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| MPROVED SYNCHRONI ZATI ON FOR CHI RP SEQUENCES
BACKGROUND The Third Generation Partnership Project

w@ 3@BR)203®Cchni cal Report (TR) 25.814 V7.0.0, PhgBEERBNS/054262
Layer Aspects for Evolved Universal Terrestrial Radio
Access (UTRA) (Rel ease 7), June 2006, and 3GPP
Techni cal Specification (TS) 36.21 1 V8.1 .0, Physical
Channel $1PROVHDIBYACIARONIZATIOR BOR MNIRMISEQUYENCES
descri be the physical |ayer of an evol ved UTRA network
(E-UTRAN) able to operate over a very w de range of
oper ati ng channel bandvvlg rier frequencies
and with srrall-diarreter mcro celTs up to
| ar ge-di aneter "macro" cells having 100-km cell

o ARG e RIAOR FIIEBH B T PISCL S G P b EGancal Report (TR) 25814
V7. (YQ”IHH |€z§}tLaS/@ Eé&g'éfor ElGved Lﬁﬁ%r@élsTérréé’tﬁéI%dgaAdpcess (UTRA)

cellular w tel ecomuni cati on system 1
(Releeseﬁb klumrﬁOOﬂ IaedsBCﬁFPRIC[s@chmR;al Specmnaincm (M&r3@As$1 V8.1.0, Physical
ons cludln

chayiglsrEhiaRu bt Rele3R ), RpveThaRabiE, E&fBe Inb B Sical layer of
an @@%UQJTRAMWBHQ@UWN) s9k!t6 dp@rét@%vfeF aey W:P@é Féfhge of

station (M5), or renote termnal or user equipne

operatigg chanaek b@ctvmdt’nsmndac@rrleaﬁ@qsemw@ ﬁ(lé)wntrmaall d\mnell@r "micro”

cells(ﬁ?gg%‘@r@% gzarﬁ%tteﬁ{;@%ﬂb" r]? gp&&gdw h%o I rj(aﬂégé DI?,bPP promulgates

spedhtatloprstthatstaad @dizeemang Kindsheiroei LRy wirklédsEonmuRidEtidA systems.
is_shown coupled to BSs 16, 18, 20, and RNC 14 is

shbitp: 1:699!0&18 typiegisefiolar yireless telagommnicationeyriem 16 Radio

netvxgacﬁk\égﬁgel 1S )len(Zs%g\rQeflrg?cﬁc (/?l‘?é‘hé:%d@bgﬁvdfnwt@gs including for
exambmmadasab@assrtgaa‘rewsetapt elnaesltydfmmlbselsjatc Sk gevierah eagh RNC
the BS 2&? al t

aireds el to e iaes ashetlssipien M) sdgemas fewmnal G kespauipment
(UE?'V?’é)tHéeaﬁﬁ’bt)ﬁgteaoé%‘ae' dtatidils ?@%I gn icH eI d’ﬂ?ﬁvn‘r‘ﬁoée?ch other

han one antenna to trans stoaU
throagle dowpiicla (DY) @.eudase-toenobiée or toowaed) U hdi. RNGoHilg-to-base or

o GRVE'S | IRC gt ENGHZ isaRbawi Zougleeio S50 R 18.4p. and RNC 14

is smwmc@XQ@am@Bs@egz\xmkggsuch as the public swtched
t el ephone network (PSTN), the internet, etc. through

onBach Bbras NasteeB e BRovecatulsy, seves ageagrapicalearea that is divided
into ?W?\P?Eﬁ&% OIeil(%) p(F'T@t. SB@% is %/\Aﬁ{ a?hg\%ﬁé?r\/eraﬁéﬁna sectors S1-

S5, which can be said to make up the cell of the BS 26, although a sector or other area
served by signals from a BS can also be called a cell. In addition, a BS may use more
than one antenna to transmit signals to a UE. The BSs are typically coupled to their
corresponding RNCs by dedicated telephone lines, optical fiber links, microwave links,
etc. The RNCs 12, 14 are connected with external networks such as the public switched
telephone network (PSTN), the internet, etc. through one or more core network nodes,
such as a mobile switching center (not shown) and/or a packet radio service node (not

shown).



10

15

20

25

30

shown) .1t should be understood that the arrangenent of

functionalities depicted in FIG 1 nmay be nodified in
wW@nooBARIDRAN and ot her conmuni cati on net wor ks. PFOT/EP2008/054262

exanpl e, the functionality of the RNCs 12, 14 may be

r b Sie g e et e ety i Tloualiies gpictea in FiG.

may Betredikied imapEIOITRAN haadteet demaiunicitioRtnatReike. For example, the
conditions that may occur in an E- UTRAN

h ort hogonal
funcionalitiepciedRNCsi18n 1funey prereyrs! icdhenodedds 82t %@g%ﬁmaand other
; : L VIS I C ), is used in
funcidERMES et MR BRAEIAA S PIGIRIR T8 nefie ol Sy CRaT
t Natordemtoatkaie the differehtirbdivestinditasisahat mpggacuoim an E-UTRAN,
condjfions that can occur in an E-UTRAN. In
orthqg@,nlaj {ggglécf.r]cy vwgyﬁ%@g: FQM&)ppr prtioggnal frequency division

muItiELeaé‘(%Bsés(UPfDMqug%éa $h RS dARANNK, nor:@mA lﬁ”ﬁ réicﬂa%ltcggss

in current conmmunication systens, oin
techriolegy €éRAY ) thatwan.adepDivAthectifferant aadio preyadadion ecomditadnsdhat can

oceuhghin 20 RiMo arsge b OFE sySERBoR osetly DEifgmission
parafAeR8 MR BRWNhGAE i 8yHafMNastiReuAtat bemhfurf@itdnsdyseafis, but also
is portioned into a nunber of narrowband subcarhers

in the freguaney demasni OFBIMA gopunenicetion sysiamsare atso described in the

iteraQyfRo R @i, (. PP npEain ML e tRERL HltiTot et ol
edarsOPOMA icemménibatsdrcsydtemr, tHeausiRde dataustiddne iwborioned into

DL in an OFDM systemis depicted in FIG 2, which
a nuikenef aamewband sybearrierpinas are tansmiiesl inmaraligle Because each

i ' h ? i on. radia -
s R Soll P BYedl AR A 1AL iyt oasy
to dehtdavdate eachasubdauds’ A bhsichime-fregpanty stalicturenoid &L infan OFDM

articul ar s arrier sed for a part] r peri od of
systd kISP RGP 3 bt o b AT OEPL §ubEhERTs Hat are
contB b el Pl ey Mgl CH TR R SouRRITfRd | 2 garigular user
may be datied dolddkiilor af"chhiek"e xdigh isray p@fioas ysierar dé pacticetar sub-

by FI 2, a block includes 12 .sub-carrier not all
carriglh et srndtpei SEhe DFEsh Bisin s LBaiprilgrs are used at
diffefteint BRRSt8r diffdfant udiS ndORIEs. IPeil u SIEHEB Ye SRRES HIdBRE §bYfour users A,
180 kHz in frequency, and 1.0 mllisecond (s

B, C:Pmin the daivnlinkel hecestpay OB syigiear depig { Flg. 2, a block
o g3l s BBV o0 il o0 SRR ERb by 15
kilohBrz pRISLE)S whicH ®getts cxopyplappximaiht 80 kHz in frequency, and 1.0
millisecond (ms) in time. It will be understood that the arrangement of FIG. 2 is just an
example and that other arrangements can be used.

For receiver synchronization and other purposes, reference symbols or signals,
which may be called pilots, can be transmitted from each base station at known
frequency and time instants. Such reference signals are described for example in
Section 7.1.1.2.2 of 3GPP TR 25.814 and Sections 6.10 and 6.11 of 3GPP TS 36.211.
An exemplary time-frequency structure with eight such pilots 302 is depicted in FIG. 3,
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whi ch may be called pilots, can be transmtted from
each base station at known frequency and tine

WO p@asdos? Such reference si gnal s are descri beplcT/@P2008/054262
exanple in Section 7.1 .1 .2.2 of 3GPP TR 25. 814 and

wncSSRE B e bndelo o i 02, e Dro Bngsfreauency plane.

