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TRANSM TTER USI NG NONLI NEAR TRANSFORMATI ON METRI CS The present
invention relates generally to 5 synchroni zati on net hods and
apparatus for synchronizing a receiver, such as in a radiotel ephone
operable in a cel l ul ar communi cati 9N system wWth a transmtter which
transmts signals to the receiver. Particularly, the present
invention relates to a synchr oni zation nethod, and 10 associ ated
circuitry, in whi ch itally-encoded E;ﬂ_:ﬁznchronl zation signals

are transmtted toIl‘ﬁBoVEEeﬁ FHRONIZAZTEAN QE(ApRECELVER: WITE A o

synchroni ze t he Tren@EMErrER (UBING NONIINEAR THANSFORMATIGN DatTRESEar |y, the
present invention relates to a synchronization nethod, and associ at ed

15 circuitry, in which synchronization is performed using nonl i near
transformati on netthes, pedenas | agxenthionc relatestrigsnetrAkleby teduci ng
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a correl ation

Synchr oni zat iR F&@éﬁaa& Fe et?tfeectr&z‘iteé'a'e(fU| céﬁggéguéglhy'onﬂ}e
reduced nunb@raa‘emallmrleatnonsrekateqmwead symchronizattient mehbod, and

synchr qpi zat i gc.n.Taé . Syn zat f high
margin to acggt%%ac iTate t el‘]w‘rtr et ectlon B'Mﬂ#e re% verﬂﬂee %‘gﬁgt he
signal s are tSEHHHIRZRLHIN 3LigeahBnRESt Fé‘ﬁ%ﬁ‘éﬁﬁ@l‘i F@ theppeeivdrto
hi gh I evel s eindtiseddlyl @he%eaui%rpe&hsynchm:dmé OfHé Ofbcel*E@ﬁa#§€ht he

synchroni zati.Qn signal s |taII co the signal s can be
tyansmtted |t%’ %I%nsmltt ﬁfg d.’{??’é?d% g’%’ %QPESﬁﬁﬂh CAVPBRISR herre,
such aveldlse tsea syncnmauala_tlononmehho_dmal andceassbaiated 5
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advant ageousl y
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conmuni cat i OnneRysi e Ortlﬁéﬁé}foﬁ| Iré@@ﬁhérulme comi@ﬁh:teatd)ﬂn the esB¥&§kem
When transm tted during,select rtltgns of a

control si gnaTCRIRTHY i ot 8WPSPn%zatlgﬁaﬁﬁéculaWn arpé’c’é? NFaPe
network  stdidtdm thep amgunt of r gdimpugasplboneandnd ivee redudireldepbone,

Lgig(r)rggbve tadieve syndetSeii ol the synchronization signals,
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

25 -only a reduced number of calculations is required to
detect the synchronization signals.

The synchronization signals are of high margin to
facilitate their detection by the receiver even when the
signals are transmitted upon a communication channel

30 subjected to high levels of attenuation or multi-path
distortion. Because the synchronization signals are
digitally-encoded, the signals can be transmitted in a
time division multiplex (TDM) communication scheme, such

P those used in seveB%l, conventlonal cellular
"§§ “Tommunication systems. ° The_ present. 1nventlon is,
therefore, advantageously embodied in a cellular
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synchroni zed to the transmtter, both to receive other portions of
the control signal and other signals generated 10 upon ot her data or

voi ce chamwebsineos2 BACKGROUND OF THE | NVENTI ON PCT/US97/18091 ,
comuni cation systemis forned, at a mnimum by a transmtter and
a receiver interconnected by a 15 cammuni cati on channel .

Comruni cation signals transmtted by the transmtter are transmtted
upon the conmuni cation - channel toybe received by the receiver.

A radi o conmmuni cati on systemis a conmuni cation systemin which the
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net wor k& havBPﬁEeOFHQFaﬂﬂéﬂ 9ﬁr39§ﬁ6u?hann3153|gnlflcant portions of t he
wor lI'd, sone areas are without such networks. In areas of | ow
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I nstance, ?gé#éé?V$§lgge?Fﬁl5¥V§§Wﬁ8ﬂlcatlon net wor k m ght . not be

connercially vi abRecommuAlicatioaxisysiteq is formaﬁreﬁnraaminﬁmmmlaby
net wor ks havg al r e LSu [ di;{,f erent

st andar ds. 5S SerQ%??é |oteﬁﬂﬁ%o%5 r%?eﬂ@%rs g 3 éﬁ%bg%%be ?ulér
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satellite-based t hapsddmiary, 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

30 geographical area, a subscriber to the cellular system is

generally able to communicate telephonically in the system

when positioned at any location in the geographical area
encompassed by the gystem.

While conventional, terrestrial-cellular
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t el ephoni ¢ communi cation shall be possible between the 25 radi ot el ephone

and t he saweldsiié@32based transceiver. By ef f ect uat i ngPGHYSIISHH
conmmmuni cation |inks between the satellite-based transceiver and a
ground station, the user of the radiotel ephone shall be able to
communi cat e tel ephonically with another party by way of the ground 30
station and the satellite-based transceixer. Because of the

i nherent efficiencies of digital comuni cati on techni ques, many
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0 ep

readily appar ef wever I ote one or ce Iular
phone, 2l§p0n ,qﬁ@q.%q:emn%pand the satelllte-based transceiver. By

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
30 station and the satellite-based transceiver.

Because of the inherent. efficiencies of digital
communication techniques, many already-installed cellular
communication networks have been converted, and many
newly-proposed cellular communication systems, such as the

35 ACeS system, are being designed, to utilize digital
communication techniques. . Other commiBication systems



- 5- I's not synchronized with the digital bit stream emanating
fromthe transmtter and nust ascertain the nultiframe boundary, -
i.e., the WQ9816082 t he initial synchronization bur st , PRITMUSPTIIN0NAt bi t
stream Once the first sync burst 5 and the nultiframe boundary are
found, the receiver is then in sync wth the transm ssion.
However, rmany multiframes of the transmi ssion may transpire and a
significant nunmber of processing steps pgLfornmed before

synchroni zation is achi eved. 10 Conventionally, tw types of
synchroni zat isimil®rly utipbzéprepdareoplatnedd dd s codPeFS&d to or
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envi ronrrent F@%‘%]gnt a&onm%ﬁcc%ﬁlton SYSFG“\SeachsémggéFllbfers ughdiseesence
of these ot hegormghtlonal peyerathomcratsior hr edigratlison otst ssinilhe bit
stream d&at es sync acquisition. Conventionally, coarse 30
synchroni zation is_achieved within a first-order nunber, N, of
operations, where 3 i & dTP¥ndEPTTBRiGAELPY gPEeMe such asuat bimeoi se

and the armurdum‘s:rmﬂmy.lrﬁm@lazﬁésm (TDMA) NeE@pedomiiglSaPissens. For

exanpl q nsm 0o the receiver are sybj ect ed

to Elpgh IeveIqa'séﬁ:])%:éugpé1 atbtyenu%‘f‘l 5% o #ru%%a“ﬁgth ditdt of ¥Bn, 2@ given

synchr oni zat ifgfequency bandopie dl‘&'ideqllllntzs a mexiiets sifr dalsr:megbt fhames

di storted or each habit t [ re er.
ele -2 seél:'l(gg ¥ dkifedd AR SHLOL tt.ﬂe)%gf{xh S&LY

- 6- mannier to achieve sync roni zation,
presence of t th&EPTnBE SHYichr SHf S2Ren spibgiex ﬂé\ﬁé‘r- thpughtmany t he

trgnsm tted lb;ytst:etn@amllrlwlemg}g: &ﬂn@éﬂ&&ts per%ﬂ“ﬁ}% OAces @@(ﬁ@gssteps
and ti wou v:ant ageous ue
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r adi ot el ephodé -ofoXa 3gekslgkapystem. cobwxing sgaain tsy@emt whinforweatites t he
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assi gned and CO endi n atent, a i catlon present
9 F%.cuq. rg dDJ.gltal bple: conf:.guratlon A normal burst is

the transfer of speech or data information. Other burst

25 types include high power synchronization bursts, groups
of which form the aforementioned synchronization signals,

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

30 in such a signal, however, is placed at the start of the
first frame in a multiframe, signaling the multiframe
boundary, and the remaining synchronization bursts,
usually three, which could constitute high-power broadcast
bursts, are unevenly spaced from the initial sync burst

35 . within the multiframe by known offsets. .
It is readily apparent, . however, that | a
radiotelephone or cellular phone, upon initiél power up,

L . ) . . ~
. .



10 I nvent or, entitled: "Synchronization Met hod, and

Associ at ed we vg716032 y, for | nproved synchroni zation of a PEEUK7/18091W t h
a Transmitter Using Early-Late Testing During Coarse

Synchroni zation", filed concurrently . herewith, and incorporated
herein by reference. According 15 to the rel ated applicati.on,
digitally-encoded synchroni zati on Ssequences are transmtted by

t he transmitter to the receiver, and the receiver synchronizes
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sync roni zat | [ ng the af oredescri bed power
Prthidalaafaft Lo aBNESWER, - i

profile metho ime required to achi eve
synchr oM zat i on |sCabU9¥1t40nally. tweodpeEiOof syichroniziat pen AGES

mul tifrane). ﬁérformed ldoaris® aﬁ&cﬁiﬂéngl yGoaz?s’fle QghgﬁkonQEattl@ﬁ 4y esent

i nvention to I‘OVI a t echni
synchroni zat i $ bgf‘F rrﬁﬁcenﬁyrf"@du&hﬁg PH@ i ﬁﬁ&’@ta"bf se@ction to a
-7- er rparthopdaent portismar oF syeﬁhéeauzabeon satsul ddgarully and

reduci ng the fr ayisred to achi_eve

synchroni zat i %ﬁﬂp%%né)é%ﬂ%%um ng%t‘—% % tpowfer SYNE; n%uﬁagessa%}rf%
acqui r elsyncheya¢hrenigation then deltterml@ea tbee epacti doicat icybjeettlof t he
present 1hiWEAL | §Pné ObassOMRL ANt BRAR\ BbeEabLT &R/ %wﬁe'l%lq{bd dd e

reduction by use of nonlinear tra sformatlon netrics,

particul arly, "CRIPG r 2s8eFREE BEnEDS: SeAPELPS: F%thve bifse 5 a
| ogarithm c tbanspattetrngn amt rslmisft:‘lﬂg the SWY Kt o bRVYENHGN

