Wc) 02/12913 PCT/ USOL/ 24851 METHOD, APPARATUS, AND SYSTEM FOR SI GNAL
PREDI CTI ON el ated Applications [0001] This application clains priorigky to
US Provisional Application No. 5 601223,670, entitled "Method, Apparatus,
And Syst w2fi2d1spr ovi ng GPS  Si gnal - To- Noi se Ratio," fPCEHUSHZ4Rt 8, 2000.
BACKGROUND OF THE RWENTION Field of the Invention 10 [0002] The present

I nvention relates to reception of signals fromknown sources, and nore
specifically to predicting the content of signals received fromknqown
sources. Description of Related Art [0003] Ease and accuracy of position.

ggSelt i)gerreg'?t gm®|@ﬁéﬁﬁmﬁﬂﬂe§g§wl oni n C:t EthFl te (GPS)

System The NAVSTAR GPS systen i n d obal P05| tioning System
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1995, United States,6 Cgast Guard Navigation Center, Al exandria, VA Anot her
such systen&ﬂé—@ﬁ&m%s GPS system 20 nmi nt ai ned by the Russian
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BACKGROUND OF THE INVENTION
Field of the Invention

10 [0002] ‘The present invention relates to reception of signals from known
sources, and more speciﬁcally to predicting the content of signals received

from known sources.
Description of Related Axt

[0003] Ease and accuracy of position and time determination has increased
15  significantly since the development of the well-known NAVSTAR Global
Positioning Satellite (GPS) System. The NAVSTAR GPS system is described
in Global Positioning System Standard Positioning Service Signal
Specification, 2™ edition, June 2, 1995, United States Coast Guard Navigation
Center, Alexandria, VA. Another such system is the GLONASS GPS system
20  maintained by the Russian Republic. GPS receivers are currently available for

use in aircraft, ships, and ground vehicles and for hand carrying by individuals.

[0004] The NAVSTAR GPS system provides for thirty-two satellites or
‘space vehicles’ (SVs) that orbit the earth in six orbital planes (four satellites,
plus spares, in eacfx plane). Each SV orbit repeats almost the same ground
25  track each day as the earth turns beneath the SVs of the system. The orbital



thus ensuring that a |ine-of-sight path exists to at |east five SVs from
any {unobstructed) point on the earth. [005] G ound based nonitor stations

measur e si gRpépdsom the Svs and 5 incorporate these m%ﬁﬂﬁ%f into
orbital nodels for each satellite. Orbital data and SV clock corrections

are conputed for each satellite fromthese nodels and uploaded to each SV.
The SV then transmts information relating to its position at a data rate
of 50 bits per second, via BPSIC nodufating a direct sequence spread

spectrum si gngl . havin chip,raje of [1.023 MHz that is 1 dul ated onto
an RF carri er@%taﬁe g%ﬁyg?fcggf’%mﬁﬁ’ﬁﬁdf‘f”él? Zspect o g’%fo?‘l‘ibt"’eg e al so cal |l ed
a Gol d code OfuSeRRANE Thad @UHeItlighN p@h elelst ﬁ%ﬂqgasth'%@miﬂo&:f he

i nformation carried o% t he si gnalgﬁ??ansm'tted by a SVis ca Fme){j “navi gation

data.' [00061upctspuctedpeinyen thegathul ates its position by conbining
navigation 15 data that indicates the position of the Svs with the del ay

or phase of t i gn ecel . ahkch i ndi ggtl es, t he di stance
bet ween t he rmﬁver%ﬁa%ﬁg@%%{%&&g&%\@? &%SCQW% ggs ?‘W t he

recei ver' s5 t i inedyperetedhese ideatutementsiinoakisital fnodsls &dr ehabasatelift@ UOrbEYE ar e
required to resolv osition.in three dinensiops, _although signals from
addi ti onal S\)@E( H‘?ﬁa&f’éﬂ’w ¥ CB@BB"&%%FWis&@m@@“B’eg’F@r accuracy.
[0007") It i SméRid sndipfoalisl (B \4GHESY, '?ﬁ‘éﬁ?'ﬂibn‘%aﬁﬁfn‘?ﬁ?ﬁoﬁﬁﬁoﬁff&aﬁ mobi | e

comuni cations by adding the capability to |ocate e positiormr of a
particul ar rigHis| positionat adata mts0f 5O bits per seagod,ania BRPSKr wodilgiaged by t he

Feder al Com"aﬁ%'hc ' 1 SS90 . ke - Third Report
and 25 Order a opﬁ'@gﬁ%ﬁﬁﬁ@?‘%‘%@&gﬁg‘gﬁﬁm@?999) whi ch

requires 1l Imadnldted anto amRIFi catrier, iwithi dach Wi st aSliffereft sprealliag ofdec t0 | ocate
t he position g]fe?a eI(Jéq%ar t el ephone nmking an energency 911 call within
50 neters fort °a“5§rac coffe Of & cparseacquisition oRCASepde):  Beremaflss thes per cent of
cal |'s by Oct ahefmaRflearicd §ifthe Wil frtismBR By 8ISV RCGHILO hatRRRR | 1Y I N

Wi rel ess communi cati ons systens
data.'

[0006] A GPS receiver calculates its position by combining navigation
15  data that indicates the position of the SVs with the delay or phase of the signat

received from the SVs (which indicates the distance between the receiver and

the SVs). Because of inaccuracies in the receiver's timebase oscillator, signals

from at least four SVs are required to resolve a position in three dimensions,

although signals from additional SVs (if available) may be used to provide
20  better accuracy.

[0007] It is desirable to augment certain wireless systems for mobile
communications by adding the capability to locate the position of a particular
mobile unit. One reason is a regulation prommlgated by the Federal
Communications Commission (FCC) (Docket No. 94-102, Third Report and
25  Order adopted September 15, 1999, released October 6, 1999) which requires
all cellular carriers in the United States to be able to locate the position of a
cellular telephone making an emergency 911 call within 50 meters for 67
percent of calls and within 150 meters for 95 percent of calls by October 2001.
Other uses for position location capability in wireless communications systems



WO 02/ 12913 PCT/ US01/ 24851 3 include val ue-added consuner features such as
navi gation and vehicle fleet management support. [0008] One possible

approach %‘W‘?{ rting position location in a wireless gaHFeehdsti ons
systemis to a QBUPS | ocation capabilities to the nmobile units. 5 However,

UPS receivers generally require unobstructed, strong signals, which may not
be available to a mobile unit. GPS signal detection under unfavorable SNR
conditions (for exanple, inside a buitding or vehicle where no direct line -

of sight can, be .establi d fromthe receiver to.at |east. fqour. SVs) is a
cont i nui ng p}nﬁﬁ\d@ W?%S%TWW%%B@F s?‘%' ﬁ“e{“’e"&a"?‘hé‘“@%"‘ékgﬁﬁﬁ at the
receiver, a fhsdefienfduppdift. MYy be used to generate the spreading code and
apply it to the received signal in a search for a correlation peak. This

met hod is called coherent _integration. Short coherent .integration denotes
i ntegration H98B] 5 Seingesible apnreach to,sippertiag Poasition Jocatiop i, a wiBlegs e of a GPS

si gnal , 'essc&ﬂﬁﬂm&i&kk}sﬁ@ﬁwg@% %Eiu%n'cﬁgmﬁ@sﬁﬂﬂéﬁﬁ e irdis€0" ati on

denotes integration over® a perl nore than one data It. 1t my be
desi r abl e5t oHappVer, GBS geceiversigensirallyrequjreatnobstructed, strong sigeals, whichegr at i on

period may all ow f.or a.higher processij ain 001 e drawback to

usi ng | ong CH’RXPBWQVH#‘Q’%@FB%N“@' ??Sﬁ%’xﬂﬁ#%@%r@gog}b al is that
t he dat amodukNRa@naifibas {fér dXBxiple)ingioe 2 baildifg ¢y velictkowlidte nedirdetliat of | ow or
zero magnitude. In other words, if each binary data synbol that is

modul at ed on®b sight can be-gstablished drora the, seceiver 49 at deash four 1SVe) e s as

frequently a?uﬂt{ﬁ‘ #’H&H I nary data synbol during the integration period, .
then the outpu g?g elen@itched filter over the integration period will sum

to zero and no signal will be detected. Even-if the data.synbols sumto a
nonzer o @l uli009P5 il erdee i fleteat gher GBS isignnl g3dhg rceinerc 8 mgiched fitex ever el y

reduced in ”@&Rggieeﬂsto éeﬁ)eg%lﬂe sgte§tﬁn§§5de Mapﬁy%ﬂ’?eﬁ%ceﬂm to Vannucci,

di scl oses a
" in a search for a correlation peak. This method is called coherent integration.

Short coherent integration denotes integration over a period of less than one
data bit (in the case of a GPS signal, less than 20 milliseconds), while long

15 coherent integration denotes integration over a peﬂod of more than one data
bit. It may be desirable to apply long coherent integration, as a longer
integration period may allow for a higher processing gain.

[00010] One drawback to using long coherent integration on a signal such

as a GPS signal is that the datamodulated onto it may integrate to produce an
20 output of low or zero magnitude. In other words, if each binary data symbol

that is modulated onto the signal (expressed herein as '0' or '1") appears as

frequently as the other binary data symbol during the integration period, then

the outputof the matched filter over the integration period will sum to zero and

no signal will be detected. Even if the data symbols sum to a nonzero value,
25 the resulting receiver performance will be severely reduced in most cases.

