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< (57) Abstraict; A method comprising verifiag Syuliranlsation of » pilot signs] puttern by compuring  sun of dat guodsets {155) of
O o Grst und & second demedalated received symbols caleuluted ever pairs of consecntive demodulated recefved symbols, wherein the

dat produets of the transmiticd pilot signal st a fisst time index and 1 3 second consscutive Bms index of the demodulated received

symhols couprise substuptially equad values for the pilol signal patem.




Abstract; A nmethod conprising roiling synchronization ofg gebpidrpboss gna
pattern by conparing a sun of of klot products (133) of s first and a
second denodul at ed recei ved synbol s, cal cul ated over pacts of consecutive
denmodul at g¢h pEgREMed synbol s, wherein the dot products or ghentbapgm tted
pilot signal at a first time index and at a second consecutive tine index
of the denopdul ated received syrnbols conprise substantially equal val ues
for the pilot signal pattern. 28 February 2006 WD 03/036812 PCT/|L02/ 00783
METHOD AND APPMEARRD GNDIARTABAGUS. GNALSYNGHRONIZRTEMEKGROUND
OF THE I NVENTION I n wi rel ess conmuni cati on systens such as third generation
(3G cellular 3 communication systedERIFIBERri able relative delay between
base stations (BS) may exist. Hence, the wirel ess comruni cati on systens may
not be synchronized and the relative delay may vary in tine, thus one BS
may use different pilot seBROKEGROUNDORTHENVESTIGN NCchroni zation net hods
may be used to synchronize a nobile station Ja (M5) wth the BS. The
synchroni zati on may be done by performng a search of the pilot signal and
per form ng frequbhvirelasgurommupigation sysierss chch st thisd generation 43 cel be
done at a receiver. However, the receiver may receive signals that include
a desi rsed pomnmurdcationl systerdesa varibhle relativel detay betwatnrimise stationst(B8y maye, t he
desired pilot signal and the undesired pilot signal may thensel ves incl ude
noi se. Thugyisfl SHEhEE Ctheokirélas® EormpruiicatibR sYSteiRYmRag Giot be MyAdtabaRed ahdmay b
the identification of an undesired pilot signal or noise signal as the '

- desired pi bl Sl elay il iy H #HE) thus one BS may use different pilot sequences
C.: - than another BS.

. Synchronization methods may be used to synchronize a mobile station

| 16 (MS) with the BS. The synchronizaﬁon may be done by performing a search of the

pilot signal and performing frequency'acquisitibn. The search of the pilot signal

may be done at a receiver. However, the receiver may receive signals that include

a desiréd pilot signal, undesired pilot signals and noise. Furthermore, the desired

pilot signal and the undesired_pilot signal may themse]ves include noise. Thus,

15 misde{ection or false alarms may occur. Misdetection may be the identification of

én undesired pilot signal or noise signal as the desired pilot signal. A false alarm

may be the rejection of the desired pilot signal. Furthemnore, misdetection and

 false alarms may result in errors in the frequency acquisition process.
Thus, there is a continuing need for better ways to verify synchronization

20  ofthe pilot signals and for frequéncy acquisition.




may be the.rejection of the desired pilot signal.. Furthesresrearynosdet ection
and Use alarns nmay result in errors in the frequency acquisition process.
Thus, there is a continuing need for better ways to verify synchronization
20 of the pilot signals and for frequency acquisition. 28 February 2006
SUMMARY OF THE | NVENTION I n accordance with a first aspect of the present

I nvention, there is provided a nethod conprising: verifying

synchroni zation of a pilot signal pattern by conparing a conparable val ue

of a sumof differential produ f fir a second denodul at ed
received synbols to an adgyﬁﬂ\&éﬁ?hﬁgééﬁ&ﬁ H\'\ﬁﬁ%'ﬂ%&gﬂordance with a second
aspect of the present invention, there 1is provided an apparatus
conprising: a sumof differential products calculator to calculate a sum

of differential plmndocerdaneewithad fisstaspechekbthat preseolkeimyeinticr, dbereriscei ved
synbol s, mp{geﬁi n the differential .ﬁroductﬁ- of. ﬁ tr{ansnli Lt ed f)i Itgt si gnal at
a first PO .rﬂj@?t C%'{"PQS'Egn‘éeé'g PP CENERREPHYR R 8rPTRE RTH BY Nreceived
synbol s spaah[agm@a%hﬁmamé WluR®BfH suflof affelaitiafpRiduels &f ofvet aRdbt ern. I n
accordance with a third aspect of the present invention, there is provided

a wi r el esecondrdanmadidated recajeadosyraleetd to an agaptiveptisesheldat i on havi ng two

ant ennas wherein t Jon i [ ) ; i -si gnal
patterns; and a ﬁaﬁcgg?gg%%fha%gpf%@d@e\%gro H}' f é@%gﬂgr'hﬁééﬁg}rfé¢1& o the two
pil ot  siggiralidedaheippfardtus CoOmMpRIsingg atsuro op aliffdrbstial productd calcakatordd o

differential products of denodul ated recei ved synbols to an adaptive

~ t hr eshol ealcylateas sy ah dETafprtial predusts pvas paks o copsecutive damodulaied: i on,
there is [ ; i SEQ J o ; il

synchr onfSaledsYFhoR yitRRGh the/SirpEi) prodeisTr rao e ISEER ot

di f f er ensifakt pmedindex arid at derodséaitied timedaderedf Sembaddated meeivedpt i ve

threshol d; and a fl.ash nory, devi ce operably .coupled. to the verifier. In
accor dan%"'%ﬂ? FORPIFE Yo gﬂlé%lty e&uafy@u% i%é"r#'lolt ﬁ@@ﬁiﬁ’%ﬁmt here is provided
-an apparat us conpri Hchérdaficd WAHUS MG 855&®lof 95 prEEAT invBnsH, | thBrleSisan

of fset frequency according to a first differential netric at a transient
mode andproslifedtedirelosesemmitnicatins systesecompudsjogre hase statian hgving taosecond
di ffe.r-e.néﬁt%hngse tvxrfﬁecreinaihea bsatsga(sjt)éﬁcs)ﬁaitseaggﬁgd to transmit two pilot signal

patterns; and a mobile station adapted to- verify synchronization'to the two pilot

signal patterns by comparing a comparable value of a sum of differential

products of demodulated received symbols to an adaptive threshold.

In accordance with a fourth aspect of the present invention, there is

provided an apparétus comprising: a verifier to verify synchronizat'ion fo a pilot

signal pattern by comparing a sum of differential products of a demodulated

received symbols to an adaptive threshold; and a flash memory device operably

coupled to the verifier.

In accordance with a fifth aspect of the present invention, there is
provided an apparatus comprising: a frequency offset estimator to estimate an
offset frequency according to a first differential metric at a transient mode and

. adapted to estimate the offset frequency according to a second differential metric
at a steady state mode, |

1a




28 February 2006 In accordance with a sixth aspect of t2®&Fgiraag006
invention, there is provicded an article conprising a storage nmedi um havi ng
stored thereon instructions that, when executed by a conputing platform
result in: verifying synchronization to a pilot signal pattern by
conparing a conparable value of a sumof differential products of

denodul ated received synbols to an adaptive threshold. In accordance with a
seventh aspect of the present invention, there is provided an article
conprising a storage nedi um having stored thereon instructions, that, when
executed by a conputing platform result in: conparing a real part of the
sumdifferential products of .denodul ated receiyved nbgl s -.over. t

Ferati ons. of ScodridRengh St 2ps i EréRentitedion, Bie ILHOVSREL hr eshol d
. val ues; . andriickp edinphginghe sforgge emsiiura diyirgy $toRst therédn inlstrestisnsOthag

exceeded. | b 28 Fggruary 2006 VE%%?/OS%%&Z PCT/ 1102/ 00783. BRI EF

DESCRI PTVORN @xeqyied iy \PRIEBUYNG Platisrac fesvitineYerfupe syBehieBizelen {hdent i on i s

parti cul gildtysigedl PR Wy caffatihidlal B6thpiradlcaavame ofMatdifn @Pfiffetdhtil portion
of the specification. The inventlon, as to organization and

e : owever, both
net hod oProgietsAfidemodulaied Fraelvad synhgieta an adaptiverthraskoldand advant ages
t hereof, may best be understood by reference to the follow ng detail ed
"~ description when rla@agcoidance mathag sevasiih gspeet@f Mg Apsenhinkantias thare, 1 is a
bl ock digg I : Lyl ' i-an t |
accor dangeP Lo, R, SHERP onbrisf ol Sloyle TRECTUAR, FalinL iRt icfeoh
i | l.ust r ainstuctinsathatr wbenrexectitedi byoa commuding prlatfarmaesuit iccompaniog with an

oo 1 &R ardindlSt B SR e B st OB R R AT SRR

di agr am oferawedterbtions ofra frequantynaciuigitidn tana endide ofreatification diretheld
invention; FIG 5 is a block diagram of anotft epbodi ment of a nobile
Slati on Yalus; Angaasaaingiraency SduRiicihyal irsshoR e exaeda, ook

di agram of a frequency offset estimator of FIG 5; and

1b




FIG 7 is a flowhart of a frequency equation nethod t lgstFetmyarpeoosed in
20 accordance with the invention. It will be appreciated that for
sinplicity and clarity of illustration, elenents shown in the figures have
not . necesg@ygslogsdagen drawn to scale. For exanple, the di nERginsees sonme
of the elenents may be exaggerated relative to other 25 elenments for
clarity. Further, where considered appropriate, reference nunerals nmay be
repeat ed anong t he =figu r. anal ogous

el enents. 28 February 2 gTE%@%&%@f&éﬁﬁ%%% DETAI LED
DESCRIPTION I n the follow ng detail ed description, nunerous specific

details are set ﬁ'ﬂétéhbj%mﬁ rf\ég@tr r%%rﬂé@‘ésdﬁealnwﬁ’ﬁdhuﬁh | ﬁggﬁ* ﬁBﬂEéGWO the

i nventi on, However derstood by those s art that
the pr esenand Mmt!y)nlalm?d mﬁmmdlﬁfbm Bonﬁlhespwﬁc&ﬁpaci'mbaniahl s. In
ot her instances Ll - known ur.es, conp etsadc.lrcwts
have not bagtieHs BBt a5 8 PraBR LA ang BraifBd it SheriBty RSt sHCeRES
~ inventison. f=3aiesPahti s éshme#@@falnhaqﬂbécpsélwaewgy r&fdrérm@t@twe

presented in termns of algorlthns and synbolic representations of

oper at i onsfolawing detgiled deggriptien Whetbiepd avith the acspmpanyingdrawingsinowhipht er
~menmory. These algorithmc descriptions and representations nmay be the

