WO 2005/ 048521 PCT/ US2004/ 027721 1 SI T SYNCHRONI ZATI ON I N A COVMUNI CATI ONS
DEVI CE BACKGROUND Field [0001] The present invention relates generally to
communi cat i ong 2058 bre specifically, to various systenBCHHSROPHERMques to
synchroni ze a receiver to a data bit strleamcarried in a signal

transm ssi on. Background [0002] The d obal Positioning System (GPS) is part
of a satellite based navigation system developed by the United States
Depart ment of BETHY¥NCHRQNIZAEION INAA COMMENCATIONS DEVICE

navi gati on under various environnmental conditions. In a fully operational
GPS, the entire surface of the earth is covered by 24 satellites which orbit

the earth in 12 hours. These satell] anged in six orbital planes
ALk RO

each containing four satellites. | anes are spaced 600 apart
fromeach other and are inclined approximately 550 with respect to the
equatorial pFene. [0003] Each GPS satellite transmts two spread-spectrum
L-band carriers. The first L-band carrier (LI) is nodulated by two

pseudo- r ando[ooogj se TheNre&atGfivenfiof ORIRR g@fefillyStd icBMnRaitids -&qqﬁ)gea“d a
preci sion code (P-code). The second L- bané carfier (L2) is nodulated only

by the P-codepecidicelly,itayariensi systems mud deshniguesstosyachoeniye 8 hecei®ento tdda ih t he
LI carrier. I@e%m% 'é%ﬂﬂ%sp@ SmiQiof famly known as Gol d codes. [0004]
a or

Gol d codes are re I vel'y codes  with a chip rate of 1.023 Mz and a
| engt h of 1023 chips, and thus repeat every one mllisecond. One cycle of
1023 chi ps i Backgoiedl a "PN frame." Each GPS satellite transmts a signal
with a unique Gold code. Superinposed on the Gold code, at 50 bits per

second, is aft@ioRpry ThbaHeba Positiokiay Sesterh BEBE) isPagirstla satelllte Bhded Dovipdasn s
aligned with the %g‘gi nni q&ﬁjg ,quﬁoérarr% The 50 . Hz signal contains the
satellite epP&iER | ,el?ﬂ_‘?g napicoptaiss |IDepprmpnisel Befeptees It mpydss glabel
parameters, godrapdtal prbsish Fx&ﬁgaﬁc{n%ﬁéa validRs Emo Fﬂay&fnd{ﬁggialnci gy t hat

is synchronized to the satellité clocks. Each satellite c I's used to

initiate a tpperetidnek(GBh, e entirergriateyrfdhe sptheiadobgred by 24 satellites which orbit
the earth in 12 hours. These satellites are arranged in six orbital planes each containing
four satellites, The orbital planes are spaced 60° apart from each other and are inclined

approximately 55° with respect to the equatorial plane.

[0003]  Each GPS satellite transmits two spread-spectrum L-band carriers. The first
L-band carrier (L1) is modulated by two psendo-random-noise (PN) codes, a coarse
acquisition code (C/A-code) and a precision code (P-code). The second L-band cazrier
(L2) is modulated only by the P-code. Civilian navigation receivers use only the C/A

code on the L1 carrier. The C/A code belongs to a family known as Gold codes.

[0004] Gold codes are relatively short codes with a chip rate of 1,023 MHz and a
length of 1023 chips, and thus repeat every one millisecond. One cycle of 1023 chips is
called a “PN frame.” Each GPS satellite transmits a signal with a unique Gold code.
Superimposed on the Gold code, at 50 bits per second, is a binary phase shift keyed
(BPSK) signal with bit boundaries aligned with the begioning of a PN frame. The 50
Hz signal contains the satellite ephemeris, the almanac for all other satellites, clock error

parameters, and satellite status.

[0005] The GPS receiver has a clock that is synchronized to the satellite clocks.
Each satellite clock is used to initiate a fransmission of a GPS signal spread by the

appropriate Gold code. At the same time, the GPS receiver clock begins generating the



appropriate Gold code. At the sane tinme, the GPS receiver clock begins
generating the WO 2005/ 048521 PCTI US2004/ 027721 2 sane Gold codes. Wen the
GPS signal fwommrissgi ven satellite arrives at the GPS rpepy¥anynig CGol d
code used to spread the GPS signal will Lag behind the locally generated
Gol d code. The GPS receiver determnes this |ag through an acquisition
process by shifting in time the locally generated Gold code until it is

al i gned wi t hedneGoldaasd. 9RBlen O GPS HEnafdbHS %ﬂﬂ'@cﬁﬁﬁ ad:r}ﬁvés %t%é @‘St he two

