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-1- | MPROVED SYNCHRONI ZATI ON OF A RECEI VER WTH A

TRANSM TTER USI NG EARLY- LATE TESTI NG DURI NG COARSE
SYNCHRONI ZATI The present I nvention relatq&nﬂxg%ﬂgmﬁlly
to sync onlzaflon nmet hods and apparatus for synchronizing

recei ver, such as a radiotel ephone operable in a cel | ul ar

comuni cation system with a transmtter which transmts signals to
the receiver. Particularly, the 10 present invention relates to a
synchroni zati on net hod, and associated circuitry, in  which
digitally-encoded synchroni zation signals are transmtted to the
receiver and used by the receiver to synchronize the receiver with

the transmtter. MNore PHROVED SEXNGHRORBZETEREQF A REGETYER IWITH | ates to
a synchroni zati on nmet hod, TRGeMEEHH disatte EARLYCLATR I FEdmTNGY Whi ch

on- synchr oni zat fon bursts | DurNe conRhERREatarERE Lo [t ough use

of early-late testing. 20 The synchroni zation signals are of
characteri stsi cs THei ChpReddrd t haibndebeCt ix@l aB¥st hegémm@r t s ough
a correlation uced

Synchr oni zati on oSrY“t%C’F‘éE&E%? ?%ﬁé?q%c??fgtwﬂﬁﬂ% ;E% s Syn%hroBﬁﬂ?n%

reduced nunber ofa cakceiweronsuch raguiar edadbo2blephaiet ecperdiple in a

synchroni zati on HedNahsr communicatiddCsPyiadll QRitkAld WraSistieksraggi®h hi gh
margin to faC|I|t%te thel detectlon é/%the recgi ver even whe the

signal s are trandfit¥8d a@ﬁmﬁ‘ﬁl FHE oFetHafifel Fartic Cte
hi gh | evel sl0of atpreseanti mvemtml relgpzsh t80a symfilstomizabhon m@émdusend he

synchroni zation %s&%'ﬁté&e c1rcu:|(.jd1§y tal lyy-engpded, S4i93@ls3 163BnBEdeq

transmtted in a | e Itlé)lex (TDM conmunicati on, schene,
such as th(?é’él rl??é&atlf’ﬂ Sl%’% LRI EON &P, thec EPFEIYTT

conmmuni cation sysdemsed by Tie rpreseen tq syeahromizé she3xeceivigrweithne,

advant ageously -qHO@ir8fsmitterd 6H6Fd YticularlFOMHENpeateAN $eheMbnSuch

as a terrestrial | 1 ular
% réiates to a synchronization wmethod, and associated

circuitry, in which synchronization attempted in the
presence of other high-power non-synchronization bursts
is improved or made possible through use of early-late
testing.

20 The synchronization signals are of characteristics
which permit their detection by the receiver through a
correlation process of reduced complexity.
Synchronization of the receiver is effectuated quickly as
only a reduced number of calculations is required to

25 detect the synchronization signals.

The synchronization signals are of high margin to
facilitate their detection by the receiver even when the
gignals are transmitted upon a communication channel
subjected to high levels of attenuation or multi-path

30 distortion. Because the synchronization signals are
digitally-encoded, signals can be transmitted in a time
division multiplex (TDM) communication scheme, such as

those used in several, conventional, cellular
communication systems. The present invention is,
35 therefore, advantageously embodied in a cellular

communication system, such as a terrestrial-cellular
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-2- communi cation systemor a satellite-cellular conmunication
system Wen transmtted during selected tine slots to form portions
of a control gj generated on control channel s by | ul ar
net wor k sta‘?'li)gﬂl%nto ab radi ot el ephone, and the radf’%’f’g?’é”ﬁﬁ%‘r’\e,
responsive to the detection of the synchronization signals,
becones synchroni zed to the transnmitter, both to receive other
portions of the control signal and other sjgnals generated upon ot her
data or voice channels. 10 BACKGROUND OF THE | NVENTI ON A

comuni cati on system.i.s gormed At a.n r}siarpéﬁigg_c 11ula8 Lignsmtier and a
recei ver intercoffiecrad® §7°ré BYStem Qf fnfhiCALT on c%anr%eF. Comuni cati on
signals transm ta¥srers Whinp ttyransmahsadt dering cseleatad ttiee spokst ke
communi cati on  form Ghs¥WiRind Ghes reseinad diyrahe geRe@ia¥es. on control A
radi o communi cati,on syst e][r%i S a corgﬂigiuiat I on ' i ch the

systemin
communi cati on cHEMHEI®IS f 8Ymed® of ax R fFéﬁule%féng:éjndsaof t he
el ectromagriet i c ¥adigteAephote, andpsberradiotgdenborea ¥esmansivehsodihpr ed
Cﬁnnectlon IS _nQietectior{j ek I ghd 0 Qﬁnémmchal%%y&eerbi@ﬁalbcanwrzbheé and
t he recelver, .a radl 0] ni cation., st e | advant ageous
Gt i zed vhon t HEIREFBRAS0, FY (5150 AIRIREESF r eBOER £O° ASGRAYE] SEEFoul d

be i nconveni ent wortiomsactiths copsrol signalAapd| dthew signadmigsnerafedyst em

is a type of radigQyn otherC@ERHNGEAbNFe MEHARTS. Wien  the
mfrastruc}oure, hereinafter referred to as the network, of the
cel lul ar comuni cati on system is install ed t hr oughout a

geogr aphi cal ar c2ACRGROWMEOC OFHTHE TNVERCIQN | ul ar systemis 30 general ly
abl e to communi cate tglheniicaki¥nl Bybben SysSt £Mmed, atEmiRAiukl, 0pod at
any location in the eggnrliatptrg ca:anggea. cceiSnco gggfgob the system
Wi | e converti ofa}” Ge t A aFSEELVEF ar ’E%erﬁ'ﬁ? i c&¥i oft
net wor ks have beesrmiumstakien ¢hanmedhoutoBBinicasigni #igmmts foransovistefl t he
wor | d, songs ar eagy are WrhiBHitter areStSindiBloMaEKpoh NtiRé Easmitinilc@Wion
popul ation densi tgﬁ,ﬂfcir o be rleggtlgggeb q:ﬁeerrre%%gg"ggl.- cel | ul ar
communi cati on nethoMEL © Y
A radio communication system is a communication

system in which the communication channel is formed of one

or more frequency bands of the electromagnetic frequency

20 spectrum. Because a fixed or hard-wired connection is not
required to be formed between the transmitter and the
receiver, a radio communication system is advantageously
utilized when the use of such fixed or hard-wired
connections would be inconvenient or impractical.

25 A cellular communication system is a type of radio
communication system. When the infrastructure,
hereinafter referred to as the network, of the cellular
communication system is installed throughout a
geographical area, a subscriber to the cellular system is

30 generally able to communicate telephonically in the system
when positioned at any location in the geographical area
encompassed by the system.

While conventional, terrestrial-cellular
communication networks have been installed throughout

35 significant portions of the world, some areas are without
such networks. In areas of low population density, for
instance, a terrestrial-cellular communication network
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- 3- m ght not be commercially viable. Al so, existing
terrestrial-cellular networks have al so been constructed pursuant to
various diffef ndar ds. A radiotel ephone, i

hand- hel d or Y@%ﬁ@é\ t el ephone, operable in one of thé’c?omruﬁ?"gatlon
systens S sorretl nmes not operable in other such systens. Even in

an area in which a cellular conmunication network has been installed,
a user mght not be able to comrunicate pursuant thereto if the user
attenpts to utilize a 10 radi ot el ephone ~ Construct ed to be operable
only with er e ,of n| cati net wor.k
Satellite-cellul aggfégmﬁlt%€cael ongglm%? lgif UC‘ﬁL as the RllsS; " ASSOS e{'t IPon of
Sout hEast Asi an t&fart‘%ﬁtisfla(lAseAﬂt)ileﬁl nﬁtmrks haveSailep| been (a@ms)rugredem

which is desi gnegufgumpvdcdafaﬁoust atﬁpélﬁétec GReiRgashy use of a
geostationary satelli

shal | permt %S§F#8t88ﬁﬁhﬂ?ggfn ?E%igﬁf‘%\g{'%ﬁ%%%yé@‘ﬁﬁém ed

satel lite-c&llul aelephm: cepéxabley stemnghef pbei coomadication gystlemsst any

| ocation. By tran§r@csntétriﬂ1e§omtIdgéeamsnﬁﬁsoé}&r subft WoBhRems & Even in
satellite-based transcei v

g 11 i radj otel e hOEeh r]O
up-link signal 8 355& d&el 1cl“§3ce ulay GATBUBLERREMR IHT¥CO fehas Dbeen
satel lite-based inaspatldder a user mibbphomtc bemmabieatticoncotraididage

ltoosm bl e bet ween tPSuant th@aétet eiieptmae @E&tBEtéﬂﬁey ide- hesethe a
ranscei ve

t uat it | | inks h
t he 10; of | FREIBELTP T ions SRIOET Uit a t8r ofind HOHE, PRLY uaBer
of the radi ot el ephotkesieid dfe thsl eettbub@mmmmatleratlon nebveptwni cal | y

Wi th another party bYSaV@ﬂ.letet-B@l:glﬁin@ommunlca%tléw Qﬂs@étﬁ’s I BQch as the
satellite-based ransc ecau of t k rené
( b y) ellular

efficiencies of %?‘i“a ion of %SHﬁBﬁ?%‘ét‘E
al ready-i nst al | efatelliter (ACeS) cmstami or&tucdm xtet deskgnhév@obemovide

converted, 1#nd NB8Yephone E&WYady IROIRL &R |aubébs€9mﬂé§§‘té£’cfblsl>ﬁ¥ee”5
such as the ACeS system age el ng eS| %’"?a to uél |z digital 35
communi cati on t PRV PXEPREF°cY { c §MEREea, sha Tty

utilize, or are gl amed to beowmmisated tte)lephonlcallt/o oy i Wiaye, ofli dilteal
comuni cation teghpifiiPSe-cellular communication system when positioned

at almost any location. By transmitting down-link signals

20 between a satellite-based transceiver and the
radiotelephone and up-link signals between the
radiotelephone and the satellite-based transceiver,
telephonic communication shall be possible between the
radiotelephone and the satellite-based transceiver. By

25 effectuating additional communication links between the
satellite-based transceiver and a ground station, the user
of the radiotelephone shall be able to communicate
telephonically with another party by way of the ground
station and the satellite-based transceiver.

30 Because of the inherent efficiencies of digital
communication techniques, many already-installed cellular
communication networks have been converted, and many
newly-proposgsed cellular communication systems, such as the
ACeS system, are being designed, to utilize digital

35 communication techniques. Other communication systems
similarly utilize, or are planned to be converted to or
to utilize, digital communication techniques.
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-4- To function properly, particularly when the

comuni cation systemutilizes digital conmmunication t echni ques, the
radi ot el epho e synchroni zed with a network st g feadnn e

cel lul ar con&&ﬂ%g‘{oﬂgn network. 5 Conventional ly, synchr%%’:rg%%@g%&
signals are transmtted by the network station to the radiotel ephone
to synchroni ze the radi ot el ephone with the network station.

Q her communi cati on syst ens simlarly utilize conventi onal ,
synchroni zati on signals for simlar 10% pur poses. In a TDM
communi cation system,, such as a tine di vi_sion | ti ple acces TDVA)
system conmuni cationds Euncuc’é?fe@‘fﬁ%?gd‘fby Pﬁa.h_gfao‘flfra?{@%? %F% TDVA,
a given f reqrescicatdon | sygtemdedtihives sdigteabfl ehmwmdcatioames 15
each having a setdd@mifuedl,S€Ehet adidEsl Prorch @it Nbe €d¢ichronizdd Rehot for
use by a different stubs ri Beg., Al tPotuxgeh %l sgs_.em;. utili zeﬁgl ght
timesiots per fraME-% S5PovPHed CH MR CPPTB SR PThSEORE sl ot |
ef fectivel y¥5 becorenentionallyl 6 syochgonstatigy ssgnalDaiend wasimiticads| ot

[ nf?_r malt [ ond_20_ tb W}t@e g?@_ m%_tgggﬂirb&purtg T,g{em "{h@i% l@ggtgﬁw FB a f
particular digital hit con uration. nor mal, bu IS e transfer
of speech or dat®IHFFHES gﬂ? ré’r‘fg}ewe Vich Eéﬁe@ewﬁ%ﬁ%féﬂ’%l@ﬁ‘pomer
synchroni zati on ®thsts, grwupsication of aiEtémsor mstimg lakbyememtiidied
synchroni zati on sbanSiorda , %%ﬁi&a&&%&era@iéhéi@veﬁbi‘ SRAGRY a@Cr 0SS
many frame?R wWithin a mltiframe, i.e., 102 consecutive franes in the

ACeS systehl ThPPHHI9%8" hi gh- power synchroni zation bur st in such a
signal, however, is plmced BBMt kompunicabion heystem, fsuch fpane itime

mul tiframe, sign@dtingdrheuTebiplér 2@ (ToMAQURIBEYN, ESfhud it ilcaMaishi ng
synchroni zati on %Sjrsé Sited uz}ualéﬁlﬁy t%;eeg, i ch coul onstityte

hi gh- power br oadtskstctuated pRyf8e Mee b\ ERRUCR paced f th8 &iVEfal
sync bur st fxequeneyt handnig idivaded bintimewaeviésaifs discrete framebt S
readily  pppareffoh hVAWeVar seriédals disdete thiRdbPbEL CPRONS O sahl Ul ar

phone, upon initial power “up, I.S_pnot synchronj.zed with the digital
bit stream emanath ot foryggmbvna ﬂ%\ﬂes“rﬁnttt él“gﬁ?ﬂﬂlk?ﬁfst éi'é%?‘f%f Mafie

mul tiframe systems utilize eight timeslots per frame, ACeS provides

for multiple users per time slot, effectively becoming a

16- or 32-slot system. During each timeslot, information

20 may be transmitted in burst form in accordance with a

particular digital bit configuration. A normal burst is

the transfer of speech or data information. Other burst

types include high power synchronization bursts, groups

of which form the aforementioned synchronization signals,

25 which are preferably unevenly spaced across many frames

within a multiframe, i.e., 102 consecutive frames in the

ACeS system. The initial high-power synchronization burst

in such a signal, however, is placed at the start of the

first frame in a multiframe, signaling the multiframe

30 boundary, and the remaining synchronization bursts,

usually three, which could constitute high-power broadcast

bursts, are unevenly spaced from the initial sync burst
within the multiframe by known offsets.

