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SYNCHRONI ZATI ON VERI FI ER  BACKGROUND OF THE | NVENTION I n wirel ess

conmruni cawioons/esysat ens such as third generation (3G cel |l ulpam/aLB2/00783
conmuni cation systens, a variable relative delay between base stations (BS)
may exist. Hence, the wireless comunication systens may not be

synchroni zed j Y, F i b P oL | may use
different pil ﬁ&géﬁﬁ@iﬂyﬁr&@*gt%w&? %%Fr §M§§’§"ﬂ§? s may be
used to synchronize a nobile station 10 EI\/S) with the BS. The

synchroni zati on may be done by perfoyﬁﬁl@ & search of the pil ot signal and
perform ng frequency acquisition. The search of the pilot signal may be
done at a receiver. However, the receiver nmay receive signals that include
a desired pilot signal, unBAGKGROMNDRORTHEINYENHON se. Furthernore, the
desired pilot signal and the undesired pilot signal may thensel ves include

noi se. Thus, 15 i \ﬁgggggggmhda{icgt@h%&sfén% Eﬁcﬁ‘afﬁ tﬁf& ﬁéne%igﬂgﬁgﬁja@ﬂ?ﬂgy be

the identification o an undesire ot Signa 0l S€ "SI

desired pilot signal. A false ala y be the rejection, of t esired
oi ot S gremmaneRen syt A sBbE relte i Satbgbd ashathepsBShiay
errors in the frequency acquisition process. Thus, there is a continuing
need for bRXisterHoRSEs the Witeless,cosymERication systems may gt basyprirenized @ndl s and
for frequency acquisition. 1 WO 03/036812 PCT/I1L02/00783 BRI EF DESCRI PTI ON
OF THE DRAMWENegtiTa detaybnay tvanminttione, tbga ooe BSamayhusei diffemant pilotissquences
particularly pointed out and distinctly clainmed in the concluding portion
of the spetihiagatherBS.The i nvention, however, both as to organi zation and
nmet hod of operation, together with objects, 5 features, and advant ages
thereof, may besgyhdromigaici prthdds hifyeb&ncedie é)m%hrérﬁ’ié AWraildl Qtaridred
description when Tead with the acconpanying drawings in which: FIG 1is a
bl ock dia ; a ik i I QY i
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accor d‘an an e 1 0oNn;

pilot signal and performing frequency acquisition. The search of the pilot signal

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

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

pilot signal and the undesired pilot signal may themsenlves include noise. Thus,

15 misdetection or false alarms may occur. Misdetection may be the identification of

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

may be the rejection of the desired pilot signal. Furthermore, 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  of the pilot signals and for frequency acquisition.



10 FIG 2 is an illustration of a structure of pilot signal patterns in
accordance wth an enbodi nent of the invention; FIG 3 is a block diagram
of an enbwdiosmwsesinf a nobile station in accordance wth trlog/ILo/@ng3 on;
FIG 4 is a block diagramof a verifier in accordance with an enbodi nent
15 of the invention; FIG 5 is a block diagramof another enbodi ment of a

nobil e station in accor r FIG 6 is a block
di agram of a frequency o D ﬁhnlgt g?ﬁ(ﬁsifl%bg)ﬁgwgﬂ G 7is a

flomchart of a frequency equatl on nethod that may be used in 20 accordance

with the inventi Drme sUbJec't |nhattt¢ r@garcmi &$ eite timaintiboris Panidularyt poiateti elarity
of illustratiaon, in the figures have _not necessarily been

draun 1o so GStegly b SR ) e KON RATN obhecPRETGRtoma 169 dnaRtisnay be
exagger at egl [ &lH by éQt&bfgfarr niZatiofl SRPRfdbr g}&%}éhéﬂ tof¥thiER Glith SHjecte

consi dered appropri ate ence numera armng
figures t ofeahdesaamrd adwaa’ageadhe@oﬁrmandje@gduosun@rstmdtBy réfemm’lootmslz
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numer ous. SRleineerales esCpE Bhefigead it inG Sers R R UGS Ddign
under standi ng of the invention. However, it will be under stood by those

skilled in the art that the Eresent i nventi on may be practiced 5 wthout
these specific deailds a hlogkiagnans ohreeexample| ofkaoMielass Isoaumunication

pr ocedur esy sg&gq@gg@éraaﬁggwﬁhnve rbﬁoéﬂﬁu‘éét g%et?%rﬁtlgﬁscrl bed in detail so as

not to ob Cure thé presen on portions’ of the detailed
descrijpti on t hatFifXI12 isvem #ustratioassfrd stelicture dfqﬂlmsslghalqdajtarms mnacopndareebol i ¢

representatjons of erati oHs on data bits or 10 binary digital signals
within a cHip @f‘@lmtfﬂéﬁ'ﬁﬁwo'ﬁ e&ventigBy i t hii ¢ descri ptions and

representati ons iy 9est Belbae GRS o Bl ibddAERt Bkid Ifighiien stdignsinanal

processing arts to convey t tance of their work to others skilled in
the art. accordance with the invention;

FIG. 4 is a block diagram of a verifier in accordance with an embodiment
15 of the invention;
' FIG. 5 is a block diagram of another embodiment of a mobile station in
accbrdance 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 equation method that may be used in

20 accordance with the invention.

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

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

elements.



Unl ess specifically stated otherw se, as apparent fromthe foll ow ng
di scussions, it is appreciated that throughout the specification

di scussi ow® a3toBés1zi ng 15 ternms such as "processing,” " cCOmPOIVILODN07S3
"calculating,” "determning," or the like, refer to the action and/or
processes of a conputer or conputing systemor simlar electronic

conputi ng device that nani pul %E?Aﬂﬂfﬁ@EééRﬁléﬁm data represented as
e c

physi cal, such as electronic quantities wthint onputing systen s

registers and/qp tﬁ&?&(obﬁ@p glaf%"ngd BLO& oA ﬁJrﬁémulsfﬁHe\fiﬁE QRIFS &L S8 fSih
physi cal quantities w thi the con‘&utlhg systenl's nmenories, registers or
ot her suchinionder trapicvidess thargegh uhderstaridireg oftherinderstipnayHolegvere it.will tbeshoul d

be understood that th resent .inventio y be used in a variety,. of
appl | cat | OHRIETSPEA GYGROBR SKIIPAdR fie Aitvesl Nepresentdovantan faay PR Risfliced
respect, it Hiedd Sspiidflict &ftalisauedn diofidr ORfdaitdst! WellRMoRA WadHoHE Many
appar atuses, 25 such as nobile stations of a radio system Mbile stations

i nt ended tprobeduras) celedoneits lEnd cieaits bape nof bedr deserkadt ini datsihsb@s neicl ude,
by a way o .cel L.ul ar radi ot el ephone transceivers, two-way

f examnl e _onl .
radi o trantgcoz)issgpst?'ecﬂra%‘(%'gl'nvseyné'ga'm transceivers and the |ike. Types of

cel lul ar radi ot eS@pBOsRtIGHS RS ARE \dtilcdndSsrigtion eh&efolbivEidtet presedi@dsipope of
the present invention include, although are not limted to, Code Division

Mul tipl e Aetes$f(agmithmscami-syotolic vpaessaiatiotioh qracations o data, bits or3 wo
03/ 036812 [ L. 0) adi at | ; 3 £t d
oceilng iyt igtHte Wit & SrABAAR forh )P CPASLE Bioofihlié RSBHAdanG0 2N
wi rel ess candnapresentatiorsy stanbé Ghe rtecludiqueknnsed iyt thosarskiletoidi thensigodl t he

invention is shown. The wreless comunication system 1Q. 5 | conpri se
one or  morHoBSRIS pHF FoRaEY, e guSHARCRRE BT S e oS b Oabe l: | ons. 15,
20 may include qQpRIe8s SPUCHiICAN E8RY- ofePwlRBS tasS lapipafdht 2RorBYhe | fOfdWIRG t WO

transmtters and two antennas” 24 and 26, and the base station 15 ma
i ncl ude ondiscusainnsi ittie appregiated that thronghad thespacifigation-discussismsattilizing

Preserl  LRIPLNLRR S Bty | S nth e PR BERRPLRY BEIRSHREL, e,
adapt ed t orefdrap e ctiowafd/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 transceivers, two-way radio transceivers, digital system
transceivers and the like.