- techni ques used by those skilled in the signal processing arts to convey

t he substance of FiGe# rnsvwrubwodmgkmfnsofsén leixachplen of Bewirekess WohwaAsnication
specifically stated ot her w as arent fromthe following discussions,
it is apprestamda acsardange 12 '“1‘?55(9“'?5? BYRNSR: di scussi ons uti | i zi ng

15 tergs such asflc@rz)&eéﬁmnstrat.or?ef@g,;maare of a?dteg}nag béems if St dmien9.

or the i ke, er to the action and/or proc sse a conputer or
zonpuf i ng wﬁlsiaammbcdimemttbﬁﬂ'ne inverdiononi c corrputl ng device that manipul ates

xnd/ or transfor a.rep physi cal ,. h.as electr
~quantities wit h| Icghé ﬁoﬁpé‘%f:ﬁgé'gga"érﬂf 3'3/ 5?4!?@"%&1%0? dpo%nﬁ%ryeg N nt o
ot her dat %Méﬁé&%ﬁ%ﬁﬁgﬁﬁ&ﬂ as physi cal quantities within 20 the
conputing systenis menories, regi sters or _other such information st or age,
~ transnission or ﬂl&p”r wa@@qkaﬁagram ofaoerifienin ansomtance ath alaemﬁwlrpemsent
: |nvent|on r’rﬁ){, be used in a
15 of the invention;
FIG. 5 is a block diagram of another embodiment of a mobile statton in
accordance with the present invention;
FIG. 6 is a block diagram of a frequency offset estimator of FIG. 5; and
FIG. 7 is a flowchart of a frequency equatlon method that may be used in

20  accordance with the invention.

- C 3 , It will be appreciated that for simplicity and clarity of illustration, elements
- shown in the figures have not necessarily been drawn to scale. For exémple, the
dimensions of some of the elements may be exaggerated relatve to other

~
Lh

elements for clarity. Further, where considered appropriate, reference numerals
may be repeated among the figures to indicate corresponding or analogous

elements.




variety of applications. Al though the present inventiore8 Bebrearyl2006ted in
this respect the circuits and techni ques di sclosed herein may be used in
many appar at uses, 25 such as nobile stations of a radio system Mbile
stati onsyhbhspsety to be included w'thin the scope of thepprmaseabzssnvention
I nclude, by a way of exanple only, cellular radiotel ephone transceivers,
two-way radio teansceivers, digital system transceivers and the |iKke.

Types of cellul ar radiotel eph | ' nded to be within the 30
scope of the present inventiont f@ib‘aﬁﬁ%@j&ﬁ@re not limted to, -Code
Division Miltiple Access ( CDIVA-.2000, wi de ban VA

cel 11l ar 28 FeohRiis HGVDAdSEdEB BB et 5pRSTS S tR Acp T
transce V‘ﬁ!irard‘é?ftotﬁr%@@é fHoRSugH Ind@sindiridoshe SaEriBAC Howsver, dhalisbe and
the like. Turning 'to FIG 1, @& wireless comunication system 10 in

accor danc aindetstoodbydhtesiskilied inthe avé thatuthe mpresent énventiommayrhe pracieed s

communi cati.on system 10 cQnprise r %ﬁ.}l , 20.
For ex?anpl"\é‘t?‘oUﬁeﬁlﬂf’et ﬁ@eﬁagg%é@% onéﬁlg&'@goﬂ{%%eﬁtm%g( one o'?'%ri?ocrhg'
antennas. pIhenes, Sdrapdrints Antadrcuits Byl ot beert teseribetitie detaiineb aswaot
antennas 24 and 26, and the base station 15 may include one transmtter

and one ameehseureghe presestigyepten.scope of the present invention is not
limted to this . ' : i4 i1 S one
pi | ot signal pat‘f%ﬁ%mgna‘)r%gé{:@% %@%d%é@éﬂ%ﬁﬂgﬂgf%{le th% He;gr@%c{ "1 wo or
nor e pi | otemigbflalgaithesnd sombblie reprebeatationsvof oparations pordatadhitsednas.
Furth , b tati ) d 15 be i ded ;i n. L1 ul.ar
conmuA cabiisny GgiA RN MRS 3 CRAZLINGRYy e, MR dettrfons
comuni catd anHRblaAscHIIma3YISE B 1EQIniqUEANGLAS by RosCRReR I ik bignaRy be

(E_s,-ed, 15 nal'l’y, the wrel ess comuni cation system 10 nay further
Tncl ude  pbtdssirgs arts teonve tha sobhstans oftheir wask iskilled & the arkobi | e

stations 100 an 120 may..i n¢l u t,W0,, ant enn [ t -110 and
130 may i ncl ude ‘UH&ss aﬁ??éﬁﬁglfyﬁ ?eP@?@%ﬁa esBS@@Eﬁoﬁf Stb%t Q@Qﬁ' e base
station's cﬁé&%@i&gsaﬁ% apptecil {hat Biraldiit heBpaxifatior discessions atilizingchannel
~h1 30 may exi st between the 20 antenna 24 of . base, station 20 arhcjie%gtenna

102 ofis nolietnes stely iasn'praressinge haamputing,” “calculating,” “determining,” or e,
refer to the action and/or processes of a computer or computing system or similar

electronic computing device that manipulates and/or transforms data represented

as physical, such as electronic quantities within the computing system’s registers

and/or memories, into other data similarly represented as physical quantities within

20 - the computing system’s memories, registers or other such information storage,

transmission or display devices. ‘

It should be understood that the present invention may be used in a

- " variety of applications. - Although the present invention is not limited in this respect,

the circuits and techniques disclosed herein may be used in many apparatuses,

| 25 -such as mobile stations of a radio system. Mobile stations intended to be included

‘within the scope of the present invention include, by a way of example only,

cellular radiotelephone transceiﬁers. two-way radio transceivers, digital sysiem
transceivers and the like. N

Types of cellular radiotelephone transceivers intended fo be within the

. 30 scope of the present invention include, although are not limited to, Code Division

| Muttiple Access (CDMA), CDMA-2000, wide band CDMA (WCDMA), cellular




h2 40 nmay exist between the antenna 26 of base stati on28Feancna2i®®nna 104
of  nobile station 100. A wireless channel may include several paths, each
one characterized by its gain and delay. Turning nowto FIG 2, an exanple
of . pil ot vwogmedesEatterns that may be 25 used in a WCDVA @GEITVIBDZE078yStem i s
~'given. A pilot signal may conprise one or nore pilot signal patterns. For.
exanpl e, base station 20 may transmt the pilot signal using pilot signal

~pattern Shi B ABhE tihsedyBRoP iraRbmitify ahd ReddifiiesHkatl iBcirafi dondis 26.