It is readily  apparent, however, that a

35 radiotelephone or cellular phone, upon initial power up,

is not synchronized with the digital bit stream emanating

from the transmitter and must ascertain the multiframe
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boundary, i.e., the start of the initial synchronization bur st
within that bit stream Once the first sync burst and the rrultifrane
boundary are found t he recel ver may t hen qui ckly get 'd}'fﬁs\éﬂfssw

the transm ssPSPS1Ee hever many nultifranmes of the transm SsSion may
transpire and a S|gn|f|cant nunber of processing steps perforned

bef ore synchroni zation is achi eved even w thout the presence of
interfering signals. Convent i onal ly, two types of

synchroni zation are 10 performed: coarsedand fine. Coarse

synchroni zation s desi gn to _narrow the bit .streamselection to a
particul ar port POHRBFY chvfsec (iey 8E3hF1QE Hhdmiitig! sYRChEQRZATiMy t he
i nitial high-powbnrsynoviiigt that goit tsiteream. Onme ttibfer &Awsboaymaryursd ne

synchroni zation thancdet a0t DESarde bouﬁd?ﬁ: %@:%t £b8hat | e OtetdiBrdNidyA!
sync burst within that gEort I on yrg I atl ng or, matching a segnent

of the sel SRR RE VLR 1 OiGSigRg SRPYSY
the segnent bi manpymubfiframes lof tber tealasmmlomma:y transpyre arghiazat i on

are achi eved. Th§159§5§c9£ttEﬁhﬁgfﬁﬁ¥“pfgéess1h§V%EEbQnperh@%ﬁ&&rbefofé; to
achi eve faster nchrggg\zﬂg&l on. In

additio
synchroni zat i on 5W&§°nﬁﬁo%llﬁhac POV BERSE 5PE BYRERNiC| c# t he
digital bit streantebhfehing sigmgd.d interfere with the coarse

synchroni zation procegdihfentona11RPr %nejyﬁesh'o&h rRBHRd U St MRy
be present particuyl arl I n"an_ACeS envi_ronnmen to contact
difficult- P?S“-?E'ﬁ%‘ﬂ SEB%’E?? bRl fam% pr ESBRER BYDEREQRL ZA & Higyh-

power ed, non- syndlaschgnedtlw arstcsy | thehebbtt stireserm selectionpltecataes

sync acqui sitionya30;cular pé’ilhaﬁnn%rf t e AHURNG vaY NG QN Zﬂéﬁé’fhlﬂﬁsp' te
t he presence of these Ot her %é ﬁhronlzatlon

bursts in the tr&ﬁ§FrPt1PéngFPesf’?’e%’rﬁ FOHGT SP’EQSE\"%S‘: L*%trr'rb‘gi'e of
processi ng st epsmahdifrane wouhdaiye. adiaet sgedusonization then Geeeteiimd que

for the Syrighromtfxgtéﬁé‘c@flc?céﬁ%i ¥er tﬁé 1n1é"i£1h Al P! &?Emﬁ%@s a
nobi | e or hand- he e}@f 5?5’6 a, cel | ul ar glmmnl cation system which

reduces t he Poﬁﬁl’rﬁﬁr WY sPEpIatelipge §,s8eBFenL pShertPiof il e

selected consecutive blts to a bit pattern, and shifting
the segment bit by bit until correlation and
synchronization are achieved. The focus of the present

20 invention, however, is to achieve faster coarse
synchronization.

In addition to synchronization bursts, other high-
power bursts are present in the digital bit stream which
could interfere with the coarse synchronization procedure.

25 For example, high-power paging bursts may be present,
particularly in an ACeS environment, to contact difficult-
to-reach subscribers. The presence of these other high-
powered, non-synchronization bursts in the bit stream
complicates sync acquisition.

30 Any manner to achieve synchronization, despite the
presence of these other non-synchronization high-power
bursts in the transmitted bit stream, requiring a lesser
number of processing steps and time would be advantageous.

One technique for the synchronization of a receiver

35 with a transmitter, such as a mobile or hand-held phone
of a cellular communication system, which reduces the
nunber of processing steps, is the use of a power profile
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- 6- met hod duri ng coarse synchronization, as wll be

di scussed nore fuIIy | at er. In particular, the power profile

t echni que cal quj g{ f3(t he energy accumul ated in each of ESH gM)ty of
bins, i.e, subunits of atineslot, 5 and, through use of a priori

knova edge about the spacings bet ween h| gh- power synchroni zati on
bursts, conbines the energy accumul ated in the bins to ascertain the
correct mul tiframe boundary and t her eby facilitate
synchroni zation. At a signal to noise (U N)6 rati o equal 10 to -10dB,

e.g., noise varignG.d Sdu&?ﬂg ti nE.Boar.-ase gnchroxi;lar%%tfzzog{??g%sw: %”FIE 51%’59”

found that a phone can acquir coar Se sync
mul tifranmes usi nghtsr?élssed moficorBddatriater .ponkr protitelamet hole power

Accordi ngly, thg profilet |U®h&1&quu§dltcalaﬁéé e!ﬁeféﬁ?h@?“hééhh@ﬂaﬁ&i aﬂpxt
4.7 15 secon 0 nds. per. ACeS nultifra
* ?*‘ oF bR ER g by Feetr SumaRElRar 3 siggEtoL ¢

probl em wi th the aforenenti one
that it may>be urfd@ket 56°’~15H§h|”@¢e°f a Prisgmchngwlme @gbaat ghle ehatings her

non- synchronlzatm@mween hlbhﬁﬁbﬁefaEYﬁ@hiJKiiﬁﬁﬂ%anM§%tEeV@bmﬁiﬁés the

transmtted on t Ll er. Fqr in the ACeS safellite
system cha%(ri;1 oa‘:%%{El FRE e EY B q?’tnﬁw&@gt?eg'c&rﬁaﬁ'ﬁlufz et GOphTREE
a subscri ber usi Myl¥dExrameponeoundasy hi glandover thegiehy facthpedtie i ty

may frequently beyheressgsysisnd when %'J.bnét'eto n01sé1'(@7190%519ué%§’1 are
on the samggcarri Ps | ens ari se, edlfflcultylsthat

recei ver cannot I%Stl n %é)shg"'g"' bl Jﬁﬁeeﬁaﬁf‘ﬁﬁ Do E?ﬂciﬁ%sza‘?’r%‘f'ﬁj( HPS)
bursts and hi gh- Strengtbomélt gwsi rieeen  Beeedicabat bar stheneThean eaeqw:are
usi ng the &E&&Qde%@hbh@dnﬂ@&@ioﬂeﬁitﬁlngﬁésmﬁpﬂifﬁﬁﬁgs

identify the mul tigf, d and refore nno nchronlze
In one sol ution t%o ?%?gsg?%l’g n‘%oﬁ?lffgf%ﬁ%f%a?ﬁ%‘?cg L‘cc°ﬁ?bnque'd %R al | ow
t he radi ot el ephoféMeo Zeefpiired to achimwshreynchatdndizashoondscaabautr 4um get
hi gh- power 16ont r @kconds (gdslagartﬁlurr@%%@aag pBr L A€ OtrlAr: 1G3akks -  This,

however, 35 woul d G uj 1S d the I %Fl ephone ch frequencjes
during sleep node Gp Fat1 o g fier @mengéfmea power ' profdiliessi on
beam covering a F‘ieﬁh?dtréfpwre&ear eds ithats it may be unable to achieve
synchronization at all while other non-synchronization
bursts having the same power level are transmitted on the
20 same carrier. For example, in the ACeS satellite system
channel power is limited and it may be difficult to page
a subscriber using normal power. Thus, high-power paging
capability may frequently be necessary, and when all the
high-power bursts are on the same carrier, problems arise.
25 The difficulty is that the receiver cannot distinguish
between high-power synchronization (HPS) bursts and high-
power paging or broadcast bursts. The receiver, using the
aforedescribed power metric, gets confused, cannot
identify the multiframe boundary and, therefore, cannot
30 synchronize.

In one solution to this problem, different carriers
are used to allow the radiotelephone to acquire
synchronization on one carrier and get high-power control
channel messages on the other carrier. This, however,

35 would require the radiotelephone to switch frequencies
during sleep mode operation. Furthermore, for a
transmission beam covering a light traffic area, it is



-7- - likely that only one carrler woul d be avail able to that

area. In such a case, the aforededi FSlh:ecdqapg profile met hod woul d
not work since all control channel m ReP’acecbe on the same carrier.

5 It is accordi ngly, the prese

invention to"OMtde a technlq rrproved Forrosemseso
synchroni zati on perfornmance at | ow signal -to n0| se rati os, by which
coarse synchroni zation is achi eved despite the coexi stence of

nuner ous ot her hi gh-power bursts on the 10 sanme control channel carrier.
It is a nore particul ar object of the pres‘gnt I nvention to ascertain

the starting sequence of hi gh- ovver oni zat | burst_.w.th
I mproved accurac;.lﬂefy endt 0‘%1% T £ lfr]'teﬁeF" °§E§e%? SYafL%bn)p’?e 'ihat
i nvention to 15 areacco#pl seththecasar et driiangdeectibedr sewsy netefsidiezat i on

by use of early-hatgod aidifld HILE whak! EEHEQTdAYL d¥htrol chefRBEE | My | ONS
of the received EI gnal to previous,and | ater portions of the received

signal to better PPdBRt Fg Same cargdemy ¢ frame boundary. 20 The
West i nghous® ref er encet (X 96 A23GHinddyer i s@s object aodet hbd apcesgyiar at us

for synchroni zi ngn$UAR@bnt | remg £>96v1de A PSknAleqRul Foor . ThSF&, &K St S
a matched filter gglr t put s earl(%/ﬁip ncgh-late gnalsthat
are input £ %h’é?ﬁfﬁ‘@ltlg?rﬁ’ﬁﬁ f§ Bstifacipna ??:W"d‘rs(?dﬁ% %N 25

i nterpol ati on cbpt wblichsicgazse mmhmnm1ml isemrshitwed despiyendtireoni ze

the symbol tim nQoEleéE@né@”@f en&hé‘i-élgs dO8SE high-phdld Yol s drinales are
shown in Flr]rﬁgre 8 and descr age 24 as having the early

out puts surtred ﬁéWFnﬁO’P"fféOi cenarmIef}t é’aﬁﬁfgﬁts sunmed, and finding the
di fferences between 30t isg he sSwms PAThdewhay z@bﬂentl sopercher npresant

dividing the inveHPu 8y tHeaghdfigncae startln sequence of a high-
SU resent inventlon

-7a-
advant ageousl y pPSWHe%Y%&romza'ﬁlWr Bb‘ﬁﬁts‘ﬂ’/ht&}hrld?ﬁrfgp S ACFEFAGY: and

associated circuitry,It is a further object of the present invention to
15 accomplish the aforesaid improved coarse synchronization
by use of early-late tests, more particularly, by
comparing portions of the received signal to previous and
later portions of the received signal to better identify
the multiframe boundary.
20
SUMMARY OF THE INVENTION

The present invention advantageously provides an
improved synchronization method, and associated circuitry,
for achieving coarse synchronization of a transmitter with

25 a receiver, such as a radiotelephone operable in a
cellular communication system.

The digitally-encoded synchronization signals are
transmitted in a spaced pattern across a transmission
multiframe, the first portion of which contains the start

30 of the synchronization signal. The receiver synchronizes
itself to these signals through the use of early-late
tests, by which synchronization is possible despite the
presence of non-synchronization high-power bursts from
other control channels. In particular, an energy metric

35 for a candidate synchronization start signal is obtained
and compared with the energy metrics of related displaced
previous (early) and subsequent (late) portions of the

THIS SHEET HAS BEEN
REPLACED




for achi eving coarse synchroni zation of a transmtter with 5 a receiver,
such as a radiotel ephone operable in a cel l ul ar conmuni cati on
system The digitally-encoded synchronization signals are
transmtted i ed pattern across a transni ssion péts! t he
first portionalgfa”(iﬁ’?gh contains the start 10 of the synchroni gg{slﬁioﬁﬁ
signal. The receiver synchronizes Itself to these signals through
the use of early-late tests, by which synchronization is possible
despite the presence of non-synchronjzation high-power bursts from
ot her control channels. In particular, an'%‘nergy metric 15 for a

candi date synchronfzation &1 8100l 1% QRLALNEAecrer (B samaned wth
the energy netrics 0 ate pl aced pr evi-ous (earl

subsequent (| at e5igravt Fénsn@ﬁedc ﬁée synchronxzammslmeélstart marklng

PCT/ US97/ 15840 +the mu]_tlfrfaﬁ@nﬁaﬂlﬁ&;@ﬁ signal to ascertain whether the
candi dat e sign Is L nde d theﬁynghroni zat.i gn S|§cg§na st art mar ki ng
the nultiframe bound | rcatﬁﬁorcﬂ‘ Jﬁrs&:ll

synchroni zat i on wethodretdfod thef prégentyr dgwentipnyeare orﬁd\ea’ré:ageously
advant ageously utilizeéHi an&d:émuaaﬁeé&mﬁqrmaemrufsa;teh\oaosyﬁi&mcmze
synchroni ze ci dc[ﬁcit el 1€ honeseort%%5 ereLn tao I,fa(_:tr‘)m tat I on.

In a terrestrial=3%&t9? ﬁf“?ur?lpc R s’f@??%?ﬁl \ffo r’n pal ng
signals are Inamsnitergestrial-cehluleyr cpmumeatzmn@)@é:qmrttbﬁs of a

control signal ogpefrdfizing @igRat8l | Uhae baseasbattedd t8 2 the
satellite- ﬁ)el | ul a i cati.on s th chroni ZI n k__gaal S

form Por 1 i G5 LeoBONE 1 oF STHAPS) SoraPeRLERL & it
control center el aredlladem thasg tetation.adi @nelaep'lwrﬁelllﬁe d@}lu\lay of

a satellite- baseé’omtﬁtfrﬁrb%ﬁﬁlo\ﬁersystetﬁ n kath synchrdrﬁ%tlﬁgce§l mEL d €¢8irMi NY
apparatus utilize the earl ¥ sen

i nvention to i mFYReEoR s%cﬁ?’ﬂﬁ‘ﬁ%t F6W3£0§F38§a ?ﬂeraé:bye prgﬁ'f’ﬁ t he
tine necessrntrolocenyarhandiarg itmansmdtted to they narksdedmphonher

aspects, t er ef o S8 w%y’f?b@da Htellite-BES081 AlRSHGRLLTY, ﬁyn%BEﬁn' Zes
a receiver with a

smtter. The receiver tran ter are
coupl ed t GEtHRECEsy t%ﬁyrﬁ?e’av 5??-‘8#‘&%2%%&% §|¥t |58Fe
signal is tr ansmetabadugf r vettrhes t cdnsthine t pregpoh tinye2§ion cmnmmpa:atriaon

channel .  The cofydroHiFaliohs L0&WBIdEd thereby reducing the time

necessary for synchronization.