[00011] U.S. Pat. No. 6,118,977, issued to Vannucci, discloses a method
where the known GPS navigation data is used in 2 mobile receiver to generate
a local replica of the transmitted signal, which includes representation of the




where the known GPS navigation data is used in a nobile receiver to
generate a local replica of the transmtted signal, which includes

repr esent a%vid?ﬁli?;lst he is WD 0212913 PCTI USOL/ 24851 4 da{’(?‘ﬁﬁﬁﬂ)ﬂm@i i on on
t he signal. I's allows the nobile receiver to correlate the Teceived

signal utilizing |long coherent integration period w thout experiencing the
out put degradation expl ai ned above. The nethod of Pat. No. “~977.requires
carrying out the processing steps desdribed subsequently in this paragraph.
5 The nobile receiver stores processed data sanples of the received signal
to a PJPO medats godidation ondhe signel. | Thisaljoms cesradbily rectiventmcotrelaleyhesy st em  whi ch

has unobstructed vie .al . SVs. above the horizo recei.ves OPS signals
at the sane eﬂr‘é"_d\ﬂ‘%“ﬁ lﬁﬁlgmﬁ&(mg!cgh &WW&%W%M‘&%@E“‘E% transmtted
navi gati on dahéolpitdegrhbifiof xplhihétl abo%e, STIR TéthstVeFat, oS ‘e iRlisat ed 10

navi gation data bits to the nobile receiver. The nobile receiver off-line

processes t hetaEFHECt din BOGUHpE &tsps describod sibsagpently-ip thistpasigapht a bits
ComVELSa § 0 Bl i S LB LB e e oo

capacity nee or s sanples 1nt nobi | e recei ver
makes the nmetFIBO mémdtyifor Dier offdihé prdcessingpr As auxikary syswem, which h&d nmenory

capacity is dictated. by th a sanpling. rate, the _coherent integration

| ength, the rﬂ?%@?‘“@fl V&goﬁﬂﬂﬁhgqaﬁ%ﬂo%pn, s%ﬁsség’@-ﬁ‘d‘tﬁ?ppl er

hypot heses f Qpméhtifid #it"he R8BIl Redetverldn@MBmchulalds Mitle! RARANHALY - Note that
a typical nobile receiver cannot detect signals from both the SVs and the

auxi | i ary uninavigetion dlataa its.t | Fhe auRiliery system eepnveysdthe0 demedsiajedc apaci ty
cannot be eq&ﬁ@%ﬁ Ny r Al s .- ry cell is
reused fo%d stori g&%Fﬁgédgﬁ?otggg@r@ﬁ@%#v%hgﬂ?g%ﬁgéa&y%n°a' t{ED\/vhi |l e

mai nt ai ni ng gmboesses thei stdred)dad samples, piildink3the hivigatioh ideta dits Somveyeded for a

nmet hod, appartg'gtti)sytgeng ﬁ.}/mss;ts%sngerhhat

[00012] Unfortunately, the memory capacity needed for storing processed
data samples in the mobile receiver makes the method of Pat. No. ‘977
15  impractical. The required memory capacity is dictated by the data sampling
rate, the coherent integration length, the number of SVs and the number of
code phase and Doppler hypotheses for which signal search is attempted
simultaneously. Note that a typical mobile receiver cannot detect signals from
both the SVs and the auxiliary unit at the same time, thus, the required
20 memory capacity cannot be reduced by cyclic operation (i.e. when the same

memory cell is reused for storing different segments of the received signal
while maintaining coherent integration).

[00013] Thus, there is a need for a method, apparatus and system that
would allow a receiver to perform long coherent integration on signal receivers
25  without the undue burden of having to incorporate large-scale memory devices

in those receivers,
SUMMARY

BRIEF DESCRIPTION OF THE DRAWINGS



woul d all ow a receiver to performlong coherent integration on signal
receivers 25 w thout the undue burden of having to incorporate | ar ge-scal e
menory devw¢egizeisn t hose receivers. SUMVARY BRI EF DESCFiL(F {5, THE
DRAW NGS WO 02/ 12913 PCT/ US01/ 24851 5 [00014] FIGURE 1 | 'Iiustrat es various
di visions of a GPS data nessage. [00015] FIGURE 2 illustrates the '
structure of a GPS subframe and the tructure of a GPS handover word.
[00016] FIGURE 3 illustrates the division of a OPS frame into a transmtter

oroup of - sunROEE. TGRS stouchtended 85 R o A K Et hoo or ©

predi cting data according . to an enbodi nent of the invention. [00018]

FIGURE 5 is mwumcmmm dluseriitee theo stretueeliof tal GBS daabfraré @@d dhd'g 10 tO
anot her enbodi nent }’hﬁ |nvent| n. [00019] FIGURE 6 illustrates a
principl e of SSyEae! 3G ion buffer. [00020] FI GURE 7A
illustrates a principle of operation of a set of prediction buffers.

[00021] FI GUigeo16] | HISREAliRSstted tHe i %ﬁ%’ ghmeher set of
15 predi ctlo;mbufaf ers. [006%2] FF&RES%%P%GSﬁ Iockqﬁmagr ans of

appar at usS ac 8tetugion gphemerighpeoup raf rrubframes: angl a systemistatus (@Cd@Bjack| GURE 9A i s
a flowhart 8; ﬁ ?Eﬁﬁ% pf predicting data according to a further

enbodi ment o e rnventlron. 20 [00024] FIGURE 9B is a flowchart of a

met hod of predicting data according to a further enbodi nent of the

i nvention. [00017] FIGURE 4 is a flowchart of a method of predicting data according

to an embodiment of the invention.

[00018] FIGURE 5 is a flowchart of a method of predicting data according
10  to another embodiment of the invention.

[00019] FIGURE 6 illustrates a principle of operation of a prediction buffer. .

[00020] FIGURE 7A illustrates a principle of operation of a set of
prediction buffers. ' | '

[00021} FIGURE 7B illustrates a principle of operation of another set of
15  prediction buffers.

[60022] FIGURES 8A-C show block diagrams of apparatus according to
embodiments of the invention.

[00023] FIGURE 9A is a flowchart of a method of predicting data
according to a further embodiment of the invention.

20 [00024] FIGURE 9B is a flowchart of a method of predicting data
according to a further embodiment of the invention.

[00025] FIGURE 10 is a flowchart of a method of predicting data according
to a further embodiment of the invention.



[00025] FIGURE 10 is a flowchart of a nethod of predicting data according
to a further enbodi nent of the invention. WD 02112913 PCT/ USQOL/ 24851 6

10026] FI i,s a flowhart showi ng an inplenentatio k to

test a TI W;%}Iﬁd a task to correct a TLM word. [00027?‘1@%@?2 is a
flowchart of a method of predicting data according to a further enbodi nent
of the invention. 5 [00028] FIGURE 13A is a flowhart of a nethod of
predicting data according to a furthdér enbodi ment of the invention.

[00029] FIGURE 13E is a flowchart of a method of predicting data according
to a further HWH26li nFIFURE 11 kscr flowahattishowing a0 dgd¢mentatioref a4askdo a f | owchart

of a nethod o redi Ct i ta accordi 10.to a further enbodi nent of the
i nventi on. [o{fé‘%fﬂﬁ“@%%’dg%@ﬁ@@??%@g%‘??fdbf a nmethod of predicting data
according to a further enbodi nent of the invention. [00032] FIGURE 15B is a

flowchart of [o80RTINOBIGIRE 12 ikiacfidwehartof émethod of fledigingdata ateordihgr enbodi nent
of the invention, 15 [000331 FIGJRE 16A is a flowhart of a nethod of
predi cting dato fughersmbpdimentof thednyanfigd. enbodi nent of the invention. .
[ 00034] FI GURES 16B and 16C show bl ock di agrans of apparatus according to

enbodi Tent s ofonde | PIRIRE OB WOAORSIcHERGHE SR of fuldisighaiss Of a met hod

of predicting data 20 according to a further enbodi ment of the invention.
[ 00036] FI GURESOnBE taa furtherembadimant ot the ifiverfionns of apparatus according to
enbodi ments of the invention. 100037] FIGURE 17 is a flowhart of anethod

of predi cti ngfihyacFRIGREYIE & 2 AddHRA" e BRGhSPY Rlaibdig Bayention.
according to a further embodiment of the invention.

[00030] FIGURE 14 is a flowchart of a method of predicting data according
10 to afurther embodiment of the invention.

[00031] FIGURE 15A is a flowchart of a method of predicting data
according to a further embodiment of the invention.

[00032] FIGURE 15B is a flowchart of a method of predicting data
according to a further embodiment of the invention.

15 [00033] FIGURE 16A is a flowchart of a method of predicting data
according to a further embodiment of the invention.

[00034] FIGURES 16B and 16C show block diagrams of apparatus
according to embodiments of the invention,

[00035] FIGURE 16D is a flowchart of a method of predicting data
20  according to a further embodiment of the invention,

[00036] FIGURES 16E and 16F show block diagrams of apparatus

according to embodiments of the invention.

[00037] FIGURE 17 is a flowchart of amethod of predicting-data according
to a further embodiment of the invention.



WO 02/12913 PCT/ US01/ 24851 7 [00038] FIGURE 18 is a flowhart of an
I npl ementation of a task to resolve phase anbiguity. [00039] FIGURE 19 is

a flowchaggo @284 i mpl enentation of a task to check intggridy,nk, a
recei ved subframe. 5 [00040] FIGURE 20 is a flowchart of an inplenentation

P700a of a task P700 to predict a subframe. [00041] FIGURE 21 is a
flowchart of an inplenentation of a sybtask to calculate and store a
predi cted subfrane. [00042] FIGURE 22"is a flowhart ofan inplenentation of

a subsubt ask 10 nd gorrect .for ek nunber change. [00043] ‘
FI GURE 23 i s[@ﬁ]omgmﬁ& lsa%ﬁ?mﬁém E?R\e%ﬂe“&%°ﬁ°§§9§{gf%‘%iﬂl i ct
subfranes. [ prM3ddhbipbitt/RE 24 is a flowchart of a nethod of providing

predi cted data. according to an enbodi nent of the invention. 15 100045]

FI GURE 25A i | o | agram of system according to an enbodi nent of
the inventi ofﬂﬁ?ﬁoogﬁlgﬁgﬁﬁ?%BM@%I‘@BW%%%@U@Q@%m accordi ng
to anot her efosivg (e HceR d%ﬁm vention. [00047] FIGURE 26 is a flowhart
of an inpl ementat’i on of ae task to 20 transmt predicted data. [00048]

FI GURES 27A, B show bl ock di agrans of apparatus according to enbodinents
of the in¥enlQ0840]1 | BHHIRE 20|isarfieavchan of Bn implembitatidn B700grofimstaski appar at us
accordi ng tommmgg&f&&é he i nvention. WO 02112913 PCT/ US01/ 24851 8

[00041] FIGURE 21 is a flowchart of an implementation of a subtask to
calculate and store a predicted subframe.

[00042] FIGURE 22 is a flowchart ofan implementation of a subsubtask to
10 check and correct for week number change.

[00043] FIGURE 23 is a flowchart of an implementation of a task to predict
subframes.

[00044] FIGURE 24 is a ﬂowchaﬁ of a method of providing predicted data
according to an embodiment of the invention.

15 [00045] FIGURE 25A is a block diagram of a system according to an - S
embodiment of the invention. '

[00046] FIGURE 25B is a block diagram of a system according to

anotherembodiment of the invention.

[00047] FIGURE 26 is a flowchart of an implementation of a task to
20 transmit predicted data.

[00048] FIGURES 27A, B show block diagrams of apparatus according to
embodiments of the invention.