Furt her no may transm one pilot signal pattern 50 from
antenna 18nd ighé ike.si gnal patterns 50,60 may i nclude franmes 51, 52. Franes

52 and Sl ot slumg i Eloh & WeelRsS oyt 16 mhablpahdwn | | GC°

10 nodul a t?aagm F 1R invedtidhgs Aheivan dhel wireléssldommiumibation sysiem 40 ed
synbol rra%ﬁ%rﬁ% u e@b§3‘§ﬁ'§e*8‘r’uary 2006 WO 031036812 PCT/ | L02/ g}g% 256

- Chi ps.s | nresydedrprise anbayemoreabaes statipnssib, 20di Ferep@mplenppe st RBge t o

~distinguish it f he ot her, b tati LS | g e
fermed a Stagonsdg o, Mk iilds 858 o1 bd Bhtenth? Ty BapeaRCa0RAPS)
rel ates tgduddiMrasshitielasndiid antennbs 24rarrk28, and e base stalipn diSsoape used

wi th any other pilot signal atterns. Referyr,in wto FIG a_bl ock
“di agr am ofncmdeenmdmamémm@fancgenemﬂi@ma & t %ngh%écﬁ%d”fitﬁé&‘{e? st one .

of t.he nobile,.stat| . . - -

si npl i ci tyzveaﬂwf%*h@“_%?%%ﬁbéﬁé%ﬁsﬁﬂ?= ee'slidrP 15 i be %‘g\é;&}ggﬂi\grﬁ@gg

- descrjgbed Onépﬁigtr@tynhe pattetr ]gmd b%enﬁlaﬁmmdﬂudeylabe adapfledllato 1eansout vl Okn _
antenna 102 for receiving, for a th il qt _signal . i 60,
a synchr ofmigrer Pﬂ@ﬁ,s'ﬂnﬁlegrﬂaﬁtag}s ?G?J"qgﬁﬁé aa??lgaﬁteﬁ\gg Q%Hﬁwq? o%rﬁr%w{ﬁ%é 106.
A'n operatj | ' i i 8t ¥@fmanicatitienna
01 and afLnsifigbbadh sERRE 20 A €5 ity Ho AR irhf ol Mo |

synchr oni apétean Holevére itsshoblll be undensteogi thak otbpgeemmunigatips methedsapd ed

frombase station 20. Wile .15 att Lne _t chi eve synchroni zati on of
t he. . synﬁM?@"ﬁffofH@nﬁﬁmg‘Q'%%@ dg%‘?l}ﬁ@r’r&&ﬁi zer 104 may provide

~ predigtive synchgapioaaly,ohe iRseSe ommutieatioh systerhr iy furbher ingludé so
- provi de one of several candi dates as a possiple . .
‘mobile stations 100, 110, 120, 130. As shown in FIG. 1, mobile stations 100 and
120 may include two antennas and mobile stations 110 and 130 may include one
arntenna.. A wireless channel may exist between the base station’s antenna and
the mobile station’s antenna. For example, a channel hy 30 may exist between the
20 | antenna 24 of base station 20 and antenna 102 of mobile station 100. A channel
| h, 40 may exist between the antenna 26 of base station 20 and antenna 104 of
rhobile station 100. A wireless channel may include several paths, each one
(> characterized by its gain and delay. -
Tuming now to FIG. 2, an example of pilot signal patterns that may be
used in 2 WCDMA cellular system is given. A pilot signal may comprise one or
more pilot signal patterns. For example, base station 20 may transmit the pilot

j
h

signal using pilot signal pattem 50 from antenna 24 and pilot 'signal pattern 60 from
antenna 26. Furthenmore, base station 15 may transmit one pilot signal pattern 50
from antenna 16. Pilot signal pattems 50,60 may include frames 51, 52. Frames
" 30 may include 15 slots wherein “slot #0” 53 may be the first slot of frame 52 and "slot
#14" 54 may be the last slot of frame 51. A slot may include 10 modulated

symbols "+ A”, where A stands for A=74, and one modulated symbol_may include




synchroni zation hypothesis at certain intervals. Thus, 2gepriza 26063l ar m
hypot heses m ght occur at the output of the synchronizer 104. The verifier
105 20 may verify the synchroni zati on hypot hesis provi ded by synchroni zer

104. .The ywfsdihkds 105 may test the received signal duringp@yriede7aer i od
- and conpare t{1e -quality of the received signal to certain criteria.
~Verifier 105 may verify the C) validity of the synchroni zation hypothesis

~and may prag giper id i RRIHTID Ibbse Abidipwidy Ube £ aRRenf chipesaumnestio
“invention 1s notp [imted in this respect,. the zs frequency acquisjtion

modul e 106adistmguishtibfrom the ethes hesaisiationse This ghiprasauence meaybsiteaned at i on

ith that ,of the base st aki ' ' . hs 0L At t hesi
and the-veRPRIIng FRder s Aot Bie Ve ph.Sfage i e 2 PR o FWCHAR PES! <
two or noresMrbRdtenthé present iiveption alaycalse beset lwith anyothee péof sigrai of a

‘frequency acquisition for verified synbols. Frequency acquisition 30 nodul e
106 nmey neRatkems.t he frequency offset of the received pilot signal and

adiust TS T eQaainne A foUPIG 3t D bidcRIMRIRMObT Y effiddiRERM oPapenTES

smal ler than gence threshbl'd Tor o or nore repetitions.
‘February 2JR@ntR B3t AREEHE URET ihllédx 8@ of thetraobilal sthtioosi 190, di0of2@he

ol ven. ¢ amiti b showndaRaguahy Tor RPIak, AN S SR SR AEHE Hoblie "a, *°
be bypassadafg 166 Sl Beueirbert S The RIbiR stalien 100nhag dhdnde eedattsnaahol d.

~in order to reduce e acquisition tine. 5 For exanpl e, bypassing frequency
acqui si ti of0tand e aiternar 0&dbr recaiving, fon examgish dhe Pilpt sigbal pailesalent

system Turning now to F 4, i I '

accor danceé.&\ﬁ Cﬁ@’?ﬂv{eﬁ' i%#rﬁn?rgﬁg%%dr%ﬂ%ﬂ@%%%ﬁﬁé{é%%ﬁ{og# A%@'pr esent
invention is ngh operatitr, e iiiot Bighak ingEs1,60 hitey beneteieed HySamenna ncl ude
- denodul ator 131, a 10 conparator 132, a_sumof differential products
cal cul at or1(i3and aniepnpal(R| Ehe sknehrpairen 384 may tenia aohigwe EWMBBP-QEJ% and

e T Bild SHER S 5 il BRRIBIORm IR Naton 20, Y 1 Lo
Oor NDRE T eRINYILMgY terichisvessyriairorizatip ef theisymbxistafdhe 10ilt sigoaladi t i onal
modul e Ofs;nrc]:gmnizer 104 may provide predictive synchronization hypotheses. The
synchroriizer 104 may also provide one of several candidates as a possible
synchrdnization hypothesié at certain intervals. Thus, many false-alarm
hypotheses might occur at the output of the synchronizer 104. The verifier 105
" 20 may verify the synt;hronization hypothesis provided by synchronizer 104. The
 verifier 105 may test the received signal during a time period and compare the
Cjuality of the received signal to certain criteria. Verifier 105 may verify the
O validity of the synchronization hypothesis and may provide verified symbois,
U ~ Although the scope of the present invention is not limited in this respect, the
: .25 .frequency acquisition module 106 may attempt to synchronize the frequency of
| the mobile station with that of the base station using a validated sync'hron.ization
 hypothesis and the verified symbols. The verifier 105 may verify
synchronization to two or more symbols of the piiot signal concurrently to a
repetition of a frequéncy acquisition for verified symbols. Frequency acquisition
30 module 106 may measure the frequency offset of the received pilot signal and
adjust its frequency source until the frequency offset estimator beco_mes smaller

than a convergence threshold for one or more repetitions. .




i s denpdul ator 131. The sumof differential products calgqéppidy 240633 and
the energy accunul ator 136 nmay be provided for the receiving antenna.
Adders 137, 138 may conbine the signals of the sumof differential
product s wWoO33/0s68d2 of the energy accunul ator 136, respect iRAVE2/MG8ver ,
for sinplicity, the description beloww |l refer to an enbodi nent wth.
~one receiving antenna. The .20 denodul ator 131, the sumof differential
product cal cul aAodet’hﬂédadmbsuﬂpﬁoanef thye apecation af overifies 185 andcfredaenme or

dul d t nb f th
At hough «enaetgn mPtHle 1o vl Ba g & i ahoflEibee shAeFRR thet pect
the recei ngﬂ.fﬁr{ taé i&ﬁiorﬁﬁécﬁﬂ@sﬁ@ P8y "BY BPpél'%@BdFBra\‘réau eyd%mata at or

25 '131. De be adapted, Tor exanple, to recelv
signal s ofsmamn@pradﬁenwedéhreahwd;m mnﬂero@nmdutattbel acqureltmadlmgnbol S

matched t o hexrBpic FRRE- Ui Heshligtdl ToRp e e of BRAH SR

recei ved syqbphsddBhoniayiifsedt fgtedy equations la and 1b. Equatlon lais a
"~ general case for a base 30 station with N antennas, and equation |b is an

exanpl e of a babemignPwrtoiGh 4.:atbembodiment oitfie varifieri19btip accaedancanl e

ctation 20yMaAtE RAnHBh 4 3Rt aflodbn RE°Goberos £ debrnt Higsthi ot 5

PCT/ 1L0|21QW€é’ad wltiﬁishrmnbmménfb ’dieav?jmrlmt? maiyblinemtl?l atquidlgmentwrl paention
i s not Imte to this exa e n I I Cca e 0 a base statilon
and a ¥obi SANRERTOHS Prﬁ”"rﬂrpn‘}f ﬁﬂamhﬁypraﬁwg'?@wm i 3@ icpmpatebleoT)