The present | Y a d
synchr oni zatlgﬁfpé¥%&d§g g‘g& ngm %gnggg?ﬂr"g Ffff aChlevefmigr ﬁ"rﬁ SR
coar se Zynchrohi Ehei presERE tnyentiars: MWEWGJS, is tecechdeve fadters a

r adi ot el ephon@oagggrgphghrbﬂlaatlon cel lul ar comuni cation system
The digitally- encog{1 8é}énghrom zation si nal S are transmtted and
v

the receiver ‘rec A8 &S rBEIShT lza"s’;ﬁﬁ’:h?ﬁﬁ?'iﬁs ptésr Righnese
si gnal s usi ngpewemrbunszs &0e present, 1nutheadlglltagab|1thmurelmt ritCi.ch

reduci ng the guer 1nterfe1Qe|T WithC ¢hat £8n s@ngﬁigﬁ'on Wlatﬁ% c%; rdlediFEsSsary

to achieve the Initi coar se sync roni
transni% er Al saducitHgh trovwemacPaginghe burstsconpavientbe  presesgunt

within the tipersheglaaypfid ke ayesheavizehnedt 25to cSAtHR Gifficult-
to-reach subscribers. The presence of these other high-
powered, non-synchronization bursts in the bit stream
complicates sync acquisition. Conventionally, coarse
30 synchronization is achiéved within a first-order number,
N, of operations, where N is dependent primarily upon the
amount of noise and the amount of non-synchronization
high-power bursts present. For example, when the signals
transmitted to the receiver are subjected to high levels
35 of attenuation or multi-path distortion, synchronization
; - is more dlfflcult as the bit stream mlgh’!! be dlstorted or
attenuated dur:.ng their transmlssz.on to the receiver.
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The circuitry and its associated synchroni zation met hod of the

present invention are advantageously utilized in a cellular .
communi cawiom8Nseysst em t o synchroni ze r adi ot el ephones Wﬁ?ﬂﬂﬁ”’t‘herel n
to a network station. 30 In a terrestrial-cellular communication '
system the synchroni zing signals are transmtted to t he
radi ot el ephone as portions of a control signal generated at a

cel lul ar base station. In a satellitegcellular . commruni cati on

system the synchronizing signals form 35 portions of a control signal
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synchr oni zat | on signal's the ital bit stream constituting
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f

present i nvéli¥iRg 20 Coargey §%°h§86béatf-ﬂ’ér'eo NHEEEMY from
t he adeargdigh NGl dncogpovhited herelr ilsf | ye fetremee 2 Rodetding

the fqglsl ow det gi,] ed desgripty on entlys: . re ed
enbodlqrrents 0 thg}: | nven?%§‘ t:%and t épgggégé&a dl%"rta%sxp szrggéée%Rl EF
DESCRI PTI ON syndieombrdt N8S  sequences F| 8ORE Lrianswittads Ryf urkhe onal

bl ock di agr a&&aﬁismtter &S ghel ké&@i@@kl L&@a Wé&%@@yﬁ&ﬁi@ﬂl%& ch
enbodi es ) CI rcw ry and methqd of, an enbodi nent of e present

i nventi on; a’n‘bs the| cRCRON AT s SERFRISHn P ’d:f cl®%F agr am
of a pordnanittfed patsodet epd:oa]eseheate@rﬂann&tw th an

enbodiygent of th re ' tio T A) THE
PRESENT | NVENT] oﬁF%S BERL1bOYER, | ?ﬁ‘& fedates @&%Q,QE PPetisk
satel | ite-cattilbpes a cHANSN cal ls"-)%teWFtElﬁévm guringl | coarae,

I ncludes thesynchroRiz&EibhY toRABAXAITAES £Hé Ehergpt hpdamiated 2
~each of a plurality of bins, i.e., subunits of a timeslot,

and, through use of a priori knowledge about the spacings
25 between high-power synchronization bursts, combines the
energy accumulated in the bins to ascertain the correct
multiframe boundary and thereby facilitate
synchronization. At a signal to noise (C/N) ratio equal
to -104B, e.dg.,, noise variance is ten times signal
-~ 30 strength, it has been found that a phone can acquire
coarse synchronization within 10 multiframes using the
aforedescribed power profile method. Accordingly, the
time required to achieve synchronization is about 4.7
seconds (10 x 0.47 seconds per ACeS multiframe).
35 It is, accordingly, an object of the present .
invention to provide a téchnique for improved
synchronization performance by reducing the impact of the

\’ - -
" - k)



-9- enbodi ment of the present invention. VWiile the

comuni caty F&tzem 10 of the illustrated enbodi nent fPaeTros9A18091
satellite-ce comuni cation system it should be under st ood at
the outset that the circuitry and 5 met hodol ogy of the present invention
can anal ogously be enbodi ed in other types of communi cation systens,

I ncl udi ng, for | nst ance, a terrest7ri al -cel | ul ar conmuni cati on

system or other type of radiotel ephonic ™' comuni cation system 10

The conmuni cation s i pel ud o] 12
coupled to a S e]fl%éﬁlggbégﬁoﬁﬁc% ed%ﬂs% \A%Cﬁ)]ggmhzatlg{l Hggfzé&fgé%ggsent ed
in the figureansy reducirge thienaymbareef cndl Bt tanss thdeta&rhn@nelz

The ground staldpe 13yh@:ﬁ'r%ﬁ@.§aﬁ:&%%50€ﬂﬂ@fewrféaﬁfﬂn%5 thd UmbiREISEE Vi ng
comuni cation signals, inter alia a,satellite-based transceiver

16. The sat dHiT§ NERREFRTY tO ??%%E%l F¥RhEoBpERrLEBEPB t 0 transcei ve
communi ¢ati on It sng-nalas moreonbyrwdthlahe gpperd siftithie lprbsenal so
W th other C t r
circuitry of H '{tai%S} con %c@ ﬁgg%? etﬁ§8gf&%é§]f? aélaglcnc‘g‘llcl\e/éetrl% n 2hd _It.é'ml S here
oper abl e pri meadugtion oy elS@y°§t achbinear transfommaiion mstgisiss gewer at ed

at the groun%ﬁ@ibﬁﬂa;ﬁytOtbh%ompreséﬁﬂ@riﬁn&ﬂmrgf E8NERLal 8oABdby
Vi ce-ver sa. r ef er abl E}/‘ further includes

_ he t cei v B
control = cir &8¢ r‘§/‘~'a ga’ﬁéF]ﬁ‘F%?lFﬁaPﬁg rragienc eEF&ﬁﬁel s upon which the

si gnal 40 transmtted to the transceiver 16, to be rel ayed

therefrom t tﬁ?ﬂ% e ciently utilize the frequency
channel s al | é:a e * 6fg%£rxr$run| ca |{:)éﬁ| n the comuni cation system 10.
30 - TransceiTke ®nesgnt yipvenkdomet adyantagepvslyemrovides amg, in
turn, is ablejd &Féﬁl%%ﬁidlﬁ‘diﬁm&bﬁaﬁtéﬁﬁoa' gﬁ'ﬁasassoc1aﬁ’éd r&::I.Qtdih‘:a‘.rtry,
satellite-bas n,scel vers, such as gcel ver

transcei ver iENG Foprse SYnChFPHﬁ§€E?'%r & t?’%ﬁ’fﬁ?&t\}:@ Wlth

conmuniléat i om smytaé:srem,t h s8fch aband- bes@iotélephore vesperabite udimga for
exanpl e, ?11u:[§:9 8&&%@8?8&@18?& Q@E{ﬁ the transceiver 22 is primarily
e

operableto r transmtted

-10- theret’Bheamgei@eﬁ w@%ﬁysynéhﬁaészeéapmsxg%lﬁtaye
for selectingkifigshiecdgeancinahapnel srepeivthi Chegdiaks and cbhazBanitted

Communi cat | o VAV SHERLZ08 AhEeiomi CFPON S39BALR MS1H5 19 PORHEST user
of a r @@ ot elmsthive, Shdho amranhmigaauehmlc meteliepheertdoalihy wlrlennpmbletrl oned
ooty Poat 60 U ong, and SUAE MGG oS L e diman0 B | e
and achieve the :Lnn.tlal coarse synchronization w:.th the
transmitter by reducing the impact of the error component
present within the time samples of the synchronization
25 signals.

The circuitry and its associated synchronization
method of the present invention are advantageously
utilized in a cellular communication system to synchronize
radiotelephones operable therein to a network station.

30 In a terrestrial-cellular communication system, the
' synchronizing signals are transmitted to the
radiotelephone as portions of a control signal generated
at a cellular base station. In a satellite-cellular
communication system, the synchronizing signals form

35 . portions of a control signal generated at a network
control center or a ground station and are transm:.tted to-



10 reception of comunication signals with a satellite-based

transceiver, the user is able to - communi cate honi cal’l'y
with a uswp9smetaddot her radi otel ephone or to a telepﬁﬁﬂﬂ§gﬂgﬁ? ke of a
conventional, wreline networ k. 15 To operate properly, '
however, the radi otel ephone 24 must be synchronized with the cellular
net wor K. Once properly synchroni zed, voice or other conmunications
can be effectuated between the ragli otel ephone and the cel |l ul ar

net wor k. 20 As descri bed in the aforenentioned related

appl i cati ontheoar sedighehephonat i &y bewagen @fr e@ei ventellite-baskdas t he
radi ot el eph@pgnZdei3ad.a transnlttlng station, such as the cellular
network, may be achi eved using | i near power profile mnethod.

According to thi inEhRER, ang °th%§ﬁ%ﬂ¥6ﬁﬁzaFP§ﬁeﬁ§r8ﬁféc@&&b@é b$ndse of

energy bin associcledl airéﬁitﬁff t hgyreoH¥d it abi ORe6€IVEACREHH agsm tted
al ong n_chapnel ., and, _thr use o

t
hi gh- pgmg(r)mé%%é%?‘&hgfﬁtl oS &fFEHYEE, & gegﬂﬁt %ransmﬂ%%m §§>u§ﬁ alas
ensured despiogetdiegnikdy ceay Ofvel sorfmuBdcatisgnt etheameadn or Anubhtxpdt h

distortion. gignal is &%ﬂéaé& %@a&wntﬁét'@fmyﬁ@&ro CEhEhe

conmuni cati on systen110 of the present invention IS mpl ary, is,
li ke that dQQHWqﬁﬁquiQHNFhﬁﬂﬁﬁkxi The C%&Eﬁ?%aﬁ%%ﬂalalﬁoﬁﬁﬁﬁaéﬁﬁﬂon
s%/st ﬁm in wWpudsuyzamwer icgnaks 3multidt@mier agfaﬂrtnlhedhbahueen1hﬁeua?bel lite
of t co I S radi 2 Theretore,
Slgnaﬁo anQE%%&D%qzatlon giggghgdgﬁgggln ?%§|?R9§Eg% élFaF?ve & |OW
-11- qmatetutmg ahh&nt eanhreal tﬁwm:am ot=| e#ﬁmm,ted s afot the
orient ed toﬁ@ﬂé%#eﬁheaﬂgsthé'Q@%é&&éﬁ“@ﬁ%&tﬁﬁet@ﬁé%%?es withiheasi gnal

to noise rati,o of ,signa C rece radi ot el,ephone are
even furthe® %?tﬁg FBpob@ﬂsRCe§uQﬁﬂelFb?e EBFrErErs

comuni cat i (almcsmﬂemed w:.th:pagtlmgsel biaks beriagr erplaerhted besingnanm tt ed
at a Hgrgi ”nonlmeQE é %ymg?f:icbel %ﬁﬁgags &’Bh%%&%i%‘ BRwaQ! se
(AVWEN) . Suc requir corresponds, gener

radi ot el eph@\%répls’éhgr?bm‘t?/ ahrigatee dmpropagi ﬁ@aléﬁsgr%ync}vonwwg a CN

rati o of ab@drwddilS then deethebs. ahd &he trarraéulcateéxepmrtel mMigkgbe

synchronlzed mnth t he cellul ar Q proper recei.ve the paging
2T ghal "t he coMpUtatana Sfroy feupsl GALCUTatdoRES SR, Lesh GHE - rar gl 1
synchronlzatlon GﬁpﬁhElcbmpleteﬂdppmeqmmtﬁbnnofathewpreseﬁuaiﬂ&entppesence of

t hese,gt her S iz on S t ul d be
understood fhatgalﬂﬁ ﬁ8§ﬁ XHQPEBE %%hl g?%ckﬁ%ﬁﬁ%@?éon ﬁﬁ#st%ﬂg e., the

one demar caﬁqsr@mpanymshérmr@gs rwlb@erﬁdar}eflly SURMGF 1g6ReedPe bur st

L heh r%rma nf&@lbhﬁﬁg "SI | FRlgcN pthbinSt 6 £ NMBYh& OpTeislenit@ y20

i gh- power bro cas roni zation pattern

theretore, BHORRESQ, STEGRIRARSS: S8 BAs 4 FBRcaran AGS the appeRdbd
synchronizamL31Mausts The present i nvention provides an

i mpr oged ne&ﬂggﬂﬁ RIPTIORP Mot ter di stingui shing between
t he 25 afore escrf% g’non sync onlzatlon hi gh- power bhursts and