20 In these and other aspects, therefore, a method, and
associated circuitry, synchronizes a receiver with a
transmitter. The receiver and the transmitter are coupled
together by way of a communication channel. A control
signal is transmitted from the transmitter upon the

25 communication channel. The control signal is formatted
pursuant to a multiframe format and includes
synchronization signals therein. The digital bit stream
constituting the control signal is detected at the
receiver, and a portion thereof analyzed by computing the

30 energy accumulated therein. The aforementioned early-late
tests are then computed to ascertain whether the portion
is truly the start of the synchronization signal, i.e,,
a multiframe boundary. If found to be the synchronization
start signal, the synchronization signal and multiframe

35 boundary are used to synchronize the receiver with the
transmitter and the control signal transmitted therefrom.



pursuant to a mul tiframe f or mat and I ncl udes

synchroni zati on signals therein. The digital bit stream constituting
the control signal is detected at the receiver, and a portion thereof
anal yzed by cqQnputing the 30 energy accunul ated t herein. é[,@ﬁ
afor)érrentlone n@ -l ate tests are then conputed to aBEHPPippd0

whet her the porti on Is truly the start of the synchronization signal,
i.e., a multifranme boundary. If found to be the synchronization

start signal, the synchronization signal and nultiframe 35 boundary are
used to synchroni ze the receiver with the -5- transmtter and the control
signal transmtted thgrefro WD, 98/ 16031

PCT/ US97/ 15840 more complete appreciation of thegpresent 1nventlgpnnre
conpl et e appr eci andon tyke t seopeeseéherenfenthon be obaaiinéde frzape tiher eof
can be obt ai ned %h@ﬁhbﬁﬁylng draﬁﬁﬁﬁ@“%ﬂﬁﬂthrgrﬁ¥i %ﬂhﬁgxﬂ%gdbﬁéfg&y

sunmari zed beI ow, etail ed description

present|y- theef %‘?th‘?i"‘é‘rﬁ)oﬁ gf%‘gope?ﬁ’élﬁ’ﬁ%%‘ht Pén, thghdPrAgeRpHENded
cl ai ms. 5 BReEFr DESCRINIA DTS DHEtBRAMWNGR ion, and theFhfbEiddd
illustrates a fupgtigeal bl ock di agram of 10 a satellite-cellular
communi cati on system whi ch enbodi es the circuitry and nethod of an
enbodi mrent of the present i nventi on; FIGURE 2 is a block
diagram il | ust r aBRAGFCOEHCREPITON OF THEf DRAWDNGS Ol channel nultifrane; 15

FIGURE 3A is a graph b&bﬁﬁkrﬁtiﬂﬂu&fwg}feﬂﬁ{ct&%ﬁﬂ block hﬁé{%ai?fof

transmtteqocontrol S|9£a S in.a_portion

mul tiframe; treedptlar SORMUBLCRE L SRSy Whigl| embedigs of
FI GURE 3A as rec@heedlamdltwtahrd aesbndeobf amdshitodimaniti b 2le préseimsi an
noi se; inbHREL 3C |s a graph of the power |evel signals of

FI GURES 3A and 3B as recel ve GURE 4A is a graph of space
profile metric val ues¥IGURE % oS tah€168he§11’%¥/@1‘ s yresra t nIFFOuUPESe YR 3C;
25 FIl GURBE4B tsntrgl aplarofeleanllyifaame petri ¢ val ues

15 FIGURE 3A is a graph illustrating a sequence of power
levels for transmitted control signals in a portion of a
control channel multiframe;

FIGURE 3B is a graph of the power level signal of
FIGURE 3A as received and in the absence of additive white

20 Gaussian noise;

FIGURE 3C is a graph of the power level signals of
FIGURES 3A and 3B as received;

FIGURE 4A is a graph of space profile metric values
for the power level signals of FIGURES 3A-3C;

25 FIGURE 4B is a graph of early-late metric values
based upon the space profile metric values of FIGURE 4A;
and

FIGURE 5 illustrates a functional block diagram of
a portion of a radiotelephone in accordance with an
30 embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
Referring first to FIGURE 1, a satellite-cellular
communication system, shown generally at 10, includes the
35 circuitry, and carries out the methodology, of an
'~ embodiment of the present invention. While the
communication system 10 of the illustrated embodiment



based upon the space profile netric values of FI GURE 4A; and

FIGURE 5 illustrates a functional block diagram of a portion of a
radi ot el ephone in accordance with an 30 enbodi mrent of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PRESENT | NVE

Referring fi r O BPSRL cURE 1, a satellite-cellular corrrr%r@gﬁsgﬁ
system shown generally at 10 I ncl udes the 35 circuitry, and carries
out the nethodology, of an enbodi ment of the present

i nventi on. VWiile the comuni cati on system 10 of the illustrated
enmbodi ment WD 98/ 16031 -10-
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Satel it e cel |ul SPPES A ARt bR SMIAT POMUHGARIon BYStan. AP Aot at
t he outset that bke widerdttaod aatd the onesdébddhegy vie t ke noudsent and

i nvention can anﬁileﬁﬁgﬁéwg?eof the ﬁf@é&i—ltechdv%&tl@ﬁr ch¥P&fa bg&@mHLat i on

systens, 5 I ncl E gd | nstance %ﬁa errestrLaI ceI | ul ar
comuni cati on sy&MERAGFI ot ﬁ’ér ?%%r of EYRRR of efivBRpE At 1on c ofRIHT 4t i on
system 5 incThdipgmunfeat i omsfyestaam 10 a ncltedeestrjabucel hilsd on

12 coupled to a Wo'fnﬁhh@@ati&ll eag)geéﬁ ertae%ls typeoUsh 1a;joEorBbhaEd S
represented in the tfigure b I 1 nes extend| ng fromthe ground
station 12. communi gl cﬁ}’rﬁf‘eg't at i on 12 includes transceiver circuitry

for transceiving conmihe cxinmunisagiat sysiteinel0 alncdpdestd ground atation _
satel |ite-based hpansGeli 18 o T0Er831EL! ARSI SherddISColR |1

oper abl e ﬁ transcei,ve .conmunica 8 %na s not only. t he
ground st atPon 1§°Hﬁt11&95c}svmrﬁ9resente t fBr tlhﬁn(f gHEEd bé'e\ﬁb(?eslmﬁ:?cﬂ‘las t he
transcei ver extendingrfrai thenghrwonk svatioh Xznter 18. The transcei ver

16 is here operabl e PehgBiidihdiscacidh A 3h8LLA (andleivel CLayLL:Y ONal 5

generated at the ground station th net.wor k control center
and vice-versa. FRE PFapReeividie communigation raianals, AptepRealiandifdes
control circuitmy satelliperbabédngrahecéiveuergy cifhanehselippresibasdd t he

signal s 15 Uransfkbhedet 0 idie Je3Bitl VES 1bradleler ehatfitnication

signals not only with the ground station 12 but also with

other land-based devices, such as the transceiver

circuitry of a network control center 18. The transceiver

16 is here operable primarily as a relay station for

20 relaying signals generated at the ground station 12 to the

network control center 18 and vice-versa. The transceiver

16 preferably further includes <control circuitry

permitting the frequency channels upon which the signals

transmitted to the transceiver 16, to be relayed

25 therefrom, to be altered to most efficiently utilize the

frequency channels allocated for communication in the
communication system 10.

Transceiver circuitry of the network control center

18, in turn, is able to transceive communication signals

30 with other satellite-based transceivers, such as a

transceiver 22. The transceiver 22, similar to the

transceiver 16 transceives communication signals with

land-based transceivers including, for example, a hand-

held telephone or cellular 24. Again, the transceiver 22

35 is primarily operable to relay communication signals

transmitted thereto, and again preferably includes control

circuitry for selecting the frequency channels upon which



25 therefrom to be altered to nost efficiently utilize the

frequency channels allocated for conmunication in the conmuni cati on
system 10. Transceiver circuitry of the network control center
18, in turn, i |l e.to transcei ve communi cation signals 30 ] t her
satellite-basé%°%9F§ ceivers, such as a transceive?cfgk&ﬁﬂ*ﬁe
transceiver 22, simlar to the transcei ver 16 transceives

comuni cation signals with | and- based transceivers including, for
exanpl e, a hand- hel d tel ephone or cellular 24. Again, the
transcei ver 22 35 is primarily operable- Yo rel ay communication signals

transmtted there d again f I ncl udes control circuitry
for selecting the‘%??e%sencg %’h"é‘ﬁ‘r’fgﬁ ? B:J# Tfhicch are  relayed \Boggotses:

PCT/ US97/ 15840 communication stations. -11- si gnal s
transnmitted thereto arcom@lmvedibd guk8hant to Eﬂéﬂyam&ﬁﬁiéﬁkfﬂﬁatg%E

Conmuni cati on pursuant_t, the co nlcatl n system S a user
of a hand-held te g % nn% Eaf%? Hreld Fﬁ}%ﬁﬂﬂﬂﬁ'céPl9°VWEﬂ%cate
posi tioned at anyt¢lﬁphqnenaﬂ-h}'m@m@bs1tloned atgengr asavion hehrwmighdut As
long as the user pirddeareas ofa@h@t@$9ﬂ90neA§4lbﬁgpQ§'Eh@”%QﬁEO oR AL

transm ssi on and i on qf npruni cati on Signha
satellite-based radloq§}§RE§% Ve 1s Pﬂ%lthﬂﬁg't° permitpransmigsion and
comuni cate 10 ¥edentlioni ofl ¢<;mmuml¢aamseslgrfalanwiibbrar@aﬁhéﬁ]eﬂmlma@edor

to a tel ephoni c devdgfeifved ,CONYRBL I Opgd,y W Q@Ilggle rm“é%%&%nlcate
To operate operl t he radi ot el ephone

qgmever
synchroni zed Wi t h %#ﬁ? FHREY kusercﬁéeaﬁgtheﬁrfﬁEﬁQEF¥§FW€HPoﬁFZed

voi ce or other cokrud cselepnsogbm devicebeoff feectvavedt behaken wikeline

radi ot el ephone angedvgicel | ul ar netmork. Coar se
synchroni zati on betmeg? a_receiver, %- t he radj ot el ephone 24,
and a transnitting stat SREFEREHPBYPErlyyg @V@§Plﬁhﬁrr?§&Q&ﬁ4@Phﬁﬁ? Bé

achi eved usi ng a musteape synchpomiezedrwithethet hetiluPscondtwgrko t bhse

method, a 15 r'l%“s?hcﬂféﬂf‘é& RRYYRYe %@@Lﬁér“&émﬁh&ﬂ‘yﬁ%' Lhy of

bi ns ngklng up a %Eronlzqﬁ%gﬁtgattern 'S i

anal ysis of the gﬁ%éﬁ g?tﬁiﬁ REM W LiGweFelephone and the cellular
networ

Coarse synchronization between a receiver, such as

the radiotelephone 24, and a transmitting station, such

20 as the cellular network, may be achieved using a linear

power profile method. According to this method, a

summation of discrete power samples within a plurality of

bins making up a synchronization pattern is made, and

through analysis of the spacings between the high-power

25 synchronization bursts, the boundaries between the

transmission multiframes are ascertained and
synchronization achieved.

A satellite communication system, of which the

communication system 10 of the present invention is

30 exemplary, is, 1like that described in the related

application, a communication system in which power signals

are transmitted between the satellite of the communication

system and the radiotelephone 24. Therefore, a signal to

noise power ratio, C/N, is typically of a relatively low

35 value. If an antenna at the radiotelephone is not

oriented to detect the best signals transmitted thereto,

the signal to noise ratio of signals actually received by



25 synchroni zation bursts, the boundaries between the

transm ssi on mul tiframes are ascert ai ned and

synchroni zati on achi eved. A satellite comunication system

of which thewog?lmgncommni cation system 10 of the present Wﬁ%%l?ﬂois 30
exenplary, is, ke that described in the related applrcation,
a communi cati on systemin which power signals are transmtted between
the satellite of the communi cation system and t he radi ot el ephone 24.
Therefore, a signal to noi se power ratio, CN, is typically of a
relatively | ow 35 val ue. If an antenndZat the radiotel ephone is not

oriented to dete h i S nsmitted thereto t.he sj gnal
to noise ratio 01(‘\1:Ehse|t g%gﬁgég%]fsélm l y ré%%i veev(fnbyg"m@l'ler feduﬁffi%lfl]%ogiig
PCT/ US97/ 15840 proposed ACeS, satellite-cellular communhication sykbem,
radi ot el ephone argagdvensigidheareedegétred td Be transmH PRI 2AR8Sgin

satellite-cellul C j catl ste agi,ng signals,are required

to be transmitted at Qggyng#gi%%cggeﬂ .gﬁrg%hiar‘ﬁ?a%c?'ﬁké&e oga}lsﬁb%‘? alj8*@#fi te
Gaussi an noise 5(AWGN) AnGRYNCh & kM nemenits cnsnespondes @antsraldgneinl 4y, in

ﬁ _ ra(:‘?iNOt el eqd Hjjfaﬂ:dg.fepﬁlaﬁféi bEVEéMsia@i\?iﬁﬁ}FCﬁo RLRANG ga@;'iﬁbd_si?nlal "
aving a rati u . ten i bel s. a .. _radiof el ephone
nust be synchronih%e .n\ﬂat% {:#gn g%ﬁ%l%fr aBout rﬂ%?%fie?od%?btbeelrﬁy et efve

t he pagi ng si gnal¥adiiptelgphongomygii &t i synchugyrsiized withequhe esellalarhi gh
mar gi n Synelytirkat ten Sl t ¥Yeb8ivé | RMeSYPEEIRY Z&lgran | nehde
presence Of]Ot hes%o‘?ﬁ[mrﬁerizcarﬂ'i h- power, non-synchroni zation _, signal s.