OthePIQFDI® StR2carsietleB04 tradspdrt dhfa, bdit Vd‘r@éihtg'ﬁ@éé‘e gicORtlicated in FIG. 3
sub-carriers having the |Iots 302 int

at only arae inséafiidn diye Bm@eqmwmlep@mtwﬁb@amdeé$t909c§hat each resource
bIocl{: y&ﬂ%@?rrﬁclﬁ'@t]&saa %}gtpllg%r or‘f{jﬁ‘feréﬁ/t sIJBeéaern@F I't Wm 5@690% lifberstood

Instant 1Th th
that aIEiSlmayluse\mUItuplEtramlsiertshtmmashettrmoht |h&3mat©a |biooa:k

typically |ncI udes_a few pilots on different
Ce”/SﬁQEQrZad??H g thgse iﬁ?re”ﬁ@gs%‘& qifeRNas Bey ﬁeﬂgtreﬁp%(éwﬁa?'ﬁere”t
pilotd!S€ multiple transmt antennas to transmt infornmation
Iinto a cell/sector/area, and those different transmt
arAmmdmgrta)Se@God Tr. ‘e§p0eoi BGPP TRf25e8 BhangSestians 6.11 and 5.7 of

36PETpBiTeoR R/ nas dpiigiassSes Sighag s, Sh e Shiagyronization

SlgnBP(Sy'S)'a'h'daé rmﬁc%@a@érﬁwa PR HSthaAL §ve(ﬂﬁdm@me?r@dnﬁg a UE to

nal’ (SyS) and a random access channel

acceas & Bysiem urdrilynanydifepmnttradigceansiitianse By Seminfddd RAN

consY A8 oSS RT T AR BB Sr Eiperroniatn

s|gnan(<$ Sygﬁcwﬁﬂﬁ F-Sy8 el Qurr@rdityi dutingiddn &-UTRAN Shd afbidegributed over
P- are currently defined in E-UTRAN and are

the By A%@?E‘% epBIParllesynrhNizationAndoaRgeMEBFeess channels are
ofterﬁ%’@&!gggghﬁﬁﬁé %i%\g:o'}“r?rﬂgﬁl%ﬁ&ﬁgil Cg{@%ﬂﬁ&?gffg%ﬁh?'%e given

commu ron s
differ@int haong!s. t hey may be given different namss In order

to access the network, U arrjes cell-s
AT b 497265 J1Ae otk & U S U8 el SRATHG Sface i that starts
with H%CQE‘éeébrﬁélgfgﬂg# |t¥"¥éc!éi\9éossipﬁél\"j\ml\nttﬁ ﬁehdc%éi?e;ﬂfcaé'df ail *ﬂr"n%% P-SyS to

to syn oni ze I1tse essem
synchramaze ttselbwith dipe syﬁemﬁnmgovﬁfterrthlqmepthherUlEfknoWs the position of

the %@?&Sﬁg@ﬁr oﬁgg dgtStﬁ?}P%ﬁiﬁ con it agﬁéfaaébglgggtr}rﬂ in which the UE
deco?e??)ﬂ% S8y hwhRRALRINGSiINS 'ﬂﬁa eal’ é gﬁouﬁb’ |@|@ﬁtn‘r|]éiﬁﬁhl(ﬂ]))3 athéBell's group

The cell's group I D, together wt

ID, togst érrfmth e ifemation arpusiwhice of ihectbrae BySy S & piessehtestablishes

the SRR RELRERN I B REVAE THE Y RBRtlesidt e hBFrEfbhipeeds to read

broatitastdyesim Hifstneatiomacd establish aothnastiedtiorsith the network.
conmuni cation with the network.
The P-SyS in E-UTRAN are based on Zadoff-Chu (ZC) sequences, which are a
special class of generalized chirp-like (GCL) sequences. A ZC sequence having a
length N, where N is odd, and a sequence index u is defined by the following expression:
Zu(k) = exp(—j-m/N-u-k-(k+1)) , k=0,1, ..., N-1.
The three different P-SyS signals in E-UTRAN are ZC sequences of the same length N

with different sequence indices u.
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The P-SyS in E-UTRAN are based on Zadoff-Chu (ZC

sequences, which are a special class of generalized
wa@biospsdoeke (GCL) sequences. A ZC sequence havP@DEP2008/054262

length N, where Nis odd, and a sequence index u is

t g(kl-ggaHgé(( Slﬁﬁ\geoéFB%?CV\@nF%OS%QIregS%r%%_OI\ZA}ﬁ%grze( ﬁ%(sgr%t;le but some

wh.cﬁlnfebar@rebua?a&}zﬁnén g0al theipdskivETHME\ ZT 8edlencusslong t®the class of
same length Nwth different seguence i ndi ces u. ZC

CAZ é@@ﬁéﬂ@@@eﬁaw@cﬁﬁwe@owwe‘hmpbwde 68, epnsianichagpigude cross-

corgRsAR B¢ i IR R0 PEARG ARG in BACTRL Mt ik egual to zero.
Thes@@éﬁe&mu&ab@ZC sﬁqudmobewerﬁat’u@cam fdkmylnichtumze(tﬁh)appllcatlons
const ant ma ni t ude cros correl at i onszacross al |

On t%aeaatwr% Ut 1Mt hehewjorigi LG 5%%“‘?&?‘{9%%8‘? presence of
frque?m r‘i%eéc% g% ﬁél&é’re@%%%aége?t%’r%ﬂ&@ssm‘ﬁﬁg?{e ﬁeaks in the

att actlve or sync oni zati on applications
autoroeg=iation s;gmi thathiatesiere withr aaduadteaynibbrosvzaiionof ZC

f f ff
¢ OB TE etk BERE Ut Tepio R Pen TR HBER LS 5 UE to
demd@ﬁ/hféht &éi@l%rtﬁé abirabt shalBAd aE:H%R/e';ﬂbﬁérf W@h%ﬁlfbtlon If extra
accurate synchronization. Wth nul'tiple pea s in the

receiygt cemppaealsiasfusctipns arei Impiﬂnem@ddoﬂderﬁuy the eprrectigmtocorrelation

peak, 3087 85aHp GA0BS AN rodiRely M8 PEL alE Sk Tomplex, and
the abéa biaGehfibenduictor ¢p esqUIterRItfor @utlpRbddsginggs @ell etthe amount of
autocorrel ati on peak, several disadvantages are

electrigalrenaigy gonswaed &)’es%rprpge%@& afﬁ)mr%ﬁﬁﬂgl eke gieatengnergy
consﬁﬁ@ﬁloﬂfd&réﬁgsctﬂﬁqﬁ"%h &frBaQter)EﬁBWF?%q féfE{ SHEM as mobile phones,

cessing as we e anou rircal energy
pagewrstumsd by such processing are increased. The greater

energy consunption decrea t |[ife time of
battery-powered UEs, suchggji\/lwg& Ye phones, pagers,

et|q. acéHM%X with 3§§é€t§’%f‘ﬂﬁs \’Hvbht@ﬁ pcﬁgF fsoérgbl'aba a method of

|nvent|on there I's prOVI entif ying a
identafgmgea:corpeetlpeak ia@noaLtput ofcﬁ rrmtchnobflimt ifi ial us®r eigniggment for a

user msnt a_.conmuni at'on syst m The et hod.
commHe|cl§ ﬁtgn%t iﬁg antﬁeamj % so{eef quréglaan a received
orthdydnﬁpﬂ@a@énéy &QBWMUﬂipVéﬁé,lgﬁalrWﬂtH bﬁbﬁﬁba%@@ilndﬁrbﬁlzatlon signal,

replica of a synchronization signal, thereby producing

therepyqwpdeciagicoeorolation ogtpglh&gnab@teéeﬁtln@goq%éua the, cemelation output
S|gnéjl?{es%8ttﬁé’ Begkg K% plurality of predetermined locations that are based on
properties of the synchronization signal, thereby producing a plurality of peak test
signals; and determining the maximum of the peak test signals.