1 1llustrates a functional glock diagram of
a satellite-cellular communication system which embodies
the circuitry and method of an embodiment of the present
invention; and

"~ 30 FIGURE 2 illustrates a functional block diagram of
a portion of a radiotelephone in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

35 Referring first to FIGURE 1, a satellite-cellular
communication system, shown generally at 10, includes the
circuitry, "and carries out the methodology, of an

¢ o



the desired synchronization bursts, allowing the r adi ot el ephone
to becone sywodsaeRzzed Wwth the netmnrk I n a preferr RCEHUSINBOMNt Of
t he present invention, synchroni zation is a two-step process.
Coarse 30 synchronlzation is first effectuated; thereafter, fine
synchronj zation 1is ef f ect uat ed. Duri ng coar se

synchroni zati on, hi gh-power synchronlzatlgn (HPS) bursts, whi ch as

di scussed nmay be acconpani ed by sone hi gh-power br oadcast ( HPB)

bur st's al S0, Refdi RN ORI 28hb0Npeskh® 3onverdtabd! ol ePhggel 0 @i I st

| evel of synchronlzatlon despite presence of unrel ated_hig pomer
bursts, such &Pmyaication osygagPnd© °f tAWd 1llygkraged igbodisigniequent

fine forms a satellite- cellular communiciZion systemynLHrsiburd i on,
acqw&hontgﬁ\é\nt aS| |l e SYbo bi .t

ssible re
precise frequ gFoegt at ?O\P‘H‘esc?t Tﬁgagub}ggst %’f?‘éﬂﬁ t"’ffeém
pr esent iSnventmemhcpéology oﬁonherpedspntn’anwh;atlahbenaln R logdusliyv dbey

with S5 — achi &PATBE SYPREE ONEFBEEON qw %Mm%a%qwat &t
When the radiote ep one 24 |s tur ned§gn the device né':.s\} ec“(l)%rse

synchroni zat i gRGFIEREr . £9Re cdBPERNCE, sﬁ‘nchr"-'t?d‘irz%ﬁ‘?1611'=l T‘Eﬂ?e]s’-slﬁ“éduces
the tinme (and dfdn&ﬂltﬁi’tﬁ‘a(ﬁlon sybﬁéﬂl’ tt nbyhee ayp eofedrddivtie Mdplednid turn
reduces the 10 "|urri)ert o o erat ions required to perform fine
synchroni zat i o oTe ]erﬂ) SoH rFe t he radi ot el ephone searches all
possi bl d0pri mary cékhe ecommhpication systendilét eimph@d@s i stt mera@dt one A
priMmary Carri Grdind N&carion 3! | Bouphban gyl tdple: onic

channel s. I'n 15 anot nbodi nent, the radiote e hone |s ssuned to-
have pr e AN STer eoﬁ%h aC?\éaerﬁg ué?nﬁei’ﬁesﬁﬁﬁﬁﬁallnc&]i’@r dﬁlgure by

channel s pri ortHed Tiated Vi efagidithe e She ground stdticn tier
enbodi nent, system nchron:gz f ectuat ed b utildizi

' e
hi gh- power bursts Shish T fgaglo{lr%l%sﬁ?%]sli‘ Of Streant wh cﬁ"l SR
predet et ned fan tterarsceiving fcommundaadidicrats igmalsmw sirster allfw, thclst S

are time- a sH‘élaﬁ.h.E?E@XSQsléﬁt 'Ex%h'&%l%'ii Q. Ch%"i‘l%assat?éﬂﬂé\fﬁé&d

channel s, such as th gh- power ed hroadcast signals, on t he broadcast
cantrol channeqrimve’é p’a’bl RPSYRRNR & IFanscRies (GUMEHR LG bien
channel s. signalsAnidtovgl yt wets ethe nirdighd GratEors a2 flud hrido tdeth

| at ed t t .
gsnih(raonl zzlg'zle | g#}%%]f hafglllél c%g&' gesi’éﬁggﬁagngr 8, %%ar the rTrarﬁcf?]aY%r
detecti @8, thecipasidmy |inennebworls @nmled:e@@er 160 f Theheransgebverent s

inthisart. 15 ig herébaye%bpeab;tﬁemweésfer £0Pp € sEURELEONESA! | on.
lze

such as the po l})ro Il mit hod grr_ near e roung
in the rel at eorV%ﬁérﬂg e%thF’ia §t FERerRerb A He 9 ﬁFrEFi’-B’H 3 Besthete
power sanpl es Hetwrallc Wont-eollheeRBer lanmditvicle -eresgy aThdnurahedeiéhni n a
plurality of biéqs preferg%li&ng ﬂpréﬁgrsyq%fgl%ezsat ! 88n99{,§_er ¢ircuitry
25 permitting the frequency channels upon which the signals
transmitted to the transceiver 16, to be relayed
therefrom, to be altered to most efficiently utilize the
frequency channels allocated for communication in the
communication system 10.
30 Transceiver circuitry of the network control center
18, in turn, is able to transceive communication signals
with other satellite-based transceivers, such as a
transceiver 22. The transceiver 22, similar to the
transceiver 16 transceives communication signals with
35 land-based transceivers including, for example;, a
. rad:fotelephone 24. BAgain, the transceiver 22 is pritriarily
operable to relay communication signals transmitted



-13- It should be understood that a bin, being a subunit

of a timeslot, constitutes a plurality of discrete, consecutive bits
t herein. wobbmsoazare typically 4 bins Wi thin a ti nesRGR/USITIBIE, t he .
anount of energy accunul ated 5 in a given binis the sumof the energies’
accunul ated in t he respective corresponding bits therein, e.g. in a
timeslot with a conventional 156.25 bit format, a bin my constitute
a fraction of that anount, which with 4dins per timeslot is

equi val ent to approxi mately 39.0625 bits. 10 Accordingly, all of the

di screte bi tt}!é&%rt@i S %g&i’ﬁ'"gfieferablt}ﬂ 1SRRI tdtﬁt@mr syuf&tlﬁ t

particul ar . urst . within a L

Pilistail g se1s8fng vhe, BraduBREV. BAGP=LABERo MRS EAFRR L Bower
bur st tyiggreati tited onsedet abkyehixgilaydd ano achbera|cdumeticatsion

The recei ved;$j3Ras sanpl e at a given bit i may be represented by ri,
a conplex nunber, where It shoul d be understood that si is the
si gnal Sconponent GMmunication ;purgrant BPr Fhes CORBURGICAE ICPhRYRER™ of

r{err} : In]1ruor pereitd la x;]ser of ar &'}idiotbiébhoheJ ehferdc] icﬁﬁtﬁdnldhhﬂéﬁ |

s[err err]_represents.the, si of the .in se_channe

] represent qﬁ%% §é¥y %ﬁﬁgP%Sltlo e#kéﬁ %ﬂyr%qﬁﬁ§%ﬁﬂat§§é?§§%ﬁﬁ] [err]
represents tleeras gméaeoqp‘orl:é:m world. of Ashd opgadisat thhe- pseze charine| |

ort hogonal tQdikge1Bphone 24 pbs?l s ORI to pePhit! é&éﬁsmlgé%ﬁ]arrd
nferr]. [err] + Jn err conventlona

e
t r ansfiBr mat iTGFEPLIGRe P %@thxegc@glon S i 13 zﬁ?st%rl]o’rtne r?%"t‘??‘?: (B)
which is usaﬂ:atm;celver,cal aiHeat e ddwr eneigy aslsnul aied |crbmmhiibéteér] by

t he f e e ugpatlon
I's over theq“re(raﬂéegh dlgsalgln’élw%%h e8SeT o[f on]é’rt re rraéislpece{l \FM}%@ bin
[err], i.e. tdr@n tiedephonigl devicebi pfstartdonyventionral], vaxre<1,1m© t he
endi ng bin Q{ébw&tky -14-

The "*" nmeans a conpl ex conju ate of the i ndi cat.ed bl e _
appar 8t from SUAREHRES PropPely. howeMsfse ittt iadi eﬁhﬂ??czﬁpproach

enhances thenuxt sbe syna}mmnrmm withnthedwslimlidre hetwpnker r |JOmeeponent

af ter Squa”ﬂy%perly synchronized, voice or other communications can
be effectuated between the radiotelephone and the cellular
network. , '

20 As described in the aforementioned related
application, coarse synchronization between a receiver,
such as the radiotelephone 24, and a transmitting station,
such as the cellular network, may be achieved using a
linear power profile method. According to this method,

25 synchronization is effectuated by use of energy bin
calculations of the synchronization sequences transmitted
along a communication channel, and, through use of high-
margin, high-power synchronization sequences, adequate
transmission was ensured despite significant levels of

30 attenuation or multi-path distortion.

A satellite communication system, of which the
communication system 10 of the present invention is
exemplary, is, like that described in the related
application, a communication system in which power signals

35 are transmitted between the satellite of the communication

- system and the radiotelephone 24. Therefore, a signal to
noise power ratio, C/N, is fypicaily of a relatively low

o -
- - “' > P -



5 it. Consequently, when the signal-to-noise ratio is very smal |
for r[errkyobsfeos noi sy channel where n[err] is |arge, [erp¢T/isoniBosi

has an even smaller signal-to-noise ratio. The af orenent i oned
bin netric Bis then used to calculate the energies within other
bins, e.g., other synchronization 10 bins, and the resultant sumused to
make deci sions on synchroni zati on Igi me. For a further discussion of

t he summation of bin netric B energies see the

af or ement | 0”%{1{1%'.?“ edIfO'aBethggnggt et ac@fg ! %aattd'i%'aele hone  is not
Alternatively, an integration nmay be used to 1 cal COl ot e the ener gy
accunul at ed PrierEegi AO[ éﬁﬁ'—FCSyti’/lﬁebeSt sipmahf £ransmitted theretoy

Y the signh®£d noise radiy &f (HigrzA eRAUSL By fHECE1 083 by |
i ntegrated oy over the respective bits

r the_.ran t=x to t=y, J.e.,
therein, i. e_t,gezoradl?}:gﬁﬁ)p@ngt i biet"%?}/t SurdendTEARCEd . HifeveRe it
shoul d 5 plreposeer ACES), tdwte Bl i tougal lhtasurminiued capiain Ofystem,
calcul ates a u | SGr r wi thin each of
the bits wi tﬁ?ﬁgﬁﬁpg}%‘% g %ﬁeg Ifgncifeingééf iﬁ%equlaa‘{ée{‘g%ntu%%ea%e?f%?’ﬁ%l?he bi n
ener gy cal cuPdt i ohivkyhsiacibels oHepl iaeragsi mhidd ygauskdanf umeisens

s(t) and n(YhweN) . SueR 8SeBhuREemettalcRId SPUREs L&Eﬁéf’é‘fl)?,‘)riﬁ,(é) 1
respectively %nd their corr(&sjpondl n ,corrgl ex %ortl:J ugate ,__tupctions, s
(t) and n* (FRALEELSRhGRS ) SRAFITHRLIERNEC detect,qgPaging signalThe
preseni0i nvehnivimaatd eCPNs ratim rofn abotbemimuse ten dechbpbsent xd ahe
signal as mu | i . | nsf lons to
t he recei ved%dg%é%q%?m%n%agx usgplb t h%g?r%]t’llrr?glg %ra c@g@éeké%ncﬁ%m%ﬂ on,
particul ar| yngtwork to properly receive the paging signal, the

| ogarit Ihm c @Fﬁﬁuﬁicat—ﬁl@j&lﬁ, gpgﬁ-_g@,d Ofxt-é@iffléélti NG & high reis‘g?fé'iﬂet Ei n
energy |inear n_accordance wi.th .equatio ,and anplifyTn e
ef fect of thgyﬁs&gni‘:ﬁﬁﬁb%n‘fa,p?ﬂlet% %Pﬁ#&nFY@&%PP&ﬁaFggEr 6{505]%%:

5 A$5i s appasenicel rafm thesmpatheop hdghe powequaiomnrsyridramization (4),
t he signal -t Q=nai rati@. f. r + ; : .

than that of SERLE whert | Sropfl (BE" Wiididedod] T bIcHCHGE che
Accor di ngl y, 1RRE1Rdi synehHyeniBation bunste dighal the one demmpeaibied or

tm'hni m zed by th&ﬁmﬁﬁ.;ﬁ.ﬁ?aﬁ@ob@uﬁaakwe@..rs alGigh |Raass %ﬁfﬁ& mtﬁééc thd) in
i n'? e;?:’[ ?gn,s¥‘§§\a,rk' Pe.onhzgg :ﬁl Eoﬁn?% n“%'}g)c%ﬁxggr?fzsétion” bursts ma%rr nc?orllgt?l ﬁtg n
20

high-power broadcast signals. A synchronization pattern
may, therefore, include such broadcast signals functioning
as synchronization bursts.