2 T(1' |
éP{Z(I).(k(if%jfgtl?ﬁn&%mené@ ﬁ%ﬁf‘dﬂato?"i?b a@ﬂ(éddeb§ 1.3.1? gsé‘ (') D +nfx)

Although the scope of the present mvention is not Ilmlted in this respect,
‘an embodiment of the present invention may comprise two or more receiving
- antennas, for example mobile station 100, and additional modules of the
15 demodulator 131. The sum of differential products calculator 133 and the
energy accumulator 136 may be provided for the. receiving antenna. Adders
%37, 138 may combine the signals of the sum of differential products 133 and of
fhe energy accumnulator 138, respectively. However, for .simplicity, the
description below will refer to an embodiment with. one receiving antenna. The
20 demodulator 131, the sum of differential product calculator 133 and the energy
accumulator 136 may include one or more modules according to the number of

the pilot signal patterns.
@ ' Although the scope of the present invention is not limited in this .respect,
the received pilot signal patterns 50,60 may be demodulated by demodulator
25 131. Demodulator 131 may be adapted, for example, to receive pilot signals of
| a WCDMA cellular system and output demodulated received symbols 135. In
addition, demodulator 131 may include one or more despreaders matched' to the
spreading code of the base stations. The demodulated received symbols 135
may be given' by equations 1a and 1b. Equation 1a is a general case for a base
39 station with N antennas, and equation 1b is an example of a base station with
two antennas. For simplicity, the example below will be given for the case of a
base station with two antennas (base station 20) and a mobile station with one




.[||| (t)+sign(pa(i)).h2(i)].Asinc{f0T)e wherein pk is tidzerdbrli@ty 280@nal

'.patterntransmttedfromantennak Tis the pilot synbol duration, the

sinc gives the loss due to the rotation of the signal inside a synbol t he
exponent V?B sdsle rotation of the whole si gnal from synbpbmmzmssynbol n
I s an equival'ent noise termdue to thernmal noise, other cells, rrultlpath or
any other effect, i is atine index of the received denodul at ed synbol , fo

is the relatlve reque et

mobi I o st @ncsina oebie saen Q) LHBERVER I Mecdl dnforfint® 4Gt ifed 15
denodul at ggf reasﬁtp\r@%s&vmsqlee ABplicahle beaibuetstatibrt and asmobilé station with
differenti aF product s cal culator 133. The sumof differenti-al products

cal cul at oanymegnhenof@mteiNag e for any two synbols, satisfying sign(p2(i))=
sign(p2(i+1)), the followi ng differential product i+l R (i)={li~1+

sigp2(i +i)). k{iy+ 1)JA siyndfoT' }' e- 4;,, S-L-MO et2e t 3 )+n, = Eq. 2
+si.g4P, (1)) Bs(f) (f)q;;(dj)smc(ygz) fe 3+RY) ehw since the Lé‘ihﬂr?el
varies slowy r |ve to ¥Yhe synbol rate, it nay be 20 assuned that

~h(i)=h(i+1). 28 Febr uary 2006 WO 03/ 036812 PCTI. LO2/00783. Furthernore, the

sum of differential products cal cul ator @tﬂt ccunul ate the above
d

diff ' - ( ; d
least 5 t %%ﬁ%%@ﬁ@?ﬁﬂf’%@%}?’?‘s‘gg'b Z éequ:ﬁ((u)n N

—4? h Ih h '
?uc(:ltl+tL)t1aFX (1 ‘tﬂE’é{FBiﬁ» 2103')“& s‘F’ﬁlw(?gj(% i gt (P, (qﬁ) ;sugl gl(r;/\f-lm g?lﬁt(g(? 5I E::]

3. Al though the scope of the present |nvent|on Is not limted to this
enbodi ment, when N transmi ssion antennas are used, the index i used in

O Y i P 5 b R o B, B
products rfﬁtgt Q\ﬁnﬂ?& 5]t §hc BiVesShe loss due to the rotation of the signal inside
a symbol, the exponent shows the rotation of the whole signal from symbol to
10 symbol, nisan equivalent noise term due to therrnal noise, other cells, muitipath or
" any other effect, i is a time index of the received demodulated symbol, f is the
relative frequency offset between the base station 20 and-the mobile station 100,
and 8 may be an unknown constant phase.
The demodulated received symbols 135 may be inputted to a sum of_
s differential products calculator 133. The sum of differential products calculator
133 may calculate for any two symbols, satisfying sign(p2(i))= sign(pz(i+1)}, the
foliowing differential product:

RAi+1)- R (i) = {[hl i+1)+ sig{p i +1) m(+1)]- 4 -sind £, T)- e"’(w{%}’) i+ 1)}-

. {[’ﬂ’(f)ﬂmza))-t'@)]- A'-sfntr;r)-e’{”"[’“‘;}"hn'(f)}z -
(i )J—szgdp )] h,(z] I/ﬂ -siné(f,T)-e ﬂz”m+n{1)

wherem since the channel varies slowly relatwe to the symbol rate, it may be

20 assumed that h{i}=h(i+1).




of .received synbols over at l|east two consecutive. tine 2gEsbasy@006+1),
wherein the sumof differential products of the at |east one pilot signal
pattern may conprise substantially equal value for the first and second.

transm't t@g @lobshzpattern synbols. The sum of differentialpcaypgiisls may be
I nputted to a conparable function 134. The conparabl e function 134 may
_generate a real conparabl e value out of the conplex value of the sum of

di fferentig) rEHrﬁﬁ# L fhe Akﬁnm?lmhefehﬁaﬁﬁee@ctefcatdwatopnssﬁmy ABPRiaRtheS not

limted to t s e ment, the conparable function 134 “may enpl oy, for
exanpl e, tahovedifiepantial produrtsda rgeaemiefaf surarofidiffergntialurroductsrofiatdeast

absol ute val ue of .t f.d e s. 20 The conparator 132 -
may conpar%‘f?é“%ﬁ%g?cgﬁpgggg'l %% #@&H@ﬁ%@%ﬁé absol ute ~ value, of a
sum of differenti products (equation 3) of ,at least two denodul atgd :
synbol s of ;the pi Al .¢9@w 60 il
that L(P_' Q2SS V¥ %?E?j @n Sgg ive t hrgs dw/lwgm@ﬂ& L
~adaptive thra@m,xuhmt may depend upon ixpem-ssmmnpf energi es of mﬂmwmw))
denoduLated received synbols nmay be given N ! 23 by EIRx(iJ'" Const,
However, in another -enbodinent of the present f=f . ixh that
~sign(P:1i))y=stgndP+[i+1)) invention, gJdisfferent energy estimator nmay be
used, if desired. The operation of the conparator 132 may be given by
“equation 4 bel omlmgﬁeﬂmjasqo;m% e pesedbgnvention 4 ot olmisd Itvithis - 1

\F/méls ;3 d Iixgatgoci‘lmeln_t._wlh atnsmlgsmlg ghteg'n g ?afer L'Je.gert]:fr %Pezin&éf } uggd |fn e%ﬁg{igt%

3 may, in one example, satisfy that py(i) = p«{i+1) for all the transmission antennas.
O 10 In anocther example, the sum of differential products may be performed over pairs
| of received symbols over at least two consecutive time indexes (i,/+1), wherein the
sum of differential products of the at least one pilot signal pattern may comprise
substantially equal value for the first and sécond,transmitted pilot pattern symbols.
The sum of differential products may be inputted to a comparable function
15 "134 The comparable function 134 may generate a real comparable value out of
the complex value of the sum of differential products. Although the scope of the
present invention is not limited to this embodiment, the comparable function 134
may employ, for example, the real part of the sum of differential products, or the
absolute value of the sum of differential products.
20 The comparator 132 may compare the comparable value, for example an
S absoliiie” value, of a sum of differential products (equation 3) of at least two

N-l

~ demodulated symbols of the pilot signal pattéms 50, 60 D Rx(i+1)-Rx"(i)
i=l such ihat
sign( py ()=sign(ps (i+1))
to an adaptive threshold. An example of the adaptive threshold that may depend
upon the sum of energies of the demodulated received symbols may be given
N=} ” . ; )
by > |Rx(i)’ -Const;.  However, in another -embodiment of the present

=t such that
mgnl paliY)=signd pali+l)}

invention, a different energy estimator may be used, if desired.
- The operation of the comparator 132 may be given by equation 4 below.
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1.1 .such that Sign (P2(f))-T/V (PW1)) The verifier 1G3 payuargprode the
- that hypothesis being tested is valid, if the I|eft-hand side of Equation 4

'is greater than its right-hand side, or the verifier 105 may disprove the
_hypot hesiygolpgofigis ested. 5 Furthernore, the verifier 105 paymwenesal uat ed
by its ability to reject non-valid hypotheses and by its ability not to.
reject valid hypotheses. The ability to reject non-valid hypotheses nay be
termed "false alarm probability,” which may |deal |y be zero. The ability
not to reject valjd hy ot heses may ter rred “m s-detect probability",

whi ch may |dml 2 be z 1'9113%}‘@1 enbodl ﬁﬁg sh&?d her It
Fs o )

shoul d be un od t -val),d ate comng out of the

synchroni zer 104 1;;;;@ (,r,)a,Q,QQIm,.ysarl abl @nm(fﬁ%mfsn))des of equation 4 nmay be
due to noise. Although it should be understood that the scope and

appl i cation of ({The verifierd05imay verifyrthe $hathypothealg being tasted is validsibthe

I Const i f 15
ot obbi || (BN stle o EATRHRN 4 ialeRpbRan 7 atien 9.8 of xPe Rani 1 1
may causemg*ggsfovgtﬁeﬁ%gmbsymﬁ@tégédy Thus, the selected adaptive
_threshol d val ue ma “sel ected to bal ance the two probabilities.

Ref erring now t Gurhemere, dhet vesifies iSamaynbe svalugted byeity iabilty & 2iecin.