[00049] FIGURES 28A, B show block diagrams of apparatus according to
embodiments of the invention.



[00050] FIGURE 29 is a flowchart of an inplenentation of a task to
transmt predicted data. [00051] FIGURE 30 is a flowhart of an

| npl enent ageRnAR0Cc of a task P400 to transmt predict gergghasssp [ 00052]
FIGURE 31 is a flowchart of an inplementation of a task to transmt

pred| cted data. [00053] FIGURE 32 is a flowhart of an inplenentation of a
task to test and correct old predicted data. [000541 FI GURE 33 shows a

bl ock di agram of an apparatus accordifig to an 10 enmbodi ment of the

i hventi on. RE 34 shows a bl ock .di agram of an apparat us
according to é’ﬁ@"émﬁﬁ?ﬁ%ﬁt 2908 2 Hewrhateoh ppAmplemoniglign pf @UREk 85 shows a

bl ock diagra %@m%s according to an enbodi nent of the invention.
15 DETAI LED DESCRI PTI ON 571 Throughout the course of this disclosure,
the term "exerrpl ary" shoul d be interpreted to indicate one exanple or one
instance and N805Ho FIGURE 30 line flowehagt ofsnaimplemestation B4@0cf afra taskat parti cul ar

exenpl ar. rio W edge of the data carried by a received

si gnal may beﬁ%g?)htggﬂtt éﬁﬁg@’%{ | ong coherent integration. If the
sequence of binary data synbols in a signal (e.g. the navigation data in a
OPS signalj wefes2fnoFIGURE 3¢ nis tdh doweiak! enud implembmatiioan6€ adads gdat i on due to

data synbol int egr ation uring long coherent integration could be avoided,
and better re redic %r mance coul d be achi eved. Such process will

al so be call ed "nodul ati on WO 02/ _12913_ PCT/ USQO1/ 24851 9 wi pe- of f"
hereinafter. J00853¢XaFIBURE 8P4 AbwehartWrRg iRblemeRialich bEa aiRPkd Rk t O

and correct old predicted data.

[00054] FIGURE 33 shows a block diagram of an apparatus according to an
10 embodiment of the invention.

[00055] - FIGURE 34 shows a block diagram of an apparatus according to an
embodiment of the invention.

[00056] FIGURE 35 shows a block diagram of an apparatus according to an
embodiment of the invention.

15
DETAILED DESCRIPTION

[00057] Throughout the course of this disclosure, the term “exemplary”
should be interpreted to indicate one example or one instance and not to imply
that there is any preference for that particular exemplar,

20 [00058) A priori knowiedge of the data carried by a received signal may be
applied to support long coherent integration. I the sequence of binary data
symbols in a signal (e.g. the navigation data in a GPS signal) were known,
then the problem of petformance degradation due to data symbol integration
during long coherent integration could be avoided, and better receiver

25  performance could be achieved. Such process will also be called “modulation



GPS data reception by predicting the navigation data. [00059] As shown in
FIGURE 1, a NAVSTAR GPS (hereinafter 'GPS) data franme conprises 1500 bits
transm tt ggh @y8s32 period of 30 seconds (i.e., at 5 a rggd@udeinab bits per
second). A GPS data nessage is transmtted over a bl ock of twenty-five
frames (commonly referred to as a "superfrane"). Each frame wthin a
superfrane is divided into five 300-bit subfranes. Accordingly, at a rate
of 50 bits per second, each subfrane fas a duration of six seconds. Each
subfranme is furt&ﬁr d| vided_into ten 3Q-biit words each word_containing 24°

bits 10 of dWiRs-ofhdheseipafisr: F%g;@mg “le%?ﬂﬁ'&n?rﬂﬁ bs appliedMundancy code

(CRC) checkgp x%%éﬁﬁ% expressed as follows:
checksum bi t 1 XCR ta’ﬁf) 1, , 6, 10 11, 12, 13, 14, 17, 18 20, 23};

checksumbit 2 = XO?{data b|ts 2, 3, 4, 6 7, 11, 12,13, 14,15, 18, 19, 15
21, 24}; chemogm biAs shownmFIGHRE bi @ NAVSBAR/GPS; (hepeinafter 1GPSY13, 14, 15,

I, 1o 17, SR SEHRHE Do e TatliiRovte Bikdodur Doedipaletu o 5> 1
9, 10, 145 1hratd6f 50\bits peB secotd), 2°GP8 Hata miedsdgs wrdsinitied oveslogkat a bits 3,
5, 6, 8 9, 1 11, 13, 15, 19, wher e Qata bit 1 and checksum

: 2 ;
bit 6 are t hel eptyrfive frames @?%‘H?’ﬁ%ﬁfefﬁdttgasaz“ﬁuﬁm ¥ hyﬁa“éﬂ‘ a word as

shown in Fl Gdﬁﬁnlas@%a%@?éhwméhﬁamésédl&ts gfg he quantities
wi thin the brackets. Oher signal formats may WO 02/ 129137 PCT/ US01/ 24851

10 use one omﬁr@@tmw@ﬁm&mmmmmm&o%duce
checksums. g frame is further divided into ten 30-bit words, each word containing 24 bits

10 of data and a 6-bit code string (commonly a cyclic redundancy code (CRC)
checksum). The GPS CRC algorithm may be expressed as follows: '

checksum bit 1 = XOR{data bits 1, 2, 3, 5, 6, 10, 11, 12, 13, 14, 17, 18,
20,23};

checksum bit 2 = XOR{deta bits 2, 3, 4, 6,7, 11, 12, 13, 14, 15, 18, 19,
15 21,24} '

checksum bit 3 = XOR{data bits 1, 3, 4, 5, 7, 8, 12, 13, 14, 15, 16, 19,
20, 22};

checksum bit 4 = XOR {data bits 2, 4, 5, 6, 8, 9, 13, 14, 15, 16, 17, 20,
21, 23};

20 checksum bit 5 = XOR{data bits 1, 3, 5, 6, 7, 9, 10, 14, 15, 16, 17, 18,
21, 22, 24};

checksum bit 6 = XOR{data bits 3, 5, 6, 8, 9, 10, 11, 13, 15, 19, 22, 23,
24}

where data bit 1 and checksum bit 6 are the leftmost and rightmost bits,
25  respectively, of a word as shown in FIGURE 1, and XOR{*} indicates the
modulo-2 sum of the quantities within the brackets. Other signal formats may




These checksuns may appear at the beginning or in the mddle of a data
word, for exanple, or may be interleaved with other bits of the word.

[ 00060] Eagfp bibeef a GPS subfranme (including the bits 0%&5?01% 5
checksum) is also parity covered before transm ssion by ng 1t with a
specified one of the last two bits of the checksum of the previous word (as
transmtted) as follows: transmtted bit 1= (data bit 1) XOR (previous
transmitted bit 30); transmtted bitl® = (data bit 2) XOR (previous
transmitted bit 30); 10 transmtted bit 3 = (data bit 3) XOR (previous
transmitted bYSe OBO)er mors;ether amoEdetenting sade-algorithas 9 produgy cheoksuss evi ous

transmtted by : q@aﬁrgig;? Fg a@: : i (previous
transmtted meség%?ksu%{g a m%ttgé | '%’Q@?‘gﬁg@%%%ﬁw 9’:{XCR

(previous tr afes exaniple] obiray b&idjerledved withiotHee bitsufthelvord, (checksum bit 3) XOR
(previous transmtted bit 29); transmtted bit 28 = (checksumbit 4) XOR

' t b t I §. 0 ; ), t bit 29 = h bit 5
XOR (pr ovi oud 0P8 Fedhclit e TS sinRg. ipckiing Bl SgooL t hkCkoum bi &)
XOR (pr eviouschiesiatmyiis b6l paiity covdldd bMEreDRdnkdian Ry TXORAL/ ie4@Rla 11 [00061]

G her signal formats may use a different encoding, covering, or encryption
scheme. Li kevipegfied ane;abthedast twe hity ofothe whecksum of e meviousewortit@es of a data

string may betrﬁ@ﬁxﬁgﬂjjas bsionally, the GPS error-detecting and parity
covering operations outlined above may be expressed in other forms (for

transmitted bit 1 = (data bit 1) XOR (previous transmitted bit 30);
transmitted bit 2 = (data bit 2) XOR (previous transmitted bit 30);

10 transmitted bit 3 = (data bit 3) XOR (previous transmitted bit 30);

transmitted bit 24 = (data bit 24) XOR (previous transmitted bit 30);

transmitted bit 25 = (checksum bit 1) XOR (previous transmitted bit

29);
15 transmitted bit 26 = (checksum bit 2) XOR (previous transmitted bit

30);
transmitted bit 27 = (checksum bit 3) XOR (previous transmitted bit

29);
transmitted bit 28 = (checksum bit 4) XOR (previous transmitted bit

20 30)
transmitted bit 29 = (checksum bit 5) XOR (previous transmitted bit

30);

transmitted bit 30 = (checksum bit 6) XOR (previous transmitted bit
29).



5 exanple, they may be conbined into a single operation producing an

equi val ent result, as described in section 2.5.2 of the GPS Standard
docunment i §Aage@dbove and di agrans referenced therein). gcdiRhddeds shown in
FI GURE 2, each GPS subfranme conprises in sequence a string (called a
telenetry or TLMwrd), a handover word, and 10 eight nessage words. The
handover word (or "HOW) conprises in_sequence a seventeen-bit tinestanp
called a time-of-week (or "TOW) val d&, two flag bits, a three-bit

subfranme ideptifjcatjion (or'@ SFI code |n ating the position of the

subfrane wi t {06k Icheqq‘%régm’-\ @%?nb‘ér’?‘!yy“séo% fgﬁm'& coding, GOYEHNESOL, b ¢

checksum _Thendegihioh SelfeRid! T@kewhiel th dabthr folidtonfies filorrdf 6 s\t 4O ar e 15
t the f

sel ected suc inal two bits of the checksum (i.e. bits 5 and 6 of
t he checksudatamglmwlg@nmm@@ddhonﬂhf MPWIMdeBébause t he

tenth (last) word of each bf.r t ontrol hits at these
| ocati ons, %]%en%rop %v%‘ﬁil??& %D[%? é‘?aiy 8 sf’sF%é%o 5&%’-"% &?t not alter

the firstsangxadple,dthe yomels bef combied &b fd aiigle |opelﬁt16ﬂ£fpi"&ﬁcﬁ§0ﬁf ding to an
enbodi ment of the 20 |nvent|on this effect may be a ied to prevent data

errors from m%mmﬁbw@swmﬂé%eﬁwﬁﬁﬁw@r@ forcing the

| ast two bit &W% es of zero). [00063] As shown in
FI GURE 3, eac rarre rarre indicate transmtter status or
system st at us.aﬁﬁemflcally, t he nessage vvords of 25 the first three

subfranes of [09 Gég dhaven ﬁmaﬁiﬁ%ﬂcwadmﬁsmtmmmﬁsmer st at us

ontal ns. ol oRogss L ind (s g leriitbr T o £ Bploben ighoydog 0" 1O 1

t ransmi t t10 Ngeight méssapeswdrs. atnmzahdunﬁwddt(bf‘&mwmtmmswm@e@mnw bital data
he meseage SesBETBSTReRRBS DY Sue of Tk (LTS PO 3 | 5 cal | ed
the "ephener jgs, dalirde-bR bubfra iBlifiBRA WESPIDY) code indicating the position
of the subframe within the frame, two parity control bits, and the six-bit
checksum. The parity control bits (i.e. bits 23 and 24 of the HOW) are
15 selected such that the final two bits of the checksum (i.e. bits 5 and 6 of the
checksum, or bits 29 and 30 of the HOW) will be zero. Because the tenth
(last) word of each subframe also has parity control bits at these locations, the
parity covering operation described above will not alter the first and third
words of a GPS subframe. In a method according to an embodiment of the
20 invention, this effect may be applied to prevent data emrors from propagating
beyond subframe boundaries (e.g. by forcing the last two bits of a subframe to

have values of zero).