into alignment represents the pseudo range o sate I|te he ter
pseudo- r angerecsivers ée @@am uﬁteddorﬂpmadsth%uﬁPSoﬁge@twﬂblagelsqhmuUﬂmglomlyt he

error in the S.re ver | 0 Aft,er

pseudo- r ange®® Cl%?agﬁ% ﬁS{ﬁl COdF n@? eE% Stk fqlYetr ﬁlgs @%ﬁ @E?%m W‘P"ﬁ‘t{"ﬁe
know edge  ofrotdts byahifling inctidatite localy gkhérateﬂ Gold avdegharttil @i aligd dUikitio het O
pi npoi nt its _exact location gn earth. [0006]., The satel I|te ata may be
recover ed fr@ﬁﬁtsﬁalaﬁcstpﬁ%aqlluﬁtfﬂeﬁi@ﬁese‘imé‘bPF‘%E teitya ipecdiggmentygpresents

correlation | I ortions
o the GPS. siTear ooyt i SHthlol L R BRI hAS: A8 bbbl AR B0 P
product . Theoffst cetraspoming tsib tesrominy th &3FScreoeivdrast dockovAfiernolRbiningi folii @econd
bit period and has detected.to determne e ch val ue. t he
&S Fecer ver DRIPRBFATERS Ham A8 5 50t Srdie i GHS Foeget st e Favgliee o

anbi guity  eyf fb SateBitd dutythas Bbith &ﬁmgdnaﬁmmuﬁ&sw pisipSiROHd kalEiosR R Bl at ed.

If the correlation results are accumul ated over a bit boundary with a bit

transition, €#Ht.ability of the GPS receiver to detect the bit value nay be
Si gnlflcantly degraded. Accordingly, there is a need for a robust process

for resol vi n{foBSk t iThe nytellite adate| maghibe feamﬂdnﬁoﬂfhéhﬂﬁﬂﬂ)dlgmhéhm@glb@
adaptive to ch ngi ng nviro n ond tions eto ous

t echnol ogi esg r%me s600 I %g‘% lé(;h as roc?ss ?n%%lﬂ %ﬁ‘?%gﬁg f’ur?\c}%sn’tv

met hod of sy#ffilisebhd Ipﬂﬁlo'fn@ of the OBRY sighalvivith the Nbaallg| genyratdd thdsmd’ecmdes
conputing energy for plurality of diaffer emi phase offset signal portions,
generating amtf'aarfrt@gfﬂ’en}?rpﬁ@ts. a%swoys HoR Fespte i deniognestated: Bvgsut €8 ener gy
and the si gnahiBQbhd 81 pikibd ahd Ense GRRGted tPI HESINIAE ERUBOVARE" WormART the

GPS receiver has no prior knowledge of the bit timing, and therefore, an ambiguity

exists as to which 20 correlation results should be accumulated. If the correlation
results are accumulated over a bit boundary with a bit transition, the ability of the GPS
receiver to detect the bit value may be significantly degraded. Accordingly, there is a
need for a robust process for resolving bit timing in a reliable fashion. The method
should be adaptive to changing environmental conditions and applicable to various

technologies.

SUMMARY

[0007]  In one aspect of the present invention, a method of synchronizing to a signal
having a plurality of bits includes computing energy for a plurality of different phase
offset signal portions, generating a ratio from the signal portion with the highest
computed energy and the signal portion with the second highest computed energy, and
comparing the ratio to a threshold to determine whether the signal portion with the

highest computed energy can be used to determine bit timing.

[0008] In another aspect of the present invention, a communications apparatus
includes a receiver configured to receive a signal having a plurality of bits, and a

synchronization module configured to compute energy for a plurality of different phase



conmparing the ratio to a threshold to determ ne whether the signal portion
with the highest conputed energy can be used to determine bit timng.
[0008] In an PH&W"&%Sggct of the present invention, a conmBATF&aM0HIT21
apparatus includes a receiver configure8l to receive a signal having a
plurality of bits, and a synchronization nodule configured to conpute
energy for a plurality of different phase WO 2005/ 048521 PCT/ US2004/ 027721
3 of fset si goiflet signal portions, gensata aat frem ithe signehpartien with ks higlest doorputdt h t he

hi ghest conmput.ed r nd the signal_ poriion.with the second highest
conput ed enef' G5’ ‘3@3& 8%}/ glrlgeior{l?lh‘éﬁba ?%E’CB%J f«i‘gﬁ?ﬁ (SEIHBPtSEteBer%ta@grﬁowgaﬁﬁhet her
the signal pmetiate teid lhibdbeld kg ldestmine onlpticp the REgY peftion @itk SRE Highest

determne bit timpg. [0009] In yet another aspect of the present 1nvention,
a synchroni z‘éﬂmlﬂﬂe‘i%ﬁ{ﬂyéa?g?“ségtgﬁﬂﬁﬁm%'éﬁfi“ﬁalga plurality of bits includes

means for co%uti ng_energy for a plurality of _signal portions each having a
di fferent phtf989kf f Feyet apetheraspast offbppresent Hyertianag pynchrogizetieryaodyle fxla

portion wth. n : I i.0 A he
Cecond hi ghedbil SaHR S5t biS nERAESeAR dof ARl Rherp e Palibbe.