Al't hough the s t espect,
The 20 oRROABRGP8GSAE SRUIER R BBLIRiesE vl nypRHshRS. Ifie BB o
conmuni catre Bt AYGVENE hypethesbs thag bk téﬁﬁémﬁfﬂlsermhmniwelmatﬁm & vhichbvhy an
~antenna 50 synchroni zer 104, a verifier ?'ma flash rrermr 528 .
f r equency ideaiy | deallyi Be t75R. . Theo @ilily 538 ten eiest \éFﬂ'Flo ‘Pthﬁsqsré'ﬂﬂ)/e By roller
FC) 540. f ol nvention is not linmted in
hi s respenﬁhgg%ﬁbgﬁngﬁgﬁ?ﬂ m%@?@!ﬁ%ﬁg nodul e 530 may be adapted to
pr ovi ge¢ a frequéméthe embodinenisndesicghed harsinritisinauld deaunderstbodtheat for aquency

of f set whi ch | eval ed accor um of, .differential . oducts of
ver T ed deRosli cPoRkaLe EPrtD ouy Rb D InTHENERE 408 s Pk SpedtisE B ov o
530 may | ’B‘b'tHJQﬁFQ oF LROHBES Y PRl R duefd hdlBd. OAIthdigh R shbﬁﬂl{ﬁanﬁﬂderstood

~verification ca ator 532, a’conparator 533, a_ 30 conparator 534 and a

cont r ol | ethdt3be s@sperand aapi;camo&f the present mventlon is in no way limited 1o these
- examples, values of the Consts may be set fo above 0.3 for a false alam

15 probability of less than 0.01. Additionally, a zero false alarm probability may cause
| higher mis-detect probability. Thus, the selected adaptive threshold value may be
selecied to balance the two probabilities.

Referring now to FIG. 5, another embodiment of the invention is shown.

Although the scope of thé present invention is not limited in this respect, the

(y embodiment 500 may be a mobile station of a WCDMA cellular communication

system. The embodiment 500 may include an antenna 501, an antenna 502, a

- synchronizer 104, a verifier 105, a flash memory 520, a frequency acquisition
module 530 and an automating frequency controller (AFC) 540.

Although the scope of the present mvention is not fimited in this respect,
the frequency acquisition module 530 may be adapted to provide a frequency
correction signal according to an evaluated frequency offset which is evaluated
according to a sum of differential products of verified demodulated received

o
Lh

symhols. The frequency acquisition module 530 may include a frequency offset
estimator 531, a frequency verification calculator 532, a comparator 533, a

30  comparator 534 and a controller 535.




WO 03/ 036812 PCTI LO2100783 In operation, the antennas 28FHebaidy 20@ may
receive, for exanple, pilot signal patterns 50 and 60 of FIG 2. The
synchroni zer 104 and verifier 105 may synchronize and verify '
synchr oni watazmaeesat pil ot signal patterns 50, 60 by conpariwgraaz/exrspar abl e
val ue of ‘a sumof differential products of at |east one denodul ated 5
recei ved synbol of the at | east one pilot signal pattern 50, 60 to an

adaptive thr eShﬁ'dberaﬁod $héharBnnds SAYANdOB0Z maAy reeED et @tanapleOpiidtat i on
of the sane or simlar synchronizer and verifier was descri bed in detail

Wi th ref ersigna mﬁem@ﬂandaﬁla of IFE5. 3. b/ synchienizesy 104 and verfiaralfs, @ays y
h
ST O 5B, SR AP R5hEn Bz o 8o ke RREB 0B Sy g
}‘ r equegcy aa@t?]mpardb!@lvalmchﬂhaesgﬁﬁof mﬁemugrpr?tlﬂctsaﬁmg leﬁsttogesiemmqtétedlh S not
mt nt r e r to s t he
-e;ecu'?%b: éeﬁfr"l > zﬁﬂes*ﬁ?o(i ‘?Teﬁ’éoﬂtt hﬁﬂsF SheoRy tys'g’?agé’%"% 15’5 ﬁn%é)qpi'l"ﬁes and
coef 11 ¢l enhchbl 243 shSwHIA GcRtion Al A é&é&grgc?f%ﬁ Bpefion PF&%CQQﬁe‘Hr the

present i nventroh 1's no nthis res re uen%
acqui si t i aimitardsynehb@zeregnd vedfiercwssh describest 1nd®talﬂmhﬁitmﬂaremm:tn FHd 3ynbol s

d the denodul at f Th f
of f set ees?q”n%aﬁ@f%e@éﬁ%%etwﬁ"b%ﬁénéﬂ" SuEiyonizafion o e AMGeels 1 he
- sum of di uf.éf@lai &' paterhs 56, sbecdiﬁ[rﬁéﬁﬂ@tvﬁm e fiatifieh of"® ok e“q]weﬂ@yel ved

fromthe veritier 105, and may send a correction S|gnal 537 to t
contrad | eracﬂBEJtIOBOD}aMaﬁungcy@quélfi@@m%ﬂ%ﬂmrequency of f set which may be

L3V e Rt LacAEbYn AL sE5he BT Bl el IEVER TR AL EEinetE Ao ef
zont r ol | erm&RBry™8I0 ¢hdl belusehetof storhaaxezattibles pidgramasfans @onigoller 5855et  of
rul es. Although t he scoEe of the present invention is not linjted to thi's

exanpl e, 2Be vewiery valdes and coelisienisdhptmay detised fercalculations: ng
frequency of 15?@}%%“'{) e 500ps of the prasent invention Aot itfed i RV

frequency offse requency ach|S|t|on nDHQ e 530
may bes splthé f nicyoacpisition anoduideS30 anay asseieatthevsiem oihdemasulziety st ate

. node. F ) t he  t th t t hat
(he T equanegvest pkaibois,and the Seraerualpd Tepsved Subisn oy the; VETTRE 188 st cady
- state modepnd figh RrdbrRet StiniSdH BB hi2y defifiats B fre QIERY) fisef dceidihg te el |

the sum of differential products of the demodulated received symbois received

from the verifier 105, and may send a correction signal 537 to the controller 535,
| 20 according to the estimated frequency offset which may be provided by frequency
offset estimator 531. The controller 535 may command. 538 the AFC 540 {o
decrease or increase the frequency. Furthermore, the controller 535 may control

() ' the frequency acquisition according to a set of rules.
| | Although the scope of the present invention is not limited to this examp!e
the frequency aoqmsﬁmn module 530 may use a sampling frequency of 15000 Hz,

[Re}
[¥]]

and thus it may support frequency offsets of up to +7500 Hz. The frequency ”
‘acquisition module 530 may be split into two operation modes- a transient mode
-and a'steady stale mode. For example, in the transient mode, there may be an
- assumption that the frequency offset is large (several kHz). Additionally, in the
30 steady state mode, there may be an assumption that the frequency offset is small
(less than 1 kHz). Although the scope of the present invention is not limited in this
respect, in the transient mode, the frequency-offset estimator 531 may perform the

10 -




(1 ess than | kHz). Al though the scope of the present i 28debruny 2800t
limted in this respect, in the transient node, the frequency-offset
estimator 531 may performthe 10 28 February 2006 WO 03/036812

PCTI M)21 erential netric of equation 3 and cal culpify hxR7@st i mat ed
frequenc%é@?sgdtﬁ%s shown with equation 5 below. .f =r 1rg |l WM } Eqg:

5-2,rT Re{M} This value may be sent as a correction signal 537 to the AFC

240. Ref qlifid Aidiohmbric o{éeqaaﬁarpsgmm BARAMO tnd BeuhaRAURATerRl iRkt as

est i mat or steady state node according to an enbo
i nvention smmm.eqifaimn bbetpwency of fset estinmator 531 may [ ncI ude a
separator-61-0; a-low pass filter (LPF) 620, a LPF 630 a M netric

cal cul ator 640 and a frequenc_yloffqm{ al cul ator 6 Al t hough the scope
of the present invention V&= g fg‘ﬁ%ﬁ nthisr e%t the 10 separator

610 may separate the received Signa |n‘t}o the two received sequences

g L0 e e TivAllb thayP b Saty Ah LBHBSd AaRT'sH 46 tid AR, T1 5! and

- second transmitting ante e separation is done according to the
fol | ows ng equatRefemngetqd%iG & adleckddiegran iob therfrequency rdifsie} estiniater 281

CR WO N S g

21
E gA]Q 2 % )21) tg bﬁﬁbt(ésﬁrrfﬁé%r;‘ééﬂ nﬁ?(lr?cgldtié é Ijs%parafépﬁ(mlr?)%w\ﬁa%é Blten (LPF)

f0)] _JrSlGjBﬂ e_mtféﬁﬁ .nQMz) rvetrgma(lm@ rﬁip)and(az eqyency offpet ¢alr:ul2‘=ltqr§5bhe
symbol i ndgy wiLhkn & (A0F e Wedett iMvdriion’ RShSlUithidd G94RR spect, the

C 10 separator 610 may separate the received signal into the two received sequences
relating to the two pilot signal patterns transmitted from the first and second
transmitting antennas. The separation is done according to the following
equations (equation 6 and equation 7‘):

" RxAnd(i)= {Rx(2) + R +D)}/2 =
desind f7)- €A [ 01):cosafT) ¢ sigrlpy(27)- o (2) 1 sk T+ "‘2"*"(2'“)

15 - Eqg. 6

Rxdm 2() - {sigre(pa (21))- Rx(20) + sign(p,(2i +1))- Rx(2i + 0}/2 =
A+ sinc (£,T)- e 1CF7 M) 1 (21)- cos{af T ) + sign (p,20))- 1 (24) 5 -sin(f,T)}
. sign(p, (20))-n(21)+ sign(p, (21 +1))-n{2i + 1)

- 2

Eq. 7. _ _
i - is the symbol index within a frame, and f is the residual frequency

offset.
20 The indexes / in equation 6 and equation 7 are chosen such that equatiorj
8 is fulfilled,
sign(p,{(2i)) = -sign{ p,(2i+1)) . Eq. 8.