[00063] As shown in FIGURE 3, each subframe of a GPS frame may
indicate transmitter status or system status. Specifically, the message words of
25 the first three subframes of each GPS data frame (which comprise the
transmitter status group) contain orbital and clock data for the transmitting SV.
Subframe 1 contains clock corrections and health information relating to the
transmitting SV, and subframes two and three contain precise orbital data sets
(also called 'ephemeris data') for the transmitting SV. Hereinafter, the message



data updates, the SV-specific epheneris data set repeats at every frane.
[ 00064] Subframes four and five conprise the system status group, and the
nmessage .t hese subfranes contain al mnac and ot hat is 5
conmon to a IZ@M% he satellites. In the absence of dat a%gggtaielgfsglt he
system w de al manac data set repeats only every superfrane (i.e. every
twenty-five frames or 125 subfranes),. Therefore, a conplete data nessage
is transmtted by a SV every 12.5 m ¥ut es. [ For a nore detail ed

descri pti t NAVSTAR GP .0, bal _Posj ti oni
Systen Theortaplptanst-aas isd e Sptme, g tel BB gosaat by ki noon
and J. J. Spidakfipddtes, the SK2§Hecikic bAHRBR) dfth BRlpedts B19M§ fdmbl oW chart for a

nmet hod for predicting data™ according to an enbodi nent of the invention. In
task P100, data is received (e.g. navigation data is received froma SV).
In task P200,[0006#] ﬁ@ﬁm@wmd&vefmeﬁhem@mww@m apdhthene future) is

predi cted ba i ' S 00, the
predi ct ed futﬁ%&%a@rd% §P§{°%Jr Mﬁ%%n@aﬁﬁ# &ﬁ% !ggttpgé updat es
O(F:]cu(rj, nmo st Qs‘r?nkﬁmﬁaﬂlaofiﬂmmemt?oemﬁhegbsenwoﬁadﬁteMﬁ,eﬂiek?mg the sanme as
the data in the previoys superfrapme. G ven an equence 0 5 consecutive
subfranes, t W%%@%&W%B@Mﬁﬂ%@ Yo SEpiYd to be
| argely the %oﬁ%ﬁ‘ﬁm@hqﬁw’ %Eﬂ?l&ﬁat&h@ﬂdgﬁtié RshsB@tteg according to

anot her enbodi ment of the invention. ask P110, a GPS superfranme is
recei ved. | nbyaskSV3very 8.houinutehierFor @ moret detaildadagediptiont ofetheont ent of two

adj acent sup ' S | t o] e t . ecal ved
superfranme i g&éygfgg (tﬁts)§ gﬁgel%fségde(%br&g?bﬁfa?g%? éﬁf*’ét&ﬂ‘%‘)‘ér{e“ i ction

buf fer”) ms aAppliestons i(Volumé Iy itk by iB.aWe Patkidson anddSNi Spikker ly, the SV at a
| ater tine, aigg6 ypically as a prediction of the next superfrane). It

shoul d be not hat the further into the future the prediction is used,
the less accurate the prediction will be. Therefore, the nost recently

{ gcggved suqmﬁmm&m@mﬁﬁwﬂaﬁe&wtﬁsﬁd théthdd foflipRddidiag dagxt superfrane
according to an embodiment of the invention. In task P100, data is received
(e.g. navigation data is received from a SV). In task P200, “future” data (e.g.
15 data to be received in the future) is predicted based on at least the received
data, and in task P300, the predicted future data is stored.

[00066] Assuming that no data updates occur, most of the data in a
superframe may be expected to be the same as the data in the previous
superframe. Given any sequence of 125 consecutive subframes, therefore, the
20 next 125 subframes may be expected to be largely the same. FIGURE 5
shows a method for predicting data according to another embodiment of the
invention. In task P110, a GPS superframe is received. In task P310, since
there is little change in the content of two adjacent superframes transmitted
one after another, the received superframe is stored to a buffer (hereinafter
25  called a ‘prediction buffer’) as a prediction of a superframe to be transmitted by
the SV at a later time, and typically as a prediction of the next superframe). It
should be noted that the further into the future the prediction is used, the less
accurate the prediction will be. Therefore, the most recently received
superframe is most accurately used to predict the next superframe to be



WO 02/ 12913 PCT/ US01/ 24551 13 received. The predicted future data (i.e.,
the previously received superfrane) 1is stored in a prediction buffer. Task

P310 may ?ﬁf‘%ylzﬁgnt_enporaneousl y with task P110 such thglpgph@sst a
portion of the predicted data will be available before the entire

superfranme has been received. 5 [00067] FIGURE 6 shows one exanple of the .
operation of a prediction buffer suitable for use with a nethod as shown
in FIGURE 4 or 5. The prediction buffer of this exanple may be inplenented

as a circular quepye_ (al so lled, a ) .ri buf.fer")..ln a rtigcul ar
exanpl e, the"ﬁ%f' rTW‘iﬁg‘éfEﬁet%%‘F"% s@u‘%&‘?“feﬁaﬁ%%%ﬁm)e 250
subframes, 0 sfopedindfr&fictioh bafE. %kk P510kAaPaicad contthiporheslishivith data bits
are witten to the buffer at locations as indicated” by a wite pointer,

whi ch traver task Pi Hesushfthasrat leastonportion of thecpredieted dateyvdld beravailable f er has been

Stored at 1 hEe P4 S BRRRER A Ferk oRoB T " Shown in I GRE 5.t he

wite pointer may indicate an effective tinme that is 12.5 mnutes (i.e. one
15 GPS super [0086H) FIGURE a6 slowsf orieocxaviply of the dperatieh iofi adpmdictisre ti e at

whi ch the opsgrved data (coryespondi to the | ct ed dat,g bei ng
witten) \A/asguﬁffre‘i?g?@%é‘?r 13%?0\‘5'6‘8]*‘ 'Bg'gﬂggﬁ o & dﬁﬂr Sn 'g]F"GJRE 6,

predi ct ed dag&m&n BafferSotPiRls! R map be Aiplenidhted dsi dTEirotilAdad hat spans
fromto to 25 mnutes (i.e. 20 wongs gﬁ%erfrarres ast to. This
twent y- fi ve- (dlspcaledq frangbuifer). bl apstienlarexpyple,theh %Q%PC‘PI@%ed) by a

si npl e changeg | fﬁ E.! A | I f | of a
particul ar i n{)hg?reﬁrﬁsa ron, | ? (%ﬁe %%‘ngg%teﬁt%&%%idtfgﬂ[%@ecei ved data
to the bubf edata)) Wherpredicted daveebitsrassiwrittartodiz buffer atriocations dsiihdieated n units of -8

e a0 ol R 02 Bl g PRGBS o 2
mai ntai ned  puffer has been filled, further writing operations will overwrite the data -
previously stored at the written locations. In a method as shown in FIGURE 5,
the write pointer may indicate an effective time that is 12.5 minutes (i.c. one
15 GPS superframe) in advance of to, where to is defined as the time at which the
observed data (corresponding to the predicted data being written) was.

received.

[00068] Using a buffer as shown in FIGURE 6, predicted data may be

supplied for any part of a time window that spans from to to 25 minutes (i.e.
20 two GPS superframes) past to. This twenty-five-minute window may be

arbitrarily extended (or reduced) by a simple change in buffer size. Depending

on the specifications of a particular iniplementation, it may be desirable to

write the received data to the buffer and/or retrieve predicted data from the

buffer in units of 8-bit bytes, navigation message words or subframes, or
25  blocks of a different size.

[00069] As shown in FIGURE 7A, an array of buffers may be maintained
for a limited number of SVs (e.g. only for a subset of the SVs that are currently
visible). Alternatively, a prediction buffer comprising an array of 32
individual buffers may be maintained as shown in FIGURE 7B, with each




for alimted nunber of SVs (e.g. only for a subset of the SVs that are
currently visible). Alternatively, a prediction buffer conprising an array
of 32 individual buffers may be mai ntained as shown in W th
each WO 02TO@HPBCT) UsOL/ 24851 14 i ndi vi dual buf fer beF@%@?@ét ed to a
particul ar one of the OPS SVs and indexed according to the SV
Identification (1D nunber (expressed in FIGJURE7/B as a binary nunber from
00000 to 11111). In such an arrangend#at, any particul ar predicted data
subfrane in the buffer array may be 5 identified by specifying the I)
nunber of t he individmiribtuffembeing/dedicated toca patticulalr edecolathe GBS 3% aadd a subfrane