Types of cellular radiotelephone transceivers intended to be within the

30  scope of the present invention include, although are not limited to, Code Division
Multiple Access (CDMA), CDMA-2000, wide band CDMA (WCDMA), cellular



nore pilot signal patterns fromthe at least two transmtters' antennas.
Furt hernore, base stations 20 and 15 may be included in a cellular
comuni cawioad/03&syst em However, it shoul d be understood t ratr/mooienrss3
comuni cati on nethods and systens for transferring voice and data nay be
used. 15 Additionally, the wireless comunication system 10 may further

i ncl ude ?%gb eef%é‘rﬁd%% t?é}%f%%r fot Srandritting 3Rd réis%nﬁﬁé’%re‘a@ dpeetruch sigRals! e

stati ons |nc ude two antennas and nobile stations 110 and
130 may i mpdutle likee antenna. A wirel ess channel may exist between the base

station's ant en and h b| | e station hannel
h, 30 may exi st ?'ﬁﬂé‘ﬁ% ﬁe ztbw%lpgﬁﬁgmgwniqa?@hes&%ﬁfﬁén gégdm ea/tgnna
102 of nobkj &mpbaiie ot H infestitansshowh2 THe wirslesxearhmupiostion systenanOenna
26 of base station 20 and antenna 104 of nobile station 100. A'PWI rel ess

gh?nnei magay compdee fhgepamopbase stations dlfe 20¢ hlgqara@ga@plgegngy & b3sen and
e T t t
delay  TUIBLAAPYY 20 dhidindude?Bn& X TRoR Shtefnas! ‘?F\éJ IRke AEAGH 28 ,tylag ey

ar sys emls gl ven. si gha
conpri se GhGu®s tworrarsmpitieds asd e bnieainbe 2AsandrR2E, amdah@bese istationstSamiayn 20

t t th | ot | | | tt 5Q.f
24" and ) |08UP GBI TEIERAAEH PR AHIERR dhn s B uoRle 1EPRE R MEILEatat f on
15 may t rg@\?égﬁﬁonqg'ﬁof)l%f?% & tﬂ&aéxa%?léeﬁ&e@atﬁrf PRI Adapted tdtrhAsm#t gnal

patterns may I nc frame Frames 30 may include 15 slots
wher eiin " sinat pitt"sigial mmttele ant ddser statien @0 Ay fheapdamed dadtransmit twa " 54

maybethelast | ot. of, fr 51, A t d | nbl
T whorBOR Stiahdsionol PR o oS Abderer cUCCTRBTTHRY | warand s W
03/ 036812 {dHerhdrd, %Eé%tat%’ﬁ@ 20hirits 15 hiayasédintiudad ima laeB@Iastahrrmnmoainnuse a
different chip sequence to disti ngw sh it fromthe other. base stati

This chi p systementiowexgrieshosidree updersioad:thel othgr eemmunicationdpgihods an xarrpl e
| nvent | on el ar 8 ulsleE {ier Snd e lay bElsed 2 B R OT et e
Ref erni ng now t qadditidnally, t?nebWaellesdimmraumnoétlcamsymemdﬂ&ﬁnay dtﬁrthewelnciudeent i on
that may bn%ogllseegtaltlgnsa t1 Otl)e%i 186 1%’(1)?186 t%{]s.eshrg\)/vt}\I {neFl‘(q.':I.alt,i |Ie Qtatlon 1‘P(.’)O
120 may include two antennas and mobile stations 110 and 130 may include one
antenna. 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
mobile station 100. A wireless channel may include several paths, each one
characterized by its gain and delay.
Turning now to FIG. 2, an example of pilot signal patterns that may be
25 used in a 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
signal using pilot signal pattern 50 from antenna 24 and pilot signal pattern 60 from
antenna 26. Furthermore, base station 15 may transmit one pilot signal pattern 50
from antenna 16. Pilot signal patterns 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=14, and one modulated symbol may include



or 130 is shown, although, for sinplicity, only the bl ock diagram of the
nobile station 100 wll be described. The nobile station 100 may i ncl ude
an ant ennw013/03&¢12 and an antenna 102 for receiving, for ewrampiLe/onrse pil ot
signal patterns 50, 60, a synchronizer 104, a verifier 105 and a frequency
acqui sition nodule 106. In operation, the pilot signal patterns 50,60 may
be recei v@56bghipst etmadtibnamdbase staton1o@y T¥ee asdiffererdnéhiprsepogneaytotry to

achi eve synchronjzation, of,the s | s of-.the .pilot sij '

EF Anem t + APPBEREEEETheothT Base atpls  THiFriB asRbaite Rty b Bt =
synchroni 2adrbRibling cbhe." SAlfitRigh the ekBmpRi illotrated aFIG theslstgs th o IWCDMA 104
may provide predictive synchroni zati on hypot heses. The synchroni zer 104

may al so pebyageysiem, Bie Reserhinvenlnn May édsoke ysee ydihany otbehpietsionalt i on
hypot hsesi ?)ﬁﬁgmcsertai n intervals. Thus, many fal se-alarm hypotheses n ght
occur ‘at e out put of the synchronizer 104. The verifier 105 20 may verify
t he synchroni z&efemingy powhési FHQr 8y adeldchydiagranhr oin aneembddimditte of Mbei fi er

h i ved si gnal i i i od_and
Gusl |1y ofemtion dhal Gial 5 Gsad i ot last Bng ¢trie shetle siefpns AB0R 346,496 e ¢
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synbol s. t hou € SCop€ o resent invention i's not limted in
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synbol s. BpeawghthidtizekOD4aweritier 195 apyrefiequertytacyuisitor wodate 106.e
synbol s of the pilot signal concurrently to a repetition of a frequency
acqui si tion fodnwgeratiand trg piel signak RajtRIAS \P0RY MaY Pe JRCY¥EHEY AMETDB nay
measure t f fhS ; \ i | %@1 | Its
frequencng)guérn?ggﬁt%ﬁ ¥?qt02ée¢r}é;%¥1®rbg?ﬁl% fisde‘t?%e ttll’fn%Qt ?)ér:lq ecg S rgﬁ%{apélﬁ t han
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quency sets smaller an a predeterm ne reshold, in order to

reduce t heyachyonideri i mayealso provide one of several candidates as a possible
synchronization hypothesis at certain intervals. Thus, many false-alarm
hypotheses might occur at the output of the synchronizer 104. The verifier 105
20 may verify the synchronization hypothesis provided by synchronizer 104. The
verifier 105 may test the received signal during a time period and compare the
quality of the received signal to certain criteria. Verifier 105 may verify the
validity of the synchronization hypothesis and may provide verified symbols.
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 synchronization
hypothesis and the verified symbols. The verifier 105 may verify
synchronization to two or more symbols of the pilot signal concurrently to a
repetition of a frequency 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 becomes smaller

than a convergence threshold for one or more repetitions.