Although the scope of the present invention is not limited in this respect,
~ separation may be achieved if jsin(a/,7) <<1.

11




offset. 20 The indexes i in equation 6 and equation 7 ¥ Eetelgeoo&uch that
equation 8 is fulfilled, sign(p, (2i)) = --sign(P2 (21 + 1)) . Eq. 8.

Al t hough the scope of the present invention is not limted.in this respect,
separ at i owOnmp3ésa2z achi eved if sin(zj TT <<1. 11 28 Febr uarBCT2D0B00/E3
0310368E PCT/ 1102/ 00783 The two separated signals 612, 614 may be passed

t hrough LPF 620, 630 to reduce the noise power. The LPF 620, 630 may be,

for exanpl( Ie:| R?nf'l_‘rlrﬁt'wd s%arétemﬁf_ I igﬁalgmﬂpﬁwlnﬁa‘yiﬁ} péédeﬂ@r%trzgga.ﬁﬂdefm,@&mpul ;e
response ilter. The filtere i gna it put and Lpf Qut put
624 at t helooigdyee thg nose BQ‘de'énglh_el#P éﬁi}, ﬁi@ﬁﬁeﬁﬁ%ffw fample PRJOEAEY to
the M2 netd o T, : | ' m
~calculati o'rﬁ.llquj éﬁ'&?%gpﬁ%é)t(gﬁgg}lt%} | oﬁl\@ﬁg‘gﬁg\l{saﬁﬂgéﬁmh) filsr. e R’fﬁéiféaf
=~Lpf Qut pudiftals LpfQtout 1622 and L pfPiput262P 4t the)duipudbuf hirF620 3ndhPFSB30i - A
According to equation 9, the freque ffset. calcyl at 65 calcul ate
o oub peaRSiBn vt he cipted 15 168k sistiesdrciiaty Hag e "By HREG 1
4,rT g Re ' Pasdmi albhigi ddared I & By receive the
out put of the E%t?ggﬁgnmc% offset&eglf'i rlr?a't%oar‘ 531@5%?%ée®#0r§,éloggntrol | er 535
- may multiply they output of the frequen of fset estimator 531 by _a factor
a-and send t Bé, + 2SlifQuipkr1@ hé LofOwtpiel (D Dc Dot +AFLBaput 2 (Dhe . Faefor a
~may trade off th& convergence speed 15 Yersus the final frequency offset

U S e ot vaRotdifig R £58Mon 9'A8 eBlency Bitet cplcigtSr64bmb) CRIGHARD! °

t he sel ected val ue t ove par ters may

. 0.5. Furt Hiay ouipiat ast sShowrowjth equatiors 3@ betoyv:r ecei ve from.the frequency of fset

estimator 531 the real part of the sumof differential products of the
lerodul ated 20 received gynbals frammetric M and may conpare the real
2T - ) Eq. 10 -

art @® the sum of Ja pprl Re(M, ) q

Turning back to FIG. 5, the controller 535 may receive the output of the
frequency offset estimator 531. Furthermore, controller 535 may multiply the
" output of the frequency offset estimator 531 by a factor o and send the result of the
.mﬁltipli_cation to AFC 540. The factor a may tradé off the convergence speed
15 versus the final frequency offset variance. Although the present invention is not
limited to this exampie, the selected values for the above parameters may be N =
50 symbols, a = 0.5.

Furthermore, the compérator 534 may receive from the frequency offset
estimator 531 the real part of the sum of differential products of the demodulated
C‘ 20 rece_ived symbo!s from metric- My and may compare the real‘ part of the sum of
differential products, over one or more iterations of the frequency acquisition, to a
verification threshold. This process may be repeated until the verification threshold

is exceeded. '
Turning to FIG. 7, a method of frequency acquisition according to an
embodiment of the present invention is shown. Although the present invention is

[\ ]
(&)

not limited in this respect, the method may be employed by controlier 535.
Controller 535 may control the.frequency acquisition process according to the
following method. . The method siarts with an initiation of the number of the
- frequency acquisition iterations to'zero, block 700. The next step may be
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differential products, over one or nore iterations of t¥erésesyency ,
acquisition, to a verification threshold. This process may be repeated
until the verification threshold 'is exceeded. Turning to FIG 7, a method
“of frequegeysagedksi tion according to an 25 enbodi nent ofpcrheoesent
“invention is shown. Al though the present invention is not limted in this
respect, the nmethod may be enpl oyed by controller 535. Controller 535 may .
control the frequency acquisition process according to the follow ‘ng

net hod. Thalcm4tingothetfeequency comectiomvalua(ising of qrhg fomfrnsient mede an

19538 Fob etamtly Stotasmade ooretuay) hiosk 1091 60MSler ABIAY Sor PR B ncy
correct i on Yabis, (aihdo sPE. 540 ik forhiaRdl e 2BRABIARI726! cRRbguehay e Mode

respectiv | er may send the frequency correction
val ue to ABfFictibrycalcolatoresiR imaye calgsiatd e keqaencyrverficetioy matde. bioelst i on

l.cul at 532 I te the f, Lficati ' 730.
A ol B A EReAR O Such & TetE S GBEDIH It el 15” ThrdredbefiG )
verificat '@@ﬂ%%fdsﬁ ﬁ&fﬂrzgpmaﬁ bé & Llidihd SuUn 0k abpare of tHerddmedulated rdesioed at ed

recei ved arator 534 Tay process frequency verification by
conpar i ng syfiiols. e xComarator i84smiayi prgcessirequancy vegfismiondy Fenpanes, for

- verification threshold. bl ock t ho - Of
i nvent i on §XéMiR: ﬁ?nerﬁ'ldéfw P, @ é‘é?'g’s@}écfb H@ﬁf%‘wl or oé@sgﬁgn%&%gﬁg%i ct ed
i n equati gl ]Alﬂﬁi%hyﬁﬁbbéﬁmﬁ&&éhﬁ inGerfiionRé nofl fimited irthiselpecty %' +1) )
i =kN+i =Ch that [=kKN+i .vu* that Re al{M (k)) I (i) k =0,1,2,.. Eq. 11
Not e that proeesssanybardepisted ineqyativaIdhalow: hetric ML ' may be used as
)posed to the absolute value taken in equation 4. 15 The frequency
‘erification metric may be depict Eﬂiﬁeﬁﬂ&?}lﬁpﬁ%ﬂ}l .

i=kN+1 sch ihm

M3 (k)'—': Re ﬁ.&rﬂfl (k)} . = :ign(p(f))esigntpl;gk_] - k=0,12.. Eq_ 11 .
| > (Y >, |&:()
=N+l such tho =N+l such that
wgir{ pli)=sign{pli+i)) sign{ pli)=sign{ pli+i})

'Noté that the real part of the differential metric M; may be used as

opposed to the absolute value taken in equation 4.
15 The frequency verification metric may be depicted in equation 12:

. 4
C FrequencyVerifier(t) = ZM (k)> FrequencyVerifier Threshold Eq. 12
) k=t=Npy ' .

Although the present invention is not limited in this respect, the selecied

parameter values may be Nea=3 (sum over last 4 values) and

20 FrequencyVerifierThreshold = 1.0, If the criterion of equation 12 is met, then a
éecond criterion may be tested (block 750) before the controller 535 may declare
success (biock 7'60); The second criterion may be that the frequency offset be
smaller than a convérgence threshold. The comparator 533 may compare the
ahsolute value of the estimated frequency threshold to the convergence threshold.
Furthermore, the controller 535 may repeat the frequency acquiéition until the
frequency offset becomes smaller than the convergence threshold. However, if

I
h

. the criteria above were not met, a third criterion may be tested, block 770. The
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FrequencyVerifier(t) _ YM3(k)> FrequencyVerifi erThr eshclgtrdipuary 200&k=r - NA4
Al.t hough the present invention is not limted in this respect, the sel ected
par anet er val ues may be NaA=3 (sum over |l ast 4 values) and 20
Frequencwyerasfosesnhreshold = 1.0. If the criterion of equPCTAhoZW7$s net,
then a second criterion my be tested (block 750) before the controller 535 -
may declare success (block 760). The second criterion rmay be that the

frequency 55 nidPlesBheihel o SEMEBSDABEGeid) Rt YcdomEs targeFiinat or -
533 may codrgggrr%gértﬁ% absol ute val ue of the estai maf ed freque'ncy_rfgh_r eshold to

t he converayfegeendy divargence threshald and provide a frilusovighall if be GiBionds melpeat

the converBEEe Tl cbiBF ttb b ars RN e oS 858 gy 26t e "
third cri tfimhiosr Metfﬁacg;mb Geqbisttion rté?ﬁiqnﬁbbyklwéésln@a aln{drblyione, B RX’
(i)} _1 kR+1 sack that 3ign(P(t))=Si gn(P(i+1) KN+N-1 ZI %Iﬁ]? 13 , 28