The present invention provides an improved method and
apparatus for Dbetter distinguishing between the
25 aforedescribed non-synchronization, high-power bursts and
the desired synchronization bursts, allowing the
radiotelephone to become synchronized with the network.
In a preferred embodiment of the present invention,

synchronization 1is a two-step process. Coarse
30 synchronization is first effectuated; thereafter, fine
synchronization is effectuated. During coarse

synchronization, high-power synchronization (HPS) bursts,
which as discussed may be accompanied by some high-power
broadcast (HPB) bursts also, permit synchronization of the
35 _ radiotelephone to a first level of synchronization despite
the presence of unrelated high-po;ver -bursts, such a..s due

to paging. And, during the subsequent fine

F - -



may be used: [err] whi ch al so conpresses

t he noi se conponent. 15 Furthernore, by use of this technique in an
ACeS WOsYHi033n it has been discovered that the cell ul HCWERAMIhe

24 can acquire the initial coarse synchronization within about 6

mul tiframes, -i.e., about 2.82 seconds, a 40%tine . i nprovenment over
the aforedeterm ned |inear power netrics 20 approach set forth in the
rel ated application, which requiired ten nultiframes and about 4.7
seconds. O her nonlinear transfornms (F) suitable for purposes

of the preseyhchroenzabhonncaengiel sitticr ecnetithin tedihgle symbol Heitabsol ut e
val ue of the_ | . gnal..sanpl i : queu btgl ned by
t aki ng t he g'(?u fgé%(g(g)%ébf %t& 8.’ rg) ﬁéﬁ?o&ugtCI%% t%reécikg%el. e%lfgﬁg(r%alfésanpl e
rlerr], whi erovéded. The syhbiech watter @hithe prasent dinvention il ex

conjugate, concerned primarily, albeit not l6exclusively, with
(6) a generalization of the abov%.t ransf.ormation, (6) to .ohtain
the n-1h rodchieving coarse synchroni ion quigkily mﬁ rately.

recei ved signal pineer thehiredinited ephongeRdr dls tedrest ems:the device
5 ?;ns or m??’%ﬁ?ﬁ% 6;&?@8?%%2:4 € slHRh oA 3a e ‘@&E&P&. }:hﬁ'h%?%’é‘arsl%
synchronization process reduces the time (and freguency)
uncertainty to a selected level which in turn reduces the

10 number of operations required to perform fine
synchronization. In one embodiment, the radiotelephone

searches all possible primary carriers when the

radiotelephone is turned on. A primary carrier is the
carrier which multiplexes the control channels. In
15 another embodiment, the radiotelephone is assumed to have

pre-registered in a region using the nominal control
channels prior to receiving paging signals.

In either embodimént, system synchronization is
-effectuated by utilizing high-power bursts within the

20 transmission stream which include predetermined patterns
of synchronization buxrsts. The bursts are time-
multiplexed with other control channels and traffic
channels, such as the high-powered broadcast signals on
the broadcast contrel channel (BCCH), a paging channel or

25 other transmission channels.

Although the sequencing schemes set forth in the
related patent application effectuate coarse
synchronization rather quickly and at high margin to
facilitate detection, the present invention is directed

30 to further improvements in this art.

Conventional techniques for coarse synchronization,
such as the power profile method or "linear” power metrics
utilized in the related patent application, compute a
summation of discrete power samples to calculate the

35 amount of energy accumulated within a plurality of bins
making up' the synchronization pattern.

L] . +



(11) and conbi nati ons of the above transfornmations. Thr ough
use of any“;a‘”?l@&zabove non- 1| i near transfornmati ve equat iPCTAISIT/1R991
contribution of the noise 15 conponent within the signal is reduced,
resulting in a better signal. As described nore fully in the

co- pendi ng application, when summing the bin netrics of a given

portion of the bit stream (constituting e control signal

-17- transm ssion) and the other umévenly displaced portions
therefrom the a nt_.of -eper ' r . t such
sumat i ons throug SuERRE m%ﬁgl %ge%eéf@%%eﬁﬁé %ﬁge%@%%rﬁ?eﬁe%?&@g ue,
represent i ng afheabesimpalets n Gonstigneds| A s@lageddty Sfncéisgeete,

mul tiframe by Sve bitk di¥eimear midle s@t&CtivPicalllpe 4. bins
synchroni zation, 1.e., . a cunbersone and corrpL)JEtsatl onal l\é [ ntﬁnse bi t
shifting withioe & tigesinfey e TR ci SR ATOHRS O 5 TGS PSSR Rated
great!l ysfaci liid af efivelD bin is the smbide-ishe ebhétr@iapphccaniibaseduth as in

ACeS, ere i zat | -10_ dB, .. rq_qH'! i as en
found that t\#gmf Ogé%ﬁ%%%ngget ?éaén%%s&%%?%%rﬁgoplt%ﬁe rec%{ﬁ\}“e'd L;"“Q""_?'ﬁngngl
pover (3) is tHmestlatastithe ac korventdpnehelS6.25 hibr fersati badbhni Bay
suppressi on P&t d%e d5fractionTBE thWRCRINIMAA! vHich Piewerepifs oOf
t he present _|“}r%§§1nt| qQn are,qu_t her benefited thrfugg t{}? gse.of early-
late tests i PLoIMERLn 15 EAUENBLSRE, EQcqRPTRRmately A3 PPARAPIRE ri cs!
Si nce 99nchr euceatdiomgle) ikl upbrche disdrghe poiver ehargiepaatrer aammede
presence of e 1 ab- t %l% ol e
carrier may g"?acpusée‘?"'mn(.me ggﬁcﬁ?%\r%‘g?qﬁl%ﬁ %a%lé%&f rolﬁglal}'l{tihe %2@8%5
early-late hightpevernburstswithdps@l eiaten timesioe Tibloradbsépnbed
correspondi NG, A HHer@RRI,| ¢hel @RcRhyOBEmMRLL168 PHES&Nhigh-powkBVBOLEES,
i ncor porated herein ref erence, ese robl ens_ar eyi at ed.
porated h cha)g/f éSgbl _eL%II%td
Wth referencB AT 115 FI SQREL9CHFPI NP UPARF nfBaR RepR¥Mal DUrgtshown a
bt ock disagram of aripertreocrpivkdr adgakd! epimle at a @ivessuoibt as magebkul ar

phone whi ch r;eﬁ}%ﬁgéng&ggﬁ Ir_’ a Cﬁr&lr%&tsrhéoug M k&b thereto, such as

fromthe netwo rot” cente ' transcei ver 22 shown in
FL GURE 1. The radiotel ephone 24 d Q,CL_LWGS receiver circuitry Zzl
tunable to detect and receive signald transitted to the )
radi ot el ephone through an antennae 28. Si gnal s

representative of the received signals are applied to a 35 sel ector 30

whi ch i s operkiblshaul & deecindeansitioods tbhtt Be is the isignadi egmpeventedfsi gnal
for analysis., |RAM TG 8he noise HRhfpidn¥nc3Qdizyi degnt R8re0Rktal1si gnal
into consecutive .
S; = 8,3 + JSg,;, where s;,; represents the signal component
20 of the in-phase channel, j represents the imaginary square
root of minus one, and S,; represents the signal component
of the quadrature-phase channel, orthogonal to the in-
phase channel. Similarly, n; = n;,; + Jng;. The
conventional, linear transformation, power metrics
25 approach utilizes a bin metric (B) which is used to
calculate the energy accumulated in a bin ¢ by the

formula:

B, = ﬁ: |;-i|2 = é qsilz + S, nx +n S+ In,lz) )
i=x

i=x

where the summation is over the received signal samples
over the respective bits in bin ¢, i.e., from the initial
30 bit starting bin ¢, at x, to the ending bin bit, at y.

- a
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- 18- portions which are individually processed, as descri bed

below. It should be understood, however, that sel ector 30 may focus
the sel agbioghedds 0CESS, €.0., be nore responsi ve to PCTUSYI8eM
bursts, in an effort to 5 concentrate the search for the initial
sync burst signifying the nultifrane boundary. The energy
accumul ated within the sel ected portions, such as the energy within a
given bin, is then computed, ~using, the aforedescribed nonlinear power
metrics. A power 10 cal cul ator 32 sums the energies accunul ated within

t he r esgRet inye Qkkﬁu¥”%h'BohB@eQ’ncoEBh§a€@er9¥ SUHL TBYn&lElceq P

passed to an accunul at or 34 which adds the péw sumto Erevrous suns,
e.g., in cal'@FabR- enerdf esl%orﬂ%ﬁ’?'r’é‘ﬂ“rn rom HIpakiea piak. usthg

earl y-l ate tesiventiceLbrgones V\Ilrrtétﬂfn: apﬂﬂﬂoadhsehhanb%s e hOi&8 1IN
then be |- SOBSBERTRY, ipreniathi-ehe PRl SBfoSHEN THBECH R flag” T
shift Pegi stidy- SSZOWMIYuWhﬂna@é%n%ﬁ-mﬂr m—msgeratlo isxeduwnged
with that i nsRDres38, 'f;é.gs' vaem&l@aﬂlcwa%euswﬁ@re APlisg q&gﬁtf}e fgumin

accunul at or 34 i's greater Hg , J ormati pn about art I cul ar
bin, e.g., Pahded? even S%on, SW&TE‘B BRLi€eor &Rt -memor¥h86 to
ref erence afordrrhﬂxtﬁ.am'EHCbh.ﬁrméafﬂe(B)ls hetierh used tdi Sal@ubate Bhgi ven
bin within stre c a bi t h el i hood
of bei ng a ra)eaé)%}%lfé% Qﬂﬂin ggir'l% bq'%ts %‘Ia' Aﬁ?é# %&??gﬁgeégééﬁdar

may bdOdet ertdnred ané ftrhma reS\llt%@f’ﬁcﬁFle%dr ofP chakendafisions ‘on It

shoul d be gpensR0sar {HAt timal.t Oha thifrther A$%BGBESBhZHH OBKAUT St
pattern transmtted vvrthrj‘.n eggh 30 nul tif rre rraé)?/? consi st of al]

hi gh- power T at i O ERETES ot IHRT bEFSt s, “BBich as
fromthe afommdcm‘ted: hegileeted nm—pmim@rpaisenlynappibmcaanonn bursts.
The reason for thj e epgerg e} t qug

enpl oyed in the rr%esent |nven}F| i dx?ﬁgggg%% Qnagd belrelg%u?ion 8oes__ not
di scerlR t he S¥iFekate the ener%neegymuhw y1n| fehe pPéEer‘icé’Y theys,

t he broadcagsdrmula: channel s, V\/m ch typically transmt at a nornal | ower

power -19- | evel , when
broadcasting at full power, act as a synchroni zati on burst

The previous descriptions are of preferred exanpl es - for inplementing
the invention, and tHe scizoe of E I nvention shoul E nQL  necessarily
be linited by thBs= | @ t(léﬁ) THEDR Bt HNsTHE +prdddndd!i nve@ion i s
i nstead defined by t

e follow g clains.

where r(t) represents a function integrated over the range
t=x to t=y, i.e., over the respective bits therein, i.e.,

20 from the start bit x to the end bit y. However, it should
be understood that although the summation equation
calculates and accumulates the discrete energy values
within each of the bits within bin ¢, the integration
technique performs the bin energy calculation without

25 sampling. Similarly, the functions s(t) and n(t),
representing signal and mnoise functions for x(t},
respectively, and their corresponding complex conjugate
functions, s'(t) and n'(t), are integrated over the same
range.

