn t HdeiapattusgsisEned imalaim 3,07 hérein the koekes channel symbol

PRI BIORRL ah LRAVERGY FbYLRY R 1%&1%@{@}?%@;((%%%@;

37. The apparatus as definéd in clal
synbol is configured according to orthogonal frequency

di vi skbon ot ' . ratus_for. .
Set Pher, MAGPAGUDR ROV il 0 ARENTHH B0 g
agording éx oxfecgonal otnmnry divisiomeansplExing CAEFDMNRAt i ng a
conposite energy profile of the at |east one synbol

based on an estimated channel energy profile including

a suffiat i ¢m gfpaztehfirtsettimgrtinsingrifehmeties @Y ops of iloée ayidbols in a
. el energy profile; and neans for
Wzreetietgipg?;‘tlgé é@rﬁ{ﬁ?ﬁfgg timng of the at | east one synbol
based on nivens dopesictiatiager gympositd kleregdProfiteof the at least one

. ratus as defined in claim38, further conprising:
i8S Ao ée??ﬁ“ﬁ‘ieag&gwhte =L %ﬁ’a Pelungrosyrgatio; of a short
tekl?whﬁm efrlr%ﬂgly profilg afd agsid FBh UG BREy SREHIBYady Of i | e
of the s ol . .
ymcans for sctting a start of timing of the at lcast onc symbol bascd on the

composite energy profile.

39. The apparatus as defined in claim 38, further comprising:
means for determining short and long term profiles by low-pass filtering

an estimated channel energy profile of the symbol.

40. The apparatus as defined in claim 38, wherein the low-pass filtering of
the short and long term profiles is performed with respective first and second effective
bandwidths, where the first effective bandwidth is less than the second effective
bandwidth.

41. The apparatus as defined in claim 38, further comprising:
means for multiplying the short and long term profiles by respective first

and second weighting factors; and



40. The apparatus as defined in claim 38, wherein the
| ow-pass filtering of the short and long termprofiles

w0 g00pesIsaz ned with respective first and secondPCT/US2006/060413
effecti ve bandw dths, where the first effective
bandwi dth is |l ess than the second effective bandw dt h.
4 1. The apparatus as defined in claim38, further
conprising: neans for multiplying the short and | ong
dsor3; profiles by respective first and second wei ghting
factors; and050236 26 neans f@e cal cul ating the
conposite energy profile by summ ng the short and | ong
ternms prof] r ' I Qkyi j .
and seeond e i o PR (bR AR rb O 1 &fhming the shor
abalf 1amegd terms cprafites 3gierwbengi multiplyisy iyothe §irst oavfdi geooed weighting
Ag ?gdi ng to orthogonal frequency division
mul't1pl exing (OFDM. 43. An apparatus for setting
timng of sanpling of one or nore synbols in a

wirel ess device conprising:,means for deternnin n

ener o7 dend b SERFEIFIeS e FEERTY &% gD MshpdRodt s configurad
acotdifig tgortlivgahall feagbnsy diviiohasitipl@ing (BFDM).

i ntersynbol interference and dynanmic effective

interference; neans for determ ning an esti mated

channgs. engmtipppra@is foe s@ting Bigniag off e@ashliMN6f Sy ®Omore symbols in a
based on .t he magnitude of the gain at one or nore

WHAlSP e vieReMWPTIHE cal cul ating a conposite channel

ener gy profdehgs ffr daterinfifing @3 She@halcbYiiPploAaSLETaNIvE NBterference
esti mat ed channel energy (ﬁr ofil e and incl udi ngf a neans
]’

PSPPI 7 least iwgrbol bapsd pantiEic dxersypbel dnteTigreasg) agd dynamic
Lrpngivt ehtmreRRasel energy profile to account for

channel fading; neans for determning a total

ef fective meeryfosdeiremining pypstineed ichanpel guarey profilagf the at least
the eggl @&%ﬁéédyorpﬁleﬁﬁdg%ﬁa@@om%gmmt& nfd} Biifbles;

energy profile Tor one or nore sanples; neans for

det er mi ni ngreanyfarioxlmplaingt seoropdsiigl cienneltamerdy profile of at the least
effective | r : h . .

ot odop sy STl SRS SRR oRLCl LierRY Broffle sud fnofygig » mesas
st ar t fayfsuminmig g sbért térer shamoel crfcegy profildbasba emig term channcl cnergy

profile to account for channel fading;

means for determining a total effective interference energy profile by
multiplying the energy density profile and the composite channel energy profile
for one or more samples;
means for determining a minimum of the calculated total effective
interference energy profile over a predetermined sampling period; and
means for setting a start of timing of the symbol for a subsequent
sampling period based on the calculated minimum of the total effective interference

energy profile.

44, The apparatus as defined in claim 43, wherein the means for setting the
start of the timing includes means for sliding a sampling window responsive to the
determined minimum to ensure that a sample where the minimum occurs is set as the

start of timing.

45. The apparatus as defined in claim 43, further comprising:



sanpling period based on the cal cul ated m ni mrum of the

total effective interference energy profile. 44. The
wappansdsys as defined in claim43, wherein theP@EFEAR06/060413
for setting the start of the tim ng includes neans for
sliding a sanpling w ndow responsive to the determ ned
mnimumto ensure that a sanple where the m ni num

occurs is set as the start of timng. 45. The

0x3par at us as defined in claima43, further

conpri si ng: 050236 27 neans fo?7 deternmi ni ng whet her the
determned mninmnumis one of a positive nunber and a

negati ve nudehgrfor ReAminiap wedthémthet A&teShiabd it R0one of a
to a new sanple occurring later than a current sanple

when PORRVE ﬁTﬁ%ﬁaﬂ?5W5 ®bosi tive; and means for
setting tNBesilsddt sedfing thdi sigt bOLIRIAENW AP s8mPRCIbchfrG later than
earlier than the current sanple when the determn ned

i ni fUGTeEt srpple hen thsdetegungd punizmum isposisre; ardl i n

clai m 43, WoskaoP stlifg IHERAL bt tPUMRY, 8GROE YcBGrring earlier
to orthogonal frequency division multiplexing (OFDV .
than the current sample when the determined minimum is negative.

46. The apparatus as defined in claim 43, wherein the symbol is configured
according to orthogonal frequency division multiplexing (OFDM).