H gh- power ‘synchroni zati on-{ FPS) NEFEMs « FERHFPPed 5 Rigl margin

radi ot el ephone pdéYRchrendzatiginoraraphbityy to bbtowmsynchronizaicioronnzebe wi t h

the network. In preeeheered endusliciielr, high-Bbwéh MURSEACHBYERLE PN
synchroni zat i on |S§§%%?gr ally a two-step process. Coar se

synchroni zation I irst ef fectuated; thereafter, fine

synchroni zation is Hdgh-pewdesmhadnizByiong (Ee%) seiremsciransmatiaed, one
o][ rrﬁr e d_ls :—lPiobuar St il RPhEAS hp.@ﬂh:%& fil‘?éreraﬁﬁl_rdﬁe:l_ei}ﬁgﬁgr eai %é‘A&éézQé‘

of the radiotele .a fir. vel .of synchronizat on. And,
during the sub%hggggﬁéglz?é r‘l"el%ks%/ﬁ%lﬁeowof i oﬂr,l a preéed’d’&@i EPPPHmERE
within a single ®fnbBe Bresent gonsinglien, 2Bynchudpwigatiimme ipr genseallgcaiency

of fset is provi dego-stlp process. Coarse synchronization is first
effectuated; thereafter, fine synchronization is
20 effectuated. During coarse synchronization, one or more

HPS bursts during each multiframe permit synchronization
of the radiotelephone to a first level of synchronization.
And, during the subsequent fine synchronization,
acquigition to within a single symbol bit is possible;
25 also, more precise frequency offset is provided. The
subject matter of the present invention is concerned
primarily, albeit not exclusively, with achieving coarse
synchronization quickly and accurately, and despite the
presence of unrelated high-power bursts within the
30 multiframes.

When the radiotelephone 24 is turned on, the device
begins a coarse synchronization procedure. The coarse
synchronization process reduces the time (and frequency)
uncertainty to a selected level which in turn reduces the

35 number of operations required to perform fine
synchronization. In one embodiment, the radiotelephone
searches all possible primary carriers when the



subj ect matter of the present invention is concerned primarily,

al beit not exclusively, wth achieving coarse synchroni zati on qui ckly
and accurately, and despite the presence of unrel ated hi gh-power
bursts withi QN{)E&%& - multifranes. Wien the ragipisdapnene 24
I's turned on, e device begi ns a coarse synchroni zati on procedure.
The coarse synchroni zati on process reduces the tine (and frequency)
uncertainty to a selected I evel which in turn reduces the 35 nunber of
oper ati ons required to perform fine synchroni zation. In one
enbodi nent, the radi otel ephone searties all possi ble primry

gg;;b§g§/1§g28 }Jﬁﬁotelephone f@oéﬁ%h£go%%. A primgfg_carrier is the

radi ot el ephone i®xqiafedwBhch AWtipdeyeeartieer cPBE¥Pk channedgyrj ednwhi ch
mul tipl exes theardtilerOmb6ARMEIR,S the tddiotelephbfthes Ledasida®idt hatBe

radi ot el ephone is_as un{asq: tr%dhave Rre- req1 tgﬁednoglmaie%l tr'b'.sLi ng
the nominal cont¥or B o-° channel’s pr| TPRG receivi ng pagdl ng si gna

In either eﬁmodumnnelﬂgréwwﬁcmw\mg @agiag Slgnabﬁect uat ed by
utilizing high-power ﬁyn@htaarzaémml(rdéﬁ@ systenbUFé?h&hroMbt&lﬁon i agl ude

pr edet er m ned r nchr.oni zation bursts th
MUt frame of ¢ HeERrEuateR B yealiz B RIGORARY SUpdhESiRl il TBRTD i 1)
ot her conthwrsthanwdishandinebitde ¢ airedesesmingdh aeattrrng ghof

power ed broadcasgyﬁéma{l&aaohh%nwwcasthmnb@@h qmruleﬁrame of (B&EH), a
pagi ng cha or_other trans 1SS

1 O Ehanrnee ts Ll ecf‘lw:ﬂ: Ugh Lhne
power pr of e nﬁﬁ?ﬂﬁ?qigf ?Brth 1% thE-1s5 FOeareat Icatlo FP?Etuate
coarse synchr on¢enficdn Chaﬁnelﬁa@ﬁ@rtmﬁf@g yhanaeds, h$‘g<hh e dihe hdgh-

facilitate detechdwdived broadédit I%ligﬁalﬂé o2t bePadsast oatLE] thlafmh@txher
I nprovement s

despi t o 5Pl ArPaR b AR ¥ G PPReSBrRATS I GRS 20
hi gh- power bursts. Although the @Oyﬁépswﬂllﬁ rmetrhad feate fqxsdi fincgheon for
ACeS, 15 eaChréE&ﬁéd|’&5§lhﬁatf§ht|é§&§&¥§§£é”1dBE%SEOUéyﬁ&KHbﬂlﬁﬂﬁﬁon
unevenly spaced s chrani.z |on‘f s*u kgHP@ i:o 8., L_:g:lfor' t he
i tial coarse SAoRLIaErpRnd AE hign Marash tS el rane At iBur o1
occurring at ttee prgsentr ipyention is directed to further improvements

in this art, whereby synchronization is achievable despite

the problem of the presence of these other interfering

20 high-power bursts.

In a proposed air-interface specification for ACeS,
each multiframe in the transmission has four high-power,
unevenly spaced synchronization bursts (HPS) which are
used for the initial coarse synchronization, the initial

25 synchronization burst occurring at the multiframe
boundary. As noted, however, each multiframe in the ACeS
system also must provide other high-power bursts on the
same carrier, e.g., high-power paging bursts (HPA) for
alerting wusers in those areas with poor channel

30 conditions. The problem arises in putting all of these
high-power bursts, i.e., HPA and others, on the same
carrier with the HPS bursts and expecting a given
radiotelephone 24 to achieve coarse synchronization from
the HPS bursts alone without confusion from the various

35 other high-power also bursts present on the carrier. It
should be understood, however, that the synchronization
bursts within each multiframe may include both HPS and



boundary. As noted, however, each nmultiframe in the ACeS system al so
must provi de ot her hi gh-power bursts on the sane carrier, e.g.,
hi gh- power paging bursts (HPA) for alerting users in those areas with

poor channel nditions. The problem arises in puttiRgraishyRbst hese
hi gh- power bu% 9§1160?9 , HPA and others, on the sane carrier wth the

HPS bursts and expecting a given radl ot el ephone 24 to achi eve coarse
synchroni zation from the HPS bursts al one wi thout confusion fromthe
various 35 ot her hi gh-power al so bursts_present on the carrier. It

shoul d be understood, however, that the syrthronization bursts within

ggﬁ?ugg;;;;éige HaghiﬂBUe%¢SrQ£ﬁ£hé@P§u§2Qs or HPB burﬁgg)éﬁg £6O§%oa caa&mer

broadcast bur st sceannEB (BGEEI s @uels-h@nbHBaderat to marbhahﬁemuxme e.g.,
an HPS burst to BBukdabe amubt ithr@@e HPR bubseddanyt afgl hBr emsHRRIAEYsSt S,

acting as HPS bursts p In the nultiframe. 5 The
present inventi oﬁ E%%ﬁe‘? osztgﬂll\?e%g’ﬁl g‘“#%ﬁ T AT by use of an early-late
test algori®hm or netThe preiseht inventdonl peeks ttiwe sodyei hisrpfehlam &y t he

detected hi gh-pouge of anblga§§.§ tl.QtQEtt@’s@ Ng1 e tHnAl br Omelth@c which
synchroni zati on

int t th f | tif
Whien 50 2" BPRLERTAE ARBerBRobTREL IeF, ﬁﬁiﬁﬁaﬁsﬁ%ﬁ ¢ % Beuds " AT
particul ar portibunretst e determadebitheststeara cohsthe usirnghronizatimm,

control signal, §HEM ah %ubhn dét%r%ﬂh@ﬁt@ﬁ’e atadt of a MYRAERGRECakhich
starti ng p?b nt ener % es

therein (and i n f’ﬂee%%rﬁlermf)’r%rgjswéhe V\ArFﬁFﬁV?ﬁel%lpes%éct | 53@7‘1"%3? ot)
accunul ated. Thearhiguliaasportion ¢ff thesdetrated batl straan copptipiciay f rom

the hypot hetical the cdit¥rdln faRndanigenvdd 4dhgiknows, s‘é’l@é@@d aBag ng
pattern c%uonl zat i on bursl S, Spread acr.oss

nultiframe, ar ef‘YBPE‘ae mPSIEERI - BRI 4 hotfir t NS0 muf%ﬁﬁﬂ at ed
energy may be | abgenddrwii eadi hhe hngrgiewerherein (amdstis whehovheadiinst t he

bit ns handt t ixfres:c Ohgthih GHI@:S% ctive uh@@ﬁ@l %]g;caﬁlupgntzéa On THRY efididiednot be
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To -ensure that thénsi estoogdpoee jwith §hen1§le@m,atunterven: spacing pattern
for the synchronization bursts, spread across the

multiframe, are also accumulated. Even though the
20 accumulated energy may be large, indicating high-power
bursts within each of the bins and timeslots in question,
the selected portion may still not be at the start of a
multiframe since the aforementioned other high-power
bursts could closely mimic the synchronization pattern.

25
To ensure that the selected portion is indeed at the
multiframe boundary, similar energy accumulations or
summations are performed on other portions of the control
signal. 1In particular, the same energy accumulation is
30 performed, in accordance with the synchronization burst
spacing pattern, on bins spaced a given distance on either
side of the selected portion, and the energy accumulations
compared. By use of this early-late testing, described
in more detail below, coarse synchronization is achieved
35 with improved accuracy and fewer false detections.
Furthermore, synchronization is improved despite the co-



mul tiframe boundary, simlar energy accunul ati ons or sunmmat i ons are

performed on other portions of the control signal. In particular, the
same energy accunulation is 30 performed, in accordance with the
synchronlzatL@ spaci ng pattern, on bins spaced pgTiisy28840

di stance on el her side of the selected portion, and the energy
accunul ati ons conpared. By use of this early-late testing, described
in nmore detail bel ow, coarse synchronization is achieved 35 W th

i nproved accuracy and fewer false detﬁﬁtlons Furt her nore,
synchroni zation is inproved despite the co- WO 98/ 16031

PCT/ US97/ 15840 exlstence of other high- power bursts P the HPA éﬁgﬁﬂéﬁnce of
ot her hi gh- power d?k;ts on the HPA glhann whet her_ t he HPA
98

channel is heavi athgt Fhe 15y annef is hea"l'?‘ﬁeoéa}%?htﬂa)f et 396 ng
met hod of the presentThe earlwdatieonteakiow meslst hrahi zdie orpdesenite
presence of 5 w@é@l&t he&lmmgﬁ%@ﬁ{cm?ﬁ%t%gb he taEe ;ﬁ%%@g@g garrier,

relies upon_the |dea %t t ese ot gt ower rsts heretothe
principl e ol contheRf tCSF 1ghRQweg Rursts on SO PR PANEH BRFEeTsi gnal s
wi |l be spaced apaties nupasn the idmeerthatntbesac pohsrt high fpowan dsiretsst ream
of the control 1thefél QBalth'en pqg_glgng?gc%fwctcjh %Llagﬁ%rug ure (gtn bql SLs

wi t hin a tinmes franme rame Q ansm ssi on S|gnal
For exanpl e, oneSHiCHRATHE ARLIARHBRERT PSRl S iiridl be spaced (aRaftardny an
repeati ng acr ossevernparsnnet acrdssmﬁ:botramylssmn shapprnof othe nontirea
synchroni 2g§ 1 on Biked) SRAGCUBRACE Writh o r;g%rc%ﬁ&esxﬁcm{&g%t%n

selection is nmad rsts are contl guous

will each %r?ﬂ‘&élﬁﬁmf‘ﬁ‘m& @eﬁs@ehﬂ%m% gfed Wﬂ«ﬁmsalavv%wna
tinmeslot, e.g., BoODt exaobpleramese | pr) mord }ughzlsbwer paging signale1)P,
where N represen}égﬁf@rﬂ“”?ﬁﬁe@én@”é&fo@é 30 artl'E:ﬁﬁTE:? 't’lmla'%ﬁog' V%ﬁy

message, and P represents t aci ng t ween bursts, i. t he
nunber of times|dARPephHQ mimic the, %%%}hr‘tl?’szr?tté-f’é BUFSE , SO |"WdAe§S may
be 2 or 4 tie incoimedulldyngheonseasion selection Sbomaden FIGURE 2 is a

di agram of a nultiframe tMésezétaher fk{x&@?.é g{, r‘f‘J“tA?aguszéﬁ‘%?q} sFlerd ra]chvm t hi n

whi ch are shown in nore I meslots

within each fran@*idge e numerouq s GONRERHLAYBNgEHRTPS arWiihidhded \ﬂ‘éﬂﬁnof
sone of the tinesieal, obsgshailiorg if ofir £kamess B[, efr k, Pb[ £r+]12p b2 and,b3
t herein, each

j + (N-1)P, where N represents the number of bursts or
20 frames in the given message, and P represents the spacing
between the bursts, i.e., the number of timeslots apart
for each discrete burst, which in ACeS may be 2 or 4 due

to multiple users.
Shown in FIGURE 2 is a diagram of a multiframe MF,
25 frames Fy, Fy, Fyy and F,, within which are shown in more
detail. Timeslots A,, 4&,, . . . A; within each frame F are
also shown aleng with an expanded view of some of the
timeslots showing four bins b,, b,, b, and b, therein, each
bin containing a plurality of signal bits therein.
30 According to the aforedescribed principle of contiguity,
if a high-power paging burst is found in a given slot,
e.g., A¢ in frame F,;, more particularly within bins b,-b;
of that timeslot, then other bursts related to the burst
in timeslot A; may be found in the corresponding timeslot
35 location in other related contiguous frames, e.g., slot
A; in neighboring frames F,, and F,s, respectively
transmitted just prior to and after frame F,,. For



bin containing a plurality of signal bits therein. 30 According to the

af oredescri bed principle of contiguity, I f a high-power paging burst
is found in a given slot, e.g., A6 in frame Flerr], nore particularly
within bins b of that tinmeslot, then other bur dto
t he bur st [V% 2;]Hs{isimesl ot Alerr] may be found in the corregépl?)lr’\éc?l)?\%w
timeslot 35 | ocation in other related contiguous franes, e.g., slot

A6 in neighboring franes F23 and F[err], respectively transmtted
just prior to and after frame Flerr] For WO 98/ 16031

PCT/ US97/ 15840 -16- -16- exanple, if
a pagi ng message (HPAL is transmitted on | ot A6 of franme F24

then the contiguSd€ Frares F23aRGo "9 MEESRI gy o BHnEERPB G pR i ons
of the pagi ng nmesdmgelot A¢ of| frdmenFe, Fhen thﬂesbntlsmouss fitpanest Aptamd t he

paging 5 Nessggtay hLies éd}ﬁ_a@_ar 6@5@@%&@0%”@?'&&3 I;ﬁgflhanﬁeﬂ%é]

woul d nost i kel )&chogt ai n %S?‘%&%&R} I[}Prt jon o t he @?