t hreshol d t osigik tpertivng eachievingra fifferest phmad offset i memms\ibt Pencheing ia glds fromonput ed
energy can be used to . detergine bit timng. [0010] It .is understqod that

ot her enbodi TREERLPOTIRE Wi Lis, EEReH, BT GReTEY B BircsiEnb 26107 b MFent t o
those skill eghchiy higRedcbmptitBdehdiy, fal lnfeihd Shrdeiphtifg 1AS364 tdh RBsholdMaer ei n
it is shown and described only exerrpl‘;iré% enbodi rents of the invention b

) A | . y
way of il usdetemiemwhabendhe sighd powtian thetlpgheptrepamutesenergycap dbluscdoto ot her
and differen 'Hﬁﬂts and its several details are capabl e of
nodi ficati on&?t% vaér)llgt[)us &t her respects, all wi thout departing fromthe

spirit and s of .t.ne prese I nvent i on. ceardingl y.. the draw ngs and
dotai | ed des iRt oft 1 FaRo it G TS imen(Srf BieprpibotiovdntOn SHTRAER "o
as restricti wadilBRbiredPRSCRTIEONIGn thelarDRAM! INeFollORh}] debiiee description,he
present invention are jllustrated by way of exanple, and not . by way of

limtation, Wheeheltdtenpnmd Aepcabelwiy sxenimlapesmbodipents pf fednvention
conceptual bLacke 3 RQ5HN Ad Wil bMchifbalthe SXARRYEsPap@1EHBother and different

embodiments and its several details are capable of modification in various other

respects, all without departing from the spirit and scope of the present invention.
Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  Aspects of the present invention are illustrated by way of example, and not
by way of limitation, in the accompanying drawings, wherein:
[0012] FIG. 1 is a conceptual block diagram illustrating an example of a GPS

receiver;

[0013] FIG. 2 is a conceptual block diagram illustrating an example of a
synchronization module for a communications device, such as a GPS receiver or the
like; and

[0014] FIG. 3 is a conceptual block diagram illustrating an example of a boxcar

filter for a synchronization module.



receiver; [0013] FIG 2 is a conceptual block diagramillustrating an

exanpl e of Ay gnchronl zation nodul e for a comuni cati ons devi ce, such as a
GPS recei verVB8PIPMESIY  ke: and [0014] FIG 3 is a conceptYal/URHRT B agr am
illustrating an exanple of a boxcar fil4er for a synchronization nodule. WO
20051048521 PCTI US2004/ 027721 4 DETAI LED DESCRI PTI ON [ 0015] The detail ed
description set forth below in_connection with the appended drawi ngs is

i ntended as a description of vAETAHENBESCRIRILION: the present invention
and is not intended to represent the only enbodinents in which the present

i nvention ni#f18e pFhe detaded df@ﬁi@ﬁl@n&%é@rﬂth@o‘m@@m@onmﬂhﬂ@@p edsure is
provi ded rrer&wmg i@&ngéiﬂgf’é Ses,%%ﬁdél' &%ﬁ@ﬁ QHbo%ngAl?oPﬁl% Gbnd AVSRLLON. and

shoul d not neces constr erre dva ageous over ot her
enbodi ment s. andlie ndeinaanhedalto rhpsesert phd oniy |enﬂzbdtdmatsspeméh mecteésanﬂ wvémtiont he

pur pose of prov d|n u unde resent .invention.

However, it WX '%Fﬁﬂa%@ ﬂ?lgq °§‘m F’ﬁ? gl?sn‘llsch tprqvp, PeEYASesent

i nvention mey @&nﬁm@fb}uﬁ@ﬂmﬁbﬁ Reube HhReR BP&fich! endlehailg snot Inecesm be

i nstances, wel [ -known structures and devices are shown in k di aIgr am form
€

in order tocoastoled epsprefertag ethadvastagepiss ouer other pfrr@ls@mentmv@hméﬁﬁal Acr ony s

and other d g e and
clarity and ‘ge?’e pu {1 Ynl%%l{dg%gggggbfig fietﬁﬁ?sy f{?]ﬁ dﬂécﬁﬁgﬁ L%’fﬁg‘:”lﬁ@l [ g{r?? 016] In
the foll ow rugldeﬁtaading@fdﬁs;ﬁeseﬁtmmnomﬂmseraﬁ palt bs apparér eo thossskitied iavent i on