5 For exanpl e, bypassing frequency acquisition nmay be done on nobile
station 100 handoff froma different system Turning nowto FIG 4, an
enbodi menwoai3/oBése2 veri fier 105 in accordance wth the i nPemILe007$3 shown.
Al t hough the scope of the present invention is not limted to this

enbodi nent, the verifier 105 may include a denodul ator 131, a 10 conparator
132, a sum of dAf Hetadledi désmrpmducmfsthaldpekaxtdw of 3z&:rifier ctOfpanadbfrequénmet i on

134, an ener accunul at or nd adders 137, 13 | t hou t he e of
the present® %'Eﬂ’t‘l%‘ﬁ’ i'-’Le VY" "t%dt? & V'S r@sﬁgef'é §nugaﬁr§6‘?9£ﬁ‘ggbf t he
present '”f{é‘cgﬁ %gHgﬂmN IS lIdO168 PRy Cbé SRiatsBe Bd’%‘”?r%ﬁpé‘ﬁo rfd?ifs gxanpl e

nobi | e st at addi t1 onal npdules of the 15 The
sum of di fsﬁrea%ertthah q)poe;dﬁtesnmaddhn@hold irs@rdarctot ieduce e gpqwsrt@mﬁraeor 136

be pr oiyl ded f(F)A' tbhe recel ant enna.... Adder s 1% . ”ﬁi |ne t he
Si gnal 3P ot F o ERRle P pRPF DB NGy SR B RE Y ePHemB ‘?g"@a
accumul at ofodBandofefBathididrent sjeeewer, for sinplicity, the description
below will refer to an enbodi nent with one receiving antenna. The 20

denodul at or 131Tufniied 5aw e FI&.14, earbﬁmb@nirperaidqefcﬂwec‘eﬁrtf@rdto@rmlawomqme
energy  acgimyl aj rﬂ{) entish .%{Aowwmfam fﬂ@%r@éeﬁ(iwgﬁﬁm id Aot M€

number of "the pilot Si patterns SCOpé o he present
i nventi on lirsitexto Ithmérauodlmém; ther esncﬂmth tdw ineheleva digphddrtlater 9i3al, a

atterns 50,60 ma denmodul a Iat or 3 Denodul at oy 131
Iroray bedadafAraparat r?g%aﬁp?‘ém 9%3%@5%?@ %?tss?‘iiﬂﬁﬁkm }13301 eonmpaableyl ar
syst em andruﬁeﬁcawsﬁlesmHég}ﬁbduﬁﬁﬁéﬂse%é Qddiel$ 737! g addi ti on,

denodul ator 131 may' include one or nore despreaders matched to the
spr eadi ng code /NthIJQi‘l thesecapeaol ihespresant mammn tst eot limpited wrethis yedpedd, 135

may be given by egu 1l a t on_1 iS a general case for a
base 30 staﬁlgﬁbwi?'ﬁht\l gﬁ?%rﬁﬁggenqaﬂge'ghq?‘a acync?rgpfgezw aﬂjpﬂr% rS?e'?i'ngase
station widhenhd® 6dit eranple FAbbIE rEaticH 11900, t &ed exddibrial bRicAwed IoF e gi ven
for the case of a base station with two antennas (base station 20) and a

nobi | &5st Aarpadiatal 3¢ dhecsn, okdiftereniial mmﬂptmab;ulaéﬁ't didaapdothiel e
station 11QrqlONRYfulatol® 3 ff be 'JRGBLA 3Br tife PLeiling' 4REnhE  Adders

137, 138 may combine the signals of the sum of differential products 133 and of
the energy accumulator 136, 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 dem‘odulator
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
30  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



this exanple, and may be applicable to a base station and a nobile station
with any nunber of antennas. Rx(i) = ipk(i) hk(i) sinc(fOl)' e .~(Z

, T(-~)+ta)wew(¢siEq. 1 a k=1 Rx(i) _ [p, (i)" h, (i) + P2caiLb2/6v28yi)]"’
sinc(foT)' e .r(ZnhT(-Z) +e) + n(i) 5 Eq.

[h, (1)+sign(P2(i))" h2(i)]" Asinc(foT)'e .i(2.n1;>T( 2 )+n(i) wherein pk is

the pil ot a:wﬁm raabn@rsthtrdnamm tl—l@@l/efvéprthérﬁré@éﬁt Hventiors id Rét [imite@ttosynbol
duration, e sinc gives the loss due to the rotation of the signal inside

a synbol , thnlsee)@npﬂaeamd staynee Epelieallate arbase statiomapre mQ?HQIStatI'QﬂrWﬁbnbol

to 10 synbol n |s | ent noi se termdue to thermal noise, other

cells, rrul"’}ni %rgfnaéﬁghj'lé%/%er effect, i is a tine index of the received

denodul at ed synbol fois the rel ative frr.rgjq )ency of fset between the base
NG

station 20 ang tati Of’ﬂfn an unknown_co stant
phase. The ®&¥ ‘%ﬁiﬁ rhe(é% \s@a@g§ I's 135 may ﬁé inputted to BAslfh of 15
differential prodfdtts calculator 133. The sum of differenti al product S

calculator 133 nay cal cul ate for any tvvo synbol s sati sfying sign(p2(i))=

2(1+1 the foll ff 2 : "1 M 1
SRIX?IHH()p (R:J-CX)(ZQ ’S {lllﬁi3+rpobm§ gll Sl?’le " a;; nfp hz |#ﬂ‘l]) =Asi :d(n([l')é-l- )
(|f)+S|gp2(|)) h2  (i)] A sm((fo@(){é(z ' ~~*B) +n(i) 8 5’
I h (i) +sigi &ggp ’)ﬁ'%é]z&()) A2 ZAsg,Myf?T)e '( T)Z m(h(), wherein, since the

channel va |ve to the synbol rate,” it may be 20 assuned
that h(i)=h(i+1). 7 WO 03/ 036812 PCT/1L02/00783 Furthernore, the sum of
differential products cal cul at or 133 may accunul ate the above differenti al

D onel 2y SymiPLSa L ERIS! LORSORAh peRiit o MlATX TEme
Rxk( i) =Az pilohsyrilndl)dutation, thehsmc)gw;asghe lIgse d1ze(io~tbe ratafion of the sngnal inside
a symbol, the exponent shows the rotation of the whole signal from symbol to
10 symbol, nis an equivalent noise term due to thermal noise, other cells, multipath or
any other effect, i is a time index of the received demodulated symbol, fj 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
15 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

following differential product:

R_x(i+1)-Rx‘(i)={[h,(i+l)+sig1(p2(i+l)) (i +1)]- 4-sind £,T)- (2”"’( M+nz+1}

{[h:c)mg«pz(f» ) sindgr) U } Eq. 2
1) i) T 1))

wherein, since the channel varies slowly relative to the symbol rate, it may be
20  assumed that h(i)=h(i+1).