Synchroni zation “Bur L et : StaﬁFefogra § R
unevenl y t hdoughmesseige, mﬁhenf rthe MBrrespondinqctimeabote wint rfmmparnzgcul ar

pattern and on n@pmn140 mow@im&quscéﬁ@gﬁﬁ,apg@ﬁéé@mﬁt meonsacs@
timeslots within those frares. It sh Buﬁﬂ-ﬁ }J}{qél’ od, hovvever t hat
in Te

t he HPS may3§8 -on di PYRTRFAN A Ot WevpYe are
franes. |In eitheprrefemraplyherrespeenevenlyy noimomghoati ahe multibuoame NMELtern

preferably does nof R8bSF&ad& tRELRT NCLPHE AR ar Q%a@l%@td 94h8Yon ponlt

shoul d be derstood_LL however, that the di blt st.ream of control
signal informati GYPELIUCUYIHTR0EE BYPTaTEbLY e S8ME  CURRALYAES: WhERR ed

st ream of hpse frags ofltwhhahld dguundéestodd, ddvievprar ehsel eed ed,
preferably in sempal mdly bRl candl¥skent ntﬂﬁééld-\tlg Wl’thtllﬁe t?xg res?@c%%y
accunmul ated in e)a{,ch of the respective sel ecte ]ﬁ’p t1ons Ins) is
computed. For exafPFE: ’f‘he’rtp'hﬁ'rr Event, tRe resRER5IYE SWBChERBEFREL SR gnal

sanpl e for a gi vbarst pattpom pereferaliiyn doesr hot tditheareetgy thecppithaiwe i n
that givenigin of cohefifhitPlerr]) dssahaihat eeadietd, FRswiied, éRat
the digital bit stream of control signal information
detected by the receiver is an undifferentiated stream of
bits, groups of which (equivalent to a bin) are selected,
preferably in seriatim, for analysis. In particular, the
20 energy accumulated in each of the respective selected
portions (or bins) is computed. For example, with «x;
representing the received signal sample for a given
portion or bin {, the energy accumulated in that given bin
? (B) is calculated by the formula:
25

Bc‘-‘g Irtlz ¢))

where the summation is over the received signal sample of
the given bin ! over the respective bits therein, i.e.,
from the initial bit starting bin ¢, at x, to the ending
bin bit, at y. Accordingly, B,, By, . . . B, represent
30 the bin metrics or energies associated with bins 0, 1,

. and L-1, respectively, where 1L represents the total
number of bins in the multiframe MF. In the multiframe
MF shown in FIGURE 2, L=3,264 (102 frames/multiframe x 8



[err] where the summation is over the received signal sanple of

the given bin [err] over the respective bits therein, i.e., fromthe
initial bit starting bin [err], at x, to the ending bin bit, at vy.
Accordingly, Blerr Blerr], . . . B[err] represent 30 t rics
or energies a?&U@PQPEd with bins 0, 1, . . . and L-l,qﬁa?%§¥ rvely,
where L represents the total nunber of bins in the multiframe MF. In
the nmultiframe MF shown in FIGURE 2, L=3,264 (102 frames/nultiframe x
8 WD 98/ 16031 PCT/ US97/ 15840
-17- slots/franme x 4 bins/slot). Aslioted, the hypothetical

starting bin i, he first hin of .the first high- power ,
synchroni zat i on ﬁﬁ'§F/E§aBe xblnqﬁff °Fﬁ fP§n€°FFgrrFPe hypotpehieabt
Alerr] as shown istaEit@GyREDbIn] §, alaﬁxrecth@riﬁmﬂtfhﬂn o thet fidrstantidging

synchroni zati on Qs r@rdeh%nwstmtbﬁiéee e.g., B@H“%arxn ram
Alternatively, the enﬁﬁgy accunyl ateq i n_the given ierr Blerr])

may be cal cul at ed Pordfusiown 1n[EFP YRE %1FS ﬁMﬂ9§¥Q9ﬁe ALEgr&®Ton is
over the tine |nt@ﬁvatanﬁlng|$ypehr¢nlzatlon buest axiiry tthe malbifryme
therein, and wheigyhahsya function for the received signal sanple

over tinme over 6gld i nt erval In accordance with the
preferred enbodi ment B FPRBAEEVELYy e enqREh@ESHIUAaEBdcAR pERe | TEVRRL ri C

(M for the bigel ef®,edmdty rbd ded cndlatebabedtius i fugrnidia :f or mul a:

y
B, = [ |r®) " at 7))

10 where the integration is over the time interval of bin ¢,
i.e., from bit x to bit y therein, and where r is a
function for the received signal sample over time over
said intexval.

In accordance with the preferred embodiment of the

15 present invention, a space-profile metric (M) for the
selected bin i is calculated using the formula:

N-1 K-

M, = B, . 3
i i (i+j+S,) mod L ( )

3

where N represents the number of synchronization bursts
in the multiframe MF and n is a summation counter, e.g.,
N=4 in the example shown in FIGURE 2, where K represents
20 the number of bins in each slot, i.e., 4 in the example
shown in FIGURE 2, j is a summation counter from 0 to K-1,
where S,, S,;, S; and S; represent the known bin spacings
(S,) from the initial bin 0 in frame F, (N=4), where S,=0,
and S,, S;, and S; are preferably unevenly spaced therefrom
25 across multiframe MF. For example, if the second
synchronization sequence is in frame F,,, timeslot 3,, then
S,=768. The “mod L" operation in formula (3) assures a

proper wrap-around, i.e., if the sum i+j+S, is greater



[err] where N represents the nunber of synchronization bursts I n
the multiframe MF and n is a summati on counter, e.g., N=4 in the
exanpl e shown in FIGURE 2, where K represents 20 t he nunber of bins in
each slot, i. 4 LN the exanple shown in FI GURE 2, jpcd gggnat i on
counter from%tytgg)'l??—hf, where S[err], S[err], S2 and S??drrg]g%%ent t he
known bi n spaci ngs (S[err]) fromthe initial bin O in frame F[err]
(N=4), where S[err]=0, and S[err], S2, and S[err] are preferably
unevenly spaced therefrom 25 across nultiframe M. For exanple, if
the second synchroni zati on sequence‘ms in frame F[err], timeslot
Alerr], then Slerr]s .« The "ngod L" operation.in _fornmul a assures
a pr oper V\/rté%?’gﬁ(‘)u%d,zﬁl%. e”, gF'f"gfhet-'L}'éeunmRT +j°f8[“8rl tr:]lp;i%s g}'r&’e%’i%%)’ 18

WO 98/ 16031 subtracted from the sum. PCT/ US97/ 15840

-18- than L (GacfrdingfNeef dihen hekOrendukii-of asid ber end )rirse
subtracted from{fhe sum oniZggordingly, if bin i were t?rg first
bin of the first *S%P %l%h-)ﬁ%ﬁ\%? %Wc Foni I'on t&ﬁnst?or?%eﬂrsg &f al |

of 5 sub%equesubggquentnbingtin itipat| bimesloy, bies, ikins i+l,| +K- I+K- 1,
shoul d al so have;hi ghowalues sef BvEEHIIgES value® IdF B metf£E£r ENCEi@ai n to
FIGURE 2, if the sglected bin_i tijeslat Alerr],

IS frame Elerr
constituting t hePReCTTHICS AR "oFC Ff&m%ﬁ'(clt{ %@ﬁ 8ggﬁc{5?dbl?3r{é bE A,
blerr], b2 and b8ramehFa ttiateslot Aqtisessbitubinial the adiivgl etergy ofal ues
E her e: ni A ] sygscr:]ﬁs t?@he@achh%ff QS‘inaZZ}SLQEerW It 'agx@ B SLithif Ehatl nd
i mesl o rr] wthi ra err err] ‘an err], are sprea
apart uneviﬁl y o F\”ﬂ%ﬁﬁq‘ rwaoggl%l\/gg?'ﬁ gﬁggf?r&??%f o A2l tg[a‘é?f’}‘lgui sh the
synchroni zati on si gnads rate®d,other £our ssynchipnizapioh hupsrsi clocar, Bion i

sel ected as the pyResietigalishant frames B, FLNI€ F,$YENMYI Z8d Wpresiggnal
and the follown

synchrani zat i.on .bur st's paced apart known
di st ances ?Bg‘ﬂéf r‘b’?‘r?v%/ netY | é“u(l%}lfﬁ'ﬁﬁ aW's ot™t H¥&e eefré‘i}'/‘grﬂ ed% o
determne if thedésreingiudshcbhe ssymsdirohdratiprasdghags e othex buystdi.cating
the selection i sypWPPacangitiat &iOk bffedtad bis the hyPothBRical start

synchroni zati on sipgnals. . f, however, a rtiqon of _the control
si gnal beg?#mi %‘eat %P%&P}z?gf’bﬁxaﬁﬁﬁﬁ?lf r B3R PR |k iRueng:
Alerr], synchronization bursts spaced apart by known distances

therefrom, the metric (M) sums all of these energies to
determine if the energies contained therein are high also,

20 indicating the selection is a good candidate for the start
of the synchronization signals.

If, however, a portion of the control signal
beginning at or near, for example, frame F,,, timeslot 2,,
bin b, were incorrectly selected as bin i, then the space-

25 profile metric (M;}) for that selection would most likely
be low since the summations of bin energies from that
beginning mark, i.e.,, the incorrect bin i, would most
likely not fall within the known placement for the high-
power synchronization bursts.

30 Although use of the above metric M; is a useful
predictor of whether or not a given bin i1 has been
correctly chosen, it is apparent that in some situations,
e.g., with heavy control traffic or paging, mistakes can
occur and the metric M; can read high and falsely predict

35 that the hypothetical bin i is correct. Accordingly,
another metric, generated pursuant to the early-late test
of the present invention to corroborate the above-



bin b[err] were incorrectly selected as bin i, then the space- 25
profile nmetric (Merr]) for that selection would nost |ikely be | ow
since the sunmations of bin energies fromthat begi nning mark, i.e,

the i ncorrect“}e}?@ h)abwoul d nost likely not fall withi @Wgﬁw

pl acenent for power synchroni zation bursts.

Al t hough use of the above netric Merr] is a useful predi ct or of

whet her or not a given bin i has been correctly chosen, it is
apparent that in sone situations, ehg., wi th heavy control traffic or
pagi ng, m stakes can occur and the m®ric Merr] can read high and

fal sel d hat .the hypot he b i
pccordingly. < SecarmiBbiba BEP ekl BB sk, e TBb TRy, 1t e

t est of thempre*s@d]tthm\a@nurw taf &ber @ib@;i:aiaéet Beladoian usmg the VO
98/ 16031 formula: PCT/ US97/ 15840
-19- determ nation, is used to Verify the correctness and

i nproved the accuracy ofzphe(m@nd at Gt (N forpul a:
[err] wher e VVrepresenfs t exﬁﬁﬁgeg of sloté per°$rane Theml

product KWP is nodded with L to account for w ap-around. Thi s
early-late netric conpares rofile_netric err]
for the hypot het i"& %Q% %eﬁﬁq?ﬁnFﬁe gﬁnﬁugger oﬁeF}?g S cBRbuf B Gt § anes
earlier, i.8, N@EdeCt KWP ismmbddtedPwithanbst aaegount €or Mreprprowsdng t he

same 10  known synchmmbzaéa@rymgt%t aeagwgsm%eré& %afé‘s Otclagr g\p%ﬁét |
pot heti ca

the early-late netri.c Is.a f
sel ecti o% to ascé’FPﬁf‘?‘ng\[“e“flﬁi Bupg st © fega)[potch 1c58v\BJrnr1’or’f”§§’nEH¥oﬁ?'E%t i on
bursts minmic theredmieccomputed sgnchrbranes icrldgaci agein tMe ewerd :f he

hypot heti cal 15 anaela%ctpl $Rahmssi DEO&F £CE o, 'fMIh%wp Ace- Risqhy! ehgﬁéam&s for
t he aforeng t|on corres ndlng earller and |at e I NS are $ t hen
v #%F 2al

t he hi gh ue o nPHB BRI E tﬁ%?r???ﬁﬁ)?PaCIngs or e OFPHE5t Ker bi n
sel ection indi cattée témtlytiate metwial ef@ilonisf abifmrihay zhegkt wof tihe

synchroni zati on $Rkhetical selection to ascertain if a group of high-

power non-synchronization bursts mimic the correct

synchronization spacing in the event the hypothetical

15 selection is incorrect. If the space-profile metrics for

the aforementioned corresponding earlier and later bins

are low, then the high value of the early-late metric (D,)

for the hypothetical bin selection indicates that the

selection of bin i as a part of the synchronization start

20 signal is most likely correct. Conversely, if the early

and late space-profile metrics are as high as that of M,

then the sum of the differences in equation {4) will be

low, indicating that bin i may not be a suitable candidate

for synchronization start and another hypothetical bin i

25 should be selected and the above testing performed anew.

In one embodiment of the present invention, the bit

stream from the control signal is divided into a

multiplicity of bin-sized portions, g.g., at least 3,264

such portions for a 102 frame multiframe and space-profile

30 metrics (M;) computed for each. After such computations,

" the early-late metric (D;) is then readily computed for

each hypothetical bin i to ascertain the space-profile

metric (and bin i) having the largest value, i.e.,, the
greatest differences.