will be descrlbedlnthe context.of a S recej ver. ile these i ntive
aspects may thp@riiel the presept mypRtipgemay W@?P%eda}ﬂﬁf‘?‘ﬁvp‘?s&rFPe‘iiﬁ‘E)é@tag% led in

the art willshRadithices, AR BoWAL b ah@8SFcdsMHENoWHEN BRRR Qo forbd fEW se
applicable for use in various other communication systens cordingly, any

ref erence t corderGeSivoebspuning thei conesptieef tha myesentanvdnhg@t rerenymseandmikant | ve

aspects, with th der.st.andi n that C nvent L ) de
range of app ¥ %VSEEIMTE}B%}M S?:%B'Frg DK Iafgnagrag% |7§1t¥|gﬁ Irllo\g;M one
embodi ment 01'fnteﬁdéa°t8 Lingi€ e \6€dpe of the invention.

[0016]  In the following detailed description, various aspects of the present invention

will be described in the context of a GPS receiver. While these inventive aspects may
be well suited for use with this application, those skilled in the art will readily
appreciate that these inventive aspects are likewise applicable for use in various other
communication systems. Accordingly, any reference to a GPS receiver is intended only
to illustrate the inventive aspects, with the understanding that such inventive aspects

have a wide range of applications.

[0017] A conceptual block diagram illustrating one embodiment of a GPS receiver
is shown in FIG. 1. The GPS receiver 102 may be configured as a complex quadrature
system, however, for ease of explanation, the GPS receiver 102 is depicted functionally
in FIG. 1 without reference to separate I (in-phase) and Q (quadrature) channels. An
antenna 104 may be used to couple GPS signals propagating in free space to the GPS
receiver 102. The GPS receiver 102 may include an analog front end (AFE) 106 having
any number of amplifier stages and filters to boost the signal level and reduce front end
noise. The AFE 106 may be used to produce baseband signals based on either a
heterodyne or direct conversion architecture. The baseband signals may be converted to
a digital signal by an analog-to-digital converter (ADC) 108. The digital signal contains

the data from the various satellites spread with the appropriate Gold codes.



Is shown in FIG 1. The GPS receiver 102 may be configured as a conpl ex
quadrature system however, for ease of explanation, the GPS receiver 102
i s depicted Wéﬁ?ﬁsf"ﬁﬁ% ly in FIG 1 without reference to BepHpPHP€02721

(i n-phase) and Q (quadrature) channels. #n antenna 104 may be used to
couple GPS signals propagating in free space tp the GPS receiver 102. The
GPS receiver 102 may include an analog front end (AFE) 106 having any
number of ani8P18li er Asdergednlaiat] 10| may et vsedotes recomer Hhegaaiklliteedata. afther educe

front end | e S t n iqnal s based
on either an%%glrag y}llgocg?g}g?)?e%&ﬁﬁ oﬁ{f/e‘?gllloﬁr%ngregﬂ#ﬁeé{z)gsfgg&rg@%ggs%@ nd

si gnal s rra%/ dedicared te rdenﬂdiékaﬁn@a @Ry !igﬂall ﬁognaldiﬁﬁgtexamﬁmﬂigb.ogkltmaﬁivelg,t fhle
converter 108. T igita i gn contains the dat. romt he vari ous
satellites ﬁ%@é‘agﬁﬂ HPE‘?eV B‘bsré]f)g ?‘%f‘%s nggﬁeyaﬁggpe%aﬁgglf '{951’8@2113’ time

PCT/ US2004/ %Eag}t#géa%%ée%&ssﬁ FEIRRL. Aliftler Waf) ﬂ@den%uﬁ%ﬁﬁlﬂ%a&%@ﬁ}’%{tot he

satellite data. denmodul ator 110 may be Configured with para
processors (avquireeasiuvisitdaOFS sipmali avd despread edednGbS bignilagquiredPS si gnal from a
different satellite. Alternatively, the denodulation of the various GPS
si gnal s may 9819jer f Therechuisition ofer GAS sigashmaey bbypchiéved bysdvarelatigg theedigitate

rocessi ng resour Ej the d t 11 d,t
equi re eacriLir heADE Tos i, dhe et Cal ot s Rinae dRe e
[0019] The ag@ine%ifhiledallyeRersBBGEidd0at rdi@ive B R AIRY Sighd) roePite AT g t he

digital signal fromthe ADC 108 wth the a?proprl ate Gol d code. By
adj usting t hadrabsgvingdhe ¢qrrplatign ssul, thedemedplalerdd P aaydletssminedheiéme dgfi ve to