I =1 such that i=1 such that i=1 such that sif flh(i)k'i fP (i+l))

Si Ok(i))suigtfp2(i+l)) SAV20))-ig(Pt(i+1)) 5 Eq. 3. Although the scope of
the presewbD a3ms&nzion is not limted to this enbodi nent, PaTanoNo0783

transm ssi on antennas are used, the index i used in equation 3 may, in one
exanple, satisfy that Pk(i) = pk(i+1) for all the transm ssion antennas. 10

| n anot herF@xwsimicre, theesurt of diffetedtitipeoducs calcatatot $33rmayb@cqnmdlahenﬂaé over
pairs of received synbols over at |east two@ggﬂf?ecutlve |2?ge'\xes
(i,i+1), viRavei differantial prRchicteife BePeiRte & Susp Spfial areduets| ot &l degste

pi ot ST 9NGlo qthbalBIeR. rﬁearerdsﬁgshsum Pytfudtiohysequal value for the first

and secon ansm tt ot pattern sy The sum of differential
products may be |anutted to a conparable funghion 15 134. The conmpaiabl e

function 184 may gRgenpRE(p A%@hé(gm)rpd’f@bl e VBl ue |ipfit-sighp, (i) hzeéz)j conpl En{z‘)/al ue

of the sum of difFerenti al products Al t houghetshe scope of the presemnt

I nvention i s woi-aattit ed to this enbodi newzO=ttré+“ X onpar abl e func's’it’z@rf'g'@:@*ﬂ?
may enpl oy, for exanple, the real part of the sumof differential products,
or the absolute value of the sumof differential products. 20 The
conparator 132 may conpare the conpar &g 6. val ue, for exanple an absolute
val ue, of a sumof differential products (equation 3) st two N-1

denodul at ed syntfdthough the $50P6t °§|t5ﬁapr%'>§f‘§ dpygntiay '%d‘oxt%i!'(“itﬁ )y tpls) =1
such that emiddierEaufidn Mrirdhisdion %hféi‘w)ﬁs b @éboa‘iﬁé’mdéﬁlhéé&ﬁ'i‘é&oﬁtuoﬁ” |
exanpl e of ptive thresho epend upon the sum of energies
of the der@dnlyalne@e exampleq ssijstp tiad pn@}yc p¢/+gp fmrall tl\leiraESnmlmamtelzna@onst

}) ot b (B0 O SRR S ol FeE TR P RGP 5y ma e TR, OBl FRUEa. | ¢
ggfg&fd- Thee QRGERE|RBoR oveh @t %@W@&&fse@ﬁ&é‘ﬁ%ebﬁdéﬂe‘éemlﬁy VeliBtain the 4
sum of differential products of the at least one pilot signal pattern may comprise
substantially equal value for the first and second 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

absolute value, of a sum of differential products (equation 3) of at least two

N-]
demodulated symbols of the pilot signal patterns 50, 60 ZRx(i+1)-Rx'(i)

i=l such that
sign( py ())=sign(p, (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-] s
25 by > |Rx(i) - Const,. However, in another embodiment of the present

1=] such that
s1gn( pa (1))=sign( pa (i+1))

invention, a different energy estimator may be used, if desired.

The operation of the comparator 132 may be given by equation 4 beiow.



8 WD 03/036812 PCT/1L02/00783 Al _1 Al-1 MI = ZRx(i+1)-Rx#(i) > ZIRx(if
-Threshold Eg. 4 i=1 such that i=1 such that sign(Pz(i))=s,gi (Pz(i+1))

si bn( Ps(iWwosiogesi®Pz(i +1)) The verifier 105 nmay verify the pdrarLoligopes hesi s
being tested is valid, if the left-hand side of Equation 4 is greater than
its right-hand side, or the verifier 105 nmay disprove the hypothesis being
tested. 5 Furtherpore, the verifier 105 may be evaluated by its ability to

reject non-valid|hypotheses and by jts ability not to reject valid
N=1 . j\-l]

hypotheses. The api li t W8 ; 1 ¢ &6 (Han-vali theses Ry be geergred
| n'ély T The

"fal se al arm'pr'obabi L t4, . Whi ch | deal zero. ability not to
rej ect valid hypolhesessamyi+hhe ternmed swmiis—get@ot probability”, which may
ideally be zero._10 In the enbodi nents described herein, it should be

under st ood t hat Fhsr vefifiend@5vapy yetribe daatdybothesis being desterds yaliss ko8I zer
104 the r - | f. | 4 oi se.
At hough | ESRBYACHF 8@l 435 bréulel R ERURLASHY a8 B (Rl RoB)
present i mMmeyndisprovestherhypothesis being tested.o t hese exanpl es, val ues of the
Const, may be s o above, 0.3 for al se,alarm 15 probabiljty of .|ess

t han 0301. Additl"!fh’ﬁrm?,re’ath?e}’%”ﬂeél a3 P‘Fp?YﬂT%FﬁjiptM gt e reiptigher
m s- det ectd- Ty ) - li I y be
sel ect ed t%d?{)‘g‘??m’}g‘% ge}\%‘ﬂpg%ﬁglﬁﬂymg@r ef g%lrlq/ﬁy ‘E‘Qﬁ%‘% ﬁ?ééél!)@@ tgﬁot her
enbodi mentrejsict nos-viakid drypotheses maye. termed Hiakemh alame probabilitf,” whishpmayent

I nvention .i,s pot limted.in this respect. the. 20 epbodi nent 500 nmay be a
mobi e ot dOFAN B EReonR L ALY S Brrivinet 46 Aepesse "FRY BRosiedn: 00
may i ncl udenigdetdtt probablifyt, walkthanhg tieallpbd zed. synchroni zer 104, a verifier
105, a flash rrermrg%SZO, a frequency acquisition nodule 530 and an

aut omdfi ng fr equeris egehadivents, de d dierein At tshetlghbe wadeesiprd drat tfaea
present i Nt | Sy L ' | t Sy
acquisiti own&n%oéj@r%dréécgﬂ%ﬁgfhggé gg’é?fé@%@%‘r oVl eme{1 %?e%&gr?&{ﬁ corI fecli on
si gnal acdmtidisitpstaf equationlduaiagdd dee tenoigeof Althetughtii siould beviaidenstedd

that the scope and application of the present invention is in no way limited to these

examples, values of the Const; may be set to above 0.3 for a false alarm
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
selected to balance the two probabilities.
Referring now to FIG. 5, another embodiment of the invention is shown.
Although the scope of the present invention is not limited in this respect, the
20 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 invention is not limited in this respect,
25 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
symbols. 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.



according to a sumof differential products of verified denodul ated
received synbols. The frequency acquisition nodule 530 may include a

f requencywofiBmadsi2 esti mat or 531, a frequency verificati onpcalicod/@rgy 532, a
conparator 533, a .30 conparator 534 and a controller 535. 9 WD 03/036812
PCT/1L02/ 00783 In operation, the antennas 501 and 502 nay receive, for

exanpl e, pilot ghGpratin, ties Bhtdthaarsh BAn@T508! fayZrecdive, Ry rexahgylezpilot 104
and verifier 105 may synchroni ze and_verify synchraoni zation of rqpi | ot

si gnal patsignahpasernsed0 gpd EhpbFIGig2. dhectypaiipizeri&d andoyerifies fBoomnay
differenti C : QU d ' ~ef th
at 1 onst oRacREREESR i bynctiohi=a0h GOTRE HoRR iR O56! ey SRpRNnG . | o
shovxﬂ i N egoahparable yfélpee)famwhm offdifﬁegegﬁr_drmgdiun’os of at t&ast;a?e demodhilated arG .
synchroni zer .and verlfier, wa escr i be n.detall w r ren to Fl

o R G 4Scaue Svathel R g 2 aacoRe,plob i Dptiett Sl B BhAn creaiee

symbol s ofthresh8idP b 8 sRbWAH eBALIGH S Arlexdifiple BTG 6Séthtioh Bf fHe sarheRgt i tion
of a frequency 10 acquisition by the frequency acquisition nodul e 530.