Also in accordance with aspects of this invention, there is provided an apparatus
in a receiver for identifying a correct peak in an output of a matched filter. The
apparatus includes a matched filter configured to correlate a received orthogonal
frequency division multiplex signal with a replica of a synchronization signal, and thereby
to produce a correlation output signal; a peak detector configured to detect peaks in the

correlation output signal; and a processor configured to test the peaks at a plurality of
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signal; testing the peaks at a plurality of

predeterm ned | ocations that are based on properties
wo@boosh&osynchr oni zati on signal, thereby producP@DEPR2008/054262

plurality of peak test signals; and determ ning the

LT f _the t i : i n_ac .
oreoff T, Beeli0fs AERe PRtedbRoRoSe s 371 sETRAEENER sinal, anc
therediyitaprbdscd 8 prurbRigeIryRIakitest digleas] dnd fRodétetdimea®e rRgdkum of the

in an output of a matched filter. The apparatus
peakjtgel ¢igBaISa natched filter configured to correlate a

r ecel e AV S t.i

PS8 o0y RIS JEEOREORK N AN AL Bl ¢ compuer
readablerrabgiuhoencaabicwitia accompltet paogramt whichswhealexeeuteedly the

detector configured to detect peaks, in the correlation
compyiep aUSPY M COmRKTeS 1P PeERER S Meild glifentiyBg @ sprreioeak in an

: it f reR3 j

cutpBE T BN B BB SO AGLIATE kB, The mathon
includes théstepbyof tcornelatidgcerexepledrathagonaf frpgagénayedivision multiplex

T s
signal Ny ErRELiRg pebk@Trﬁthb%o‘?ﬁél’éﬁid?‘?&tﬁu?ﬁigﬁcla%ﬁQQHQ|p%aR§@g diBlurality of

i
encoded W th a conputer program wh en executed
predgiermineccloapiinns that arsbasethen povprrties of thepyrfahireniaation signal,

there BG4 B o el €31 hBEshEnY sl MinRKaligfym of e

peaksigst sighaishe net hod includes the steps of correlating a
recei ved orthogonal frequency division nultiplex
signal with a replica of a synchronization signal,

t hereby produgiitge @Eﬁsg‘ilfzﬁiﬂ 'APE)FOFHE%R%/\%R%S

detecting peaks int correl atton output signal;
t efia sgvdrhefepaaks, advamtages, ahdtgbjedts pif &deireemioerdvill be understood
erties of the

| ocatjons that are based on 0 .
by readingihingssaTIRvANn GAAIINCHARWABHS cbaaR g navBIet al i ty

of j : A maxi mum of
e e Tas R e O B S o i
DRAR. RGepitis sstiverand freguancysarrangeantrdgd subaadriensjieat s
of thi.s invention will be H der st ood .hy reag.ip .this
Com’HEElFP#'B'E‘ SYRCThURBAATNAGOBA" BF 4PN YRR RYLPISXINg:
whieh 3 dddetsh t‘i’rﬁ@'e{ﬂdsfré’q&#idytﬁrﬁa"ngeﬂ%rﬂ of QUBLHAINGESI tAAt include pilot
~ system FIG 2 depicts a tine and frequency
signaler angenent of sub-carriers in a communication system

us‘I‘;LIEEQ 4%6&9&89%' refart%ﬂLbeeQ\?lgeHieYérﬁéﬁtg c;}lél éyjn%lh?&ﬂiggtion sequence and

sub-carriers;

FIG. 5 is a block diagram of a portion of a receiver in a communication system;

FIG. 6 is a plot of the magnitude of an aperiodic auto-correlation function versus
time in the absence of frequency offset;

FIG. 7 is a plot of the magnitude of an aperiodic auto-correlation function versus
time in the presence of frequency offset;

FIG. 8 illustrates locations of secondary peaks in an aperiodic auto-correlation

function;
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FIG 3 depicts a time and frequency arrangenent of
sub-carriers that include pilot signals; FIG 4

WO bdosasaas es a rel ati on between el enents of a PCT/EP2008/054262
synchroni zati on sequence and sub-carriers; FIG 5 is a

bl di am of part| f acreceiyer i :
odiit e T el a-pidleglrecior 1eisifvine e, Broper peak in the
outpUBERY hristieherf filen: aperi odi c auto-correlation function
versus tinme in the absence of frequencfy offset; FIG 7
8

i 1. g0ér derpictspetrangRitieddeanal havingoe refeernee signal;
a C e [ f [ ' ' ol -
o 1B5E 0B 156, 710, #6 1B iR dry iEeBRE S XK ed fter ot
differea¢ imdarigr theatksnsmitted sigreal iob 8@, ®0A0-correl ation
function; Fl 9.is a flow diagramof a procedure for,
i et ilflyip ﬁdﬁ‘?ﬁ‘édﬁ%ﬁ@rd@e@@{ t'P% of R eS‘éWEBt” B FPORMHIe3Han system;
and filter; FIG 10A depicts a transmtted signal having a
reference signal; FIGs. 10B, 10C, 10D, and 10E depi ct
t HdGsutl gut 3,cdnch14 ece plods bfdetector grébdhildy vatsusi Sefopieane index.
times for the transmtted signal of FIG 10A;, FIG 11
is a block diagramof a portion of a receiver in a

conmuni cati on systempdED SeSCRIPTIGN and 14 are
pl ots of detection probability versus sequence index.

DEMwilLIFu Degsaeirihaithis inventionds nadimised tdZCraequences or

comiyBHEatbR b Chet P 25 actgfostR SiERudls ¢fom OFDM signa as
descBibbg abbiver Othér neSobibgligieds that ARydidveate dagweirequency-offset
O her tgpes of sequences that may have the sane

behavjas FEAHERES Bieh 0N erararlezothes Gfdnseaualices. fipaddition, it does

ot A B 19 i SRS o0 B0 of b8 Sl r

equaNooM tiebéCassminghe dattarecasgube IBF T lderfohinb éterxation, tahe so the
princifgl DBPPYET aAtlRaaT FyBeTIOre) hEo8s ! MHlier Hesigeehe 2C
seaubhof AR BRETRIA i e b A5y SEAUBCK RS £ 2R
transformed by an IFFT results in a CAZAC sequence again. In addition, this
application focusses on OFDM systems simply for economy of explanation, but it will be
understood that the principles described in this application can be implemented in other
digital communication systems.

For the following discussion, assume that a P-SyS is generated by mapping in
the frequency domain a ZC sequence of length N to the subcarriers of an OFDMA signal
and then transforming into the time-domain with an inverse fast Fourier transform (IFFT).
Such generation in the frequency domain is illustrated by FIG. 4, which depicts the
elements of a ZC sequence and the sub-carriers of an OFDMA signal as ticks on
respective horizontal lines that are aligned suitably. It will be understood that the
arrangement of FIG. 4 is just an example and that other arrangements can be used.

To handle an unknown frequency offset, a UE can have a receiver that includes

some kind of correlator that is matched to the time-domain representation of the P-SyS
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transfornmed by an I FFT results in a CAZAC sequence

again. In addition, this application focusses on OFDM
waeyasas®2si nply for econony of explanation, bupCT/EP2W0$/054262

be understood that the principles described in this

or et T nEMsh &y PR BT RIS 1 eV b i€t frdngiyoes o

matchgg ier hhﬂhg%rﬂn@ﬁ%é FesPRnee ah fctdPiespBRBS fdairmirioféd (time-reversed)
frequency domain ZC sequence of |length Nto the

COmBIEEAn UGBS b Meat SHSDVED @agﬁtﬂ amHaknY freAeARePHEGigseveral
matdp?gﬁg&%ﬁ?ﬁté( ﬁﬁﬁ%ﬁgﬂ@&%w the 88 élrve\ﬂtﬁe a[cﬁséf the lé[a\/&ral matched filters

énérati on e fre

havirm@aniimpbtseirb*spm‘ﬁseaﬂnetbﬁeﬂ tbltke Sﬁfncmfontzlatldamgrta‘t vxtlth@ different
el enments of fa ZC sequence and the sub-carriers of an
respegiyorassugied fraquenaiQiissh respective horizontal |ines

thag. &g a%lb@l(‘@%g?é‘r‘nt%@ p!ortlbh oftal UEkPécéWQreq’h%E HQQ I\I H\%Eched filters

t he arrangenent just an exanpl e and
MF- th‘MéJQ arr aMEjéYIrandé\l lmp)ebbvejﬁedk d@tedtm\sdhat ramvmiekthewmutput signals

fre cy.offs UE, can, have..a receiver th . ,
(0 a mga B elEre” Rlet B NIPrieHaNCRnae 10 et Wih each fiter
assuhfifg bl de P PdIpcBE %aﬂéﬁéy Sfsetffod. h‘?h@ T’r*?é/)@ﬁﬁﬁm detector Max
equi val ent synchroni zation 'signal , whi is to say

essentially eorsparsdhe eutputs ofialof theraedehag fnlters @ﬂdh?@l&Q’ﬁ@ that filter

i8R T PRER80 65 18] g o U oose

statidrpsghchremizadmoB0ch hestoledd Siitesfcetbe Peemantedinctidware devices,
filters are inplenented in the receiver, wth each of

suchtafetapped dglayniitash earrelatersrtgateam ﬁ@re’dﬂﬁ pvhiﬂﬂl@éweéé‘b @K@%Cted
sequ'éﬂE&Q e%ot Qqtil8eRY g&p&é’@'&a}s' s%?%vfé g{b%q;ﬁ@]%&e% fd

espectivé'assuned Tréequency o
progdaramlabm ofocasgmrihitios Ul. Borllxareplel Ues. Phteht Nas 7]003,022 to Urabe

tch dfllter -1, M2, . . ., M-Nand N =
et al Gas5EBes Rt 5'@ ok i aricorese s fdsadbili a0 FomgURation systems.
Si t e . .
fiIF??rEeir e ﬁ@%a?gf&%%ln%ﬁ(neoggﬁownqtﬁeeéaggu\l\r,rri“ﬁg 's used to
transiateithé éltes recatequbsighalefirémeqderegqueicssst tof kse- barits is exactly the

d t t | .th t put
sam@ S 4 TERteRey ReErreraepar S osHUSOENENES 1 15T Beisrate the
base@éﬂlé}gs trapshiitdesignae alkdfitbopisier freqlieridyheHiftslebr ®lel Mylected, the

of the P-SyS timng and UE-base station

outpgisignalarpdagecdbly osa et theaUEhregever's enatche filkers may look like FIG. 6.