the digital g| | o | . ' h ' resul t,
the demodl oot ALATE e CH freoi B8 SRS Blof L) T BT LAY PRD 2T e
to the GPS recéditweadjius the GPR réseoier’s klmak Yo dékbrming the pdeideyramgeyfobthe satsBife.t o

adj ust the Cﬁ r?CSi ver's, clqck to deterni t.heﬂ{%seudo-.range for thei

satel lite. e e e PO R E TS Bt é&%‘&‘eﬁﬁpﬁ% SGAEPEAT U Ry R

acqui sition pRaREDéPIATERQUBicy. IO tradking: Métw:ﬂﬁzgf bepsfRE¥d b thd @&ehddidrunct i on
may be perforned by the denpdul ator 110 to adjust the | ocal clock (not

shown) to nalifttaiadiust the lpsalcdeckdnedshemmyte maimtain pighoprelgtipnigstthe tracki ng
phase, the denodul ator 110 nay be used to accunulate the one mllisecond

correl ation [063¢ t sDugngtt ing phasci-gheRlemdulpign 410 mplibs used topecuradifeeved by
successi vel y aceumhald 09 5QeGRNSREHE Y $riitd § 58 BPR Wbt B may be

achieved by successively accumulating 20 consecutive correlation results and
converting each 20 millisecond accumulation into a BPSK signal based on the
accumulated result. A synchronization module 114 may be used to trigger each
accumulation. The 50 Hz BPSK signal may then be demapped into a 50 Hz signal
containing the satellite data. The satellite data may be provided to a position processor
112. The position processor 112 may use the satellite data and the pseudo-ranges from
the various satellites to compute a navigational solution.

[0021] The synchronization module 114 may be used to extract bit timing
information from the GPS signal. The bit timing information may be used by the
synchronization module 114 to control the demodulator 110 to prevent the accumulation
of the correlation results across bit boundaries. More specifically, the synchronization
module 114 may be used to produce a strobe 114a at the bit boundaries from the
correlation results 110a generated in the demodulator 110. The strobe 114a may be

used by the demodulator 110 to trigger a new accumulation sequence.



converting each 20 mllisecond accunul ation into a BPSK signal based on the
accunul ated result. A synchronization nodule 114 may be used to trigger each
accunul at i onwoBhes/afs2kz BPSK si gnal nmay then be demapped ppiRicshopbhr g Signal
containing the satellite data. The satellite data may be prow?ipec{ztg%a
position processor 112. The position processor 112 may use the satellite
data and the pseudo-ranges from the various satellites to conpute a

navi gat i onal tign Lzati le 114 be.used to
ot 1ot bir 9L A concBAed] bit0P RERGTEAALERlG BDHRAN: Srik Fmpfbpiagiion
i nf or mati on neylulbeisustesmbin tHI@. 2syrither omi maillisecondochutetatibh dreb@ltsC @i Ghe t he
dermodul at or 110 r nt e.accupul atjon. of the_correlation results
across bit béﬂﬂ%‘g&r@sﬁ%ﬁﬁ?ﬁ Eipé)cﬁ“fw ggPWde@ Frea walﬁi@at Fapctiongliuthe 114
may be used bexdaf AR 3 Bethughl 4fasd tahfil dyiag; %tqmor ﬁ%%@ﬂ%&d&? A

u )

correlation results 11 Ca generated in the denodul e strobe 1l14a
may be usedfingtienad rapessentatica efrthe boxcan filter ig ghownin Q. 3cThertabped dalayslepuence.
WO 200510485 / nceptual bl ock di agram
illustrati nggg%lﬁgé)#p%%ga%ﬂeg fgoynzngérzdg?]ay zeaﬁni[‘egigszélﬁ%l%‘f% i %%hg\’l\ﬁp?rﬁmﬁ’ ©2. The
one milli secoortlativnrreduits ifm tesdeidogulatop 10 fiste IGNDOmhA besedukti{iBLaifiddG 1)
may be provided to, a boxgar, fi, : nctio : e  boxcar filter

y be p ﬁ}fd'{ﬁﬁl b (g fhltg 202615? t 1y, th b filt 202
may be t hougHoush the tappe gﬂ@ﬂ Be é&/aﬁ?ﬁ : %éﬁ?-ngg%%'@%‘l’%%eé@bérelmﬁnm
functional repyeasepdiRldn) iBlegtl RANERE) fubi | ' I e
t apped del ay I?ne 302 rrgy1 ggapgnstruc?)efélhlfhgggmcg%plgglod\aﬁgeﬂeP%‘Fré%tpggﬂgfggnged I n
series. |n operant o agrpss a HoniksegerdoamplenfithesBRS osigedle denodul ator 110 (see

FIG 1) may be sequentially shifted through the tapped delay line 302 at a
1 KHz rate. B3but Returnifg tchBlGd @) thy colesent stre provimgyeddsy the hexan filtsr 208teayr at ed