Al t hough tsfreilarcsymehodnizeri andexariffsr evassdessaribed it tdedail with Heferenrgspta F1G Be

cont 1ol | ePTe4E0. 4 ABOR THE it O L e e Bt PERBhER S By e

used for c@Ré gulotdigns. pAtdrho B 6heoneanentyf witheaprepetitivn iofiverfréquencg not
limted in this respect, 15 the f_r_e,quen((:]y acqui sition nmodul e 530 may
recei Ve t IREaYisioBrbYERIEELENEY acqESIEOY B é'iﬁﬁﬁ(b-s and the denodul at ed

recei ved synbol r L Tk 81 T: : ACW i or 531
may estimate t hz*“{“é’ ggﬁ@ﬁfi&% ts)gﬁﬁ%%gagp%llenlg%{) ohﬁ"(tﬂ Egmgﬂqungt(’éﬁ)%ﬁﬁ E%grgltg'ﬁ al
product s ofembr §20mehy bé ededdoesitoredhs yaxieolitmblecprigrad of fthecontielleréd3s i er

105, and send coryection si |. 537 . to the controller 535 20
accor di ng qﬁ% vgrhfgerég)ﬁ ?ﬂi{ @8@% @H‘i 8&%0'8?%@?‘ Ay Eﬁ Usg e [9%&d by
frequency of f selitn@sbh 1RE QEops bf tHeBreseAt MEARIN R3RotyiteeOMMARIrdsp8et he AFC
540 to decrease or increase the frequency. Furthernore, the controller 535

may contrdhe frénuencyqaemisition: quedile i 33 avaywraceive ttheasyat obdemaduated
24! Pouh LR REPugBlor By R SERnAASE heED SV old BhHCRel fedbiar!

15000 Hz, The frequency offset estimator 531 may estimate the frequency offset according to

the sum of differential products of the demodulated received symbols 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 to

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 example,

25 the frequency acquisition module 530 may use a sampling frequency of 15000 Hz,

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 state 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



and thus it may support frequency offsets of up to 7500 Hz. The frequency
acqui sition nodule 530 may be split into two operation nodes: a transient
node andwe ste@dy state node. For exanple, in the transi ear/imm®;sx her e
may be an assunption that the frequency offset is |large (several kHz).
Additionally, in the 30 steady state node, there may be an assunption that
t he frequeditigretiaketetrics of pglation Besrsd tlaulate Kidz pstimbiedoigquertty oftseppeasof t he

pr esent |nvent|o is not Limted in this respect, in the transient node,

t he frequeﬂWrbY"fgéﬂ augn ‘531 may performthe 10 WD 03/ 036812

PCT/1L02/ 00783 differential rret ri c of equation 3 and cal cul ate the

estimated frequency of fsets Ee At it h equatlonEi pelow f - -1 tg ImM{M
Eq. 5 2.rT Re{M } Thlgvdlizﬂe rrﬁ%{IMq}sent as a correction signal 537 to

the AFC 540. 5 Referring to FIG 6, a block diagram of the frequency offset
estimator 531 'Thistvaladynayheesenmhaaaocremthﬁnrgjgmai55'&7 te tm AFG5H0. of t he

separator 610, Paied B B bigeRaipdim Gl e Tomionsy otk ssfifietor 521
cal cul at orin&ddadinstart mbaELRBEMINY {058h eRMoBIhEitaf tﬁéﬁhvenﬁbﬁ hogigvi hThecope

of the present invention is not limted in this respect, the io separator

610 may sefrauaney offeetestioatenddl maxinglwdoasrparaier 6 &i lowpassditenddd)

| at t d
econd Rtk i Et BB Ak, HeBRP R 640 AP LB ST b 60,2
fol | owi ng Alewu.@hl Wmsoﬁcqwmf |t|om pﬁ‘xe@emﬂ mvmabnous Mot luﬁ:té@tuh(ﬂh)s resb@n( 2thg
+Rx(2i +1)}/2 = Asinc(fOT)e %2 T(21 8) k(2n?i 0S nf oT) +si g §21))h2(2|)
j sm( d) ] S8Paraten 3P may s are reéews&ﬁtg into 4 ?é"n" rﬁe??ﬂec{ PJUENRLE2i ) +

2 1

sign (p (r\%&atlﬁg ) he%)(z@'plrb Zg%ndll)ﬁm{nﬁﬂaﬂgﬂt%@ orrs ﬁeiﬂ’rgtlzgp]cz ps,e(cglngi)

)+s) . [h2(2i T)+SI 21) ] sin(n
n(2i) +si grt(qmﬂﬁttmgl)amtenhas +1'5h@ separation is done accordmg to the following

equations (equation 6 and equation 7):
" RxAnd(i) = {Rx(2i) + R(2i +1)}/2 =

A-sind 7)€ [ 01) s ) sigrps 23) 1 (23)-5-sidf ) "2 P2

15 Eqg. 6

RxeAnt 2(7) = {sign(p,(21))- Rx(28) + sign(p,(2i +1))- Rx(2i +1)}/2 =
A-sinc(f,)- /7Y [, 2i)- cos(af,T') + sign(p, (2i))- , (2i)- j -sin(af,T)]

. sign(p2(2i))- n(2i)+ sign (p2(2i + 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 equation
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 [sin(zf,T) <<1.