I ndex nunber (eg. the desired, TOQWV.val mod 0, for 250- subf rame buffer
as shown in Fﬁ‘!%ﬁ@t G?W‘ﬁnééf’e@f’%eﬁgﬁ%m%(ﬁaﬁPwn?ﬁtﬁépme‘?. [ 00070]
FI GURE 8A showiGBREYE Cis Qlaaaxgﬁhﬁﬁbanfr@apmt)u&, 1PRIRCCBE Gudd anl0 to an
enbodi nent of the invention. Predicting entity 10 receives data (e.g. as

out putted by amrangemesteany partisulsepredicted data gehframe in the tufferayaeydbei on as

descri bed herein.. redi Gt.i er. Wy u 0) includes
a stor agegel Z‘#@Hﬁé%ﬁ? éi}hg@leggjn |g%ergg)5q%es esctrﬁu%gy g’b%i/eg{%gth reference
to FlI GURES 6 rel¢vint tufifdft sid a/Sabfrizne indesengniber (e, thedediinet TOW lvalué modmay conpri se
15 one or nobre _sem conduct or ry device e dypanm,c qQr. static random
access nenoryzémmﬁ}?sor%m?g‘gf?;i swyfmgbg’,%{éﬁ@'ﬁf‘ﬁgﬁpfcal st or age
devi ces. Such so@rdrpy be fabricated as a dedicated chip or package, or

such a device nay be integrated into a chip or package that includes one or
nore ot her elenents of the apparatus and/or of an appliance that

i ncor por at es #9020k h FEGURE$4r shows a blagk dirgrapmefi aarnpparefits HP accerdingr edi ct i on
e ooy RSP Sha bl a0 S G oL T
may have a duautppied bpra eédeiver) macihperfozms tzo method for data prediction as

described herein. A prediction buffer (e.g. prediction buffer 20) includes a

storage element that may be configured as described above with reference to

FIGURES 6, 7A, and/or 7B. For example, a prediction buffer may comprise

15 one or more semiconductor memory devices [e.g. dynamic or static random-

access memory (RAM)], ferroelectric memory devices, and/or optical storage
devices. Such a device may be fabricated as a dedicated chip or package, or
such a device may be integrated into a chip or package that includes one or
more other elements of the apparatus and/or of an appliance that incorporates

20  such an apparatus. In one implementation, the prediction buffer is coupled to a
predicting entity via one or more buses that may carry control, data, and/or
add;ess signals.

[00071] A prediction buffer may have a dual-port or other mechanism to
allow simultaneous storage and retrieval of data. A storage element of a
25 prediction buffer may also store other data of the apparatus and/or of an
appliance that incorporates such an apparatus. I such a case, the prediction
buffer need not reside in a fixed part of a storage element, and an area of the
storage element may be used at one time to store prediction data and at another



al l ow si mul taneous storage and retrieval of data. A storage elenent of a
25 prediction buffer may al so store other data of the apparatus and/or of

an appl i ape% ,;? i ncorporates such an apparatus. |In sugbrRshipig the
prediction %u er need not reside in a fixed part of a storage el enent,

and an area of the storage el enment naybe used at one tine to store
predi ction data and at another WD 02/12913 PCTI US01/24851 15 tine to store
ot her data. In. sonme inplenent ationsP a storage elenment of a prediction

buffer nmay be accessible dit\;/i ces_other than the r%i cting entity.
[00072] A pritgeg & SAE ﬁ'\% ( .g?mwreﬂpmtﬁ%onén%m&g erfal of Acl ude a
processi ng Uﬁsi&h \Huffer MEFbOiccERibR BY deliely othé WA the prediBtideintify. 9nal

processors, and/ or other arrays of logic elenents. Such an~array may be

fabricated as a dedicated chip or package, or such an array nmay be
i ntegrated i[00@2 cAi predicting eslitygte.g hpredicting euftity Yhemey inelpde @t her el enents

of the appar S . . 'l %ﬁ? %QE ' I h an

appar at us. Iﬁé&g?( {géavgggp%g%ng entity }sﬁah{#&lgr;ls?@agér%gsgoggﬁbedded
pro::_ess;)_rs aruiﬂm_o?;epmmsa'_ ; db%icglemeﬁabyﬁtucl?g?ghylm%ggfa&ﬂ:as Atedasg_ y i
application-gpecifigc, integrated circui . : redicting entity
performs a B'Gd& Po@d@gwwlb?‘h”(%‘{n’aay @W&%éﬁﬁ‘ﬁﬂﬁcpions) by
executing | %E#E%&ﬂﬁlﬁb@on%i%i&&h&fﬂﬂﬂnﬁ&m%ﬂah@aﬂwmd! ng to one
or nore prograns or routines that nay be hard- wred or stored in read-only

menory ( ROV)apphiansg thatringotperaeerpchrr@pparatss. Stas iexamplesapredictingsntityl ectrical |y

erasabl e PR(M . 15@/]]9 Eﬁ%}ﬁq ' ﬁlm %?[\4 atil e RAM
(NVRAM such a?éEF as érem)ry. ﬁesg&sj?n@&f& STy |obnl‘sﬂ;maaﬁ§'ﬁ¥(e%]'a’st a part of
t he i nst wouctdpphicatiendpeificintegatedichcuit (ASIQRs (such as vari abl es accessed
during execution) may be stored in a storage elenent of the prediction

TUs. st ruct OBFBYY ¢ Avreleier iy 28l tnbpioR e GRS e e 7 over o
net wor k  connggéiblgnothétefunbiivhs) By dxectting i6btEOMs @1 @€dubnce adldedinCt i ng
parallel) according to one or more programs or routines that may be hard-
wired or stored in read-only memory (ROM), programmable ROM (PROM)
15 such as erasable or electrically erassble PROM (EPROM or EEPROM,
respectively), RAM, or nonvolatile RAM (NVRAM) such as flash memory. In
some implementations, at least a part of the instructions and/or associated

values (such as variables accessed during execution) may be stored in a storage
element of the prediction buffer. Alternatively, a predicting entity may receive

20  all or part of its instructions from one or more other devices or appliances (e.g.
over a network connection that may be wired and/or wireless). A predicting
entity may also execute instructions relating to other functions of the apparatus
and/or of an appliance that incorporates such an apparatus. Instead of or
addition to such instructions, a predicting entity may also perform a method as

25  described herein in response to signals (e.g. interrupt requests) received from
other devices within or outside of the apparatus and/or from other programs or
routines executing on the processing unit. '

[00074] FIGURE 8B shows a block diagram of an apparatus 110 according
to an alternate embodiment of the invention that includes a signal receiver 30




entity may al so execute instructions relating to other functions of the
apparatus and/or of an appliance that incorporates such an apparatus.

| nst ead of whoydedi tion to such instructions, a predicti pﬂTﬁFi;ﬂz%%l”ay al so
performa method as 25 described herein in response to sighals (e.g.

I nterrupt requests) received from other devices within or outside of the
apparatus and/or fromother prograns or routines executing on the
processing unit. [00074] FI GURE 8B sh#s a bl ock di agram of an appar at us
110 according, fo an alternate enmbqdi qent of the invention that includes a
si gnal recei ViRt TECIYRS # Srepsaiied F’@ﬁlﬂg@ﬁ“%@a 1% predisting gatity @s a
Lransni 1 ed iR alBilod widbbids PR ats8 Pkl ' i ch
cal cul ates and stores predicted data to pr |ctu:8grll’sg%r:‘%%r . FIGURE 8C

shows a bl ock8@skayrsearblotk diagtampéfemeimplenientation 0t0aodf apparatusiiGthhd 0 t hat
SV 5 and out pF UGS Pven i Redeer dFrisiteh A femaf ity byad1 >0 ™ °
cal cul at ess anﬁd@@tﬁ@P&h@ﬁéﬁbﬂdﬂ%ﬁeﬂi@ﬁ%&ﬂbﬁM i hkcBhteg s descri bed

herein. [00075] In one inplenmentation, each individual prediction buffer

conprises fotiPrepgredicled deta togrediction bukfen 22 as described hetpitpr edi ct ed data and

additional information. For exanple, each cell may have a valid flag,
which is set [opo7sP SR -,gggmg inela ﬁﬂﬂﬁ'ﬁ]a‘f‘?reﬂi | |£Ldon. At the
start of operation, all ° V Ild’hﬁ‘%’gs lélre reset. ﬁ@e‘#ﬂfgp cones into view,

recei ved dat dfopelyiec.e. 32bit)abtlls xomtaining peddictedoidatn ané additional pr edi cti ons
are stored. T, eryg. Vval | fl may ,be res I n acgordance with events
t hat may affeigfa preog‘r C?‘,’foe%%ﬁ& ?agﬁi%?ﬁ]lﬂyghgye ﬂa’a’?@é&’tﬁﬂé’wﬁt% per f or med.
I n anot heto i nghbwrikartthé celhcontainsoa valld predibtic. OAt 1 'sturt! dfospeiin, it May be used

to indicate differing degrees of reliability. [00076] Each 32-bit cell may
contain a 30-‘8*"@%?&?/ n NHE @ S¥ Fomes o fyiew, recgivied detahecomes: er nat i vel y,

the ten navi gahiidi Ma S vARbIR GreWePisSledStiods 3 %tdMd. Thereafter, valid
flags may be reset in accordance with events that may affect prediction
reliability, or no resetting may be performed. In another implementation, a
15 valid flag of more than one bit may be used to indicate differing degrees of
reliability.

[00076] Each 32-bit cell may contain a 30-bit navigation word and a one-bit
valid flag. Alternatively, the ten navigation words may be stored as a 300-bit
subframe with one or more valid flags. Alternatively, the data of each

20 navigation word may be stored as 24 data bits (ie. without checksum
calculation and/or without parity coveting), or the data of each ten-word
subframe may be stored as 240 bits or 30 bytes. The storage length of a
predicted subframe may be further reduced by omitting other redundant
information such as the parity control bits and/or other bits of the data message

25  that may easily be regenerated. In the latter cases, checksum calculation,
parity covering, and/or calculation of other redundant information may be
performed at some point while or after the data is retrieved from the buffer (for
example, in response to a prediction request as described below).



subfrane with one or nore valid flags. Alternatively, the data of each 20
navi gation word may be stored as 24 data bits (i.e. wthout checksum

cal cul ati gry @AY Qr W thout parity covering), or the dat gcqfysgasist en word
subf rane g@y @e stored as 240 bits or 30 bytes. The storage length of a

predi cted subfrane may be further reduced by omtting other redundant
I nformati on such as the parity contrqQl bits and/or other bits of the data
nmessage 25 that may easily be regenerl'ét ed In the latter cases, checksum

cal cul ati on, arity_coverjng, and/ | ation of qQther redundant

i nformation WH& e Altboy r%g‘@f’g%ﬁ@@%‘ﬂ‘ eprovessing gyethead, (514 i s
retrieved frgom. £ sveld(d9fa meSeh M&lersﬁg&gﬁﬁgt&ﬁ fexdl B6H Ction
request as d&%é#goe%%ﬁ)‘\l/v). WO 2/%13 PCT/ US01/ 248513.17 [ 00077]