(summed) usi I dder, 30 0 -qraoduce o rent. sum,gcross a 20
nillisecond Bapgvitedto ?ﬁg%gr%%wi?r £ .%d’@ﬁ’ﬁ[ d%%‘i‘?ﬁb?‘ﬁaﬂ BE e 10 50nerfe

coherent sumiprcoheretduiyfrdria coayskarsedquehdecwit? 0th iaignitite 430 PhbsaafotRatnponer
detector 204, The power_ detector 204 may be used tqQ convert the coherent

sum from a cHipPERVEEEUEREe e ROBEE ActrrieiQiumay astdeysritiiselopptiosy fieaugbrd i nto
a power esti gRfiticaidth g B?Q&Qﬁhezlgﬁ %&&Pbﬁ%@ cBﬁk#r tfs\iﬂl‘?t’fr‘]ﬁ%r}eéu'ﬂr ough a

mul tiplication process I ch takes the product o he coherent sum
The result of the boxcar filter 202 working in conjunction with the power detector 304 is to

produce a sequence of power estimates each representing the energy accumulated over a
different 20 millisecond portion of the BPSK signal. Since there are 20 PN frames per
bit and the bit boundaries are aligned with the beginning of a PN frame, each 20
consecutive power estimates produced by the power detector 204 will result in one
power estimate for a 20 millisecond portion of the BPSK signal that does not cross the
bit boundaries. This 20 millisecond portion is time aligned with the data bit stream and

may be used for bit synchronization.

A‘ [0024] A methodology may be employed by the synchronization module to identify
the 20 millisecond portion of the BPSK signal that is time aligned with the data bit
stream. This may be achieved by evaluating 20 consecutive power estimates (20 bit
position hypotheses) and selecting the one with the highest energy. This may be a
reliable approach in a noise free environment if a bit transition occurs at the bit
boundary. However, as a practical matter, this approach should be modified to account
for noise, as well as the fact that a bit transition does not necessarily occur at every bit
boundary. Therefore, each of the 20 consecutive power estimates should be

accumulated over an observation period which extends across multiple bit boundaries.



of the boxcar filter 202 working in conjunction with the power detector 304
IS to produce a sequence of power estinates each representing the energy
accunul at ed woenosasdi fferent 20 millisecond portion of tperBRRE.Si-9nal -
Since there are 20 PN franes per bit ang the bit boundaries are a ?%ned

wi th the beginning of a PN franme, each 2 consecutive power estimates
produced by the power detector 204 will result in one power estimate for a
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stream and bitipoundariesahlieftomobd bit aysithnanizaiditon, a [Mgedbsévamdnrdol agy may be
enpl oyed by the .synchroni zat,ion nodule to identify the 20 mllisecond
portion of tWAVEPUEreasedNAise iUty i e aligned with the data bit stream
This may be hieved by eval uating_ 20 consecutive power estinmates (20 bit
posi tion hyp&f’?@sesirh%u?&f’vﬁélegﬂﬂt?ﬁgfoﬂ?@‘ﬂbﬁ ﬂﬁ 28 hl%ﬁo%mfﬁhb&‘)ﬂ?ﬁ@r By b_Fhi S may
be @ reli abkeyARRIATHE S0 beRhiih (HIPE nfRN) BARTRRLratd: 2060 The SrtRSEdrON
occurs at the bit boundary. However, as a practic matter, this approach
shoul d be nouidgiatat 206 mey barimpletented ovithe?0 asrrewe (band sintehafffeh ottegritars 208bi t
transition does not. necessarily occur at every.bit boundary. The re,
each of the SSTBRBBERTS T bimeL el vash inseerelol s perng i pav eNRAd
observati on ggikiagdfoptiisCloresionins Bep@aon hyfpbitebis. A dehaltiptaed R0 miPbe

2005/ 048521 PCTI US2Q04/ 0%1 7. The Ion%lrp t he observation peri og? t he

hi gher the p¥sBdpiTWich e nower stimaje dope e pryvaristeckrt 2Qdo i ths rappEPEEE t 0
nore bit tr |t I kit Lion Jalel=Te : | : ' -arovi de
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{36 5 wide band integrator 212 which accumulates the power estimates in a 1 KHz
bandwidth for each of the 20 bit position hypotheses during its respective observation
period. In a manner similar to the narrow band integrator 206, the wide band integrator
212 may also be implemented with 20 time offset integrators (not shown) each having
an output forming a WBP estimate for its corresponding bit position hypothesis. In
various embodiments of the synchronization module, where the observation period is
much larger than the ldmillisecond time offset, a single wide band integrator (not
" shown) may be used to save processing resources. In this case, the same WBP estimate
may be used for each of the 20 bit position hypotheses. In any event, the NBP and
WBP estimates may be provided to a computational module 214 to compute a SNR

estimate for each bit position hypothesis and determine bit timing.