30 The present invention attempts to minimize the noise
component of the signal as much as possible by employing
nonlinear transformations to the received signal power as
the metric for coarse synchronization, particularly a

> : T



WHAT IS CLAIMED IS: 1 1. A net hod for coarse synchronization of a
receiver Wi& a transmtter using a nonlinear power netpgrRUsITAS091

: 09 % . . :
receiver he transmtter coupl ed together by way of a conmuni cation
4 channel, said nethod conprising the steps of: 5
transmtting, fromthe transmtter, a control signal 6 upon the

communi cati on channel, the control mgg being 7 divided into a
successi on of consecutive multiframes ¢th of 8 said multifranes
conprising a multi |IC.Ity of discre rarres he each of said
nul tifranes 18'1 ME&%df one ' hit ﬁtﬁgﬁer gyn%%%‘#% %19%n %i gnal

therein; 11 respectlve balat energy, limstarliyhén meceirdange wih eqpumtricin
signal 12 L,3ns t # [ feia pf R L4120,

selecting a g(l 3énr%{‘)ir %?“gq'liffngﬁz%ch%nﬁ ol &SFELZ'T f%lév%gtcﬁl é‘eéllt\/ena

nul tifrane; &iffepent equation df ANOMASREt he energy accumul ated within

said given 16 portion using said nonlinear power netric. 1 2.
The nethod according to claim1, wherein, jn said 2 step of transmtting,
each of said multifranes B:on? $6% F,- la wé |§| W (Pf hi gh- power @)
synchroni zati on signals t Her &5n

5 As is apparent from a comparison between equations (2) and
(4), the signal-to-noise ratio for log(|s; + n;|) is higher
than that of r; when r; has a C/N less than =zero.
Accordingly, the noise contribution of the signal is
compressed or minimized by use of the above nonlinear,
10 logarithmic metric (4) in the coarse synchronization
process.
Alternatively, an integration, as with equation (3},
. may be used:

y y |
B, = f log |r() |%dr = Zf log |s(?)| at (5)

which also compresses the noise component.
15 Furthermore, by use of this technique in an ACeS
system, it has been discovered that the cellular telephone
24 can acquire the initial coarse synchronization within
about 6 multiframes, i.e., about 2.82 seconds, a 40% time
improvement over the aforedetermined linear power metrics
20 approach set forth in the related application, which
required ten multiframes and about 4.7 seconds.
Other nonlinear transforms (F) suitable for purposes
of the present invention include but are not limited to:
the absolute value of the received signal samples, i.e.,
25 the modulus, obtained by taking the square root of the
product of the received signal sample r;, which could
constitute a complex number, with its complex conjugate,

-*

ri:



32
signal s

being spaced wthin each 5 multifrane in accordance with a:
pattern gyglogigafaectively 6 separated by unequal of fsetspcrnowsapity of .
said multifranes 7 further conprising other, non-synchronization,

hi gh- power

det ecti

ng,

wher ei n,
hi gh- power

wher ei n

2 4 said synchronization

8 signals therein; 9 wherein, in said step of
the receiver also 10 detects the other signals; 11
in said step of selecting,_J%Qid given 12 portion contains

signal wthin said given 13 nmultifrane; 14

energi es accunulated within a pluralit f. 16 other portions of

control

ai d
signal, offset fromsaid dive¥ 747+ portion in accordancé it

said pattern, and using said 18 nonlinear power netric; and 19

further conprising the steps of: 20

accunul ated within the 21 given and other portions of said control

signal ; anda generalization of thsmhovengrensfonmagjonukfhceambtaisd in

said 23 sieRp eftqURRg to a correspondi ng energy sumfor different
given and other portions wthin said given nultifrane
REPLACENMENT SHEET 33
Fo=|rr™, ™
the logarithm of the received signal power, which when
5 generalized becomes:

F, = logjr, r; |'" , (8)
and the respective functional equivalents of the above
transformations (6) to (8):

F = yrOr@, ™

F = |rigr-@ ', (10)

10
F = log |r(or=() ', (11)
and combinations of the above transformations.
- Through use of any of the above non-linear
transformative equations, the contribution of the noise
15 component within the signal is reduced, resulting in a

better signal. As described more fully in the co-pending

application, when summing the bin metrics of a given

portion of the bit stream (constituting the control signal
‘., '

in said step of calculating, further 15 calculating the

summ ng the energies

24

a



25 determned in accordance with said nmethod, the maxinumenergy 26 sum

W thin saw{? 665 rrul ti frame being sel ected for subsequent pcAfusohi1gdl
synchroni zation. 3. The nethod of claim 1, wherein said

nonl i near power 2 netric is a logarithm c power netric. 1 4,

The nmethod according to claim3, wherein the step of 2 calculating using
sai d nonlinear power netric cal cul ates the 3 energy accunul ated in said

gi ven portion of said control signal 4 7accordlng to the fornula

[err] err ent t he receiyved nal l.e within a
6" ebpect tvelBRREmAPERRY B8R, EHE SEnS (FISYCRRE, 8L PEP ARG BRTRIOS X Lo
y, s[err] antlhatefr]:muespeclammlny rcdpregserdy tdecsihghatedndlsnoiosparesl
conponents of ,rLehEl. <3sh Bhifdal o2y QSe SRR 2R 2L §ErSRE, I%ana 9

w thin said grven portion.
REPLACEVENT ShEERaximum energy value, representing the begt patteyn The

met hod Siccorﬂaeaht Gl Beledtedher esintle e Pmaf t iZradleC UbSkhAgrySiing sai d
nonl i near ric calcul ate ner g urmul.ated in sald glven
por i on- of " SEFOPUGH PUTL G SedeCREeBy AT RGC L B PR A AAE4OR

[err] a cumbersome and computationally intense bit shifting
process to achieve precise bit-wise synchronization, is
greatly facilitated. ’ '

10 For mobile-satellite applications such as in ACesS,
where synchronization at -10 dB is required, it has been
found that the logarithmic transformation of the received
signal power (3) 1is an attractive choice for the
aforedescribed noise suppression properties.

15 The synchronization improvements of the present
invention are further benefited through the use of early-

. late tests in combination with the aforedescribed

nonlinear metrics. Since synchronization relies upon
high-power burst patterns, the presence of other high-
20 power bursts on the same control channel carrier may cause
synchronization problems. Through the use of early-late
test metrics, disclosed in the aforedescribed
corresponding patent application of one of the present
inventors, incorporated herein by reference, these

25 problems are alleviated.
With reference now to FIGURE 2 of the drawings, there
is shown a block diagram of a portion of radiotelephone
24, such as a cellular phone which receives control
signals transmitted thereto, such as from the network
30 control center 18 through transceiver 22 shown in FIGURE
1. The radiotelephone 24 includes receiver circuitry 27
tunable to detect and receive signals transmitted to the
radiotelephone through an antennae 28. Signals
representative of the received signals are applied to a
35 selector 30 whlch is operable to select portlons of the
in-coming received signal for analysms in partlcular,
selector 30 divides the ‘control signal into consecutive

e o



5 where r(t) represents a function integrated over the range of 6 t=x to
t=y corresponding to said given portion, s(t) and n(t) 7 respectively

r epr esentweiogménd2 and noi se functions for r(t) , and 8 B[ PETUSYBMent s

t he accunul ated energy within said given portion. 9 10 6. The

met hod according to claim3, wherein the step of 11 calculating using
said nonlinear power netric calculates the 12 energy accunulated in said
given portion of said control signal 18- according to the fornula:

[err] 14 35 15 where rferr]
represents pdrciorecewiich argnahdivddphad lywprddcessed,ltas r@specibgad bit

W thin said;@pgh POf| 8ﬂoufﬁe§>8 hprr e‘r%-,r fdr,ﬁ Iogﬂeérefi,;&a/t LEELLL o

represents the conplex conjugate o nunber greafer t han

1, and B, reift ey s farusmcédeul aedectiongypregesedit hizadsai dbgi vieargorti on.
1 7. rddifon®ived 86CORIHAUpbAee! ablirGtsWNerel N 4h eRBESre. to

8. ThS nmet hod accordi ng to clalm%%l wﬂsrelghthe,stef gf cal cul ati ng
usi ng Sai d MEMTRE2RW e tFFRETR tPht P helP1tiatn PP acPhaFat ed in

sai d gi ven pmignidiyioig Scied ot iframe goabindary. according to the fornul a:

The energy accumulated within the selected portions,

such as the energy within a given bin, is then computed,

using the aforedescribed nonlinear power wmetrics. A power

10 calculator 32 sums the energies accumulated within the

respective bits within the bin. This enefgy sum may then

be passed to an accumulator 34 which adds the new sum to

previous sums, e.g., in calculating energies contained in

disparate bins using early-late tests in accordance with

15 the disclosure set forth in the co-pending patent

application. 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 in memory 36 if a given condition is

20 met, e.g., the sum in accumulator 34 is greater. Other

information about the particular bin, e.g., index

information, may also be stored in memory 36 to reference

the particular value(s) therein. In this manner, a given

bin within a bit stream of control data exhibiting the

25 best likelihood of being a part of the sync burst, marking

the multiframe boundary, may be determined and fine
synchronization commenced.

It should be understood that although the

synchronization burst pattern transmitted within each

30 multiframe may consist of all high—powér synchronization

bursts, other high-power bursts, such as from the

broadcast channel, may function as synchronization bursts.

The reason for this is that the energy accumulation

technique employed in the present invention and the

35 related application does not discern the source of the

energy, merely its presence. Thus, the broadcast

channels, which typically transmit at a normal lower power

-



[err] where r(t) represents a function integrated over the range

of t=x to t=y corresponding to said given portion, r nts
the conpl eWABAMFate function of r(t), n is a nunber great (el;r()rnisgﬂi@?ﬁan 1,
and B, represents the accunul ated energy within said gi ven portion.
36 1 9. The method according to claim8, wherein n equals
2. 10. The nethod according to claim1, wherein the step of

cal cul ating using said nonlinear power md®+ic cal cul ates the ener gy
accunul ated in said given portion of said control signal according to

the formul a: level, ~whasrebrpadrpstéphesaht sTupd r @O¥e¥ed SFnalSsafpl e

wthin a éﬁ%ﬁygagignibﬁ&gai,n said given portion, where i ranges

from X toYy, r’Lﬁrrll re reseats t he Corrgl ex _co ju%at Ofalr errl..nis a

number greater thaht®, PEREERE, FEEFEPPELBRP 2 Re O4c POMTAEE %ﬁ‘@l"@es

Wi thin said gfyen ipplémenting 1the invdedntidhe meichotheceeragiengof o thieai m

10, Wner5e|n nir?\%]g{fo%' should not necessarily be limited by this
description. The scope of the present invention is
instead defined by the following claims.