20 signal is nost likely correct. Conversely, if the early and

| ate space-profile nmetrics are as high as that of Merr], then the
sum of the differences in equation (4) will be | ow, indicating that
bini my not_be a sw t abl e candi date for synchroni zatjQp.ss4 and
anot her hypotw&pp'&@? bini 25 shoul d be selected and the a ove esting
performed anew. I n one enbodi nent of the present invention, the
bi t stream fromthe control signal is divided into a

multiplicity of bin-sized portions, e.g., at |east 3,264 such

portions for a 102 frarre nul tiframe and sp#te-profile 30 metrics (Merr])
conputed for each. npu the early-I te r|c
(Dlerr]) is then readl 3’3(250 ﬁPegO‘fI%%atha mé"é’clrrhﬁy%?h%? %ﬁf

ascertain the spaeerpeosfi| the selemitidre (efhd Wim i) rewi nghe helrllangést

value, i.e, the gynchrdHi8Rkesh BHid fiy @BEeSborated with aVWRi§R/d&Pde of
PCT/ US97/ 15840 100 orated wi 20- 9 It has

been found that GFERTRRE: (EXPHF RS S\PEVE] SQRH“DFE?T’]though ¥i§ 195 P he
sel ection of bi naforedaduribrit farly-late tesehrafhithet porsbhh isverdrirgbor at ed

with a high degregsodccuracy as%xﬁ%oedEmefé et s hayassiovn 3 hadcddarugh
use of the 5 % redescri, be earl Iat %Jﬁlgé.f t he géesent |nvent|on

99% accuracy is & Rﬁﬂ'@? l‘@lﬁ e 10 Yeo EYRGETOnLZatign
synchroni zati on poaelblﬂ@cﬂyr@ gl $hesprnesenes zaf isomulsitude oposapdrateeven

in the presence gfnér na&gni;smxoiou%egr aé@ch as pa@tﬁ‘@r Qh98n PRYE ToddrSt S,

such as pagjng, which nmay,occur eacC oni zat on burst and
S Paghno, Rt TLOCUl Oy car 2RO SO MREIN o 2B R, DS an
Wth the usay ohiniwe thsopatesun pfl ayechwstizagioethotd-sof Wheh giesent

i nvention, one igsoedt Q:rheagbévécé Ghed h@eé:tqrnrgeﬁéthods oﬂ RhEi Bresent
synchroni zati on burst with a reduce robagb?l Ity of | se” det ection.
The useful ness anf’ﬁEtéﬁ?i y RSt 618 eBECHRY r eoft‘? hgeteCt %Fes%?ﬁr”t

i nvention in sel énitigl ssyothreoiizhyponhkbtrealwitin a reducedi probabistitat ed in

FI GURES 3 3gd 4. j8hpygd adil LAdRia . 3A 3B and 3C are the power |evel
measur ements over a portio contr channel transm ssion SI gnal ,
correspondi ng f%%d“sesfz R&fFs °£olr¥d"e eﬁﬁf}’e]ﬁﬁf‘nﬁﬁﬁﬁ meF’éi:‘é‘T‘\f@g

si gnal , r eppesenty ginyventhdi cima s28ect 26, a 28 racd Agpohhekicdie bin
positions withinjthe fespechtys sl ¥1aReS! 3 thf B 9hsROWErin FIGURES 32,
3B and 3C are the power level measurements over a portion
20 of a control channel transmission signal, corresponding
faded signal and corresponding received signal,
respectively. Indicia 26a, 26b, 26c and 26d wmark the
positions within the respective signals of the high-power
gynchronization bursts in a respective multiframe,
25 corresponding substantially to the multiframe MF shown in
FIGURE 2. The first indicia, 26a, represents an HPS burst
at the multiframe boundary, i.e., frame F,, timeslot A,,
bin 0. A portion of the previous multiframe precedes
indicia 26a. The other synchronization bursts, which are
30 preferably HPB bursts on the broadcast channel, are
located at frame 24, slot 0 (S; = 768), indicia 26b, at
frame 50, slot 0 (S,=1600), indicia 26c, and at frame 75,

slot 0 (S,;=2,400), indicia 26d.
With further reference to FIGURE 3A, it is shown that
35 immediately after the initial high-power synchronization
burst, indicia 26a, there follows five lower-level power
burste, representative of normal transmission power levels



synchroni zation bursts in a respective nultiframe, 25 correspondi ng
substantially to the multifranme MF shown in FIGURE 2. The first

i ndicia, 26a, represents an HPS bur st at the multiframe boundary,
i.e., frame F i meslot Alerr], bin O. A porti g

previ ous nul ti rgng*gosE)recedes I ndicia 26a. The ot her sync rsg;r{@tion
bursts, which are 30 preferably HPB bursts on the broadcast channel,
are | ocated at frame 24, slot O (S[err] = 768), indicia 26b, at
frame 50, slot O (S[err]=1600), indicia 26¢, and at franme 75, slot O
(S3=2,400), indicia 26d. Wth 4 H her reference to FIGURE 3A it

i's shown t hat 35 |£n"red| atelye afgﬁe %he Lnitial

h =PQ
synchroni zati on Yur ST cra” 2 roagﬁ% B FglaF fc\".\ggn%mer T el
power bur sﬂfemammgmmwel@f imoithal m\@l@r@ﬁﬁ@su dneponErames ed s

WD 98/ 16031 101, however, illustrate a scenarléxﬁﬂéﬁagZé35?49ag1ng is
t he broadcast traf fic _channe

-21- for aml
renai ni ng transmp§§| SH)éi rrﬁgalttﬁ’e §RA t PP gRG Digh RRuers Paging lTﬂﬁSts
however, il Pustr &hgongbovhar i @he\hehenmﬁzhvl,s .paxﬂqvgfdllslglyl fuptesboadedst h t he

conconi tant hi ghWQQHEEuP@Eéﬁgré%érz%tn%e5to GG Itang 'Eb.e %aﬂéeéhévﬁa
accordi ngly, fuII Ioa r.ef,erenc

furth and
3C, it is shown Fﬁﬁt HB% ﬁf-"§sﬁﬁrs?‘rse a?’é‘rﬁﬁfll etfi 1r’tene 58 W@‘?‘b‘?fﬁd
Furt her, since CFNritderiOdBncasCifolm iiPdH,GIRE sBGwnt he FIGURE N3 sethe

corrponent dom nah@%ee'@o%&%nﬁ"qoqanakag Vafl'la&ﬁ?elimord%f the GQi@@nce
conponent is ten tines

0 t.he
multiframe ¥ bo&fd n°115§ c°mp°nFﬁg| &8 hg0i 5?1'5‘5? etlF?‘bn’ﬁ h‘éh‘ﬁo?%%nal
Shown in Fl GURE 4Ampenangr aph axd t he thel uesmaeitMrame behodhayed f¥om

formula (2), the lgaageig{;giéﬂl@ol@tf@o% tha noisd&dicia 26a representing the
FIGURE 38 15 also  SRoppedn; ipfie (facEEonorrah,aruss Retres PEal ¢ om
FI GURE 4A, celeudpied- froni Fermeta &2 )ondheampeice-prafélehmetric.
”ULt'fr?”Elgound§5H1bﬂga3@9'5¥eﬁf@§@ﬁﬂln {Eﬁé“ﬁﬂqt%@rameaggh%aQP?J lost
boundary. I n FROLRRS 25k edBoRtidle iomal e LBr PETUM PRoAP CBR o
from fornul a (3) losheimariey spate-profilet waluesy. mder iis. cleay §x©tneEIGtmE)m
FIGURE 4B, the inpdiCighe space-profile test alone cannot locate the
multiframe boundary in a noisy channel, and some

20 additional information is required to properly ascertain
the multiframe boundary. In FIGURE 4B are shown the
values of D; calculated from formula (3), the early-late
testing metric. As is clear from FIGURE 4B, the indicia
26a for the multiframe boundary is quite prominent and

25 readily detected, indicating that the difference metric
computed in accordance with the present invention is
particularly useful in acgquiring synchronization despite
the presence of numerous other high-power bursts in the
transmission stream.

30 with reference now to FIGURE 5 of the drawings, there
is shown a block diagram of a portion of the
radiotelephone 24, such as a cellular phone, which
receives control signals transmitted thereto, such as from
the network control center 18 through transceiver 22 shown

35 in FIGURE 1. The radiotelephone 24 includes receiver
circuitry 27 tunable to detect and receive signals
transmitted to the radiotelephone through an antennae 28.



26a for the rultiframe boundary is quite prom nent and 25 readily

detected, indicating that the difference netric conputed in
accordance with the present invention is particularly useful in
acquiring synghronpization despite the presence of nuMEGHS

hi gh- power bu?‘g)tggﬂf“é?t he transm ssion stream 30 o ”HM
reference nowto FIGURE 5 of the drawi ngs, there S shown a bI ock
di agram of a portion of the radi ot el ephone 24, such as a cellular
phone, which receives control signals transmtted thereto, such as
from t he netvvork control center 18 t’?’ﬁ"ough transcei ver 22 shown 35
in FIGURE 1. Th 5 gls()tr?al eghgrr{@atzl%el Q%I Eﬁléas erce(igl o] ré:wlt A% 27
tunabl e to detec %rh recerve signal’s 1 gns%t?’éﬁlat fhe appLt

radi ot el ephone t hpcugelarton 8AnwhioB, is operable t@Dsede¢bOpRdrtions of

PCT/ US97/ 15840 the in-coming recelved signal for anal?gxs In paréifﬁEﬂfS 30
se Qtor

representative of he rec d s s are
whi ch is operabl 8® ‘5c§3’fe§¢ gﬁ‘fﬁ%at}b% c’Or‘ttrllc)’{'zt ﬁégflﬁlcbﬂ?ﬂgc?%%ee? i gnal
for analysi&. | nppatioes | wrich are gwlistidwally procdesedheasoftsatibeidgnal

i nto consecutivep@low. POt SRS K @{diaxis'%@io\-ﬂi dnahbyeproeﬁﬁe&hl&%or
descri bed le ow. |t_shoul d, be under st ood, however, that sel ector

30 may focus the>2el®Y i FPPFocERE, & Ctlt?é‘ nBFREESS: SuflanorRE v BE
hi gh- power bur st sespanaivef fopt high-powercobugatsat ein heaseaeffpitor tiche

initial sync bUféén&Qntra@é gridey i @Qa&:Bﬁ TTPJ):E' ft{kﬁ{m iPQWREAr Ysync burst The
ener gy accxllgul ated within ”]'ge sehg g such as the energy
within a given bPRIPHY¥I%F & FamE Wg’ t he nonlinear power
metrics described in Thee energy a¢@m¥i@r¢?dowed1m Hhendehgehppl pexttians. A

power ;:al cul ators&éh as %é@ﬁ%r@;bewﬁﬂﬁiﬂleﬁ%ﬁﬁé@ﬂwhat ed %éﬂ'ébrﬁ;h.ﬁ:
respecti ve

n e _bin. This ene ) na n pe passed
to an accunul at oPséﬁg\M\fﬁ}tﬁn &88 1ERR NP Im P8E8¥%§/i °¥“'E’es ?’f? .
in cal cul ati ng eatoxpmentdonedi edeandidgsppphbiaation. mlpwa;spagcmﬁOf-l ate

tests, e.gjs the3spagrd- %Bé”en%@gmsﬂi@&ﬂﬁ@ﬂé@@é'@&ﬂﬁ %&'Pe%’ﬂ%itdeng
I\/[err] and t he space- trics at either side of

hypot heti cal bi n°#t® Wlthmﬂ’fg’ ngﬁll nn'g]?,’c%rﬁﬂedig(* syp Ray Ehen 15"6: R?oﬁﬁ?éir
with an anbanénsaocenul ater Ewhicd6 adsienghe sawf sumeyd speevidBys

and the sumin agguaulalor 34 dReacexgheiffd oW tontdBled in disparate
bins using early-late tests, e.g., the spaced-apart

20 synchronization bursts in computing M; and the space-
profile metrics at either side of the hypothetical bin i.
The sum in accumulator 34 may then be compared with an
amount stored in a memory 36 using a shift register 38,
and the sum in accumulator 34 may be exchanged with that

25 in memory 36 if a given condition is met, e.g., the sum
in accumulator 34 is greater. Other information about the
particular bin, e.g., index information, may also be
gtored in memory 36 to reference the particular value(s)
therein. .

30 It should be understood that the aforementioned
metrics M; and D; ascertain the vicinity or neighborhood
of the multiframe boundary, not necessarily the exact bit-
wige location. Through use of the above metrics in coarse
synchronization, a particular region, segment or portion

35 within the transmitted bit stream is selected as a likely
candidate, narrowing the selection to roughly a bin-sized
area. The more cumbersome and computationally demanding



25 in menory 36 if a given condition is nmet, e.g., the sum I n
accunul ator 34 is greater. O her information about the particul ar
bin, e.g., index information, may al so be stored in nenory 36 to

reference the‘gpg@wgﬁul ar val ue(s) therein. 30 piussiess be
h

under stood t af or ement i oned metrics Merr] and Derr]
ascertain the vicinity or neighborhood of the multifranme boundary,
not necessarily the exact bit- wi se | ocation. Through use of the

above netrics in coarse synchr oni zat#,on, a particul ar region, segnent
or portion 35 within the transmtted bit " streamis selected as a likely

candi dat e, narr op g0 HRCRELEEHN:! BoT Ohalat B Db AR o ot §e Th

nore cunbersone an CO ptapiona t
PCT/ US97/ 15840 S&ynchronization to the bit-level. -23- fine

synchroni zation is thet ehbudd, ethdrefedel doalamdewstded that thgndivizicaati on
tp Fh? blt-IeveI?f he receivegtcéﬂgyéf’sf %ﬁ?&%&estggaﬂngﬁﬁ tﬁxﬁiéfﬁgh t he
di vi si on 0 _t € recelvea control signa It streaminto |n-$|zed 5
pi eces may dartiPieFfsH MaYaRdstitdant 3 neanigied: Rémpphat and thedyigen
across two recei ¥Rérdim sAdRisetper téOdbved NEERYimple pospiohs) Nthdrdady
signal. The net . P, f ot | NV, i Vel I ng

t he af oredescri bgﬁgéggﬁlﬁl %?ée%%aq 'ma_?fkiec ri‘esthr?dpneafqﬁitela%bsa%\ﬁ% i%(‘);' é:;ﬁ%ertai n
the nultiframe 1bnvepeippiarBowfyiedkl yedng toaeri apyedescribed eanky-lsfgy| d
further be undessiDOdis hbBéthelds able B3 CisrertdimneathdinulEiframe (B)

may be corsrpbit ed Mé%{ud%rwcqu%eg{‘ﬁrergf% of accuracy using the nonlinear

t echni que present applicant's co-pending 15

appl i cati on. It | shonddl d Bekhaonabry bndarsdosdoodthatat &hehough
the synchroni zat i ebrbuést igiadd ebih t hafsidd t €8 Wnk{i Beeaohputed widht iaf ranme

may consi st of all high- C i i [ ot her.
hi gh- power bur st%l,‘ﬂeag:l?%h d%%%%'o%&%ql%gc§%%%%a ggsp.oggéﬁ%%r,ten%n l.lr?gt i on
as synchroni zati®fatbufsrsh in thee rREEWNYT or3PPRiCany 'that C@ tRensia"gy

accunul ati ef applPeddlidiie enpl oyed in the present invention does not
O Soer D e Sou e fpd SRl Mo AL BoPLR3EDRFoon v IS,
as shown in Fl GURES symciggnimtifeurst pageyadasnprgtbediwithigbwach act
as a synchroni zagh i frame may consist of all high-power synchronization
bursts, other high-power bursts, such as from the
20 broadcast channel, may function as synchronization bursts.
The reason for this is that the energy accumulation
technique employed in the present invention does not
discern the source of the energy, merely its presence.
Thus, the broadcast channels, which typically transmit at
25 a normal power level, as shown in FIGURES 32 and 3B, when
broadcasting at full power, act as a synchronization
burst. '
It should finally be understood that other similar
methods for computing the energies within the
30 synchronization bins and profiling the energy
measurements, such as in the co-pending patent
application, are intended to be within the scope of the
present invention. Furthermore, it should be understood
that other difference metrics may be employed for analysis
35 than the particular one recounted herein.
The previous description is of a preferred embodiment

for implementing the invention, and the scope of the



bur st . ‘ It should finally be understood that other simlar
nmet hods for conputing the energi es W thin the 30

synchroni zati on bi ns and profiling t he ener gy measur enent s,
such as in o- pendi ng patent application, argen to be
wi thin the sc%%gh?g?ﬁt he present invention. Further rmrg?'hpéﬁg oul d be
under st ood that other difference netrics may be enpl oyed for anal ysis
35 than the particul ar one recounted herein. The previous
description is of a preferred enbodi nent for inplenmenting the

i nvention, and the scope of the W 98/ 16031

PCT/ US97/ 15840 , ...-24- . .inyentiop, shoul d
not necessarily thévﬁqtrﬁof‘eds%?/ujt%i got IEFecsec?rslaﬁtlilgn.zbe ‘?‘ﬁg‘lg‘éépg’yof gPﬁ%
present inventi ciesariptiionst ea@hdefdamae bgft hdef dfenpntg thegntsion is