il t i r [ L
No rbERLE R84 ikl 16 & REE IS 3501 AHTRd Ty BRRGHe 1259 aperionic
auto@opetdtnh faagieNeesus ARtk el Wil bE @bksef@d thastheddutpat signal depicted

software al gorithns executed by a
in FIG. 6 possesses a single sharp peak, which is easy to detect and allows reliable
determination of the P-SyS timing and good UE-base station synchronization.

FIG. 7 depicts an output signal that might be produced by a matched filter in the

UE receiver when the matched filter's assumed frequency offset differs from the
frequency offset of the demodulated baseband signal by half the bandwidth of a sub-
carrier of the OFDMA signal. Instead of one sharp peak, the matched filter output signal

contains two significant peaks, one of which is at the proper timing and the other of
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programmabl e processor in the UE. For exanple, U S

Patent No. 7,003,022 to Urabe et al. describes matched
wo dosas®2@nd receivers for nobile radi o commuNPCHEPDNG/054262

systens. If the frequency of the UE s | ocal osci |1 at or

whict?D (PR UG oG Te el f ot rdtRE Gl ol 2R Pl Bl€ main'

peakband thé peak aedtliy disprackantaribe thited aessstietarpTpdaie Gampared to
ion"s oscillator, which is used to generate the

FIG. @aﬁ&e stagnitedes ot bathsfie hain andgpraondantPeaksxisAlee reduced, among
othetfﬁ&g&é% ?%m@ér{c%scan be negl ected, the output signal

one of the UE receiver's matched filters

mam drqoé«/dnlt Nelsﬁhﬁosﬁlbld\mraoluseo mcmmed peakF$ €he Gorrect one in
t he magni tude of the

an aats@prre@tlena&a&cww@rapv Uighel poHentiad o Ricrd. The arrangement
in Flg‘ E wiRR n‘?ﬁﬂﬁSI"eVrﬁthhQBtﬂltbrsgrL@ﬁgﬁrbgﬁw p;e%argﬂé V\\%II 'ﬁ%Fé?ﬂ a‘s@umed

6 possesses a Sing I'S easy
frequimicy oiffsats] issbhewayrteldeabivgéhdeisgrableat.i s assurhed It:hay:@e of the

multple ke P b S35 dp Ot BReY BBAF it BueiOas tathe actual
offse'ﬂ"%h@lbﬁ@ a \drgest ddiputhé‘-?grl#ﬁ NeSRIHRIesth s HBSIraRE %‘ﬁ%ld the

ter assunmed frequency of fset differs fromt
addmcmh @@ﬁ@}emhyfamt otber diseddanteges af edepaivebhaving |ngﬁtan>letmatched
fiIter{alf t he bandwi dth of a subcarrier of the OFDVA
ignal. Instead of one sharp peak, the matched filter

ouTilinveh@hrehaee néedgmizddhas tranlochtien bf Peakain ssvdnary
which is at theré)roper timng and the other ofwhich is

aUtomrﬁ;lﬁﬁorﬂJ Reak inBIG &fs lanﬁ@ernfé%% ohthe ﬂ@%‘ﬁb@%‘hetfrme(ﬁ@y offset,
prov@lga tﬁ Eﬁl%ubp% of é%rdé’r%ﬁhe% f- éaj?ﬁergr?{%v%oﬁfp %r‘rlégs. More

ace can be cal secondary
endraII)FttIﬁ‘e ifventdre hiamg metogrezed that gebondery pmaks &mthe autocorrelation

OUtpﬁﬁgSE%é}rﬁééng P b RiEs o e, BUETR L 7 2 ACB eyiBisgep it i the
sl el IBSAifcr RSN B it SBCROUAEInRBGH AL o) of the

aut ocorrel ation out put si gnal
frequicly aifsedt o, Ehe&‘he7ZC sElqeeace m@anemts the dérr(act Eeakzvpohltlon and fos

s bofjied BsolBuS 1S it £ Fod A LA bGP 4 kBoyihey affset determines

whlcﬁ%ﬁn 18l UsedtiRitse @b@@é@ﬂhaﬂlénés assuned that one of the
iple matched filters will have an assuned

f ireqarénugarofprge‘fequmcyuca‘fset tpse than pne sabcaier dangwidth (i.e., L = 1),

e HeBh b SL0Ee b ik Rl PE e ANEFRPERB Bt S gprount o
the ﬂcb 2depoffagesif tfe ﬁeqm&jyvcﬁrsdn avéxuctifdrid sUtecamiee baddwidth (i.e.,
fos = df) ttﬁé main peak at no disappears and only the secondary peak remains at no+u
or ng—u, depending on the sign of the frequency offset. For frequency offsets larger than
one subcarrier bandwidth and smaller than two sub-carrier bandwidths, an additional
secondary peak occurs with the secondary peak due to a frequency offset equal to two
sub-carrier bandwidths (i.e., at ng £ 2u). For a frequency offset equal to two sub-carrier

bandwidths (i.e., fos = 2df), the secondary peak due to a frequency offset equal to one
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The inventors have recogni zed that the |ocation of the
mai N secondary autocorrelation peak in FIG 7 is

wo nabepsnadent of the anpunt of the frequency of PEEEP2008/054262
provi ded that that amount is of the order of the

sud-§4tPih BaPAFol % bl SLa s SRR BRNERS Bwecd Ry gear

remaitg ocorrel ati on out put signal occur at nO uL and nO
u(L-lgﬁd where L is a positive integer that is the
s neted ghave; Bl ge@ﬂragljgr éﬁ’leﬂU@ﬂCSb@ﬁQﬁ/ﬁQﬂltbm t an frgegersmultiple of

the slggf[cgeﬂiet% t?é’rﬁh\kllj lal ) 'B?ﬁf‘eé %@%ﬁ ggg‘ﬁ eLus?sf tIQFOCfaBSH léSPrﬁﬁfetely determined

uence
by thedreéqencpedisepasd theoAC seyliehos |tss|f bﬁon defcbcqaenty lolffeasbetween

L-1 )df < |fGCs Ldf. The sign of the frequenc
(L- 1&??‘%&3“@%% ﬁerﬁ%'gamrmngwgm %e@se@@”ﬂﬁ% 7% resl%‘?)%peaks are
I f et ;
comt fr&ﬂsthe cBrr’%ﬁa’tFo'n“%éﬁ% g %?%nt%t_f@eﬁ%ﬁ&@ﬁﬁéﬂf (it Hébﬁéi times the

one subcarri er
sub- s&rcuenban@wpﬁakltwtt besamWemietesthat/\ﬂneqbrecediogr&aqpl/armion is exact only
end nt o

for freflUSRGLS Tt oyploJFEer eSOt e iRt bariatn. ' For other
freqUemRy Widkts, Othed— mfu@ﬁ morféf AtterfURedpBaRe 8k @tin B@dition to the

di sappears and only the secondary peak remmins at no+u

secopdapopeaksdigssnibed gbone tihat aregrmiged tfarethersale«afglarity of discussion.

e wios R e aPeredi AR IRAY ke ShkT e B PRA PR BBt dar p periocic
autotermglaticti BRinabPan@dda réasudabikegopdainvatiteador eases 6f wh aberiodic
the secondary peak due to a frequency offset equal to

autogqee!aiien edut slonehAtidAtaked filler. . at ' n0  2u). For a
f r'ﬁﬂ}éeﬂg m‘?/fe]i@)‘?% h%%%cc%@é%th%‘t%&a% déﬁre t?ﬂﬂ/%’h & Gesired main

ondary pea
peakfpscfsnmmnaryd eééa&jarycpeaksnmtrwmﬂpbt sighalsef nhatobed dittérs in a receiver

is deéqggknq,(é t,trE]éZCAéeqﬁnvangl gq% agdandlmégh‘@r?@nseewqo%e%%/nggéyIeads or
trallsftﬁ SR aﬂfégiﬁ%v(ﬁﬁﬁ#ﬁd bf(/)‘f’ne;‘gl hdi& WreﬁHéﬁ@pbﬁs&f 'I"Héesecondary