37 12. The nmethod according to claim1, wherein the step

of cal cul ating usi ngTixcshett HaHetdRephceROVEr netric cal cul ates the -
energy accwoussased i n sal I of said control si BOBMUS97/18091
according to the fornul a: "ﬂ[llll I!C [err] wher e
r(t) represents a functlon er the range of t=x _to t=v
corresponding to said glven portion, r* (t) represents Y THiStdME ®FEN
conjugate function of r(t), n is a nunmbes,greater than 1RE NEL: erﬂ
represents the accumul ated energy within sald gi ve nrf'nn

13. The nethod according to claim 12, where n equals 2. :
The net hod accordin claiml, mhereln the step of 2 calculatlng u3|ng
sai d nonllnea w%g %%&**%Dcﬁﬁtulates the 3 energy accunulated in said
given portion of shid cBntmethsdgnfbr coarse synchronization of a
38 receiver with a transmitter using a nonlinear power
5 metric, the receiver and the transmitter coupléd together
by way of a communication channel, said method comprising
the steps of:
transmitting, from the transmitter, a control
signal upon the communication channel, the control signal
10 being divided into a succession of consecutive
multiframes, each of said multiframes comprising a
multiplicity of discrete frames therein, and each of said
multiframes comprising at least one high-power
synchronization signal therein;
15 detecting, at the receiver, the control signal
transmitted during said step of transmitting;
’ selecting a given portion of the control sigﬁal
within a given multiframe; and
calculating the energy accumulated within said
20 given portion using said nonlinear power metric.

2. The method according to claim 1, wherein, in
said step of transmitting, each of said multiframes
comprise a multiplicity of high-power synchronization

25 signals therein, said synchronization signals being spaced
within each multiframe in accordance with a pattern and
respectively separated by unequal offsets, a plurality of
said multiframes further comprising other, - non-
synchronization, high-power signals therein;

30 wherein, in said step of detecting, the receiver
also detects the other signals;

wherein, in said step of selecting, said given
portion contains a high-power signal within said given
multiframe;

35 wherein, in said step of calculating, further
calculating the energies accumulated within a plurality
of other portlons of said control signal, offset from said

IIIIlIII I||||| III|| TN
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4 according to a conbi nation of at least two of the followwng 5 fornulas:

I =X 6 where r ecei ved signal sanpl ecihistirisodr 7
respecti v &Y Q,2§/16p th“mm F Hl{rﬂmt ion, where i ranges from 8 x to vy,
kve 9

s[err] and n[err] respec Yy ¥ ey esent th_

conponents of r[err], r[err] represents thg d‘MﬁBE}E’d of r[err], n
10 is a nunber greater than 1, and B[errl represBEPlsi\ﬁEiDe accmul ated 11
~energy within said given portion. 1-2 15. The netnod according to

claim1, wherein the step of 2 calcul ati nghu& ng sai d nonli near power
metric cal cughY®Rd PPEtien ehBr AGCAELHRGE Vb BadS BAGFGER. pBPEi BALBE sai d
control signghid4neatondangpbwes metbioatand of at |east two of the

followng 5 formulas: further comprising the steps of: 39
summing the energies accumulated within the

5 given and other portions of said control signal; and
comparing the energy sum accumulated in
said step of summing to a corresponding energy sum for
different given and other portions within said given
multiframe determined in accordance with said method, the
10 maximum energy sum within said given multiframe being

selected for subsequent fine synchronization.

3. The method of claim 1, wherein said nonlinear
power metric is a logarithmic power metric.

4. The method according to claim 3, wherein the
step of calculating using said nonlinear power metric
calculates the energy accumulated in said given portion
of said control signal according to the formula:

B, = E log |r,|* =2 i log|s, +n|
i=x

i=x

20 where r; represents the received signal sample within a
respective bit i within said given portion, where i ranges
from x to y, s; and n; respectively represent the signal
and noise components of r;,, and B , represents the
accumulated energy within said given portion.

25

' 5. The method according to claim 3, wherein the
step of calculating using said nonlinear power metric
calculates the energy accumulated in said given portion
of said control signal according to the formula:

’ B f log |r(0) |°a = 2[ g 1) + mO D -

ect Has Been Replaced

S HII\I\\\lll\\\\\l\l\\ll\



[err]

6 where.r(t) represents a function integrated over the range
8-.

of 7 t=x to t=y corresponding to said given portion, s(t) and n(t)
respecti vwbwsncqanesen'ﬂ ﬂﬁ [ functions for r(t)PCI/GS97/18(51
Lo

represents the conple
greater than 1, and B[err] réprésehts the

on of r(t). nis 10.. a nunbe

)

r

TRIRTBHEERHASIBEENeher gy wi t hi n

sai d given portion. 1 16. In a JcommmEmalEpn syptem having a
first 2 communication station and a $§§0 et tation, the 3
first and second conmunication stations, respectively, coupled 4 together

by way of a agswain @9t reprebanisl a Sufefbbiainuyritddd overt kel kafgeand
second commné' catiop statiaons of ci 'GY t A for, .6 .synchronjzing t( F second
Fo bR g to said s

communi cat i of
REPLACENENT 8MEET(t) respectively represent signali@nd noise Conmmrtinonsati on
station usi Iir;ﬁngooy@ﬁg AtS: i \ jpt bshhg: 9
sing%glflgcgn'erat or ' pos A Qc?ém&iétg%% é%%n%ﬁf’ '}'égifdl}gn

safd cHhYe®I POEFHPAL  generator for 11 generating and

a contr.ol
stati or§,

given portion,

¥h “PREFPPLY

tioned at the first

transmtting a control signal wupon the 12 comunication chann
control signal beé ng diyvided. int.o a 13.. successhom-of c%secuiive

mul ti franes,

each®of sara RErPCR ARSOTAPT BnFreing ta WRSTEAT PR

di screte frasespt lod c¢alculrtm@ghusing said nonlinear power metric

10

15

20

25

calculates the energy accumulated in said given portion
of said control signal according to the formula:

¥
B, =3 lr, rx™
i=x

where r; represents the received signal sample within a
respective bit i within said given portion, where i ranges
from x to y, r;,’ represents the complex conjugate of r;, n
is a number greater than 1, and B, represents the
accumulated energy within said given portion.

7. The method according to claim 6, wherein n
equals 2.
8. The method according to claim 1, wherein the

step of calculating using said nonlinear power metric
calculates the energy accumulated in said given portion
of said control signal according to the formula:

B, = } ROMOIRE

where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, r (t)
represents the complex conjugate function of r(t), n is
a number greater than 1, and B, represents the accumulated

el ,

of

energy within said given portion. T T e
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15 of said multifranes conprising at |east one high-power 16
synchroni ﬁw{kh gnal therein; 17 a control sipgiabsosgdoaft Or
posi tione e second 18 conmunication station, said control
signal... detect or for 19 detecting the cont roI Si gnal gener ated and

trans i 20 control signal gen HA + selection

m said detector, for 2 r[g.y g ven portion of
C] gnal*vvlthl n a given 23 #at t Lira

cal cul ati ng nmeans, coupled to said sel ection neans, for cal cul ating

t he energy accurrul ated with said given portion 26 5| ng said nonli near

power netric. 9. The wmethod according to cldim 8, wHerein nl/.

The conmuni c%ldugli gSystem according to claim116, 2 - wherein said

control signal®"génerator generates and 3 transmts a multiplicity of '

hi gh- power synchroni zation signals 4 wthin each of said nultifranes,
sai d sygchroni zat 1@n si@Ralgetdd b&éé@r&ﬂﬁgeéowdlhiﬂn e@ChwﬁéH—:hfar fiif?e in

accordance with aQF? E te1an and respective fgarate P)/ une

offsets, a SF€FIQUral Fécﬁ AEIRE MFSE r ‘F‘a’t‘ BFREORPIES ﬁ‘&

non- 8 synchleulzsid0nthdl ghepgyescsngabased htneisaid given portlory\:herei n
sai d selecti lLecks h- . S lg In, said

mul tiframe; %%1@2&%8 C%%t%%lmhsal eaﬁ' g%% g§1n uI at |t%%aneagr@hfa[1u'rt her
calculates the 12 energies accumulgted within a plurality of other
portions of 13 said control pﬂig@,]ogqf,fiwlllnfrom said given portion
in P !

where r; represents the received signal sample within a
10 respective bit i within said given portion, where i ranges
from x to y, r;* represents the complex conjugate of rj,
n is a number greater than 1, and B, represents the
accumulated energy within said given portion.

15 11. The wmethod according to claim 10, wherein n
equals 2.

12. The method accoxrding to claim 3, wherein the

step of calculating using said nonlinear power metric

20 calculates the energy accumulated in said given portion
of said control signal according to the formula:

y
B, = [ log | ryr=( ™"

where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, r'(t)
represents the complex conjugate function of r(t), n is

25 a number greater than 1, and B, represents the accumulated
energy within said given portion.
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14 accordance with said pattern, and using said nonlinear power 15
16 further conprising: 17 an

nmetric; and

accunul at wo 98aso3unMi ng the energies within 18 the respREWUITHOL | ons of
signal; and 19 conpari son _neans for conparing

said contro

energy sum

the energy sum 20 accunulated in said acc§* %ﬂ@'ﬁ@¢% BEEN Bspondi ng

42 22 mltiframe and determ neda4n
23 maxi num energy sumwithin said given multiframe belng selected 24

21 for different given and oth

th|n sai.d given
nrd PP mnfh saf d met hod,

t he
for

subsequent fine syschronézadtimsa accokding tolSlaind he ,Cmenai fabi@aSyst em

according t
| ogarithmc
according t

claim16, 2 wherein said nonlinear. power netric is a
ower 3 netric. 1 19. The conmuni cati on system
o claim18, 2 wherein the calculating neans cal cul ates the

ener gy accunmul at e’i’i 3 thi 'ﬁéi_tﬂoﬁi RRAY PO 1 BEmC Nt rv?‘leer%lgpaéhe

according to the

formul a

5 where

rierr] @epre§EﬁPs°fthe received signal sanple withina 6 respective

bit i wthincadédlgtvey Weing OfaidhesRlinéRRGeSwer Ofetric dal®ulatégerr]

and n[err] r

BRRCCUAELY LERLESERL.hNY. S gheh 140l 58

control signal according to a combination of at least two
of the following formulas:

B,=Zy: log | 7,|? = ZZ log | 5; +n|

T

10

15

20

y
B, = Z log | 7, rpx|¥"

i=x

where r, represents the received signal sample within a
respective bit i within said given portion, where i ranges
from x to y, 8; and n; respectively represent the signal
and noise components of r;, r,; represents the complex
conjugate of r;, n is a number greater than 1, and B,
represents the accumulated energy within said given
portion.