[0027]  The expected values of the NBP and the WBP estimates for any given bit

position hypothesis can be represented by the following equations:

NBP = Ny; (4004 + 405°)
(1),

WBP = Ny (204° + 400°)
(2),



[0026] A wi de band power (WBP) estinmate may al so be conputed for each of the
20 bit position hypothesis. A power detector 211 nay be used to convert the
correl ati on woasefgass2irom t he denodul ator 110 (see FIG 1lpcifikshodrhg + @
product (i.e., a power estinmate w thout phase information). The output of

t he power detector 211 may be used to feed a wi de band integrator 212 which
accurul ates the power estimates in a 1 KHz bandwi dth for each of the 20 bit
position hypotheses during its respective observation period. In a nmanner
simlar to the narrow band integrator 206, the wi de band integrator 212 may
al so be i npl ¥heiAt ed Mirdhtho observabion periaskiniterms gf datobids, (not shown) each havi ng
an output formng a ' e ' I | i osi.tion
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t is the observatioaneri_pd I,n ternms_of data bits, Ais the anplitude of the
|

BPSK signal in the VG T 41 62 STV BEor W&((@WR%‘SNB& and a is th&ariance

of the noise inthe 1 mllisecond correlation result. The conputati onal
nodul e 214 may be configured to conpute a SNR estimate for each of the 20
bit position{t¥gfbt h&spendingon thedengtionfthe dhseavation pyriod Heq8hRy offétsrdoctonay be

comput ed 1 or 4anv. §iNSHR' §it8 beoBrBYRRRI 83 ihA bEScLoblyY B SRet! o
estimates. In the GPS receiver described thus far, the tracking function in the

demodulator 110 (see FIG. 1) may be used to remove these offsets. However, in GPS
receivers without a tracking function, the synchronization module may be configured to
compensate for any frequency offsets to ensure the accuracy of the SNR estimates over
longer observation periods. This may be achieved by extending the operation of the

synchronization module to a two dimensional search in bit position and frequency.

[0029]  The frequency compensation function may be implemented in a variety of
fashions. By way of example, the synchronization module 114 (see FIG. 1) may be
configured to compute the 20 SNR estimates for the various bit position hypotheses at
multiple frequency offsets. The peak SNR estimate should be found in the frequency
bin that is closest to the actual frequency offset. The 20 SNR estimates from that
frequency bin may be used to evaluate each bit position hypothesis. The SNR estimates
from all other frequency bins may be discarded. The synchronization module 114 (see
FIG. 1) may implement this function with a boxcar filter for each frequency bin. The
correlation result from the demodulator 110 (see FIG. 1) may be rotated by a different
amount before being input to each boxcar filter. A series combination comprising a
power detector, demultiplexer, and a narrow band integrator may be provided at the
output of each boxcar filter. The outputs from the narrow band integrators may be
provided to the computational module to select the appropriate frequency bin and

compute the SNR estimates for the 20 bit position hypothesis.



SNR =A2/20-2 _ (NBP-WBP)/(20WBP-NBP) (3). (0028] Depending on the |ength of
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det er m nat i owedkssigral emarnmenit (he., it CANHS the observatmn period may be extended and

the threshold value reduced. This should result in a reduced error rate without a
corresponding increase in the rejection rate. In certain embodiments of the
synchronization module employing frequency compensation, further increases in
performance may be achieved by increasing the number of frequency bins. An increase
in frequency bins may allow a further reduction in the threshold or a decrease in the
observation period. In any event, those skilled in the art will be readily able to assess
the performance tradeoffs for setting the optimal treshold for amy particular

application.

[0032] The various illustrative logical blocks, modules, and circuits described in
comection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the fimctions described
herein. A general-purpose processor may be a microprocessor, but in the alternative, the

processor may be any conventional processor, controller, microcontroller, or state
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[0034]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various modifications
to these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



e.g., a conbination of a DSP and a m croprocessor, a plurality of

M cr oprocessors, one oOr nore mcroprocessors in conjunction with a DSP
core, or any other such configuration. [0033] The nethods or algorithns
described in connection with the enbodi nents disclosed herein may be
embodi ed directly in hardware, in a softldare nodul e executed by a
processor, or in a conbination of the two. A software nodule may reside in
RAM nenory, flash nmenory, ROM nenory, Egﬁ%& menory, EEPROM nenory,

regi sters, hard disk, a renpvable dISk ROM or any other form of
storage nedi um knomn in the art. A storage nedium nmay be coupled to the
processor such that the processor can read information from and wite