11



Eq. 71 - is the synbol index within a frane, and fo is the residual
frequency offset. 20 The indexes i in equation 6 and equation 7 are chosen
such thatweguasisan 8 is fulfilled, sign(p, (2i)) = -signPEa/L.&/00¥83L))

Egq. 8. Although the scope of the present inventionis not limted in this
respect, separation nmay be achieved if jsin(4f T~ <<t . 11 WD 03/036812
PCT/1L02/ 00783 THietwiowesrprtaigihls 542,28 11 Hibg befibsed thieghaPFes0,e3ough
LPF 620, 630 to reduce the noi se power. The LPF 660, 630 ma}%i be, for
exanpl e, dR TEAFHthe NojsepbPwer. r dBBJHTe 6201 RS0 MaY Be. T exampie: aniiRfitese

; fi bt 4 Sk t put 2
650 ot ¢ hamples tepBhse IR) fter & F Bping @S2 rlIddEREN) it DThe eRoiod Ut o
t he M2 netsigrals ApfQuiputir6B48nd ThEOWPURE2di at the abitpuit af bPFEGRD ared/LBEG36r m

cal cul ati ons_accordin 0 .equatjon | ow., .N N :
Lot Gt pUERRRSTR Y, hR TRFSd. I et Biesia S inter, 840, 27Ty Mg, metic; -y

I =1 Accor digidulater ewmaﬁbr%mr@lémmwpmiﬁ@iﬁieqwdtramlgabénbw%o may
calculate its output as shown with equation 10 below. 10 A= -1 tg_, In{M
} Eq. 10 4,rT Re{M } Turning back toxFIG 5, the controller 535 may
recei ve the o4tpdiLafPurkid +irigtRrsmel (b D syOeswRtatobr/@@ny: 2Hir t he FfpPe,
controller 535 may nmultiply the output~bf the frequency offset estimator
531 by a factor A?cc%ﬂﬂné%‘@qh&?orf 9Me ?rea&eﬁéaﬁoﬁs@ﬂbalceldt&aésmﬁ\agocaﬁ%ﬁ}ratéélo-
The factor a may trade off the convergence "speed is versus thé final

f requency itsfdutpat assshovrcwith Aguatieryh0 balewpr esent invention is not linmited
to this exanple, the selected values for the above paraneters nay be N =
50 synmbols, a = 0.5. Furtfherncurte,_1 Ihg/conpar at or Eg41r6ay receive fromthe

frequeétcy of f set 2= '8 Re{M,}

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 a and send the result of the
multiplication to AFC 540. The factor o may trade off the convergence speed

15 versus the final frequency offset variance. Although the present invention is not
limited to this example, the selected values for the above parameters may be N =
50 symbols, o = 0.5.

Furthermore, the comparator 534 may receive from the frequency offset

estimator 531 the real part of the sum of differential products of the demodulated

20 received symbols from metric Ms 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

25 embodiment of the present invention is shown. Although the present invention is
not limited in this respect, the method may be employed by controller 535.
Controller 535 may control the frequency acquisition process according to the
following method. The method starts with an initiation of the number of the

frequency acquisition iterations to zero, block 700. The next step may be

12



estimator 531 the real part of the sumof differential products of the
denodul ated 20 received synbols fromnetric M and nay conpare the real
part of twemwsiset differential products, over one or nor @GIIROA0TENS Of

t he 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 acquisitjon according to an_ 25 enbodi nrent of the
present i walsptation the fieHBRACY ppremsioarvalyr ( %"&é(ntorlﬁvé%tﬂ'%?ﬁ"?@ made andni t ed

535, ey ¢ AR StEiR RIS (TR VSIAaP e 1O Pl S oy B tiregiiteh” '

fol | ow ng caREBRSh VENR T®tARD SA@NS cwnﬁrhaﬁdl lindi 538} ibljtko2bhe Fretuesicyof t he
frequency acquisition iterations to zero, block 700. The next ste may be

12 WO 03/ @semlonmalcme@nﬁﬁﬂemayc@m@wm theg freaeenayveverification dnetds: Paskval ue
(using, f f e d #Eﬁfén' ely)
bl ock 3710 n"%rll 8?‘%&? %éﬁwn%ygg%&ﬁgﬁ%gmg Pe%&‘gﬁ% eﬁ%%tﬁo‘r%e [ grr?r eva \g AFC

540 vi a caesnfculiohi metric3Bay bé@ﬂldﬁ@surﬁroéqueabpartméthe‘dembdmateda‘ecaivedor 532
may cal cul ate the frequency verification nmetric, block 5 730. An exg{rpl e of

such a neYMBolSs GoOIRR#er odi rﬁawﬁa@%nﬁq@enﬁweﬂfeawnw COmPAIPG IR on
metric mﬁé)&ﬁq ?esthbcggg%gséh%%f Refr M PRY trel ﬁvcgev&ﬁeyfw{ ¥ r8ehsI8CBIoLRd

synbol s. rei tor may process equency rification by conparing,

f or exarrﬁl4@ Altheughitolé sgopeiof thie presentdnw@htion is met)laitey in/this faspact, dinis

t hreshol d, bl ock 740. Alchﬂo ge ? 333’5%2 of the present invention is not

limit & i RTRGRSS PRY R dePIcisH Lreqpstign Wray be depicted in equation 11

bel ow. kN+N-1 Real {Rx(i + 1) Rx*(i)}, . i=kN+1l such that Re al f M (k)}
,ign(P(i))=sign(P(i+i)) M(k)=, _Iie iMM% }0, 1,2,.. Eg. 11 i=kN+1

such that i =kN+l such th? stgnQNP mn) mel gn( P(i +1)

SI gn( P(i )Mgé n(PR%lilMl Mt e_ tuha:t:»{uhemneal part of the dbflfzerentEl alyretric

may be US} KN+N-1 N2 kN +N -
Rx(z)l Z |Rx(z)1
i=kN+1 such that i=kN+1 such that
sign( p(i))=sign(p(i+1)) sign(p(7))=sign{ p(i+1))

Note 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:
FrequencyVerifier(t) = Z M,(k)> FrequencyVerifierThreshold Eq. 12
k=t-Np4

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

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

20  FrequencyVerifierThreshold = 1.0. If the criterion of equation 12 is met, then a
second criterion may be tested (block 750) before the controlier 535 may declare
success (block 760). The second criterion may be that the frequency offset be
smaller than a convergence threshold. The comparator 533 may compare the
absolute value of the estimated frequency threshold to the convergence threshold.

25 Furthermore, the controller 535 may repeat the frequency acquisition until the
frequency offset becomes smaller than the convergence threshold. However, if

the criteria above were not met, a third criterion may be tested, block 770. The

13



opposed to the absolute value taken in equation 4. 15 The frequency
verification netric nay be depicted in equation 12: t FrequencyVerifier(t)
_ M3 (k) wolmswmaasency VerifierThreshold Eq. 12 k=t-NR4 Al tPlaaugbe/dongs pr esent
invention is not limted in this respect, the selected paraneter values
may be NpA=3 (sum over last 4 values) and 20 Frequency VerifierThreshold =
1.0. If t N r@ilibes3D MR teSONREhEP ah 2stihafRf fred Uty 2rR BRBEN RS 1486t ffanmRYy be
tested (bl ock 750) before the controller 535 may declare succeSs (bl ock
760). The ateauenayrdivengenee thigsheldiangtprovide fa tedjurersignalfif thet critrrionsiseneter
than a co r t he. ¢ 3 r ol ute
val ue of Rég)cgstl 't@yg?%gég%r?&/&ﬁrg@ﬁé%%@oé h%aﬁgrg))rl]'%ggggn'ﬁaej t<r1§lr1r<-l-,f;l old. 25
Fur t her norrumibdreofahe tfiepjueaty adquisitipn iteptidhs |t by incregirey aycountptiby drneqrasunt i |
the frequency offset becones snaller than the converg{enc,e t hr eshol d.
Howevet , i'f SNPWB With hlaek 284ndbe cparaliaiosoraay alpw hvay FaticBs PbRea¥sNWe

tested 0 ffishich atidifipts'sbréfd #3BRA filiel bIcRPS THhe cnfiblict 58 may

test whet her an estilma requency error arger than a freduency
di ver genceprovide shsiateas dignabfor deceedshilly wompletingairequencyacquisttioniwithin @ et
(block 795). ,If the ahove griteria not .nmet, the.controller .53