15. The method according to claim 1, wherein the
step of |
calculating using said nonlinear power metric calculates
the energy accumulated in said given portion of said
control signal according to a combination of at least two
of the following formulas:
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8 conmponents of r[err], and Blerr] represents the accunul ated energy

within sa
REPL ACEME

contr ol

:@og#_,' portion. 43 (PCT/US97/18001

communi cation systemaccording to claim18, 2 wherein the calculating
means cal cul ates the energy accunulated 3 in| B of the

signal according to the 4 formula: Sﬁ'lng @Eﬁ%/@ﬁktﬁ
[err] 5 where r(t) represents a functt2¥ int

t=x to t=y corresponding to said given portion, s(t) and n(t) 7
respectively represent signal and noi se functions for r(t), and 8 Blerr]

represents the accunul at thin_s nt 9 10
21. The communi cation éggt nf &@&%‘& @dﬁgﬁ%? 'R%if& >wherein the
cal cul ati ng neans cal cul ates t he energy accunulated 12 in said given
portion of said control signal accd 13 fornul a:

[err]

RO T 5, = [ log Irtore() |

10

15

20

- where r(t) represents a function integrated over the range
-of t=x to t=y corresponding to said given portion, s(t)

and n(t) respectively represent signal and noise functions
for r(t), r (t) represents the complex conjugate function
of r(t), n is a number greater than 1, and B, represents
the accumulated energy within said given portion.

16. 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 first and second communication
stations of circuitry for synchronizing the second
communication station with the first communication station
using a nonlinear power metric, said circuitry comprising:

a control signal generator positioned at the

. first communication station, said control signal generator

for generating and transmitting a control signal upon the
communication channel, the 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 multiframes comprising at least
one high-power synchronization signal therein;

a control signal detector positioned at the
second communication station, said control signal detector
for detecting the control 51gna1 generated and transmitted

by said control signal generator;
This Sheet Has Been Replaced
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14 where r[err] repré%en rﬁ e($é é”véﬂd signal sanple within
a 415 respective bit-i within sai glven portion, where i ranges from



44 16 x toy, r[err]* represents the conplex conjugate of r[err], n
Is a 17 nunber greater than 1, and B[err] represents the accunul ated -

energy 1WO91602n said given portion. 1 22. ThePCTWSMSOR | on
system accordi-ng to claim?2l, 2 wherein n equals 2. 23. The

conmuni cat i m according to claim 18, nehpsh gy dal cul ating

ngmﬂm 1!'131“ m e energy accunul ated T}HS%ES E(Eéﬁen portti on of said
rding to the f Qpeul of

[ert] where r(t) represents a function integrated over the range of

t =x fo t=y corresp?ndlgﬁnéétfﬁﬁchéhﬂéﬂ é@ﬁﬁl@ﬂ té éaidraaeeéea&s ﬁor L thed
conpl ex conj te function o t e an an
Bl err] reprei'gﬁ?%t*% E-lean iy eﬁéﬁgje%rﬁé %‘?h??l éﬁ%g Slgnalg?’%EHlBoF‘t i on.
REPLACEVENT $HEST multiframe; and
calculating means, coupled to said selection
5 means, for calculating the energy accumulated with said

given portion using said nonlinear power metric.

17. The communication syctem according to claim 16,
wherein said control signal generator generates
10 and transmits a multiplicity of high-power synchronization
signals within each of said multiframes, said
synchronization signals being spaced within each
multiframe in accordance with a pattern and respectively
separated by unequal offsets, a plurality of said
15 multiframes further comprising other, non-synchronization,
high-power signals therein;
: wherein said selection means selects a high-
power signal within said multiframe;
wherein said calculating means further
20 calculates the energies accumulated within a plurality of
other portions of said control signal, offset from said
given portion in accordance with said pattern, and using
said nonlinear power metric; and
further comprising:
25 an accumulator for summing the energies
within the respective portions of said control signal; and
comparison means for comparing the energy
sum accumulated in said accumulator to a corresponding
energy sum for different given and other portions within
30 said given multiframe and determined in accordance with
said method, the maximum energy sum within said given
multiframe being selected for subsequent fine
synchronization. |

35 18. The communication system according to claim 16,
wherein said nonlinear power metric is a logarithmic power
metric. S PP —
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1 24. The communi cation systemaccording to claim?23, 2 wherein n
equal s 2. 25. The communi cati on system accor di i m 16
5 wherein aﬁ%’ “gfcul ating nmeans cal cul ates the energy accu#n}l%ll at eégdgg

said given portion of said control signal accordi ng to the 7 formula:

8 where r[err] represents the received signal} @El‘ﬁ% 9 respective
bit i within said given portion, where i range ﬁﬁy l rierr]
represents the conpl ex conjugate of r[ed?, is_a ther reater than
1, and B[err] represents the accunul ated energy 12 W|th| n said given
portion. 1 19 .26 TheTRempuRHERAT LR | 6 s tBaaorddaaditey alais digm 25 2

wherein n eqydleyedn Bhe calculating means calculates thé“Sener
in

27. The conmuni c y.stem co.rd to. cla re| n

cal cul ati ng ﬁﬁgh@“é'z?l% ssatjfa%i &’%’E%h%l 3 eég% coflﬁl@ ”\?gn
portion of salcd:ocrdnngoltoslt@nalfoa'umdladl ng to the 7 fornula:

[err]

LT —— >R T e R PR

S where r; represents the received signal sample within a
respective bit i within said given portion, where i ranges
from x to y, s; and n; respectively represent the signal
and noise components of r;, and B, represents the
accumulated energy within said given portion.

10

20. The communication system according to claim 18,
wherein the calculating means calculates the energy
accumulated in said given portion of the control signal
according to the formula:

y y
B, = flog |r())|%dt = Zf log |s(?) + n(f)| dt

15 where r(t) represents a function integrated over the range’
of t=x to t=y corresponding to said given portion, s(t)
and n(t) respectively represent signal and noise functions
for r(t), and B, represents the accumulated energy within
said given portion.

20 _

21. The communication system according to claim 16,
wherein the calculating means calculates the energy
accumulated in said given portion of said control signal
according to the formula:

y
= : |14
Bl - E I r i r; I "
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8 where r(t) represents a function integrated over the range of 9 t=x to
t=y corresponding to said given portion, r*(t) represents 10 the conplex
conj ugat e wWorpsisa3a of r(t), n is a nunber greater 11 than BCT/aSRI/1809%r r |

represents the accunul ated energy within said 12 i ven portion. 1

28. The communi cation system according to cl W@@HE;*ZIM%EEQI n n equals
2. 1 29. The commruni cati on syst em acjcor 16, 2
wherein the cal cul ating neans using sai gpglonl i 3

cal cul ates the energy accurmulated in said given portion of said
47 4 vitpid OF, sr@gswés@;@@@rehegrbeeavéan‘@llgatallorsaﬁfplfét widasin tywo of

5 the foIIo é%{ %err] represents
the received sé%neﬁysanpalg’ Vh‘f'?ﬂ:ﬂlﬁ S%l(?ei“p P\?é'z‘ﬂ‘f’ ‘ WRF fi h EMILYi ven
portion, wherferdm pakgey . f kpnrepresents the complex conjugate of r,, n
is a number greater than 1, and B, represents the
5 accumulated energy within said given portion.

22. The communication system according to claim 21,
wherein n equals 2.

10 23. The communication system according to claim 16,
wherein the calculating means calculates the energy
accumulated in said given portion of said control signal
according to the formula:

L -1

where r(t) represents a function integrated over the range

15 of t=x to t=y corresponding to said given portion, x'(t)
represents the complex conjugate function of r(t), n is
a number greater than 1, and B, represents the accumulated
energy within said given portion.

20 24. The communication system according to clalm 23,
wherein n equals 2.

25. The communication system according to claim 18,
wherein the calculating means calculates the energy
25 accumulated in said given portion of said control signal

This Sheet Has Been Replac
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where r; represents the received signal sample within a

respective bit i within said given portion, where i ranges
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9 x toy, s[err] and n[err] respectively Lepresert the signal and nOiSf 10
conponent s r[err] represents the conpl ex conjuga n
11rr}:)s a nuﬁg‘g?&{‘fﬁ%ter 'Ehan] 1, and B, represents t he accunul %TZ(&%%@&
energy within said given portion. The conmuni cation system
according to claim16, 2 wherein the cal cuI JHD% 5@#% aid
nonl i near power netric 3 calculates the ener%hé gg&ﬁp sai d-gi ven
portion of said -29-

48 4 control signal according to a conbination of at least two of 5
the fol | owi ngE¥@Rn¥l §S: ¥, Ii* reprepents the ghwpdex cpnjugetsentts m,

function int egr aledaoueinibée begeed! tiah=1,! 0ahd) HOLGMAUUHIY thesal d
gl ven pOFtIO ectiy ﬁé&re resent, S|gnal and noi se
e

(e
functions for ?‘f‘&}‘?‘laged %’fﬂe‘ﬁ?%ﬁgﬂ@a% | BR*ESRPugat e function of
r(t), nis 10 a nunber greater than 1, and B[err] represents the

accurmul afed 11 enﬁggy *ﬁéhééﬁﬁﬁﬂféé¥f6H1é%%%%hogccord}ng to claimAI%ecelver

synchronlzable with a tran
wherein n equals 2.

27. The communication system according to claim 18,

wherein the calculating means calculates the energy

10 accumulated in said given portion of said control signal
according to the formula:

| ¥y
Jin B [rsroror

where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, r’(t)
représents the complex conjugate function of r(t), n is

15 a number greater than 1, and B, represents the accumulated
energy within said given portion.

28. The communication system according to claim 27,
wherein n equals 2.

20
29. The communication system according to claim 16,
wherein the calculating means using said nonlinear power
metric calculates the energy accumulated in said given
portion of said control signal according to a combination
25 of at least two of the following formulas:

B,=f: log |7, |? =2ﬁ log |5, +n, |,
) i=x i=x
B, = fé | r, 7 M, and
i=x

b4
= * 114
B}"Z:loglriﬂ [ o
t=x “This Sheet Has Been Replaced




2 nonlinear power netric, said receiver conprising: 3 _ a control
signal detector for detecting transmssion 4 of a control signal thereto,
the controwossgemst transnmitted by 5 the transnmitter, the coTusstnsmwynal

bei ng divided into a 6 succession of consecutive

nul tiframes, each of said nultiframes 7 conp Pttty t Y O

di s ,m ' ei n and each 8 of said m$fﬁkﬁﬁﬁé”‘€oﬁﬁﬁl‘l 5i ng  at

| ea mm ,m'mm synchroni zati onyesi gngl theRE\HmGE_UlO

sel ettin nednss eoupl ed to said detector, ~for—tt—Selrecting a given
portion of the control signal within a given 12 rrultlfr?rre alnd I 13

cal cul atin ans upled to said sel ection_neans or cal cul ating
the ener gygag‘&ﬁﬁﬁ a?’eo‘p?ﬁ’lf??es’%ﬁ% ?/eﬁe‘ﬁ%?"‘f?%ns’-igal uSpMBleamd thdml idnear

power metric.respettive bi82i wiltiein eseid/ glvaﬁCpbﬁtﬂ@nI Owlgd¥d M Fanges

wherein said rol r.at tran mts a
nultiplicity o |}8h époﬁk—:r ‘sygﬂﬁ rﬁn?‘zagggﬁ S| g%a%gprﬁs\?ﬂth Ce &I sai d
nul tifrénes, angd dnejRehceTPoREns® sPfnals rb bespressntvedthet kiompdaoh

mul tiframe Ira:cfal@;p&g@l@élcefwth & ﬁspat rRibed G FESRGET EXSHY 1SERHAT B by
aid multiframes, further corrprl Sl

unequal offsets a ralit g

ot her, non- S%nﬂ?ﬁla cuﬁ‘f“ ﬁtﬁg\/\e?n§F§¥al"§"’cmelsr?l ggiven -
wherei n sai dp;edteam.on means sel ects a high-power 10 signal within said
mul tiframe;

10 30. The communication system according to claim 16,
wherein the calculating means using said nonlinear power
metric calculates the energy accumulated in said given
portion of said .control signal according to a combination
of at least two of the following formulas:

y y
B, = f log |r(®)|%dt = 2 f log | s(®) + n(f) | dt

y
B, = [ | ryr* () |¥dt, and

_ This Sheet Has Been Re lac
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15 where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, s(t)
and n(t) respectively represent signal and noise functions
for r(t), r'(t) represents the complex conjugate function
of r(t), n is a number greater than 1, and B, represents

20 the accumulated energy within said given portion.