WD 98/ 16031 instead defined by the following c1F{méUS97/ 15840

- 25- VWHAT IS CLAI MED | S: 1. A nethod for coarse
synchroni zation of a receiver with a transmtter using an
early-late test, the receiver and the transmtter coupl ed together by
way of 5 a communi cation channel, said nethod conprising the steps

of : transmtting, fromthe transmtter, a contro

si gnal upon the comuni cation channel, the control signal bei ng

divided into a succession of consecuti ve



10 multiframes, each of said nmultiframes conprising a

multiplicity of discrete frames therein, and each of said mul tiframes
conpri sing at | east one hi gh- power synchroni zati on si gnal

t herei n; detecting, at the receiver, the con &9@

transmttl ng &R?‘H&“’éa. d step of transmtting; l; s@?’é%fnqang at
| east one given portion of the detected control signal;

cal culating the energy accunulated within said at | east one given
portion; 20 sel ecting at |east one previous portion and at

| east one later portion of said detected c@Atrol signal, said at

| east one previo I ortlons bei ng respectively di spl aced
prior to and sublsi'ﬁ'hl’i?]ﬂ:ts %ﬁ"gﬁ{‘g at | east one given portion within
said detected control 125 A smgnlad>d for coarse synclteni=mdtiog tbé a
energi es accunul aleRdiYethysal ¢ transmfﬁtéze%%tlngngn pé@f’if".'ﬁ e ekl efpe

mu

portions; and 8 rrg?rl ntg he en acc w f hi n sai d
at | east oREHVVET 386k L8R WFERSThHEESDICB® ds£1°@e§f’elre§¥t way of gne
previ ous ardd saiad cemmuhieatiororbanhel erszidr medhsd comprigiespehki geéys

wher eby said conpg.ison is used to determ ne a multiframe boundary,
t hereby coarsely synchroni zi ng sai d receiver with the transmtter and
the control signal t F&A ﬁ‘?‘ﬁ%’cflguhefrréi‘w difie FFansmitter, apcongpel

met hod accordi ng amuaumd,tMebmmmidm:lon chashe), afhee QERIONYsLORPY | Ses:

WO 98/ 16031 belng divided 1nt? sucégggﬁ%?7/&§84%on ecutive
di f erence netric_by addi ﬁ

- 26- uting a
di ff erence Wet Weé‘Hﬂttl”rLj nﬁ'@?gy Gt Paisdigt MRAGIIRReS CO'@WéhnﬁorQl on
and t he energy wnuitap$acitiatofl dastrene framespthyteirs, poid ie@dh apdsiaihe

difference bet we%ltta%rsmeggy éom fqéﬁygﬂ sgid aj.lgast %e 9%@ ggwéfon

and t he energy \‘\% hin sa east one | ater portion, Sai d
di fference netri &¥F¢ QB&Z?Bl%t%’rgrﬂ% toerginul ti frane boundary 10
3. The met hod accordi ng tetedwing,l atwhdeeraceivelr, the control signal

15 transmitting during said step of transmitting;
selecting at least one given portion of the
detected control signal;
calculating the energy accumulated within said
at least one given portion;

20 selecting at least one previous portion and at
least one later portion of said detected control signal,
said at least one previous and later portions being
respectively displaced prior to and subsequent from said
at least one given portion within said detected control

25 signal;

calculating the energies accumulated with said
at least one previous and later portions; and

comparing the energy accumulated within said at
least one given portion with that of both said at least

30 one previous and said at least one later portions,
respectively, whereby said comparison is used to determine
a multiframe boundary, thereby coarsely synchronizing said
receiver with the transmitter and the control signal
transmitted therefrom.

35 .

2. The method according to claim 1, wherein the
step of comparing comprises:

Ay



detected control signal is divided into a multiplicity of di screte

consecutive bins, bin i being selected as a mul tiframe boundary, said
respective portions each conprising at |east one bin, the beginning of
said given 15 ortion conprising bin i, and wherein sgj f

cal cul ating dHP@@?ééks a space-profile netric of at |east quﬂ%%@@%@ sai d
bins in accordance with the fornul a: [err] where B represents the
accurul ated energy within a particular bin, K represents the nunber of
bins within a 20 tinmeslot, N represents the nunber of di screte
synchroni zation signals wt hin each of sard-multif rarres j] and n are

summati on counters, L represen S the

WIBEL e il M MLLRLD. Sai g
mul tiframes, S[err] repreS&fPs ﬁﬁg * ?ﬁﬁﬂﬁﬁl%&;%ﬁhc g8t he R
synchronizatlon diffettenc®s betwieehi rheaichenglyt Withdss saddi @atNleast one

synchroni zati on §w@ﬁl Portion bgh@gtuae\éaekgyswaﬁﬂnwfsahanas.au@aarul bhkr ame
ereln represents

and form ng nchroni zati on _pa
the O Adcunul B THRSB SRR ol the GHERCEReH FEuan te RSy
synchroni zafi on pathimnsadd at least ode gilennpblrbdonceaoddithg temesiggi m 3,

wherein N vAPEes £heA 3t O kst one latervgoggiéﬁoc)’lzhereby said
PCT/ US97/ 15840 27- The

met hod accor di ng@+bETGH Fetiis & 1esg to determine 65aldI'H@‘1rFétfPF&H‘e
according to cl apomBlamyher ei n K=4. 5 7. The nethod according to
claim3, wherein Serr]=0, and S[err] to S[err] are unevenly spaced
fr0n1S[err10\M thin ngq The megﬂégr%g%brding to claim 1, wherein said
detected control signal is divided into a multiplicity of
discrete consecutive bins, bin i being selected as a
multiframe boundary, said respective portions each
comprising at least one bin, the beginning of said given
15 portion comprising bin i, and wherein said step of
calculating calculates a space-profile metric of at least

one of said bins in accordance with the formula:

N K-
M, = Z B(nﬁsn)mod!.

n=0 j=0

where B represents the accumulated energy within a
particular bin, K represents the number of bins within a

20 timeslot, N represents the numberx of discrete
synchronization signals within each of said multiframes,
j and n are summation counters, L represents the number
of bins within said mwultiframes, S, represents the
respective spacings of the N synchronization signals

25 within said multiframes, said N synchronization signals
being unevenly spaced within said multiframe and forming
a synchronization pattern therein, and M; represents the
accumulations of energies of all bins within said
synchronization pattern.

30

4. The method according to claim 3, wherein N

ranges from 3 to 8.

R 0O



8. The nethod according to claim3, 10 wherein said step of cal cul ating

cal cul ates the energy accunul ated within said at | east one previous
and at | east one later portions in accordance with the respective
formul as: [ r;?}y where Wrepresents the nunber of tirﬁﬁj r
frame of 15 a? dm’hultifrarre, Merr] represents the eneré‘%ﬁl%
accunul ated within said at | east one previous portion taken P franes
earlier than Merr], and Merr] represents t he energy accumul at ed
within said at | east one |l ater portion taken P franmes |ater than
Merr]; and 20 wherein said stef’-of conparing energy using said
early-late test utili es'g_{;li(‘afor l.a: errt]ﬁ) . WneeD%er_]
represents an early-late di %ér}‘eé:ﬁ‘(%g ﬁSF?F%J‘Wt claim,g, Y’L§§e l'I"ns‘l‘;"'?“

mul tiframe boundary selection, whereby upon 25 conputing a series of
difference netrics gith rie methobUhbbBLa£hd YePlc1@liber, bivAar¥th ety sai d

mul tiframe each selected as the nmultifranme boundary, and the bin
corresponding to the maxi num di fference netric being chosen. 30
WD 98/ 160315 7. The method according PH/¢IS0M BL84herein S,=0,
- 28- _ 8na He detHod acCongids§ Osphebd Broh @, el t33hd said
energy netric for f gkven bin (Blerr]) within a tinmeslot 'is
mult rame.
8. The method according to claim 3,
10 wherein said step of calculating calculates the energy

accumulated within said at least one previous and at least
one later portions in accordance with the respective
formulas:

M, - xwp mos L and M; | pup mea n

where W represents the number of timeslots per frame of
15 said multiframe, M, _ ,p.,4, Yepresents the energy
accumulated within said at least one previous portion

taken P frames earlier than M, and M . xwp maa 1) TEPTESENLS
the energy accumulated within said at least one 1later
portion taken P frames later than M;; and

20 wherein said step of comparing energy using said
early-late test utilizes the formula:

D, = M; ~ My _ yyp moszy) * M; = My, yyp moa 1)

where D; represents an early-late difference metric with
bin i as the multiframe boundary selection, whereby upon

25 computing a series of difference metrics with a
multiplicity of other bins within said multiframe each
selected as the multiframe boundary, and the bin
corresponding to the maximum difference metric being
chosen.

30
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conputed utilizing the formula: [err] where r[err] represents the
recei ved signal sanple, and B[err] 5 represents the accunul at ed ener gy

wi thin the respective bits therein fromx to vy. 10. The
met hod according to claim3, wherein said energy mnetric ven
bin (Blerr]) WYY tineslot is 10 conputed utilizing th%é’?%srg?rlﬁ x
[err] where the integration is over the tine interval of bin [err]
frombit x to bit y therein, and r is a function for the recei ved
signal sanple over tine over said interval. 15 11. In a

comuni cation system having a first -28- communication station and a
second comruni cation gtatign he first and second_co ni cati on
stations, respectively; 8hécTﬁﬁﬂ%éi??ﬁﬁﬁﬁ%?ﬁ 59 KafiB 3a gg%ﬁ%&ﬁ(ﬁﬁﬁqan
channel , a eoetroyamesmini £ort hegivestbimd(BecwhthEtnnaubinesian 20

stations of ciehbht¥a 40111 SHCRMANEEZLRG1at he second conmuni cati on
station with the first communi cation station using an early-late test,

said circuitry conpri sing: control signal generator
positioned at the first communicd,io spdfion, said control signal
generator 25 for generating and transm t#ing a control signal upon the
communi cation channel, the transmtted control signal being divided
into a succession of consecutive multiframes, each of said
multiframes conpheseng; aepresemistthéi cetygivéddsignal esamphes ahdr @ n

and each of ssai dyepregents th¥ad84f03kd energy within the respective
PCT/ US97/ 15840 . , -29-
bits therein from x to y.

10. The method according to claim 3, wherein said
energy metric for a given bin (B,) within a timeslot is
10 computed utilizing the formula:

¥y
B, = f | 7(t) |2 dt

where the integration is over the time interval of bin ¢
from bit x to bit y therein, and r is a function for the
received signal sample over time over said interval.

15 11. In a communication system having a first
communication station and a second communication station,
the first and second communication stations, respectively,
coupled together by way of a communication channel, a
combination with the £irst and second communication

20 stations of circuitry for synchronizing the second
communication station with the first communication station
using an early-late test, said circuitry comprising:

a control signal generator positioned at the
first communication station, said control signal generator

25 for generating and transmitting a control signal upon the
communication channel, the transmitted control signal
being divided into a succession of consecutive
multiframes, each of said multiframes comprising a
multiplicity of discrete frames therein, and each of said

) R



mul tiframes ' conprising at | east one hi gh- power

synchroni zati on signal therein; a control signal detector
positioned at the second comuni cation station, said control signal
detector 5 for detecting the control signal generated a:}‘é'rh{s%?otted
by said contrB3C%L| generator; a sel ector coupl €d to
said detector, said sel ector for selecting at | east one given portion
of the detected control signal; 10 a cal cul ati ng neans
for accunul ating the energy accunul ated within said at | east one

gi ven portion, and for accunul ati ng-?he energy within at |east one

previ ous poril og and at | east one |later portion of said, detected
control signal, PBSpEEYFURTy ATREAEERTpridr t oSBT 15°7€ sUBLEYHRIMET rom
sai d at | east oneygiheeniatticonsigndl therein; a conparator for

conparing the energy a coRfpTULALRSH WakbbBLSAl §odlichEAss QRe t@even
revious and said at | east one

portion with that of said at | eaSf on%dp ,

B g e 0t ere e
amltifra oufidardgtectiege gsolysignal gspar i grangm n
conmmuni cati on stglhigon M ddhd R igﬁalf%éﬁérwm”i cation station and the

control signal transmitte erefrom 75 ) 12. The
communi cati on syst em accordi #§-E6LEFai TAUPLED to SR ePRteSFEY cals@dibat i ng
means conput es aselédwmmenize selectimpgrac Iyasaddineg gitendpbiei@ncef hieween

the energy wthigerected S@ft20 L88aL19ne given portion and the energy
Wt hin sai at rfeast one prevjous portion, and the difference between

30 t he g%er gy within sdt FRCUIREERI JIFeng feh IRFFTIALARG Ehr energy
energy W thin saadcathul®asd windhimtsaridpart leastwheeeyjven porisior} and

di ff | Eod - i ) Ay thi | -3
i fference metrigls; Usefhild 196! €hE1 DRes l)q%:l]thln f?hghg&%m%ﬂ%;%i d S

13. The communi cati on system accordi ng alm \
det ect ed cont rol PSFigHR. 8 AL RaPL MG dater pPophien ppf cF3id AetidtECet e
consecuti ve bi nscobtrnol beigngl, respectividy98Ai6PBdced prior to and

PCT/ US97/ 19840 subsequent from said at least one given portion; and
a comparator for comparing the energy
accumulated within said at least one given portion with
that of said at least one previous and said at least one
later portions, respectively, said comparator being used
20 to determine a multiframe boundary, thereby coarsely
gynchronizing said second communication station with the
first communication station and the control signal

transmitted therefrom.

25 12. The communication system according to claim 11,
wherein said calculating means computes a difference
metric by adding the difference between the energy within
said at least one given portion and the energy within said
at least one previous portion, and the difference between

30 the energy within said at least one given portion and the
energy within said at least one later portion, whereby
said difference metric is used to determine said
multiframe boundary.