Al t hough t heexapiphedt ledst Fons: priftiensiof e GBS navigatiowdata messggeovill ¢henge  portions
of the receiyed data change fromgne superfi to the next. For

exanpl e, at s@%ﬁ‘f?&% ?ooﬂ? B &@“ﬁ’agfél?ﬁ ?ﬁ% gnﬁé’fgﬁ'ge will
change f§ ongdvefing eytedtions Eehinipe'td Bnly @iié bit BRYR0GEpt@fsignifvattRedanum and parity
5 covering operations, a change to only one bit may corrupt a significant

portion of efifhe rempinderiefa GPS sbftemes b r ame. [00078] One portion of a GPS
nmessage that changes at every subfrane is the tinmestanp that appears as

Lhe First 17ighiil) ObukliuldMiG GPS ridaed B chiheds v bt 8 i g

Sat ur day- Sunday, the T al ue I ndicates the to tinme of the next
subf rame t r atheitinrestampFthath appears as the ficst Tdbitsofithe HRWcGeethesTOWer i od of si x

seconds (i.e, ;,onexCP f i S. ted by
exactly one ‘(lﬂ'lk[g ﬁ%%%ﬁ@"@ﬁ%%ﬁ@%%@ﬁ@%?ﬁbﬂ% igﬁlrcggﬁ{e%{?n this
i ncr enentig Notimk BE thei MEREudMMAMe (ramiticn) Bach anit it the TAWdplueindildfes asubf r anes as

predicted by the nmethod of . FIGURE 5 will. be incorrec 5 [00079] Because
the | ast twoPgiodsohsix; proongs,(ig, é’nﬁé?#gléﬂb Da \’]?;ﬁmo’(‘lmezésr o,it may be

desirabl e t Oy giipihfRa by RkANGIAS lDfrOh dUIaet5 the'HeRt. % result of
this incrementing, the timestamps (and therefore the HOWs) in GPS

subframes as predicted by the method of FIGURE 5 will be incorrect.

15 [00079] Because the I_Iast_ two bits of the HOW are defined to have values of
Zero,it may be desirable to suppress propagation of HOW errors into GPS
subframes 3-10 by forcing these bits to zero (i.e. before referencing them in
checksum or parity covering operations for the next subframe). The HOW
may also be skipped or discarded during the prediction, or the interval for

20  which prediction is requested may be adjusted (with appropriate notification to
the requestor) so that the predicted data retrieved from the prediction buffer
does not include a HOW. Alternatively, a unit applying the predicted data may
ignore the predicted HOW.

[00080] In FIGURE 9A, a method according to an alternate embodiment of

25 the invention is presented. A data message is received in task P105, and task
P205 updates one or more timestamps in the message. Task P215 generates
new error-detecting codes that may reflect a change in the message as a result
of the newtimestamps, and task P315 stores the predicted message to a
prediction buffer.




subframes 3-10 by forcing these bits to zero (i.e. before referencing them
in checksumor parity covering operations for the next subframe). The HOW
may also b ' d or discarded during the prediction, At erval for
20 whi ch prweéd#&lgteﬁgn i's requested nay be adjusted (with ag%’lr‘/g%bﬁ{z!é@ie
notification to the requestor) so that the predicted data retrieved from
the prediction buffer does not include a HON Alternatively, a unit
applying the predicted data may ignot& the predicted HOW [00080] In
FIGURE 9A, a nethod according to an alternate enmbodi ment of 25 the

i nvention is M088Ynt EUFURE 48 showssasHewphart Sorr asdmplemgntation efsamethod, and t ask

P205 updat es . thﬁ S ' ergRe .__Tas 5 generates
new error-detec |ﬁ{gmg§f es Egt %n%ﬁ?%ﬁ’é% a cﬁ%ﬁ%e@ﬁv%ﬁrég%ﬁgage as a
result of this inewhentasbyilis, Inatask P220K thechbeksid [foiSedch evoidsesfi catled nessage to

a prediction byffer. WD 02/12913 PCT/ USQL/ 24851 18 [00081] FI GURE 9B
shows a fl| owcTHRETAMP i regrneraied, tﬁ?@ﬂﬁ% eqndrel bits 23 and 24 ghiwords twgihten n FI GURE 9A.

|0 task 1230, arb BRculiM, dhq ARG dfifthy Efteitlt t BfHTbod aBove RIGHRRERT DY 125. 1N

task P220, the checksum for each wor rane I's réfenerated,
the parity coenly tie dieeksura of word 2dndothe peritysontead bits @3 txh 246 ofwardcl cul at ed,

and all bits ari covered as descri pbed V. Al t tively, onl
t he checksum@%fagfé(?e% f’ﬂ%%%@m@%@iﬁﬁgﬁmﬁ@smﬁﬁ@m \>//vord 2 yrray
be regener at egbntesiporanousyvithaaski Pl 10 a6dhsth&i4d Rast BPéfion d thePreciictd® Y

cont enpor aneoysl {th task P110 such that at |east a portion of the

predicted d wrogesrdandion available befopethe snfire spperfeame hasdeamt i r e
super f r angy hageBaaN B Andifs Si apekd i %@5 | ks P210 and
P220 may be perforned aﬁf??ﬂl?ﬂ%n%(%l ve%gtaga)l S'S reédlge?% e prediction
buf fer, with aftee theppeeiyedidatads storetlitol thei predittinnrtmifes svith thekpprogrisese t asks are
conpl eted. As ' erfect signal .recepti.on,and no data updates, a
conpl etel y ac%%%%%?%ﬁ%ﬁ@rﬁ%mm cbmploted.” Assuming perfect SPg“g]t

reception and no data updates, a completely accurate prediction may be

expected.

15 [00082] In a method of predicting data according to a further embodiment
of the invention, a fixed string (e.g. the GPS TLM word) is tested. The GPS
TLM word includes a constant 8-bit preamble for synchronization and, in most
cases, the TLM word is the same over all GPS subframes for a petiod of one
week. Occasionally, however, a SV will transmit a subframe in which the

20 regular TLM word is replaced by an irregular one (e.g. a TLM word that
contains a classified system message). While the occurrence of an irregular
TLM word is largely unpredictable, the appearance of irregular TLM words in
consecutive subframes is highly unlikely. By storing a copy of the regular
TLM word, and substituting this copy in the prediction for an irregular TLM

25  word that was received, the number of TLM word prediction errors can be
reduced by about 50%.

[00083] FIGURE 10 shows a flowchart for a particular implementation of a
method as described above. In task P112, a portion of a data message (e.g. a
GPS subframe) is received. In task P212, a fixed string of the portion is tested.



expected. 15 [00082] In a nethod of predicting data according to a further
enbodi nent of the invention, a fixed string (e.g. the GPS TLMword) is

tested. Thg A3 TLM word includes a constant 8-bit pregfg ol ss:
synchroni zation and, in nost cases, the TLMword is the sane over all GPS,

subfranmes for a period of one week. Cccasionally, however, a SV wll

transmt a subfrane in which the 20 regular TLMword is replaced by an

irregular one (eg. a TLMword that d8ntains a classified system nessage).

While the occurrence of an irregular TLMword is_ largely unpredictable,

t he appear andBe dixed, sixing, may be \ &M sword inc 8nGRS (date, anessager ks i s hi ghly
hi2

unli kely. By Wl l) : i he FQML , substituting this
copy in the f)yr%g@{oct%(ﬁl ?@r‘y&aﬁ&ﬁngeg ar '?‘E'l%[ Ewm%é&tﬁsgpﬂag@brﬁ{ecei ved, the
nunber of TLhotier datamastsage. The resuitcof suchemteltamay echised forlvprredting tthes 0% [ 00083]
FI GURE 10 shows a flowhart for.a partigular inplengntation of a nethod as
descri bed ab8¥Bg 1M ﬁ‘ﬂt%@‘g&wfﬁ: ﬂ??%”?boﬂ“ﬁﬂ“gaﬁlﬁﬁmnﬁ’%gﬁd?% a GPS
subfrane)sis ﬂi%ﬂloﬂ HhdValid flag fér thé Sefettedipralictéd ddpeblBa)!l | on 1S _
tested WO 02/ 12913 PCT/US01124851 19 The fixed string may be a TLMword in
a GPS dat a nitgsk322¢the grediciad datads storedite a prediction bufferi(e:g.rag indsgetbnce (e. g.

for channel ' ' 'dw?anot her data nessage. The result of such a test
may be used ?g{rﬂeclzgxirﬁe)%}%dl'r ‘he string in the prediction or, alternatively,

flagging the error (e.g. by issuing a 5 warning signal or resetting the
valid flag f0084jc FIGUBEU ghowsi anecibplementationR2dPa of Itaskt B2W2 #8022, t he

predi cted data,is 0 a, prediction ffer {e. .as Lndexed by the SV
I D and Tm.m%@ff%wﬂ TR éWBf?PEﬁ?BWP?i?a task P212

that penéor FR703Rat pekfOTIIM cofbitivh. 1A kk P58, e RbeivedtIVB drdlis on of a task
10 P770 that perfornms TLMcorrection. In task P562, the_received TLM word
i s checked to see if it is different from the last TLM word received. If the same
TLM word has been received twice consecutively, then it is stored (e.g. to a
microprocessor register or other memory location) as the regular TLM word in
task P564. In task P566, the received TLM is stored in memory as the last
15 received TLM word. In task P770, the regular TLM is substituted for the

received TLM in the predicted data.

[00085] In the message data of a GPS data message, two principal types of
updates may occur. The first is an update to the ephemeris data, which occurs
once every two hours and starts exactly at the GPS hour boundary. Ephemeris

20 updates leave the aimanac data unchgnged, and beéause the complete
ephemeris data set has a length of only 3 subframes, each two-hour period will
include only 18 seconds during which the ephemeris prediction is likely to be
erroneous. Even within this span of three subframes, limited prediction can
still be performed because the first two words of each of the three missing

25  GPS subframes can be predicted: the TLM word is most likely unchanged and
the flag bits of the HOW are also unchanged, while the remainder of the HOW
may be generated from past received data and the GPS time.