31. A receiver synchronizable with a transmitter

using a nonlinear power metric, said receiver comprising:

| a control signal detector for detecting

25 transmission of a control signal thereto, the control
signal transmitted by the transmitter, the control signal
being divided into a succession of consecutive
multiframes, each of said multiframes comprising a

*



50 11 wherein said cal cul ati ng neans further cal cul ates
t he energi es accumul ated within a plurality of other p ' 13
'said contW‘éPg’l@anal offset from said given portion 9{:’&&8%88;1

accordance wifh said pattern, and using said nonlinear power 15 netric;

ﬁmﬂﬂﬂmﬂﬂ Mo of es i chin ' 38" he ' gi ven an* O SHEED TSR] oot
cdnt ol “si$nal ; *and 19 -3denpari son neanBERIACEBonpar { ng t he

energy sum 20 accunulated in said accumulator to a correspondi ng energy
sum 21 formdltipl'ecnitgiwérﬂiammttmeﬂrma ithesein t Hnd sHch pi/esni®@?2

mul tiframe aag%ggtfggg%@ed I3 ‘:‘:9.%&?@‘ Wt hgaid metdnd, t}pfghng% LEXI mum
energy sumw thin sai iven I'ti_frame being selected 24 for 'subsequent
fine synchroﬁY@&hF@ﬁlza ipn signajsthepgdniecei ver according to claim 31

wherein said 2 nonligedeceavdr méRhs, Cclo‘ilpadd)g:&f idaifd ey @torptfde. 3
4 ecei ver ,accor di rein the

34. T .
cal cul 4 ing FENRECRHPCH) HEaen RE"BHST S ta i CREEE | A BC i ch
portion of sgisepomudtifgiageal amckcording to the fornul a:

51 calculating means, coupled to said selection

means, for calculating the energy accumulated with said
given portion using said nonlinear power metric.
10
32. The receiver according to claim 31,
wherein said control signal generator generates
and transmits a multiplicity of high-power synchronization
signals within each of said multiframes, said
- 15 synchronization signals being spaced within each
multiframe in accordance with a pattern and respectively
separated by unequal offsets, a plurality of said
multiframes further comprising other, non-synchronization,
high-power signals therein;
20 wherein said selection wmeans selects a high-
power signal within said multiframe; |
wherein said calculating means further
calculates the energies accumulated within a plurality of
other portions of said control signal, offset from said
25 given portion in accordance with said pattern, and using
said nonlinear power metric; and
further comprising:
an accumulator for summing the energies
within the given and other portions of said control
30 signal; and '
comparison means for comparing the energy
sum accumulated in said accumulator to a corresponding
energy sum for different given and other portions within
said given multiframe and determined in accordance with
35 said method, the maximum energy sum within said éiven
multiframe being selected for subsegquent fine
synchronization. N e
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[err] 7 where r[err] represents the received signal sanple within a 8
respective bit i wthin said given portion, where i ranges from 9 x to vy,
rlerr]* rwepowsest s t he conpl ex conjugate of r[err], n is #RCIOSITHSNMer
greater. than 1, and Blerr] represents the energy accunulated 11 energy
within said given portion. 12 13 35. The lver according to

cl ai quals 14 2. 15 16 6THIS BHEFTE dccor di ng
to cmu l’!ﬂm]&mmt he 17 calculatig3g nmeans s EEEN

al cul gEpgs enengy
accunul ated in said 18 given portion of said c G ding to

the forml a: [err] 19 where r(t) represents

a function integrated er the ran 20 rresponding to
sai d given port| % *T%(et)reFS ygge%f:gordmg to C]t.alm 3’1 w%erefn sail
52 2 hortlimezompiosve rc agtugat e wndiogaricthni(¢ )power smerniivber great er

22 than 1, and B, represents the accunul ated energy within said

5 34. The receiver according to claim 21, wherein the
calculating means calculates the energy accumulated in
said given portion of said control signal according to the

formula:
y ) y
Bk=210g|r,| = 2Y, log |5, + m, |
1=x i=x
10 where r; represents the received signal sample within a

respective bit i within said given portion, where i ranges
from x to y, s; and n; respectively represent the signal
and noise components of «r, and B, represents the
accumulated energy within said given portion.
15 t
35. The receiver according to claim 21, wherein the
calculating means calculates the energy accumulated in
said given portion of said control signal according to the
formula :

y y
= flog | 7@ |%dt = 2 f log | s(f) + n(s) |at

20 where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, s(t)
and n(t) respectively represent signal and noise functions
for r(t), and B, represents the accumulated energy within
said given portion.

25

36. The receiver according to claim 31, wherein the
calculating means calculates the energy accumulated in

heet Has Been Replaced
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23 given portion. 1 37. The receiver according to claim 36,
wherein n 38. The receiver accordi m 31,
wherein thea'%a”m%"gl cul ati ng nmeans cal cul ates the energy accp ,PQ% 3631

sai d gi ven portion of said control signal acgarding to -the-fer~mula:
[err] where r[err] represents the received >1rgt$a8h5@mﬁll§ BEENHi n a
respective bit i wthin said given portion, whereji raqqg@hCE@n1 X to
y, S[err] and n[err] respectively represedi- the skgrat—andTorse
components of r[err], and B, represents the accumul ated energy Wi t hin
sai d gi ven por$aifd. given portlon of said control signal according to the
REPLACEVENT SHEE mula: 39. The receiver according to claim
31, wherein the cal culating neans cal culates the energy accumulated in_
sai d gi ven portion of said control signal according to the fornula =

;(unct lon int eg:(at ed over the raLS(rar]Bf - z”: | r r.erls,, " repm“m"ml I““ "III " |III
¢ it
i=x

where r; represents the received energy within a
5 respective bit i within said given portion, where i ranges
from x to y, r, represents the complex conjugate of r;, n
is a number greater than 1, and B, represents the
accumulated energy within said given portion.

10 37. The receiver according to claim 36, wherein n
- equals 2.

38. The receiver according to claim 31, wherein the

calculating means calculates the energy accumulated in

15 said given portion of said control signal according to the
formula:

B = [ 170 7 1"

where r(t) represents a function integrated over the range
of t=x to t=y corresponding to said given portion, r'(t)
represents the complex conjugate function of r(t), n is

20 a number greater than 1, and B, represents the accumulated
energy within said given portion.

39. The receiver according to claim 38, wherein n
equals 2.
25
40. The receiver according to claim 33, wherein the
calculatin§ means calculates the energy accumulated in

This Sheet Has Been R« eplaced
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t=x to t=y corresponding to said given portion, s(t) and n(t)
respectively represent signal and noise functions for r(t), and B[ er-r]
repr esent syo $speos2cunul at ed energy within said given porti OPCT/U$97/18091

40. The receiver according to claim 31, wherein t calculating nmeans

cal cul ates the energy accunmul ated in said gi €THIQ GHEETHAS BEEN | control
signal according to the formul a: REPLACED [err]

il

REPLACEMENT SHEET ' -34- 5 _ whrere—f[err]

represents the received energy within a‘respective bit I within said

gi ven portiog,s ' f t e,

~conpl ex conj 883?2656?&?[%” ?Oi}]%fg@g&r?u%g}:rgife%{:%?al aé%ﬁﬁ%?kgngﬂg[err]

represents t fermudariul at ed energy within said gi ven portion. 1

~41. . The receiver -according to claim40, wherein n equals 2 2. 1

4 T ' according to céai_:ﬁl\,o rereiln,,the 2 cal cul ati ng neans
cﬁm &ﬂﬂﬂmgmrgy accunul at ete i “sa 8 3rgi ven portion of said control
S

isng=to -t he fornmul a: y

[err]

where r; represents the received signal sample within a
respective bit i within said given portion, where i ranges
5 from x to y, r;* represents the complex conjugate of r,,
n is a number greater than 1, and B, represents the energy
accumulated energy within said given portion.

41. The receiver according to claim 40, wherein n
10 equals 2. |

42. The receiver according to claim 33, wherein the
calculating means calculates the energy accumulated in
said given portion of said control signal according to the

15 formula: ' '

y
B, = [ log | rdr* ("

where r(t) represents a function integrated over the range

of t=x to t=y corresponding to said given portion, r'(t)

represents the complex conjugate function of r(t), n is

a number greater than 1, and B, represents the accumulated
20 energy within said given portion.

43. The receiver according to claim 42, wherein n
equals 2.

25 44. The receiver according to claim 31, wherein the
calculating means using said nonlinear power metric
calculates the energy accumulated in said given portion
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4 where r(t) represents a function integrated over the range of 5 t=x to
t=y corresponding to said given portion, r* (t) represents 6 the conplex

conj ugat ey ﬂﬁlh gn of r(t), nis a nunber greater 7 than }mmgg,,ﬁ[,ﬁrr]
represents e accunulated energy within said 8 glven portion.

55 43. The receiver accordin ein n
equals 2 2 1 44. The receiver accordln j??%gﬁ?s herein
the 2 calculating nmeans-using said nonllnear po ﬁ lculales 3

the energy accunul ated in said given p oBPt on of sald control 4 signal
accordlng to_a conhi nation.of ,at least t W ng fornulas
[err] B?e UBT Pt ShRAYL RCGUS V%r%ot%lﬁnﬁ?"‘%éﬁﬁfzéow PhiAta 7
respectlve bEEastthblnfs&hé doldowiogt formulbere i ranges from 8 x to vy,
s[err] and n[err] respectively represent the signal and noise

B, = Z log | r, |2=2i log|s, +n |,

i=x
B, = f: | r, 7, |¥", and

| A 0 . 5 z S

where r; represents the received signal sample within a
respective bit i within said given portion, where i ranges
5 from x to y, s; and n; respectively represent the signal
and noise components of r;, r," represents the complex
conjugate of r;, n 1is a number greater than 1, and B,
represents the accumulated energy within said given
portion.
10
45. The receiver according to claim 31, wherein the
calculating means using said nonlinear power metric
calculates the energy accumulated in said given portion
of said control signal according to a combination of at
15 least two of the following formulas:

B, = }'log lf(t)lzdt = 2} log | s() + n() | dt

, y
B, = f l r(t) l’*(t) 'l/n dt, and e e
* This Sheet Has Been Replaced !
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where r(t) represents a function integrated over the range

of t=x to t=y corresponding to said given portion, s(t)
and n({t) respectively represent signal and noise functions
for r{t), r (t) represents the complex conjugate function



9 conponents of r[err]; r{err]-represents the corrpl ex conjugate of rferr],

i.s a nunber greater than
1 and B[err re resent s”"m mﬂgmjuﬂt w) energy Wi thin_sa 9 %\{
portion. The aeae rding to cla|m31cWr] B¢ he

cal cul ati ng nmeans usr ng said nonlinear power metric calculates 3 the
energy accunul ated in said given portion of said cf { [
according to a conbination of at |east two of the gﬁ Sfogiggixgéé
[err] 6 where r(t) represents a fune3é-on integrpted [ angk
t=x to t=y corresponding to said given portion, s(t) and n(t) 8
respectivel yof epfelenn SSgﬁanumhérngrgétﬁm‘néﬂlra@néuf e@nd (&,)repngesqzntsgt)
represents e CAEBLRXL £06d Ustd fgy WEELhDR S4id (JiveR dpértitan a nunber .

greater than 1, and B[err] repreSents the accunul ate ener gy Wlthl n
sai d given portr on. [
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