Count -t he Pragsinsd o of disiiacy L nd DAY PRV ohdaluss $HERed) ng a
counter byrefiencRacquistiodaiiteWithin l pelefi®Ed nliidef oniteRitioRs (P35 dRgheal | ow
Nvax iterations of frequency acquisition attenpts before it declares

fai |l une, Hresslengpecauisi@oBontrol |l er 535 may provi de a success signal for

of i torati ons. (745 Ry TGRS plbie Mbtbymhiof 48 EPE drod B ™ !

acqui si ti Gation With ewwidntérmas, foresieinipie basendiatiorn0, ared atrmobile $ta86n with t he
10 frequency acquisiftion. For sin Iici_cta%, { he description above was given
for the ca¥Ee AtEANBIOE exampls. SRobile siatich 1 ARt dipysavers RIeSAPY IBvenianel

Station 115! ke (G SFide 0 Mo b HICABE0 Mbagd MAPYS P, ol ¢
and may bestatipl wittabhy number bhsetesnas.i on and a nobil e
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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15 station with any nunber of antennas. Wile certain features of the

i nvention have been illustrated and descri bed herein, many nodifications,
substi t utworsjo3eshanges, and equivalents will now occur tedoexiss ||led in
the art. It is, therefore, to be understood that the appended clains are
intended to cover all such nodifications and changes as fall within the 20
true spirit of the invention. 14 WO @g/AJgfP12 PCT/1L02/00783 CLAIMS 1. A
met hod conprising: verifying synchronization of a pilot signal pattern by
conparing a conparable value of a sumof differential products of a first

and a 5 Zleconqa\ q%}nq&lc?@??iﬁé@qei ved synbols to an adaptive threshold. 2.

The nmethod of claim conprising: adapting the adaptive threshol d
according to a sum oferigirey gyashmhizatiba d¢fi a filoasiriaheatecoby cenpatirigabed

recei ved synbols. 3. The nethod, of cl ai further conprising:. 10
ransmitt i ng  nEOpIIROe: YRS Gha sEm i) difereiaprodurss f st g a
recei ving the pidebndid@fldutaiebBeitdd 3yiBeRl th dadasti@frecholdne met hod of

claim3, further conprising: transmtting two pilot signal patterns by two

transmtting ag,tn,fé;ﬁﬁzﬁod ?g?&gﬁhgwggicggﬁg%gpm pil ot signal patterns by

t he receiving afm 1, further conprising:
cal cul ati ng the sumeanfapting ftee @daptive thredholt! ancerdipgito @ simoafrerecgies vaf

denodul at ed recej ved ,symbols, wherein the differential products of the
transmtted pil gllf'eg'fﬂr%p tg? %@P&QFWQ%W&&%‘?@"&%SWES&econd consecuti ve
20 time index of the denodul ated received synbols conprise substantially
equal val vks e method,ef daing1gfuihep sPMPFigings. The net hod of claim 1,

uher el verifylng SyprBhffingahe dlof dohAGatkhABY RansmifthiEPAfiteRfiaindbsol ut e

val ue of the sum of tial products
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 antennas;
and
15 receiving the two pilot signal patterns by the receiving antenna.

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

equal values for the pilot signal pattern.

6. The 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

25 threshold.

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:
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the first and the second denodul ated recei ved synbols to the adaptive 25
threshold. 7. The nethod of claim1, further conprising: verifying
synchr oni watazmsesio two synbols of the pilot signal duringPcadager/&rsd oni ng a
frequency. 8. The nethod of claim7, wherein acquisitioning the frequency
conprises: 15 WD 03/036812 PCT/I1L02/00783 estimating a frequency offset

according to a sum ofstighdtirRy anfreqliemodHséts abdordrig td @dsdeme witdredtial
recei ved synbols; and adjusting the frtgguency according to the estimted

frequency of f se@rodgcts. of mesifigd desrpdifiated seeriged gyrabelshaad qui si ti oni ng t he

frequency further ¢ ' g ARANe] ] : eﬂéjcﬁw unti |
the frequency of fset geti:@?régesﬁ%ﬁ%ﬁr&?ﬁgg&gk@ogéewgg%ggnﬁ%%s 0 Cgr one

or nore repetitoffses. 10 10. The nethod of claim9, wherein acquisitioning
the frequency further conprises: aborting acquisitioning the frequency

when ap esd.i MR dmbfRIdU eITC Elairdr BOr whefshirescd @sideninghéive afrdduiiegnayrther
di vergence threshold for one or nore repetitions. 15 11. The net hod of
claim7, wher®@MPR&&$ui sitioning the frequency further conprises: conparing

a sliding sumof ar t : ; [ I s f
denodul at ed recei vedgé%/%@ﬁ Sac%g?tfb?g\@d‘%é’%{c@feﬁ?%e@gltl itgégﬁ%@eﬁ?g ?&%%uency
acqui sition to eemmes syhaler tHarcad | conveRfertder disteshdld dod anepesart mmye

acqui sitioning the f.re%lrjency until threshold is exceeded. 12. An apparatus
conprising: a sUfPBHIYISferential products cal culator to cal culate a sum of

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 frequency further
comprises:
comparing a sliding 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 apparatus comprising:
a sum of differential products calculator to calculate a sum of
differential products over pairs of consecutive demodulated received
25 symbols, wherein the differential products of a transmitted pilot signal at
a first time index and at a consecutive time index of demodulated
received symbols comprise substantially 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.

16



differential products over pairs of consecutive denodul ated received 25
synbol s, wherein the differential products of a transmtted pilot signal at
a first twomsiosedex and at a consecutive time index of denpdaiiadr@78y ecei ved
synbol s conprise substantially equal values for a pilot signal pattern.

13. The apparatus of claim 12, further conprising: 30 an energy accunul at or
t o adj ust tiHe Thdappavatushof etsiml 18, dortlerdiomgpriging:t he sum of energi es of the

denodul at ed received synbol s 6 WD 03/036812 PCT/ ) L02/ 0078 14. ,.The
apparatus of claim 1§,31C]’W?rﬁg)rr]18&?§?‘?a§?35.e S&"&B%ﬁ?&?rﬁfﬁqﬁoc&ﬁ%é’ﬁh? AL sum
of differential pARIUGeroduledisymbBrSsf ﬂn\ecpnaegrgﬁul patestngy Hhe ladlapfivd he
pil ot signal pattern to the adaptive threshold. 15. The appar at us of

clai m 14, furthethresh®di sing: a conparabl e function to conpare an absol ute
value of the sumof differential products of denodul ated received synbol s
t o the sadapbi vEhe apparahd of claitn 14, fvither esmposinguni cati on system conpri si ng:

i0o a base station having two enpnas, wherein the, bha stati is. _adapted
to tranemit tvo pilof CTHARbEIHRERIL Gorabartan ppetlfa Felk dduptuatel
verify synchroni giferénitid prb@ectsVeF dérhedulatdd Psdeivert 6@bsIsbio Baapige a
conpar abl e value of a sumof differential products of denodul ated received

synbol s to an ad#pesh@di hreshol d. 15 17. The wirel ess communicati on system
of claim 16, wherein the nobile station further conprises: an energy
accunul at orl6t 4 widglass cohenenlegtidnveystemesmpresingscording to the sum of

energi es of the denodul ated, recel v nbol.s. 18. . The. wre C
comuni’cation syst eng;basa 3‘%@6@‘&&%?\&?naqtﬁan%%mi]egg'& & hﬁggz%a‘f‘m ther
conprises: a fregysmey tacensait W pitedignal patiermeyane a frequency correction
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.