[00086] In applying a method for predicting data ﬂmt predicts the next
superframe (e.g. as shown in FIGURE 5), it may be necessary in some




checked to see if it is different fromthe last TLMword received. If the
sane TLM word has been received tw ce consecutively, then it is stored
(e.g. to ] rocessor register or other nenory | ocgld t he

regul ar Ti‘wmﬁ?n task P564. In task P566, the recei \?ecg‘ﬂlﬁ ?ssl stored in
menory as the |last 15 received TLMword. In task P770, the regular TLMis
substituted for the received TLMin the predicted data. [00085] In the
nessage data of a GPS data nessage, 4o princi pal types of wupdates may

occur. The first _is an update_to the_ephenerjis data, which _occurs once
every two hoW%Wd%W&‘F&%‘ é%éépmyteapegﬁe tBEdiclion fr8 $V Bpheneris 20

updat es | eavaviiien! @03 L EN 6 iithe 23pARERYPEE NCORR! ot ©

epheneris data set h a length of on ames, each 't wo- hour peri od
wi || i ncl uddéhmmgh yhekphemaisrdita sdtirepeats FIGURE 12 showss laomethodsacoordiigct i on i s

likely to be_ erraneous..Even w thin. fhis n of rhree subframes, limted
predi ction céﬁaé&q@mgﬁﬁﬁvm&(ﬁ’%ﬁﬁ ‘f‘t’é’f’sf%dn ©G& of each of
t he t hree sm GPYdhtaa bk atdiRBleGfitr ddfy U REnd@é.ed: the TLM word is nost
|'i kel y unchanged and the flag bits of the HONare al so unchanged, while

t he remai nder_of the HON __nmay (ge enerated from past received data and the

GPS tinme. [OdOMEN] | indagkiRI20,gv 106 subdrames 13 ax¢ repeives(eny et predicts

the next su ! [ %&‘ds e essary in
some WO 02/ 15@??@%%8?7%%6@@3g@ %33\%1?1? or %ii@ m nut es

bef ore the fistosed tpthecbiredi¢tion bixffer as pRdidtions ofithe ¢omobpondife wordsaf ther a col d
start or duri a reacquisiti of S even t h the epheneris data
set repeats %W%?n% o@%vg,dﬂeg%%%mpﬁggaq%&ﬁe@wﬁ@so&modi ment of
the i nvenfol ORwdrds 3410 @6 nbt digered drOME chténtsbickords 1 and 2. CRSTIM wordessage nay be

avai l able after only 30 seconds. [0Q0087] In_task P120, words, 3-10 of
subframes 1- $Werdel) maayispdg inclpded in the if,degiznd, axit #reEPERIEdIP0Ccessed or

ignored). In chﬁx%goﬁ§%eqﬁ&ﬁy§"mds 3-10 are

[00088]  FIGURE 13 shows a method in which the technigues described
above are applied to obtain predicted data for an entire subframe after only 30
15 seconds (subframes 1-3 only). In task P230, the TOW of the subframe
received in task P130 is updated to correspond to the next frame (i.e. its value
is incremented by 5). In task P240, the parity check bits are recalculated based
on the other bits of the predicted future data, the checksum is regenerated, and
covering is performed as described above with respect to task P220. In task
20 P340, the predicted subframe is stored to the prediction buffer at a location
corresponding to the same subframe of the following frame. Note that while
this method is useful for providing predictions of subframes 1-3 after only 30
seconds, the almanac data of subframes 4 and 5 repeats only every superframe
even in the absence of a update, and the information necessaty to provide a
25  prediction for the following frame may not generally be available.

[00089] Upon a cold start of a GPS receiver (for example, a handheld GPS
receiver, or 2 GPS receiver which is installed in a vehicle or in a mobile unit
such as a cellular telephone), or in the case of an acquisition of an ascending
SV at low elevation or a reacquisition of a SV, a method as shown in FIGURE



stored to the prediction buffer as predictions of the correspondi ng words
in the following frane. As noted above, the parity encodi ng and CRC

oper at i ongyPenishswor ds 3-10 do not depend on the contentgripisoyypyssls 1 and 2.
The TI M word mord 1) may also be included in the prediction if desired,
as it is expected to change only infrequently. [000887 FI GURE 13 shows a
met hod in which the techni ques descrihed above are applied to obtain

predi ct ed data for an entire subfrandlafter only 30 15 seconds (subfranes,

updated (o cd? i3 Seiee 1o Rl P 0% plang pit of § BES HaR oSt S crent e by
5). In task B&?Q otdaeoxﬂadelégy Iﬁ&?%ﬁoh&ha%raﬁpuee@w iofe@datd@sEBe ON the

other bits of fhe predicted future data e checksumis regenerated, and

covering i s pmchronizeditoslee antive onlyeduring subframes A-3 e’ép@btweﬂaf@mepzzo In task

ocati on * cofPaaitirio el ALTO0R SBAE 'l ek Aalt Al et B T 1 O,
that whils tieireceivet Applyingths pasdicted data ip oomaybexynchrenizad to @RS tivhie subf i r ames

1-3 after only 30 seconds, the al manac, ,data of subficanmes 4 and 5 repeats
only every stﬁ‘fﬁ’é‘i‘ﬂl}fﬁ%‘ ial3kseoqnds of eperation if necespary). update, and the information
necessary to provide a 25 prediction for the followng frame may not

general Iy be [guga0] aiphGyRESIARAk 14>Howaveabd of N fnotods o PESURES: ver (f or

exanpl e, a handheld UPS receiver, or _a UPS receiver which is installed in

a vehicle or 12nand ﬂ%bﬁhﬂbamnml’dl@ﬂcﬁp lloy deplicate apredistianholfefhesdyr in the
case of an a a
eacaui si 11 ofipaitnbt g eptfecs GGAY Bbiedortnty BnE ol el in e
PCT/ US01/194 8 piedictitn bﬂt‘fanayuthn oneeui- morepotheti framaspast welb 0 Xnler nérenabi t s of a GPS
dat a nessage after ly a 30-sec nd delay. If an qgperation. that applies
the predict e&l’m‘%{"&%ﬂ% %‘ﬁg‘i%ﬁeﬂlﬁﬁe %ﬂl&gﬁ%g subf rames
1-3 of each rpGeéotRgtibd 8ffthe récHQ&lHﬁlﬁ si)gxﬁﬂ(ﬂhbmmaﬁvbe hdtickfe@%yed ficient. In
such a case, it is assuned that

checksum failure, and which may be caused by, e.g., a satellite dropout

occurring at low elevation angles), however, duplicate prediction can help to

15 reduce or avoid the effect of the data loss. In a distributed implementation of a
method according to an embodiment of the invention, predicted data may be
forwarded to other predictors (e.g. across a local-area network) to alleviate the

effects of localized SV invisibilities.

[00091] An update to the almanac table, which occurs when new almanac
20 data is uploaded to the SV, is the other principal type of update in a GPS

system. The GPS almanac table is divided into 50 sections, sections 1-32

corresponding to individual SVs, and sections 3337 being reserved for other

devices such as additional transmitters deployed at airports. Such other

devices have assigned Gold codes and may appear to a GPS receiver as just
25  another SV.

[00092] Although the exact timing and frequency of the almanac updates is
unpredictable, each update takes 12.5 minutes (or one superframe) to
complete, and an update is most likely to occur once every 20-40 hours. It has
been observed that when a satellite updates an almanac page, it will also




5 the receiver applying the predicted data is or may be synchronized to GPS
time (wthin the initial 30 seconds of operation if necessary). [00090]

FI GURES 14 show versions of the methods of FIGUR 13 t hat
are nDdiflgﬂp@%ég?IOM/dupllcate prediction. In these Eﬁgﬂﬁﬁgﬁﬁg t he
epheneris data is copied not only to the next franme in the 10 prediction
buffer but to one or nore other franmes as well. Under normal operation,
such an operation mght be redundant. 22n case of an interruption in or a

corruption of the received data signal (which may be indicated by a
checksum f ai | update ﬂhphgamﬂmharmbdjwwmm;ébylﬂ}e Oibrgatell@ss!n &method dr opout

occurring at |ow gl evat weyer on can help
to 15 reduce 8?°°§§?§ ﬁﬂﬁ@@g&%ﬁt&ﬁlg:&&@% hﬁag esgfe%%ut ed

i mpl ement at i ORIntinaddatATBdt O ShamEaiied dhd Bsell %0 awmﬁteqﬂe Bmihhad)fmrﬁé}ﬁ ofnventi on,
predicted data may be forwarded to other predictors (e ._across a

| ocal - ar ea nethepridiction baffexfor aSY whea an apdataisdletseted aicthatiSHe (Suglyan

invisibilitie 0 %ﬂﬁ aﬂ‘f by Whicgd gpCCUr s when

new al mana Z’Bm%&i& rg‘ysm@g?eoa%g%‘ﬁ?&%{ %!f I'S @ e e¥ pri né’?pal type of
update in a GRSwhenN Bhhe niintbef-dfopatationabeatellited.e i s di vi ded into 50 sections,
sections 1-32 corresponding to individual SVs, and sections 33-37 being

reserved for vi.ces sugh as_addiiional ansmtt | oyed at
airports. SUCW%W@W;V@? %sgﬁ{]m ﬁ'ﬁ ﬁﬁ‘ggappear to a
GPS recei ver jctedll except Hir0thé DhesSivt m&%&%&mé\bwmseghgaﬂeﬂlem timng and

frequency of the al menac updates. is redi ctabl e, each update takes 12.5

mi nutes (or oephemeps dataqisepsedo Th‘l?‘nﬁp"e thea 4245 mingfes 5 459 $e608d% | i kely to

Updat o5 anlal RQHQREC, SR bondsi B, B OE el AR B00E ) °700 Lpoat e

all pages thaﬂembedearltue,thisautagddnhbeireldyceﬂhgacﬁﬁchn’roﬁat ellites. In a nmethod

[00094] Tn accordance with one embodiment of the invention, the almanac
table is corrected. As explained above, the almanac data set is the same for all
satellites. Unfortunately, although subframe boundaries occur at the same

15 moment at all GPS SVs, the almanac updates ate not synchronized between
satellites, so that any two ‘SVs may each be transmitting a different version of
the same almanac subframe at any given time. Furthermore, in any given
frame for any given satellite, it is possible that there is a mix of old and new
almanac pages.