-car Sln e peak ‘exi sts at
peaklsarfalne autamnmlaitoeﬂﬁanereara Inedteloiyatt(he1 ju eodieodin @ﬁf@kuio N sense)

. _and t ZC sequence itself. For a freguency, of fset

time Bt Rt 16 fkian of RedruaaltoReBIPR eFbkandw it h
t G ecitnstpdtes SRatItRE fd=8iBn RKECAHEry PEBRS afe Hé@@n‘ir’ﬂﬁi by the ZC
correl ati on_peaks present at frequency offset (L-1)

sequgnae lindexhes Fohe eaib-peakratdime mstaitdioha secongarny peek can occur only

at eifiRP R ERL e e BB UGTERL AT BoSAbeR reRufifE bt ats

smal®r théve assubcedrtier bahéwidith diftlependent dfavhith @ear ¢ Yhe correlation

of fsets, other - nmuch npore attenuated - peaks occur in
signaj dsifaunshoy 8 Perk detector, the inventors have recognized that the main peak
can always be identified by testing the found peak and the positions at tu relative to the
found peak. If the P-SyS is interpolated (e.g., by using an IFFT size M that is larger than
the ZC sequence length N), the displacement of the secondary peaks is tround(u-M/N),
where the notation round() indicates a round-off function. As seen in the example of
FIG. 7, in which the sequence index u =5, M =128, and N = 71, the secondary peak is

localized at —round(5-128/71) = -9. For frequency offsets larger than one sub-carrier
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secondary peaks descri bed above that are omtted for

the sake of clarity of discussion. It will be further
wa@pmsasioad ed that the precedi ng expl anati on i SPERER1008/054262

for a periodic autocorrelation signal and is a

3B K BB a3 el U S (n 2 moction

senséhbsiatiid® thevar pesk Beng recogni zed that the di stance
bet ween the desired main peak position and secondary

pe-HNéS Afecaves (it perordangcravEh dnis Arieastiea oain| h@’iesreﬁﬁcgd complexity
by rer\%?éécﬁrl\higrba'n? &%%Eﬁé@‘ﬁﬁe@/ ﬁﬁ‘aggé@&?ﬁgﬁ lrf'iggrt |hgﬂr8r)£ %yggdﬁector to

a secon eak

identifg tike terrecimehkoand hled thegR-BYS tihdingd.r eheematghed fiket canfbe a
eaks of the autocorrelation function ar

corrq?%ggg'q@g{:%qc?kq_thf PYRn@NEFUCNR SOTRPIAIAr oWRICHREEe f@are%ed by a
suitag[})t% gra eﬁfe'dvc?r éoﬁ’m Efeoﬁ?ébﬁ%ﬁ?lpﬁ’é%%%g{tt%?ﬁd delaﬁ/ line, etc., is used

t1on
as alpoosry syecmbnszebon dievicepdbl snain pedktie daiaotet, iye pbeitidd of this

(ass Rl E B Garp e lhor et OB Posi Bl ardhe pPfa anciants (e at

o + U?ls*’teé*te@rtotldéfﬂlfy Qﬁﬁéﬂbeélgls the .cor@eHBhEY If&rédﬁ%?'@ﬁ%ets larger than
fset that is smaller than a sub-carrier bandw d

one suRtepeied dandvidtivsasrbepergisent, addiiopet hypeibesses &f rgncal(LT%)u and

no ¢ [ RO BRL BN Nenshlire SR M5 € Sontteeioat oa

byA fleatdiagrainhef & dﬁﬁékoraﬂénﬁﬂymgﬂﬁélﬁropélsp@ék i the output of a
relative to the found peak. If the P-SyS

d
matcheddiitetisdenicted.ig FIGb9 JEgetied paging I eR0Rith iatched-
fllterlhgéﬂ'ﬁ:gc %][gﬂ?lt Eﬁc%ﬁe i dg?yégagg IS Iyscérrgkﬁat&%tqﬁwnal with a local

repll(vdmmhach heaynioe stored, ofameXpectedisigatksTlee mathod abhtinues in step 904
i SIS peen L, e cramml e of ElG. T g eh
step§898“§(§’6 391@9%‘5dét§ctb§%@a'k4§?esﬁéd drq}é’ﬂﬁéé at grébéfermired locations

For 'frequency offsets larger than one
that anetbmdorepbmedmsjohthetm@esmgaaly fsidesaritesl &ttoverfor the case of
peaks a

2 ZCPERRrGRUEThe Robricd J0hd e sttt ioegidhd §F ) (L-1)u and

No + EGWPQﬁé‘I%‘P aMd Ry & By ENViRNhe @Ase M ah@s@etRAUB&FLency offset less
complexity by replacing a bank of matched filters with

than ¢ sitcarveas trandvedthi rintstep P13yiBedaaxditusn of the wrrficatigns at the

preab BBl BEPURR R hed hefery BT B8 wdBEimeak
P- IBWﬁI. be@agpmtrited tieatrwiedratres freqdroly offtet RR is éedsi thad they sub-
a suitabl y t{Jrogramﬂad or configured electronic

carriey l@@g.g/glgp Hpveqdacajions i fest@ge Nopad igggu, and when the

frequency offset is larger than df, those locations are ng, np + (L-1)u, and ng = Lu. If one
does not know the size of the frequency offset, the receiver should look for peaks at
(noxLu)foralll,ie., forl=1,2,... L.

Testing the peaks at ng and (np £ (L-1)u) and (no + Lu) (steps 906-910) can be
done in several ways. One way is to assume that each particular peak under test is

correct and act on those assumptions, e.g., by initiating detection of the S-SyS or

10
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as a primary synchroni zation device. If a main peak is
detected, the position of this (assuned) correct peak

W@ p@p/18mget her with the positions of the seconeer/yP2008/054262
peaks (e.g., at n0O u) |stestedtoidentify whi ch

anotlﬁ%raﬁgrgﬂeatgé%gﬁ%g&ﬁ:Ldre%gﬁﬁca a%eﬂg nt%uﬁ fi@%%olrt%fgs{ind" detection,

it is Iikétiﬂ thia@tra) SfofS)tlét%‘éﬂén @t’od&seé lat the twrang" peakd-will fahl or possess a

(understood in a nmodul 0-N sense) are tested with

muchigyegneosiigeace yel ikan b ASAGr Ggieeiomapihecadiace peak.

| IRAPEYR R A REBP b8 &t il Rl BER suming
that ttieemjrﬂﬂﬁlyvtewedmﬁakhedﬁe toreectrand. MFOr exasnplealf at awehtaéstime after
le by correlating the signal with a

the H- §é‘§lgk%wr?r§é9%m9h a {ﬁrﬁﬁc%ﬁ&”éb ocgprsa,thee;&y@@{eé@t each timing
hypoﬁﬁ&r@korr&%f’eﬁm% RA&WA %‘%’%I ' “I*h%t\ﬁ?\/ 89%3%%%%{0%% -filter output

etectin peak in an output si produ
peaksds dlmstrafed beFiGgl &t bpEIG.rn A, dps tmaemlt%legeaI]JGpludes the P-SyS
det ect.ed

and. et e i RN 1o BHSEacEogEL RS + 13 A8 ERRClS bR But of the
receﬁb%‘?ﬂatcﬁﬁd flesC éh&ﬁ%gaé)ﬁMﬁ]afr)%eélhﬁt fiRech AncPa §€condary peak at
sequence as t he expected signal, the predeterm ned

time nocat.i bifs. Hie dapictg t_he10l;tputa<nfdhaqec¢;|ueﬁmn@éq:{mchﬂltermn the filter

nes Bt BuRea. ool qtR T federdRafe BERBTRS, RTOPRREY apow peak at
time hg~ 4 RETMENGIMUODAdeditte thebutdut af tenreceiverBenatched filter when the
predeterm ned | ocations i s determ ned, thereby

filter hag rheien;adﬂ@st@ﬁéo spaslate pithithe refefgnce signalfppeehawiag an
rae DS LSS, ISR S8R s

matched fittér am@nrtﬂe flﬂter hasl b%amdjdséecﬂ teqorealaie withdked reference signal RS,
|.ar