Februasy 29eBowpvol UQGISIgOP £ 1G0T Mgy Alews Niax Iterptions of Fes¥eniet her

ti t . s }
hr cehol o SIS AR B B RRer RIDR, DIOATed, TERRREIersaRRpnre
1 795) . I tdrevideevsuctsst sigral foresucogssielly, canhpletinpirequeney Egisiian withima t he
NI TER AT ERRAT e RS Ty e
| terati ongy uehﬁgwgﬁigf@gwﬁ%m@ gFéd%ﬂﬁéé rRfHbRF of itbraABAs §795) dfahkur e,

bl ock 790. e C 5 may provide a success signal r

successf ulftequencpleguisiiohr equency acquisition within a predefined nunmber
of iterations (760) .and may, provide.a failure signal f e
Acaui si ti on faj |*%?_f)e~_°'wpﬁl'ﬁ'i‘3h tggp‘f%sd’é'ﬂ'%&gﬂ\ﬁﬁb"é?s Sﬁ’eﬁ_t@} 3{’? ﬁég?’?ﬁ)ﬁ‘% the
10 1 equengc fih Shvbi ftflenrz®, f6r Sitinsik ! basd SiBtseso, amt hafolsleatativpwithi ven
- for the case of a base . ' . .. '
one antenna, for example, mobile stafion 110. However, .the present invention is
not limited to this example and may be applicable to a base station and a mobile
15 station with any number of antennas.
While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur
to those skilled in the art. It is, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the

“20  true spirit of the invention.
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station with two antennas, for exanple, base station 2@ pstugayPobé | e
station with one antenna, for exanple, nobile station 110. However, the
present inventionis not limted to this exanple and may be applicable to
a base stgidfsedld a nobile is station with any nunber ofpcamremcms Wile
certain features of the invention have been illustrated and descri bed
herein, many nodifications, substitutions, changes, and equivalents wll
now occur to those skilled in the ar hﬁ is, therefore, to be understood
that the appended clains are intende L‘P‘o §over all such nodifications and
changes as fall within the 20 true spirit of the invention. 0 28 February
2006 WD 03/036812 PCT/ MD2/ 00783 CLAIMS |. A nethod conprising: verifying
synchr oni zht i o §REROFiQOBIPTISGral pattern by comparing a conparable val ue

of a sumof differenjdjing'aMeRsnishtich bf Eopildisaral fRteAn Bydesmpatint ad
recei ved synbol s tor\génrﬁ)gﬁgpt ive th[reéhol d. .gl. 'Ir?rilbe met hod 'oy cl a[ﬁar;h?
further conpri sicwmpaxbie valpe of adsiyni of differeriablptoduds rafi agfirsh agdsam of

energies of the first, and th C Y Seﬁqﬁ)ols. 3. The
net hod® of cl ai m%C%q%‘?dlé'ﬂfﬁ?f%#ﬂ%ﬁwggﬂ&sgnﬁ?agé@ettﬁge pilaot signal
pattern by a transmttin tenna; and receiving the pilot signal pattern
by a recei4ing -Btﬂﬁ@?ﬁfh"dgfg‘nﬁ'@ @Hﬂ@%ﬂéﬂme&‘%{v% 3, further conprising:

~ transmitting two pi 'Qaép%ihgrtﬁle é&éﬁtﬁéﬁﬁréﬁhol%‘@c&dr@iﬂgﬁbté &8 eMéreangies ofand 0

I's receiving the two pi'l ot signal patterns by the receiving antenna. 5.
The nethod of clthirfirdt arfdthersecondmipmedulgtectigceived symgolshe sum of
differential product over pairs of consecutive denpdul ated received

synbol s, wherTEhemidthod of tlairartt, fudher coyisngif the transmitted pil ot signal

@L 2 -f“i) rst time | ndet)éar%rﬂ%imf%ttg t%espeil%?g%n%?ggﬁécrlrjlttiyvaetransmitting antenna; and
“ receiving the pilot signal pattern by a receiving antenna.
4. The method of claim 3, further comprising: :
transmitting two pilot signal patterns_by two transmitting aniennas;
and | . '
s . receiving the two pilot signal patterns by the receiving antenna.

5. The method of claim 1, fusther comprising: ‘
| calculating the sum of differential product over pairs of consecutive
demodulated reéeived' symbols, wherein the differential products of the
transmitted pilot signal at a first time index and at a second consecutive
time index of the demodulated received symbols comprise substantially

equal values for the pilot signal pattern.

B, Thie method of claim 1, wherein verifying synchronization further comprises:

comparing an absolute value of the sum of differential products of

the first and the second demodulated received symbols to the adaptive
threshold. |

Ia
La

7. The method of claim 1, further comprising:
verifying synchronization to two symbols of the pilot signal during

acquisitioning a frequency.

8. The method of claim 7, wherein acquisitioning the frequency comprises:

15 .




20 time index of the denpdul ated received synbol s conprgfebritdbs2eos i al |y
equal values for the pilot signal pattern. 6. The nethod of claim1,
~wherein verifying synchronization further conprises: conparing an absolute
val ue of wioen3massidf differential products of the first aneCTHAO2/8E8DNd
denodul ated recei ved synbols to the adaptive a; threshold. 7. The nethod
of claim1, further conprising: verifying synchronization to tw synbols of

the pilot signal durédtinaisdla Fidduenic)offset IRBBRINGY to8a sting oradiffi@enghl cl ai m
7, wherein acquisitioning the frequencg conprises: 15 28 February 2006 WO
03/ 036812 PCTI I'Imfoﬂﬂgwwgleféhdimﬂﬂgfa & resgived symirfs @ndaccording to a sum

adj usti ng the 1 r cquatgeing dhEGegh Bl AL 0. 7 TPl RRdend "

The- nethod of cdffdetn 8, wherein acquisitioning the frequency further
conprises: repeating acquisitioning the frequency until the frequency

of f set 5 beg.0rEge SRR dihhaith N VEHIENC achtisBARIG] ther fregeery fitiser
~repetitions. to - _10. The nmethod of claim9, wherein acquisitioning the
frequency fur@dBpns&smpri ses: aborting acquisitioning the frequency when an

hr eshold 1 or ono. o ePRaNed AR o Bh Thechaihe . GRITRRY nEniE R

wher ei n acqui si thepons tdraalleredhanca tonvdrgences dhyesheids for congardrngnare
sliding sumof a real part of the sumdifferential products of the
denodul at ed recdBPEMIANEbol s over one or more iterations of the frequency

acquisition to a metric of verification o _ -
10 - 10. The method of claim 9, wherein acquisitioning the frequency further

& comprises:
aborting acquisitioning the frequency when an estimated frequency
error becomes larger than a frequency divergence threshold for one or

more repetitions.

15 11. The method of claim 7, wherein acquisitioning the fréquency further
. comprises: ' '
comparing a slidihg sum of a real part of the sum differential
products of the demodulated received symbols over one or more
iterations of the frequency acquisition to a metric of verification
20 threshold; and
repeating acquisitioning the frequency until threshold is exceeded.

(\} 12. An apparatué comprising: ,
- a sum of differential products calculator to calculate a sum of
“differential products over pairs of consecuﬁve demodulated received
25 syrﬁbois, wherein the differential produé:ts of a transmitted pilot signal at -
a first time index and at a consecutive time index of demodulated
received symbols comprise substantiaily equal values for a pilot signal

pattern.

13. The apparatus of claim 12, further comprising:
30 ' - an energy accumulator to adjust the adaptive threshold according
to the sum of energies of the demodulated received symbols. -
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20 threshol d; and repeating acquisitioning the frequencys Batirubrytdooeshol d is
exceeded. 12. An apparatus conprising: a sumof differential products
calculator to calculate a sumof -differential products over pairs of
consecut iy ¢§85dags!l ated received 25 synbols, wherein the gifiasentd al
products of a transmtted pilot signal at a first tine index and, at a '
consecutive tine index of denbdul ated received synbols conprise

subst anti agh‘y}rﬁg;% ataludesF claiin #3,FultRér ShiapAsingattern. 13. The. apparatus
of claim12, furt gr conprising: 30 an energy accunul ator to adjust the
adaptive threshol d aaceswopargtonie ganapargninef sismof giftareatialnredwelswd theabd

pnar at us o ol al6Aek 100 PR oo e HBR sngt Bated RS Hephe 100,

of differential fregheitls of the at |east two denodul ated synbols of the
pilot signal pattern to the adaptive threshold. 15. The apparatus of claim
14, Tugt hegscof é?ﬂ)é}@ltusaomﬁmﬂapﬁﬂthfeﬁﬁéhimi@inpp conpare an absol ute val ue
of the sum of I fTerential products of denpdulated received synbols to the
adaptive threshol d. ax@mmaraplefunstien o compars sambspluls yelve Idhestat ah: a

base station havi S | i ' to
“transmt two pi Igﬁl%gé%ﬁﬂég{?&gr%%&gﬁgl}@%bl e scf%' | gﬁga@zsag{eggagé verify
synchroni zat i on fipettheldt wo pilot 'signal patterns by conparing a conparable
~value of a sumof differential products of denodul ated received synbols to

an adapt i vegt Angiad1es8 codPnincafidiesyditsml @mspeagruni cat i on system of claim

16, wherein the nobile station further conprises: . o ..
' 10 . a base station having two antennas wherein the base station is
C adapted to transmit two pilot signal patterns; and

a mobile station adapted to verify synchronization to the two pilot
signal pattemns by comparing a comparable value of a sum of differential
products of demodulated received symbols to an adaptive threshold.