i nformation t t he stora nedium .ln the alternative, the storage nedi um
may be |Htegr “TH“TW@“B?%@3@?&anWW¥@processor and the storage nmedi um may
reside in an ASIC. The ASIC may reside in a communi cations device, or

el sewhere. | natrét€ived sb@ion adrifiggred fohiereRE @ 6IQSS RIvirdRG LRy Sitvak;age nedi um may

resi de as discrete conponents in a comruni cations device, or elsewhere in an
access network. 50034 The previous description of the disclosed

enbodi ments i &SP WPH@@“W@d@ﬁéﬁﬂﬁﬂt%ﬁﬁ“ﬁ@ﬂ?dﬁ“@%SWP@H“FW“F%@“&FFMPémﬁHWédor
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intended to be limted to tEe enbodi nents shown herein but is to be
accor ded Sfi&Y P deurd e Giraming BhETEEent with the principles and novel features
di scl osed herein. WHAT IS CLAIMED |IS: Il CLAIMS 1. A conmunicati ons

appar at us, CORJhedefi dAgh ot&hé 6&9laY £bit PESId 81 HANIIRUMIBE §PtidnS C&hMResPa SAMRlof
having a pIurallty of bits; a synchronization nodule coupled to the receiver

section, SEBPYILHnEAE 9h |“}eai“i’bc9ﬁ”'t‘?ﬁ“d fvEnech Hmp g’ﬁ'f*‘éjdeq“t‘lotoc%?rﬁﬂtpé”% SRgyVhesin the
plurali t)éymlmehz&tfoar.ﬁdmenbamwpt&mg&re@ tOMMrmPe rthd BN SmirgedyedyadhfonfingdlbiRe fibom

the sl gnal  Rorta.on uiLhLhe It ghest  compyted. engl o, and. NS sLaaluhor U or

a position processor, wherein the synchronization module is further configured to synchronize to
the sub-portions of the signal portion with the highest computed energy by providing a strobe to the

position processor at the beginning of each of such sub-portions.

2. The communications apparatus of claim 1, wherein the synchronization module is further
configured to compute the energy for each of the signal portions by performing a coherent integration over

each of the respective sub-portions and combining the respective integration results.

3. The communications apparatus of claim 2, wherein the number of sub-portions in each of the
signal portions is the same, and wherein the synchronization module is further configured to set the

threshold as a function of that number.

4. The communications apparatus of claim 1, wherein each of the bits is spread with a code repeated a
plurality of times over the bit period, the communications apparatus further comprising a demodulator
configured to despread the bits before the energy for each of the signal portions is computed by the

synchronization module.



and conpare the ratio to a threshold to determ ne whether the signal portion
with the highest conputed energy can be used to determine bit timng;
wherein each of the bits has a bit period, and each of the signal portions
conprises a plurality of sub-portions, each of the sub-portions having a
time period equal to the bit period, angh wherein the synchronization nodul e
is further configured to determne the bit timng by synchronizing to the
sub- portions of the signal portion with the highest conmputed energy if the
rati o exceeds the threshold; and a position processor, wherein the
synchronization nodul e is further configured to synchronize to the

sub- port ons t he SI nal ortl h t he hi ghest conputed ene .b

orovb i iy a S HBReRS R STt SittS oF < Phe Ben i rseg T D 6
such s ubntpﬁfldid eihg.a rﬂJltlﬁl'eh@'f tbeoaasﬁuﬂ:pambn petnd apd ahetid sheqhase loffbatvilthe Wfarl girtionk he
synchronlzaﬁug ik, Y her configured to conpute the energy for each
of the sf%ua % |o s'% 'fe? ormng a coherent integration over each of

t he respective sub- portlons and conbi ning the respective integration
results.s.3. Tie c@ﬂmmh@xatabmmusapplam-as whereih ted maimberdf thelighf iptrtibizds duiii@the of
sub- portlons i.n ea ortions is the sanme, and wherein the
synchr orl"FRe5SH™ 'ﬁ%ﬁ%eﬁéqF@PfW%F% BﬁPvﬂﬁred to set the threshold as a
function of that nunber. 4. The communi cations apparatus of claim1l, wherein
each of the bits is spread with a code repeated a plurality of tinmes over
the bit period, the comruni cations apparatus further conprising a

denodul ator configured to despread the bits before the energy for each of
the signal portions is conmputed by the synchronization nodule. 12 5. The
comuni cati ons apparatus of claim4 wherein the code conprises a code
repetition period, the bit period being a multiple of the code repetition
period, and wherein the phase offset of the signal portions is equal to the
code repetition period. 6. The communi cations apparatus of claimb5, wherein
t he nunber of the signal portions is equal to the nunber of tines the code
IS repeated over the bit period.