han df, those | ocations e n0, n - u,
showjg 2RanOatarminete HERALELITRB o RN L& ARGyt dnfed P-SyS
hypoftﬁéaﬂa‘éeﬂfé/ r%éqv%%tsgrﬁéﬁ‘s ﬁf‘e‘?'t?‘f@?ﬁxé@‘ﬂmedln't&%)EBFre%@@{Wlth the

knowreagnalg Theecpreedtpasitiond- and tifudalsplthe cpupchpasiiiorof PtyS —
e.done.in.se

detefring] bydbg sHopaket Blreudt a4 éﬁsiargﬁa‘i?utpoﬁ%'gﬂe*"fmm the

matchel fier. ﬁfﬂdrd%ﬂ’orqmstlh@ﬁ%da@wtb%@wn%l nal \mhaflxed t|m|ng
initiatin etection of theSS}/Soranot er signal

relatigada the P gséSuom@quwrad@d syeelkonization signalmussexishi s sort

oY, 5 K ke it bRl fistodrif ohits 15 &Ppagh P-sys

tummga@u&eas&iufaar@uw dopradgto O I EA¢TRAN swkdthieh aarrmlnﬁu&at@nfsystems
etection at the correct peak, Angther way to tes

every QUIAMASEbQl ds brefixerl ViEke RYslioIeRwh digrenta a@@@lmmgvhlch has

a time lag equal to the length of an OFDMA symbol and which has an integration time
equal to the length of the cyclic prefix generates an output signal that has a maximum
that occurs at the end of the cyclic prefix. Thus, for each of the P-SyS timing
hypotheses, the output of the differential correlator is tested and the timing hypothesis
resulting in the highest differential correlator output signal is selected. Differential

correlators are devices that are known in the art, for example, U.S. Patents

11



10

15

20

25

30

that the currently tested peak is the correct one. For
exanple, if at a certain tinme after the P-SyS a known

wee@nabszze. g., a reference signal, occurs, thePCEERI0VE®054262
at each timng hypothesis correl at es with the known

No. 08 3p O GuplY  canfor FRROEE Ehler oy B tperenia

corrdlstersean bediseggnal i ncludes the P-SyS and, after a
tinme interval TO, a reference signal RS. FIG 10B

déﬂﬁtﬂé‘ i iReblocl Elﬁgr@m qf iR exareplaBy a@ammﬁ@wffa pegion of a receiver
that ﬁ %We@ga t%aﬂfHeWI%l @ﬁ‘-a}ﬁ)@eaﬁ HgFec%} teﬁﬁ%lod?)??ep%topeaagample

i'me no - delctsteou

testereand s enax3moed detdminihg elev»de@’s dé@rrbedtaduovbasrdueenh P-SyS timing
adjusted to correlate with the reference si

hyp rige QUENHA QY threqitfesential ﬁgrrﬁ@tor r@atpheg to eicyqltm)reﬂx is tested
by th@es%ln%lﬁ éé%t% Otth8Worekt Phsys ﬁﬁﬁr‘\%gé réspBHdsBdnht ﬂxSs‘%tLon where the

ter has been "adj ust to correlate wt
differteindiak edregl atoc eutiul b rﬁ@glrrmlmmV\nThg sample tster mchabet the three

posits (opEinep TBubiat e sfiferential CiaiaiSPh Eotbrmh g - Beined cetector
Thusa%é@ér‘?l%lé Rsta! F@él@&léte‘@tdrhahﬁ' %éﬁ%@hﬁ&é@rrﬁirﬂﬁ@ﬁeﬁ@e operate to
dhow ng an i ndeterm nate signal at tine n0 +

detemmeéee positionvehargrtee difespisialpooetaieresutpuhis @ mzaeqlmem To

mor ) BBl R Uk BloL e O B e

e.g., dyseveraging @veﬁgéve?QBOFlDMA%fyr’r%oﬁlﬁlth a suigleefilargdthyr averager
the strongest correlation netric e., the |argest

incluged jiuthessajnale tepiem Usingrtivs meghed dpes ol FedsiTacomRlete knowledge
of th(% %mﬁjna”ﬁlah r%tliéh ﬁgr ﬁc{ﬁ%r&hﬂé‘l%r%l%tﬁ%rf& et Sithough it will be

or equl va
appregmatédr tblat (4] medsn@ kabwrtbatt it @@mOFDMtsym’mil néth avegrtdin CP length.

veri f C aklsteco ect,_one is to test ch
The @}gya{ q{ﬂh%%ﬁqsgnt&ec? sigpa ,ea|th@&pp§qegggqn PPigts ﬁ’ansmltted)
neeoEnéﬂm ot her communi cati on systens, every OFDVA
is prefixed with a cyclic prefix. A
di Iﬁswuadrufming:tbnerceﬁchc prefidancha ldifferantial rmerietajoe maathadto it,

the .le t. of OF symh
anothh e Fa i Gaogiuile THeRm B gl P fodthe OBcuich possiviity is
the refeeémee SigA8r ddk¥ibal éEié"v@Utln E QWNAN rPéf-erl%@ée §|gﬁEP§ aréfransmitted
that occurs at the end of the ¢ prefix. Thus, for

C
on eeryrsah suheamesyssuitlﬁgn@ atﬁ)@aﬂlﬁé@tergpeatsetaaft%tlms wikdn an

OFDA SFRERL <P ST D bR T R E) i repeats iser,

and wtﬁ&lbgtawd Slgd [ irségradibn iperiedlof tiediffekkrtfat cemntiatdr is equal to the
correlators are devices that are known in the art, for

lengtxafripe &indareentpheignakpesiod a1/ aghe SNAkesymbeliperiod.
andoMBaret 8 etecEivELstMidtlR defBRITABIGI! e SMARments

described above in connection with FIGs. 9 and 11 have only one matched filter
together with some verification circuitry. As explained above, such verification circuitry
either can be a correlator that operates only over a very limited time span or a
differential correlator. In either case, the verification circuitry requires only low-
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correlators can be used. FIG 11 is a block di agram of
an exenpl ary arrangenent of a portion of a receiver

wo bas/1320e9 udes a matched filter MF, a peak detBCL/BP2008054262
differential correlator, a sanpl e tester, and a

com;gg ﬁyn‘gg%%ggﬁ% Eeﬁ&@ﬁﬁﬁ%ﬁ%@@es é Eégg?ﬁtﬁ%f% ﬁﬁrér% ization functions

of a fickhver antlicddo Wéreérgy@bnmw@ﬂ of su¢heysattbhizald® tirsuitry.
|stested by e tester. The correct P-SyS

t i FiGeg 12of 3e@'p5bﬁﬂi§r@ng|qt$19f Pp%@ ﬂ?tﬂ?tlﬂﬁé}f@b@m%ty versus ZC sequence
indedtHd %Bﬁ{btdr?khé:géﬁé AR e Lf{j etbidh rrﬁg Be ;EHSed above with the
sanple tester t (S

S ou ree 03| I ons
perfomTamue offa ddrevedtibhairsimgle arhatcbed Gltent on)thddigares, tieslfreguency offset
k detector. Thus, the sanple tester

eak , ,
is ra%@@@t@? tribyfed wailarmbrindBedarasiohg! U@é?}’lrﬁ@uéﬁggﬁyg -Gagrier bandwidth
for ST @v@lsﬂ@f 14gpposg 'dtB %ﬂd"t’h&Beréﬁpé%ﬁ*}éclyfﬁgﬂe@éér%erformance gain can

correlator output 1S a nmax
be olpgaried waacthe wheledsilBuangégnal of the differential

v efiLFe BeefR ST orcapraS bRl BPFYS e rbprmut repetitvely
as né’é@%rsﬁgﬁﬁ‘oﬂ edrisiedtd respBRd $@ﬂ’fé ﬁﬂmbe\férﬁhg riﬁur'&oftdainéfmumcatlon
met hod does not require conplete know edge of

chanaetsukgtweearigarismitierssanghedcesians.e Ta facifitate snderaltandlng many aspects

of thE YR relss o Bl PR AT Sepptiben oBf RS gL Py porformes
by, fér @@rm@ensmdlyeeamﬁgurédm@leeﬁm ofal pregrarhmiabee computer system. It
transmtted si e., the constellation points

will alsabe ﬁ?@qgéthléedn%@él Vﬁmu%@CtWUw Rees@HEd Y] %tap'yeconﬂgured
specfa%ﬁ%& %lr?‘aer 9 gna c?etg'l{glél'é eq;é'f%é ?1|ter‘68|ﬁﬁ§ tEH ‘i’é Pgbgﬂ%gslél&lahzed

functumnorbapplmdon@pecsﬁluamtegcated leircuitg), by ptdgraneistrections executed by
signal descri bed Ebove reference signals