15 17. The wireless communication system of claim 16, Wherein the mobile station
- further comprises: | '
' an energy accumulator to adjust the adaptive threshold according
to the sum of energies of the demodulated received symbols.

18. The wireless commuhicaﬁon system of claim 16, wherein the mobile station
20 - further comprises:
_a frequency acquisition module to provide a frequency correction

: C . - signal according to an estimated frequency offset.

19. An apparatus comprising:
a verifier to verify synchronization to a pilot signal pattern by
~comparing a sum of differential products of a demodulated received

[
wvh

-~ symbols to an adapfive i‘hreshold; and o
a flash memory device operably coupled to the verifier.

20. The apparatus of claim 19, further comprising:
an energy accumulator fo adjust the adaptive threshold according

30 - to the sum of energies of the demodulated received symbols.
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. an energy accunulator to adjust the adaptive threshol d gcedgirp@ooso the
~sum of energi es of the denodul ated received synbols. 18. The w rel ess

" conmuni cation systemof claim 16, wherein the nobile station further

‘conpri sesyycppsigzestdency acquisition nodule to provide a frepspaGyefRs ection
sighal according to an estinmated frequency offset. 19. An apparatus
conprising: a verifier to verify synchronization to a pilot si gnal pattern

by 25 co r f | ved
Symbol s 1 o' AAPEauS otk T Tbret (e PAt Sand AT S aBrd R
coupl ed to t heilotsidgfal patterr®). The apparat us of cl ai m 19, further
conprising: an energy .accunul ator to adjust the adaptive threshold
accor di ng 230The apparadusrobélaimey fuertherf canimeristtegio duI at ed recel ved synbol s.
17 , 28 February 2006 V\D 03/035812.PCTI LL % 078 . ar at us, of
claim 20, wherein tH2 HSAUEDCK;AHTLISTRN f'@cﬁ’% ?‘é‘ § & 3bF°§P
patterns. 22. T I

gs. ﬁgﬁé’lpﬁcﬁd{ﬁ%% afl itifck8d ffedUERSYy of8sids iﬁiaﬁ@d ﬁ%cgid%ﬁqlgi‘ng ‘o

acqui sition nod to provi frequency correction S|gna
~an estimated freasemoyf différeatiabproduatsel averdied dembdulatedsiarededdyidimlent i al

. products of a verified denodul ated received synbol. 23. An apparatus

conpri si ng23.aAh mpoaratey cofmbsisingesti mator . to estinmate an of fset frequency
according to a first fferentlp?%a tric at a transient nmpde apd adapted to

to. . ,. estimate tthefeAYLEY W&%&?dﬁﬁ B an e HPAYRKeNt i al
- metric-at a st %rﬁﬁgtt@ a@gﬁdﬁéﬁeﬁﬁlnﬁﬁcépﬁﬁf%&t%a éh&‘a%%PtJé}‘fnt her

corrprising a frequenc verification calculator to calculate a s g sum
--of reab - part -ofeslicrie dihapfdet teqguenay asooiding to assatond differential metric-at - ~

C ~ a steady state mode.

24. The apparatus of claim 23, further comprising:
a frequency verification calculator to calculate a sliding sum of real
part of demodulated received symbols; and
15 ' a controller to provide a frequency correction signal according to
the estimated frequency offset. |

25. The apparatus of claim 24, further comprising:
| a first comparator to compare the estimated frequency offset to a
convergence :.thréshold, wherein the controller is adapted to repeat a
20 - frequency acqguisition until the frequency offset becomes smaller than
| the convergence threshold.

26. The apparatus of claim 25, further comprising:
a second comparator to compare the sliding sum of real part of
demodulated received symbols to frequency verification threshold,

[}
L]

wherein the controller is adaptéd io repeat the frequency acquisition
uniil the sliding sum exceeds the frequency verification threshold.

27. An article comprising a storage medium having stored thereon instructions

that, when executed by a computing platform, result in:
| verifying synchronization fo a p-i!ot signal paﬁem' by comparing a
30 comparable value of a sum of differential products of demodulated

received symbols to an adaptive threshold.
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~a controller to provide a frequency correction signal szepsttuag 2006 the

- estimated frequency offset. 25. The apparatus of claim 24, further
~.conprising: a first conparator to conpare the estimated frequency offset to
~a convenggnsmsesidireshol d, wherein the controller is adapted/lLe/oegeat a
20 frequency acquisition until the frequency offset.becomes smaller than
the convergence threshold. 26. The apparatus of claim 25, further

conpri si ngig, AHeesGiBR: sfosiain 2V pwhereis tdrpnstructionssiuridiengesiininof real part of
denodul at ed recei ved synbol

fr, i fi i h .
wherein the control |@ﬁp!’§9&§ﬁ%’%@&%§% erg%%gﬁe%‘%‘?é“?ﬁégﬁ%é@ﬁ‘i%egsﬁso
unti| the slidi Qﬁe%m@ggmr&aﬁ/ew \of YI56 igflbE Sighan pafismsinich. ard7.  An

article conprising a s age medi um Havi ng stored thereon instructions
that, when execytesivey by aidegstonegresevel antgnnaesult in: verifying

synchroni zation to a pilot signal pattern by conparing a 30 conparable .
val-ue of e UrRAridicf dfesiaint 28] wherain thesinsfrudtionschurther tesuttdoei ved synbol s to

| an adaptive threshold, 18 28 February 06.. VWO 03/036812 P L 0783 28.

~ The article of clai Grlerialiigr BiS BHRE i st‘?’ﬁ@'ﬁqrgﬁi qul rc-orvgéugﬁrgno%

adapting the adapl)yg hideghel dtasﬁm%diis Bfaf Ragt B cBhsER R thse Hdexebe |
he pi

denodul at ed recel veac/fﬁ'slynbol S o oi ot signal pattern which are
recei ved by at I(pést), whereindbedifferanti@imioducis 2 therableast poe pilelsignaliah 28,

wherein the instructjions furthes result in: I B h u £
differential pr@idEst 8‘%? 'Bg?’fsé)ofa"dé@&m%ﬂﬁeﬁ%@gcﬁhiéei'@gﬁﬁ s@ﬁﬁoﬁgﬁlg{'sgt

| east fwo_consecubiiallRqlianmiass fdrithe pitdsigdigratem.t he di ffer ential |
products of the at [east” onepilot signal at a first tine index (i) and at

@Second téaqreghg%%é of HeiH 2R WridteinifRe Fidheicnohs Mirnereaviat inval ues for the

| ot sign tern. he article of claim?29, wherein the instryctions
further result in: commaringaaababhte valsewfithe ssm of diffarental RIPHYEs St | al

oI Odu-Ct s of demodulated received symbols to the adaptive threshold.

31. The article of claim 28, wherein the instructions further result in:
15 | verifying synchronization to at least one symbol of one pilot signal-
pattern concurrently with a repetition of a frequency acquisition.

32. An'article comprising a storage medium having stored thereon instructions,

that, when executed by a computing platform, result in:
comparing a real part of the sum differential products of

20_'- ' demodulated received symbols over two terations of a frequency
_ acquisition to a metric of verification threshold values; and
: O o - repeating the frequency acquisition until threshold is exceeded.

" 33, The article of claim 32, wherein the instructions further resutt in:
" repeating the frequency acquisition until the frequency offset

25 hecomes smaller than a convergence threshold.

34 The article of claim 33, wherein the instructions further result in:
aborting the frequency acquisition when an estimated frequency

~ error becomes larger than a frequency divergence threshold.

35. The article of claim 34, wherein the instructions further result in:
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denodul at ed received synbols to the adaptive threshol d.28Hebridre 2a06i cl e of
claim 29, wherein the instructions further result in: 15 verifying
synchroni zation to at | east one synbol of one pilot signal. pattern
concur r enfyyoMskdlza repetition of a‘frequency acquisition. pGRILo&N7as ticle
conprising a storage nmedi um having stored thereon instructions, that, when
executed by a conputing platform result in: conparing a real part of the
- sumdifferential proshteigtingf a Feqoemydoffatedecardiig dol & ghiyoiof entiajo
iterations of a frequency acquisition to a rreejii C ﬁfl verjfication
- threshol d val uesnrOQHGWf@p\é%Eﬂﬁ%d?'ﬁ‘Bd'f"ﬁé‘%fg@W RSB H unti | threshol d
is exceeded. 33. The, art:gl i 1 | astimitged fiobueaey offsetf urt her
resul.t in: repeati ngr]}'eutrﬂéghbgeagﬁgé‘é% %ﬁ%‘?’?%éﬁnﬁﬂ t he f?eque):lcy of f set
25 becones snmaller than a convergence threshold.” 34. The article of claim
33, wherein the instructions further result in: aborting the frequency
acqui sition when an estimated frequency error becones |arger- than a
frequency divergence threshold. 35. The article of claim 34, wherein the
instructions further result in: 19 , 28 February 2006 WO 031036812
PCT/ 1L021 00783 estimating a frequency offset according to a sum of
differential product of a verified denodul ated received synbol s; and
correcting a frequency according to an estimted frequency offset. n ' 20,

20