35 13. The communication system according to claim 11,

wherein said detected control signal is divided into a
multiplicity of discrete consecutive bins, bin i being

T,



- 30- selected as a nultiframe boundary, said respective

portions each conprising at | east one bin, the beginning of said

gi ven portion conprising bin i m cal cul ati ng neans
conputes a space of| le metri Hl mmﬂ“ﬂml@ t one of sai 26? '
accordance wi YRM®HB% o ny| a: ﬂw:\rr M S (here B represen )ggf’ﬁgﬁo
accunul ated energy within a particular bin, K represents the nunber of
bins within a timeslot, represents the nunber of discrete
synchroni zati on signals wi t hi n each of said multiframes, 10 j and n are
summation counters, L represents the numbei- of bins withi n said
multiframes, S[err] represents the res espacms the N
synchroni zat i on 3% as & ¢ ArhtSErars il PPPQ ¥ ﬁesPecuve

synchroni zat i on mhgrizinge each bempng siTey extl yespacezdembima rcrsaitegimhingr ame

and formng 15 5@ s%ﬁ@@ﬁ%@hzﬁéf@{brpaé&ﬁ{ﬂm & B8R, la%d\/[uﬁ{erﬂel&me%?ée“ts
t he accunul atj ons Of energi es of bin§ w thi ad

synchroni zati on $Rtg%rdEing means compTHeSTﬂeSE%‘Fﬁ’nﬁﬁ oﬁ‘%ﬁ'?efﬁfa%ordl ng
to claim13 20 leadiercmienol sandesifhs ain Adowr8@ance with the fixmulghe

comuni cation system according to clai m 14 wherein N = 4. 25
16. The communi cation system acc rd| cI aim 13, wherein K = 4,
17. The conmuni cati on system acc Iua'J.)deLS ' wherein Serr] =0
and S[err] to S [err] are unevenly spé éc? fromS J[err] 30 wthin said
mul ti framne. 18. The communi cati on system according to claim 13,
wherein said cal cul ati ng nmeans conputes the space-profile

where represents the accumulated energy within a

particular bin, X represents the number of bins within a
timeslot, N represents the number of discrete
synchronization signals within each of said multiframes,

10 j and n are summation counters, L represents the number
of bins within said multiframes, S, represents the
respective spacings of the N synchronization signals
within said multiframes, said N synchronization signals
being unevenly spaced within said multiframe and forming

15 a synchronization pattern therein, and M; represents the
accumulations of energies of all bins within said
synchronization pattern.

14. The communication system according to claim 13,
20 wherein N ranges from 3 to 8.

15. The communication system according to claim 14,
wherein N = 4.

25 16. The communication system according to claim 13,
wherein K = 4,

17. The communication system according to c¢laim 13,
wherein S,=0 and S, to S8 ,are unevenly spaced from §
30 within said multiframe.

18. The communication system according to claim 13,
wherein said calculating means computes the space-profile



WO 98/ 16031 - PCT/ US97/ 15840

- 31- nmetrics for said at | east one previous and at | east one

| ater portions in accordance with the respective fornul as: [err]

where Wrepresents the nunber of tineslots per frame of said
miltiframe, WP represents the energy 5  accumul at eBCHFHMH%ai g at
| east one previous portion taken P franes earlier than Merr], and
M[err]) represents the energy accunulated within said at |east one

| at er portion taken P franmes later than Merr]; and conmputes an
early-late test for said given portion wi#X-bin i therein 10 I n
accordance with the fornula: | Jerr where Dl err]_represents the
early-1ate diffrehceEsetds Satid gt leasp; Ane pEeYiRUmAnd [tak®a§suragr y

sel ecti on, wher elgtapepnrtions deampotondarices eitbstlod mbispeet ene efomiuilees Wt h

a multiplicity of other bins wthin said nultifranme each 15 sel ected
as the mltiframe boundary, Mang, lhg abdmM, ., coLresponding to the
maxi nrum di ff erence netric being chosen. 19. The

comuni cati on system according to claim 13, 20 wherein said cal cul ating

means conputes thel iy $lencs LHE! ah&bép_éfceme;sr};q%sggeg g@sm%%g[ﬂ a:

[err] where r|err]_represents the received Si , and err]
represents the | Bk y W hicwr achey r FEPEEERPES  thepj €FerE¥rein

fromx to yd 25 accumulated within said at least one previous portion
taken P frames earlier than M;, and M. xypma, represents
the energy accumulated within said at least one later
portion taken P frames later than M;; and computes an
early-late test for said given portion with bin i therein
10 in accordance with the formula:

D, =M, - Ma —KWPmodL)) + M, ~M(,. +KWPmodL))

where D; represents the early-late difference metric with
bin i as the multiframe boundary selection, whereby upon
computing a series of difference metrics with a
multiplicity of other bins within said multiframe each

15 selected as the multiframe boundary, and the bin
corresponding to the maximum difference metric being
chosen.

19. The communication system according to claim 13,
20 wherein said calculating means computes the bin energy
metric in accordance with the formula:

y
B, = Z; |ﬂ|2

where r, represents the received signal sample, and B,
represents the accumulated energy within the respective
bits therein from x to y.

25

A
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- 32- 20. The conmuni cation system according to claim 13,
wherein said cal cul ati ng means conputes the bin energy metric in

ecci ved <1 ondVORMIRTG, and B er lﬁ[ﬂl\\aﬂ!\ T K Lipéﬁiﬁ%?@%%smer oy

within the respective bitsthere om x*to

recei ver synchroni zable with a transmtter, sal d receiver corrprl SI ng:
10 a control signal detector for detecting

transm ssion of a control signal thereto, he control si gnal
transmtted by the transmtter, the transmtted control signal being

divided i nto a succes@fon Bhe commundsasaemtFRALEMREEOrinG tcegdhinf13ai d
mul tiframes 15 waeminsisgda@ dmlchuab;h.ﬁgt ibeaf'xsdbéﬁf:@ﬁésfEﬁéreﬁlﬁheﬁéké‘y and

each of said nultjfra C t qQne h power
synchroni zati on srdleé:nrallrgEi ergglgor ance 3 m‘th Cthe goﬁmgizgector coupled to said

detector, said sel ector for selecting at |east one given portion of
t he 20 detected control signal; J cal cul ating means
for measuring and accumul ati ng "t h ém(;* gly accurmul ated within said at

| east one given portion, and for accunulating the energy within
at | east one previous portion and at | east one later 25 portion of said

detected control ssi ﬂé}%esenﬁ:@sﬂﬁétﬂ‘ét@ﬁed sigi S Rlagped, péﬂd)r& t@adent s
subsequent from ortlon

conparat or f or Stg‘c?nﬁgf:wﬁ‘gfat%dggneﬁ%r‘éﬁ:hm t ﬁcﬁ?ﬁﬁﬁ‘:ﬁ’é’& Wit Hhexein at

| east one given Feom entwi ¥h 30 that of said at | east one previous and
said at | east one | at er portions, respectivel y, said conparator being

used ~ to determng.a ltifrane bou%E reb oarsel¥1
synchroni zi ng said segé‘ndngoﬁﬁﬁﬁf‘g?i’flw ’é‘%/rf I”iy“f:ﬁ trahsmitter,
said receiver comprising:

10 a control signal detector for detecting
transmission of a control signal thereto, the control
signal transmitted by the transmitter, the transmitted
control signal being divided into a succession of
consecutive multiframes, each of said multiframes

15 comprising a multiplicity of discrete frames therein, and
each of said multiframes comprising at least one high-
power synchronization signal therein;

a selector coupled to said detector, said
selector for selecting at least one given portion of the

20 detected control signal;

a calculating means for measuring and
accumulating the energy accumulated within said at least
one given portion, and for accumulating the energy within
at least one previous portion and at least one later

25 portion of said detected control signal, respectively
displaced prior to and subsequent from said at least one
given portion; and

a comparator for <comparing the energy
accumulated within said at least one given portion with

30 that of said at least one previous and said at least one
later portions, respectively, said comparator being used
to determine a multiframe boundary, thereby coarsely
synchronizing said second communication station with the



- 33- first conmunication station and the control signal

transmtted therefrom 22. The receiver according to claim 21,
wherein said 5 cal cul ating t Fi fference netric by addi ng
the difference between the ener mm&‘mmmﬂ“m | east one iven
portion and t OBy within said at least bne* previ oRSTEHH8%  and
the difference between the energy within said at | east one given
portion and the energy 10 wthin said at |east one |ater portion, whereby
sai d difference netric is used to determ ne said nultifrane

boundary. 23. The receiver a8 ding to claim?2l, wherein said

15 detected control signal is divided into a nultiplicity of

di screte consecufi¥&tpi AAMMERIFaties ngtatient eandis the contmolti$igwsl
boundary, said respashiveedtHdr@Fromach conprising at |east one bin,

t he begi nning of said given portion conprising bin i, and wherein
said cal culating 20 means conputes a space-profile nmetric of at |east ‘one
of sai d bi ns i n2AccofrfaFeeeiven acserfibnanta.claim 2 mherein saighere B

represents She acalioulat iy eR@ingy comblitésda diffededidel mk2kcbby, adfing

represents the n ek, ' 1.5 hi tinmeslot, represents the

nunber of  di sgir,{gt%l%ﬂ%lflgén%\%&ogrﬁ%zgPFoﬁn%’f%'nz&'llghWt?ﬁ’% é‘&cﬁe?ﬁt A

mul ti frames, giyeRnPOFtape sndmihroerneygnt erid¢hin megdesentleaste anenber

of bins within spkdviuiisi bosonm, SUT idhd eiEeeeahss! Batveen ERSRAMINE

spaci ngs of the N.synghr zatiaqn _signals . wi t hi.n_sai tifranes,

sai d N synchr oni lzblzli??ég% é??‘gﬁaﬁé‘ %(?a%tbé%?g In&Fed r?:s}y%lce!f'(f‘(a/vit't PRy

nul tiframel@nd fBikhhg sald atsyledstonprat ilefepatticartd.onhendiexebyndsaider r |

represents the difference metric is used to determine said multiframe
boundary.

23. The receiver according to claim 21, wherein said

IS detected control signal is divided into a multiplicity of

discrete consecutive bins, bin i being selected as a

multiframe boundary, said respective portions each

comprising at least one bin, the beginning of said given

portion comprising bin i, and wherein said calculating

20 means computes a space-profile metric of at least one of
said bins in accordance with the formula:

K-

N
M, = ZE B(ivj’S") mod L

n=0 j=

-

where B represents the accumulated energy within a
particular bin, K represents the number of bins within a
timeslot, N represents the number of discrete

25 synchronization signals within each of said multiframes,
j and n are summation counters, IL represents the number
of bins within said multiframes, S, represents the
respective spacings of the N synchronization signals
within said multiframes, said N synchronization signals

30 being unevenly spaced within said multiframe and forming
a synchronization pattern therein, and M; represents the
accumulations of energies of all bins within said
synchronization pattern.



accunul ations of energies of all bins within said synchroni zati on
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- 34- 24. The comuni catign iiSt em according to claim 23,

wherein N ranges from3 to 8. ni cati on system
according to %%?W@A, 5 wherei n”!'l cwl,ﬂ",”-”"'”m[anfS TREI/US97/15840
comuni cation systemaccording to claim23* " swherein K = 4. 10

27. The conmuni cation system according to claim 23, wherein S err]=0
and S[err] to S[err] are unevenly spaced from S[err] within said

mul tiframe. 28. The receiver adording to claim23, wherein
said 15 step of calculating calculates the energy accunul at ed W thin

said at | east one pre¥fousThh@FoaMUNERARLiGH SYFheBraccordipgr tpopbaim 23,
accordance with wheréonmlfsiges [febh] 3 to 8. wWhere Wrepresents the nunber
of tinmeslots per frame of said multiframe, MJ[err]) represents the
energy 20 accunul ated within said at | east one previous portion

taken P frames earlief5t hafhavcerrpnicaidion BEFEeY aaqarddagt o clainm [ ,ener gy
accunul at ed5w t hwhes@idl mat=lgeast one | ater portion taken P franes

| ater than Merr]; and wherein said step of conparing energy

using said 25 early-late test utilizes the fornul a:
26. The communication system according to claim 23,

wherein K = 4.

10 27. The communication system according to claim 23,
wherein S,=0 and 8, to S8, are unevenly spaced from S0
within said multiframe.

28. The receiver according to claim 23, wherein said

15 step of calculating calculates the energy accumulated

within said at least one previocus and at least one later
portions in accordance with the formulas:

M, _ xwp moary d M(nkWPmodL)

where W represents the number of timeslots per frame of
said multiframe, M, _iyp,q; Yepresents the energy
20 accumulated within said at least one previous portion

taken P frames earlier than M;, and M, yyp .4, represents
the energy accumulated within said at least one later
portion taken P frames later than M,; and

wherein said step of comparing energy using said
25 early-late test utilizes the formula: '

D, =M, - My _1ypmeary + M, - M, + KWP mod L)

where D; represents an early-late difference metric with
bin i as the multiframe boundary selection, whereby upon
computing a series of difference metrics with a
30 multiplicity of other bins within said multiframe selected



[err] where Dierr] represents an early-late difference netric with

bini as the nultiframe boundary sel ection, whereby upon conputing a
series of difference netrics with a 30 multiplicity of other bins
within said nultiframe sel ected WD 98/ 16031

PCT/ US97/ 1584%0 98/16031 - 35- as RAASAUHSP4% r ane
boundary, and the bin corresponding to the maxi num di fference netric
bei ng chosen. 29. The receiver according to claim 23, wherein
said 5 wherein said energy netric for a given bin (Blerr]) within a
timeslot is conmputed utilizing the formnul a3s- [err] where rferr]
represents the received signal sanmple, and Blerr] represents the

accunul at ed ener 8§ Wre HIH 4iH{eames perpdgey, and fihes bipeFerrespenddng &oy. 10
30. The recei ver théChaLtinmgn (di fediefica3me¥PiE GdlirkAictosen. energy netric for
a given bin (Blerr]) within a tineslot is conputed utilizing the
forml a: [err] where the integration is over the tine interval of
bin [err] 15 from b?2%- x The Feeejvenacserdingda cilaim F/nebesain oraidhe
recei ved signal &aaREEnONLIA téM@rf) etSAicd fbopt 87 ¥8ben bin (B,) within a

timeslot is computed utilizing the formula:

5= % Il

where r; represents the received signal sample, and B,
represents the accumulated energy within the respective
bits therein from x to y.
10
30. The receiver according to claim 23, wherein said
energy metric for a given bin (B,) within a timeslot is
computed utilizing the formula:

y
B, = f| r(?) |? dt

where the integration is over the time interval of bin !
15 from bit x to bit y therein, and r is a function for the
received signal sample over time over said interval.

) 0