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 communication system of claim 16, wherein the mobile station
20 further comprises:
a frequency acquisition module to provide a frequency correction

signal according to an estimated frequency offset.

19. An apparatus comprising:
a verifier to verify synchronization to a pilot signal pattern by
25 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.

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

30 to the sum of energies of the demodulated received symbols.
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signal according to an estimated frequency offset. 19. An apparatus
conprising: a verifier to verify synchronization to a pilot signal pattern
by 25 cowpasiosggia sum of differential products of a denoddrarLedoorgxei ved
synbol s to an adaptive threshold; and a flash nenory device operably
coupled to the verifier. 20. The apparatus of claim 19, further

conpri si nQ21.ahheppayatas afroldiat 20, whesaipuhe gilbe sigradtpattern lcoagnises two
according 30 to the sum of energies of the denodul ated received synbol s.
17 WO 03/ 0360t oAl Pa¥eB§783  21. The apparatus of claim 20, wherein the
pilot signal pattern conprises two pilot signal patterns. 22. The

appar at us 4 dheprParatus of ¢laisn 18 ofwpthes cAGPTIaINGr equency acqui siti on nodul e
to provide a freque LAk itin (S C ' st

frequency of f set es[blcyr’rrgtagéﬁg%tgggwlswgnt@gaglbs@nﬁg@ﬂcﬁ]gfﬁéﬁﬁhcgl édﬂg%aé@gts of
a verifi ed denodiyrdletcorting tedn eptimated freGueny olfged eatimatexbapeordinggto a

frequency offset esti r to estimate an offsef fr enc acgording to a
[irat di11erent iBPome dicerental RrpdHas e YOS aemomiaes desved SRt e e

the offset_frequency according to a second differential netric at a steady
st at e node23- 240 apRafaiyhaPAPIsSiNgt claim 23, further conprising: a frequency

verification cal cul I t L dik N0 SiHLRS gt
denodul at ed receive g{/erﬁ)o n(sé9 gﬁ%jélgsgn‘%(lt)%r?wol?er t% S:noaﬁggpgﬁ%cidegqnucgncy
correction si gnaccacding do adgirsbdiffetemtiat rietnia aide traegieah modef 4k adagted tOhe

apparatus of claim?2 further conprising: .a first co ator. to conpare
Fhe edbi mat ed" 1 SR IS PHSEL redianey Dt .6 NerPBL RBHE R iRl Tne
controller is adppfadylstateeR6dd. @ 20 frequency acquisition until the
frequency of fset becones snaller than

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 threshold, wherein the controller is adapted to repeat a
20 frequency acquisition 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 threshoid,
25 wherein the controller is adapted to repeat the frequency acquisition

until 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 to a pilot signal pattern by comparing a
30 comparable value of a sum of differential products of demodulated

received symbols to an adaptive threshold.
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t he convergence threshold. 26. The apparatus of claim25, further
conprising: a second conparator to conpare the sliding sumof real part of
denodul atwo mesived synbols to frequency verification threshndzgo7s25
wherein the controller is adapted to repeat the frequency acquisition
until the sliding sumexceeds the frequency verification threshold. 27. An
article cafpriha adicke of daimy@7nwberain e instfustonseurthee ressnt inhst ruct i ons

t hat, when executed b {4 I L veridfying.
synchroni zation to e?dép%ﬁqggé‘?lz?l%ﬁgt@%;ﬁ{)@ya%%?%hbithgrh 3“'%3%fféc('1(‘)é} 5ersa%fl e

val ue of a sum ahe dichicdfiatadateceivedusinebsié of ehe gilbatigaal patteinvetichyateol s to
an adaptive threshold. 18 WO 03/036812 PCT/I1L02/00783 28. The article of

cl ai m 27, wher ei’Bc@iMed byatlerstionesrecaivenartendaul t in: adapting the adaptive
threshol d according to a sumof energies of the denodul ated received
synbol s of29 hEhepaitiste fi ¢jaian 28awherain e Eatraetons fetepy egpUilinat | east one

receiver antenna. 5 aptlc of ¢l ai . |t i - r.uctd ons
further result in: &%?Ccu&%i}fq ng{ét héﬁrsnun?fgf&hﬂ errale\rll\??%ﬁldgro%{:t 'bosa5/|resr %ﬁai rs
of denodul at ed detssduiaedsieteived syimiadls laeas ledsivowe coasecutivedinme imdexedexes
(i, i+1), wherein the differentjal products of _the | east qne .pi | ot

signal at a firsitt; whereigdhe 'f?erﬁﬁﬂala&rogu%té(%ﬁ'&e ?F{%’St HB%Pﬁ?ﬁ Sjgyakﬁrrpri se
i 0 substantially iy i fOF 4 i 4 Ote it 3imdahtgk Nei+ B0 cofitstisar ticl e
of claim 29, whear gﬁ%pttqui@i 'ﬁ§t§¥ u@{i ons uér]t%eer result |hn: c((l)rriéarci ﬁgﬁ:&m

absol ube val ue clubstamtisliyregfiavaflfies tartthepilph sidoaitpatiefn. denodul at ed recei ved
synbols to the adaptive threshold. 31. The article of claim?29, wherein the
instructi @G THetahtigle ésldinm 29 wheseinehe instngtispe Girtherireatit on to at | east

one synbol of one pilot signal ,paitern concurrentl .t h repetition of a
frequency acqui siti &r’i’mﬁ?Z!”ggAﬂ” AbEP t%"%‘ﬁp‘?nfi %Frﬁj’“& ‘%Pg%%fﬁaﬁﬂeﬂga%ﬁa i ng
stored thereon ijashddifihicdNeceivelZymudied Besddptide Mire8h6RIMPUL i ng pl atform

result in:
31. The article of claim 29, 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 iterations of a frequency
acquisition to a metric of verification threshold values; and

repeating the frequency acquisition until threshold is exceeded.

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

25 becomes 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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conparing a real part of the sumdifferential products of 20 denodul ated
recei ved synbols over two iterations of a frequency acquisition to a
metri ¢ ofwoasioBéseat i on t hreshol d val ues; and repeati ng t hecrecqangy
acquisition until threshold is exceeded. 33. The article of claim 32,
wherein the instructions further result in: repeating the frequency
acqui sition until testimatogendyeqfehsptoffsxd ansosting tonal swp @hgtffeaentlal

convergence threshol d. :34. .Ih rtj f aj ] in the

i nstructions fup{q]%chroégmetrl 'Pﬁ:c’%&'&%‘ﬂ@ﬁg rfe%'%(ﬁnggﬁ"gr?g;%égqui sition when an
estimated frequency cofettaig A cy ateerdingeramestiragieafeaquenogrgffset.e
threshold. 35. The article of claim34, wherein the instructions further
result in: 19 WD 03/036812 PCT/1L02/ 00783 estimating a frequency offset
according to a sumof differential product of a verified denodul ated

recei ved synbol s; and correcting a frequency according to an esti mted
frequency offset. 20

20