E UTRG«N,
ONe Qf 'O s RIRSFSPPEd 06 y@v%f@b@? O 05 0By rier, resulting
&Wﬂeﬂggﬂgméﬁ%nﬂﬁ% §dd|¥|§ﬁél[¥ tﬁ’él Eoﬁ t%d"’!btﬂé' {)‘mBBdled entirely

IS current eve that it
withiemugmm b&commetenr@adableegjemge medmlhf haﬂng s@redrtleerreagan
tlon er i.od of %feren

apprggpqt8|3§$8 Iqsgrugﬁq% O(F(JJIS? qréﬂépﬂngf;thrh\é(lt lﬂngﬁté%%gn execution
systerh SAsharBRIs!, 8f de@ics; sucH &s 8fcohtifut&EFPh%ed yydiem, B%de@gor -containing

Conmpared to the receiver structure depicted in
systarneorethangestent Hatiear fetble indiistiens frogba nmdlumramd ehecute the

mstr%tﬁw Sz}iﬂgeecfﬁ?r%a e'cgﬁlpgjtémgaﬁsél%nigd|gbt'tc§qrnné§g %Er\féans that can

cont&id Cstoverddnmahicate, Progatdte yor transport the program for use by or in
connection with the instruction-execution system, apparatus, or device. The computer-
readable medium can be, for example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, device, or propagation
medium. More specific examples (a non-exhaustive list) of the computer-readable
medium include an electrical connection having one or more wires, a portable computer
diskette, a random-access memory (RAM), a read-only memory (ROM), an erasable

programmable read-only memory (EPROM or Flash memory), and an optical fiber.
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either can be a correlator that operates only over a
very limted tine span or a differential correl ator.

WO poogitsdeey case, the verification circuitry repti/ERR08/054262
only | owconpl exity operations, reducing the required

¢ i Bk @haod Bt BS RS R Pt €f oot at of which are

deschipBe Rbonk zaid am sGet s are darft‘émf)ﬂazed I3be athin theagsdpe of the
pl ot s_of P- SyS detection probability versus ZC

Inverst@ﬁuémreeaqhd@f%he tyat 'Oé%ﬁﬁﬁ‘?@sm@“%@\/\eﬁﬂ%rﬁé’ gichfeem may be
refergftf @C%éo ﬂ@ giie 'ﬂﬂgﬁregietﬁe bHSH?CEdééC’F%pW}e{i Rl Bﬁ &e%{e%m%as "logic
that"foeglor®s,a d:ldssnribleelcammny offset is random y distributed

uniformy in the range of plus or mnys the o
sdB'ScedF‘P%@f'z%%mﬁhﬂéﬁ ?? "CoRpRrised e pRd g?omp@S'BB whep used in this

i r e

appl|€§blorﬁg‘;§ﬂ>ggggﬁ’xveegfé§§§§é'tozg a\\fA%d ﬁaq%r%% @%ér@ f‘i’éﬁ% rg&t)rﬂponents and

do nafppreekidattee présenger acattiiesobese of ede alfwrdeatuees, integers, steps,
carried out re etlt];vely as necessary, for exanple, to

compc&eﬁ‘gﬁ,oortqgoyﬂ% qrRet varyi ng nature of comruni cation

channgihg hativasnembaamrbits eScADEd BB6G YRS ﬁreré_SJ illustrative and
facilitate understandi ng, many aspects of this

shouilchnehpe cansideregloestriativd in aAny ways bfe smpmfctég ipfention is

dete@ﬁfwgggﬁl tkggél}cﬁ@ﬁg %ga @1'% %ﬁﬁ{éﬁ Q/g? %goré)sr éa$ gﬁ,ﬁg)@fe&ts that fall within the

rang6 OTEng elairhy ate Mtehdednid be ahipadd tree@gni zed t hat
various actions could be perforned by suitably

configured specialized circuits (e.g., discrete logic
gates interconnected to performa specialized function
or application-specific integrated circuits), by
program i nstructions executed by one or nore
processors, or by a conbination of both. Moreover,
this invention can additionally be considered to be
enbodi ed entirely within any form of conputer-readable
st orage nedi um having stored therein an appropriate
set of instructions for use by or in connection with
an instruction-execution system apparatus, or device,
such as a conputer-based system processor-containing
system or other systemthat can fetch instructions
froma nmedi um and execute the instructions. As used
here, a "conputer-readabl e nedi um can be any neans
that can contain, store, communicate, propagate, or
transport the programfor use by or in connection with
the instruction-execution system apparatus, or

devi ce. The conput erreadabl e nmedi um can be, for
exanpl e but not limted to, an electronic, magnetic,
opti cal
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el ectromagnetic, infrared, or sem conductor system
appar atus, device, or propagation nedium More
WG p@sii3ioey exanpl es (a non-exhaustive |ist) of PEEEP2008/054262
conput er - r eadabl e nmedi um i nclude an el ectri cal
connecti on havi ng one or iIJ es, a portable
conput er di skettg, a randgg{LZ)g&fg;s mermPy (RAM, a
read-only nmenory (ROM, an erasabl e progranmabl e
read-onlg1 menory (EPROM or Fl ash nenory
o

. : . ), and an o
opt-i Bdnefhogf ideniEying ReCarrra Reak i AR P UseUtafifomptdnedilter in a user
: i ff AR, anal lescri bed
cauigfpL B 2 GiunlctER sy Pim Rome T BB8 of o b
Wi ddnretatiritea secgiecdbrthbgonal ielguienoy disioranitimiéx sighal with a replica
various asc&ec_ts of the invention, any such form may be
of a $UICEFORIgAtQY signal, RFredy BFRJusinGa coFelgionYHpvisignal;
d i | ; j ; s "logic that"
e B g SRl B kb ered that ¢ he
t ete:?tl_ttng‘ tl'mmt : akseat'a alndetnllr:xc oﬁpre'd@ite'rmin?dvlmmt ttiose;tha?t{are tiased on
appl i i on, speci f. e presence of state at ur es
propftBs.si e SnetfBREatidn sipah it eB oG e TRl A Stetest
signdsesence or addition of one or nore other features,
gnais,
i ntegers, steps, conponents, or groups thereof. The
patateduining epvaximm of thespealtast signats.are nerel y
illustrative and should not be considered restrictive
in any way. The scope of the invention is determnm ned

by2.t ke hedthewion glawhal, Wheraindhalsyneonétationsigil is a Zadoff-Chu
equivalents that fall within the range of the clains

Sequgnee iaﬁ‘ﬂéhg@ﬂGQ@e%inéﬁﬁ@%&ﬂ‘Staf@rr@i Ao EuAMeguio Naapgtagdu(l - 1)

mod @b, Nl ARl ! iRbicBte0l kStioR SR khd Bor?d tgiéta‘k% i©bn3ndex of the Zadoff-
mat ched Fi [Yef Tna user equi pnent 'St A’ COPmUNi cat T on

Chu sggtiemge; tosa pasithvae integesttiegisis @f smaltest ehuwltipledfa sub-carrier

ecei yed orthogonal frequenc ivision rmultiple
andhyigih ik i B OL A ATl O TROPERCIEYFa fos of the user

- ' | tput si 1 -
equu%@?hﬁwh Pé%‘t@ﬂwé‘re%@”e@ s?%r?é?nl. oytput s Lgaﬁg {L71)df < ffos] < Laf.

ecting s In the cor ati on’ out put™ si
testing the peaks at a plurality of predeterm ned

I i ons .that _are based on properties of the .

syhoRPenrehed or gt miieraR B s Bruatiaag s Gl isp dagor-Chu
sequehceenll thepredet8ained |8Cstiohat fE My Hndhd F 8, WRStHMn@icates a

the peak test signals. 2 . The nethod of claim]l1, .
locatigiepietha aoect paaiirloisi arainiden of thm £adok-Ghuzsefpiencenhand a magnitude
of a frequency offset of the user equipment with respect to the received signal is less

than or equal to a sub-carrier bandwidth.
4. The method of claim 1, wherein the step of testing a peak includes decoding a

second received signal based on a synchronization timing assumed at each of the
plurality of predetermined locations.
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sequence and the predeterm ned | ocations are nO, nO
ul nmodulo N, and nO wu(l - 1) nodulo N, where nO

WO pabsasdoes a | ocation of the correct peak; u i BCEHEP2008/054262
i ndex of the Zadoff- Chu sequence; L is a positive

oot i apd of sBch miRgRin okt Br Bsho T kb féigyng tne

receitell ISR NGY & Exsdctédsi ghfal tHae hkagear krﬁﬂW\ paaﬂbn vélktive to the

respect to the received signal; | =1, 2, L;
synchranifatiop gighal< |fos | Ldf. 3 . The method of claim 1,
wherein the synchroni zation signal is a Zadoff-Chu
sequence and the predeterm ned | ocations are n0 and nO
u 6.Wike enetBod of claih €5 whdreimaddrmiatifg thikereceoived sligrnat akth the
I s an index of the Zadoff-Chu sequen and a
expeﬁ%gwgnalés GRITEG PEATOHRY i Perdetemip @?Qfsaé'Pn@qui pnent
with respect to the received signal is |ess than or
equal to a sub-carrier bandwi dth. 4 . The nmethod of
cl @i he methed of claimel , sttepenfthesdep obtestipg dke pask ibhees
diﬁe@ﬁ@ﬂ\f B%réalgf Ing) n%d rqrﬁeeﬁvgdgég %SI:E eégbyéaiquu&?nrlq[%giﬁerential correlation
Outp@ﬂgg,@éuty of predeterm ned |locations.5 . The nethod of
claim1, wherein the step of testing includes
correlating the received signal with an expected

Ao Pbe LB B e AT g v e

smodhiigethe difisrcatial doreelatich bepet vigdaki gnal with the
expected signal is carrled out around the

predet erm ned | ocati ons. . The nmethod of claiml1,
\M"ge][ #hE mdif B‘Fela% 7 %ﬁ{érgﬁl thg%{?&%d 'sgﬂaygeo‘alfferentially correlated
erentia correl’a € recerved signal,

with &logcldyrelixpd meien@me sighéleoeettlrmé-domairelreﬁétmine@igrmul
signal. 8 . The nmethod of claim7, wherein the step of
testing the peak further includes snoothing the

difd. eAﬁ %HPQFQNEQ"H 8 'ré&ﬂ%‘r oM ikt h@%‘%orrel%t peak$ ABRLURSLE of a

of ¢l erein the recelve gnal
matohleﬂffdateemanabﬂlgmg:orrel at ed with a cyclic prefix, a

o R At ool SR S gl By avison
multiPRIX KGihalR@BKa IrSplRa GTH WHch%mQatrm{ sigAgl, BhbttBéreby to produce a
comprising: a matched filter conflgured to correél ate a

corrglaiis Qelgubsighayonal frequency division
a peak detector configured to detect peaks in the correlation output signal; and

a processor configured to test the peaks at a plurality of predetermined locations
that are based on properties of the synchronization signal, and thereby to produce a
plurality of peak test signals, and to determine the maximum of the peak test signals.

11. The apparatus of claim 10, wherein the synchronization signal is a Zadoff-
Chu sequence and the predetermined locations are ng, ng £ ul modulo N, and
no £ u(l — 1) modulo N, where ng indicates a location of the correct peak; u is an index of

the Zadoff-Chu sequence; L is a positive integer that is a smallest multiple of a sub-
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mul tiplex signal with a replica of a synchronization
signal, and thereby to produce a correl ati on out put

wGe@sabzza peak detector configured to detect PEBEB2008/054262
the correlation output signal; and a processor

.conf i gured t e . ural | f
carrifPRendp A fiel B34 Tt AtfedhiuRisRtash Ba Bary ptiget fos of the
rece@br WitR réypedi it e ddedeassignalt | =ang, t hernebydyp-PlodeykR| < Ldf.

a plurality of peak test signals, and to determ ne the

maxi mum of the peak test signals. 11. The apparatus of

ol ai ! nehroni : . ie

LB TAOaRYABI: br i U REREDTAL bRRGSLER e oo o st e
peakarsy décodity agecond véaeiNed sigdantased én a shhchrshizatiol, timing

where nO indjicates a | ocation of the correct peak; u
assuMed,R! 3 19f Ryel Y RidredeigiMmEegUerRYONS, s a

positive integer that is a snmallest nmultiple of a

subcarrier bandwidth df that is larger than a

nelfhi Theleppaedus obélasm fl0eyhensiy tvd Pamestasisafonfigered to test the
peaks By Correlatig %2%%@@%% %ig,??atl Eﬂﬁﬁr{ %S%q\)/ee%aa 'S that s d known
positﬂﬁﬂ%’léﬂ%&o%e%k/ﬁbm’oﬂa%ati@ﬁ%ﬁgﬁidﬂ the processor is

configured to test the peaks by decoding a second

recei ved signal based on a synchronization timng

eSEhTHe 3hogaR0s 8 bl 18 WFRIBA I ShuRiBLE! RikhEtheq omear
the rec&io€s sSijnal with ané egpe&dd tsigrizt atolintethegsrsdetymined locations.
correlating the received signal with an expected

signal that has a known position relative to the

syfich [ j j 10l f A ,

o of 1€ phEE/sR 8L 087 10y Aefelf (FERRIESD: B oBLRED test the
peaksdnediffertnsiatiy abrrelating ttihe recgiesd sidnal, grerebpipeatutitidha differential

redeternm ned ] ocations. 15 . The apparatus of claim

corr Q)t,'or\/\ﬁétpg} P90Ae processor is configured to test the

peaks by differentially correlating the received

signal, thereby producing a differential correlation

outputheiagpatatud 6f claifhd Sappearein dise pfoaslsaomsiibrthesheordigured to test

ne 3R RL SR AEl Be HA BR R S bR T, P

signal. 17 . The apparatus of claim 15, wherein the
recei ved signal is differentially correlated with a
cytl.i Ehe pepasatusof elaen ddcwhergjndne regeived signal is differentially

corsufRRATREDHERE K2 ebafbiiond vy P sFTTRPIRI A0 Signa.

18. A computer-readable medium encoded with a computer program which,
when executed by the computer, causes the computer to perform a method of
identifying a correct peak in an output of a matched filter in a user equipment for a
communication system, wherein the method comprises the steps of:

correlating a received orthogonal frequency division multiplex signal with a replica
of a synchronization signal, thereby producing a correlation output signal,

detecting peaks in the correlation output signal;
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when executed by the conputer, causes the conputer to

performa nethod of identifying a correct peak in an
woniopas2oed a matched filter in a user equi pmeneCT/@P2088/054262

conmuni cati on system wherein the nethod conpri ses the

o Pl G B LR P g RESR B R HHERRLed on

propém@mmm gphdreBnizbgofbignah Qh@*@bymr@du@n@@ @urality of peak test
correl ation output signal; detecCting peaks in the

signale; anrd atl on out put signal;testing the peaks at a
pl at are based on
prdcj)ép;[%i ﬂhp%ﬁ%ﬁéﬁﬁ?ﬁﬂﬁpé%fégkggﬁan% t her eby
producing a plur aI [ ty of peak test si gnal s; and

det erm ni ng, .t he m of the peak test SI nals. 19
THAS. Ehe IR 4 % Winres hergyac 5 | SgRalds a Zadoff-Chu

e
modufodi) whet_e nwhdicates a hoiatiah ©f thee torredtipmakotl is Iae mxd:ex efcthe Zadoff-
chu §8endt: Fas AR rffaert8ad ampuet Tlfite g gio-gerer
banoﬁxH@tthﬁrthbﬁ% I@r@@?‘%éﬁ 5 nﬁ’égﬁlﬂfh@b |fo§| bﬁéi %huéﬁ@ﬂoﬁset fos of the user

magni tude | fGs | frequency o he user
equnmanbwﬁhtreweqh te tmo@@emed sigrealr leeél, Qed ngaad (Lﬂ)df £ [fos| = Ldf.
2, . . ., L; and (L-1 )df < |fGCs | Ldf. 20. The
medi um of claim 18, wherein the step of testing a peak

| 0. uTlies neki O ATQ | Fins €8, amsleref T tievatdp of giminglasesk mieludles
synchroni zation timng assuned at each of the

decoging %ﬁ?@?n%fecﬂ\@ﬂe%ﬂ% based YrasypelRronization timding@gsumed at each
of th&f '&bﬁg@fﬁe? B8R %&%I tep of testing includes
correlating

e received signal with an expected
Si gnal that has a known position relative to the

\M£ e ﬁgﬁ%ﬁlgr?]n Sqﬁ Jé%,t\q%p@'etrh eggrlg%i Oflgéggcludes correlating the
recei@%ere rﬁJ‘Wnﬁ déﬁ’eﬁ%cft ;dp%gtﬁa'ﬂﬁa %Cl@#d(/@r?jgéélﬂaﬁlrelatlve to the

produci ng erentla correl ation output
synchiagmizdtion signal.

22. The medium of claim 18, wherein the step of testing the peak includes
differentially correlating the received signal, thereby producing a differential correlation

output signal.
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