20 [00095] In accordance with another embodiment of the invention, old
almanac data is used in the predictions. That is, for satellites that have just
risen over the horizon, the old almanac data as it was last seen can be used
because there is a good chance that those satellites did not get uploads during
the 6-7 hours while they were at negative elevation angles. I a change in the

25  almanac bits is observed, then there was indeed an update, and in this case, all
almanac predictions for the given satellites must be replaced with the known
most recent almanac data. The basic mechanism to use old data is to adjust the
TOW or timestamp upon transmission. If the TOW of the predicted subframe
matches the current, then a valid prediction can be transmiﬂ:ed._ If there is a



according to a further enbodi ment of the invention, a copy of the nost
recent al manac data set is maintained and used to overwite the al manac
portions gfoofesprediction buffer for a SV when an updgignisiysgiect ed at
that SV. Such an 5 operation may reduce the nunber of almanac prediction
errors by a factor of N, where Nis the nunber of operational satellites.
[ 00093] Wthin every frane, the first_three subframes can be validly

predi cted, except for the ones in th&first frane because, again, the sane

epheneris data is.,used. .Thus, o f the 12.5 mnutes. = 750 seconds, 10
Sow 2ax 1) oty At b e he Y ool WhIRD G, S00A Do B ® et hod
descri bed eagredigtion, bl the TOWAAR] suBiRqhkhtly SHEUCIRC hiVe 18 bb 8fdaiia, of 5. [00094] In
accordance wth one enbodi nent of the invention, the almanac table is

corrected. As expl ai ned ab?\éle, the al manac data set is the sanme for all

satel lites. 1080¥ty L 18) Ahdhey GPS Weakabeimday arnidnight Sadwday-at t he same
15 nonent at A 9@5&‘11@; ak &? oni zed between
satellites, glgi Wé §any ta&g S nayﬂlggﬂgﬁgbe r%ﬁlg#ﬁt’fl%&g&ﬁ(ﬁﬁferent
version of & fiethemembaliment of the irventione cleingesiy tigs week change cofrectibier nore, in
any given f for .an Lve |lite, it is possihle that there is a
mx of old a m%gﬂ%h§éebﬁﬁwm§ﬁm%ﬁﬁﬁﬁﬁﬁw th anot her
enmbodi ment  ofhat & Svekk ¢Ritig Follovd. IThad iflBiRa tHE predicled'POW iddidha§ aPr €di cti ons.
That is, for satellites that have just risen over the horizon, the old

al manac dat aweek ghenggs the BQW valueris earrecisd and dhe weskonmber inhwerd 3ief a good
chance t hat &ﬂﬁﬁﬁf s Shdrbh&e fi 0, i %?? | fiedl ne -7 hours
while they were a %ﬂlrgggt I've e'e%g%‘l %tntﬂ‘gh’g es. %&@%ge I'n The 25 al manac
bits i s obsesubfrdme triuenbetshare aesey the hullexdn ahe prediztion baffel isnadjusied case, all
al manac predicti.ons for. t iven . satellites nmust be replaced with the
known nost Wya!m?ﬁwmwﬁéﬁmm%&* BAd data is to
adj ust the ¥edk/(200,800)srPiiRgaIMiltible ¥ S, Tt fSioP4h intdged MBltiPIAGE25.t he predicted
subframe matches the current, then a valid tEr edi ction Can be transm tted.
If there is 'ghus,atweekboundanes,ﬁleremﬂbeajumpm e frame index sequence.
[00097] The operation of the bit prediction algorithm is explained in the
15  flowcharts shown in FIGS. 3-6. First, a current subframe from a GPS signal is
received in step 300 and is stored in a buffer in step 310. Next, a next
corresponding subframe is predicted using the methods described above in
step 320. The predicted subframe is saved and the process ends in step 330.
Referring to FIG. 4, flowchart 2 illustrates the process of whether a subframe
20 prediction is feasible, which takes a few milliseconds, or the user has to wait
for the next subframe, which takes 6 seconds.

[00098] First, a subframe from an SV is received in task P510. Next,
(resolve BPSK ambiguity, task P520 and FIGURE 14) the process determines
whether bit 30 of word 2 is zero in step 402, and if the bit 30 of word 2 is zero,

25  then the subframe is stored in a buffer in step 404. I the bit 30 of word 2 is
not zero, then all the bits in the received subframe are inverted in step 406 and
stored in the buffer in step 404.



WO 02/ 12913 PCT/ US01/ 24851 23 m smatch, then that neans the data is old,
which can still be used as prediction, but the TOVNand subsequently the
CRC have twolgrupdated. [00096] (FlI GURE 18) At the GPS pggalsehnesdary

(m dni ght Saturday- Sunday), the franme and subfrane nunbers are reset. In a
met hod according to 5 a further enbodi nent of the invention, changes in the
week change correction. In this enbodi nent, when the TOW approaches its
maxi nrum val ue, we know that a week (?ﬁange follows. That is, when the

predi cted TOW.indi cates a , week change, .the T lue is rrected and the
week nunber i “Rgldﬁéfesﬁtmga#@mveﬂ ﬁ“?ff?lﬁ%?"e%vrlﬂ-‘%ﬁmw thet he week
boundary bot deteMifned & UQ{I&?& ?ééﬁ&% I ndex in the
predi ction baffer Is ad ustg% accordin I e not that while

t he tot al nummmbtn‘insashi?ﬁ'ﬂlmheckmmﬁsklPS@O)OIftM))framemadmsmqer mul tiple
of 5, it is no er nultiple of 5 ..T boundari es,
there will be' d’Jaﬁng gqcﬁ% Wlhzfﬁ'g IPﬁ%B déé’ﬁﬁé‘ﬁgﬁf Qﬁ%}‘?ﬁ?ﬁ% operation of
the bit prsediwHidhofke G%dohbdn IHS the XsabRirée Hedder isheahhwehqns flckss Shown in
FIGS. 3-6. First, a current subframe froma GPS gnal is received in step

300 and is sthecksta seedf HafGRG isi valid feralchhwonds jn step %x—ﬁgﬂl’@sdﬂbéspondl ng
subframe is t t Ve ep 320. The
predi ct ed su%ﬁ%alﬂgoﬁé\’f%mmvﬁ proc%@égé’s |n S %%J%O&B Referring to

FIG 4, fl owwaitforthe nexit mbiftamees t he process of whet her a subfrane 20
pr edi ction Is feasible, which takes a few mlliseconds, or the user has to

wait for th |chtak 6 .sec 0098] ,.Eirst, a

subf rame froMﬁ%%ﬁgk?g@g%\%% 3 WSN@}F& tl{ereeg %;%‘dBPSK

anbi gui t yio t@ﬁ&dﬁ&&r@ﬁ@sﬁﬁ%@&&?4@6fﬂkﬁq§ﬁévﬂﬂtﬁémﬂm3mm6t her bit 30
of word 2 is zero in step 402, and if the bit 30 of word 2 is zero, 25 then

t he subf r ame spbfragies thea tha proosss: Wil pesform sybfame predictincingstep 43.0f word 2 i s
not zero, thehidlik sidvm i flowchite 3 BERIGE §8 I fidre S4B Wi Fre@bfor oV @REL €0 110 Step

406 and subframe, then the process will determine whether the received and predicted

TOW match in step 424. If the received and predicted TOW do not match in

15  step 424, then the process will perform the subframe prediction in step 434 in

flowchart 3. If the received and predicted TOW do match, then the process

will go to the next step which is to determine whether there is a perfect match

between the received and predicted subframes in step 426. If there is no

perfect match, then the process will determine the errorcode in step 428 and

20 log the error in step 430. If there is a perfect match between the received and

the predicted subframes, then the process will perform the subframe prediction

in step 434 in flowchart 3. After the errorcode is logged in step 430, the

process determines whether the subframe is an almanac subframe in step 432,

and if it is not, then the process will perform the subframe prediction in step

25 434, If the process determines that the subframe is an almanac subframe, then

the process will perform the almanac update in step 436 as shown in flowchart

4 in FIG. 6. After the almanac update is done in step 436, the process will
perform the subftame prediction in step 434,




stored in the buffer in step 404. WO02/12913 PCT/ US01/ 24851 24 [00099]
After storing the received subframe in the buffer in step 404, the process

determ nesvd/\({} {igr t he subframe header is valid in step ptafusois@si
preanbl e in P540, check CRC in task P550) If the subfranme header is

not valid, then the process will exit in step 412 and wait for the next
subfranme, 5 which takes 6 seconds. |f_the subfranme header is valid, then
the process checks to we if the CRC®s valid for all 10 words in step 410.

Again, if the CRC for 0 ros i va|d the. 1UQC €SS wil |
exit in step[mmﬂnmﬂ%mﬁm% gﬁ; ofili@e¥s K P570)
Next, the prg Wa&?&éﬂedi%s&véd%'t&kﬁﬂ)m&&l ction for

this subfrane I'n ste 22. If there is no valid prediction for this

subfrane, thmmmmmesmmmmw&m tﬁﬂtstep 434,
which is sho wchar h edi ction for
t he subfra he'%tﬁ 8% géﬁlw%&gterm ne&ﬁ’wﬁ @Ee et‘he recei ved and

pr edi ct eds Tﬂ&dﬂhﬁbﬂuﬂs%éﬂa 122 4n taklt PY30R Hmmaaammmumtaﬂ TOW do not

match in 15 step 424, then the process wil | perfor the prediction
in step 434 plmanag %Mim@mfoqm%m%ﬁﬁ% i%%o?‘& do nat ch,

then the pro T%W %Jm&ﬁeﬂ@iﬁ ﬁgf&, %al‘h@. dgicflafidme Whet her
there is a pg&?eg ‘mat %etween t eyrece ve and redi cted subframes in
step 426. |f ahdsorage of thopredicted eahframetis performedintthek Bj6B8cess will determ ne
the errorcode in step 428 and 20 |log the error in step 430. If there is a

perfect matc ﬁﬁ% 3:¥Qp.r ﬁfﬁﬁ then the
process wil |l %@ﬁ@#%@‘ﬁrﬁ%m pIr’;’g rction w}ﬁkﬁe ﬁ%é owchart 3.
After thaoer PU6SFIGURE ﬂsmggﬁbromsdmnﬂ&meﬁermpﬂ‘Wﬁesmhm nes whet her
t he subfrane is an al manac subfrane and i.f it not, then
the- process DHber of speqm h&%m?&ﬁ@@rﬁltﬁ%ﬂvwﬁféﬁ%‘ﬁ% If the
process det eqiBgSoftsaainds iea WK, ASPth pratRssHeaRA theSTHWT AbBulo t&1en

the number of seconds in a week in task P763 and increments the WIN by 1 in

task P764. The process will discard the TLM and use the regular TLM instead

15  as shown in task P770.

I.—

[000103] In task P775, the process generates the CRC for the subframe. The
process then performs an XOR scrambling operation in task P780, stores the
predicted subframe at the appropriate position in the prediction buffer (e.g. as
indicated by the TOW) in task P785, and sets a valid ﬂeg in task P787.

20 [000104] The almanac update flowchart as shown in FIG. 6. will now be
explained. The process starts the almanac update at step 600. Next, the
process extracts the page ID in step 602. The process then determines if either
the page ID is 51 or if it is a valid SV ID in step 604, then the process will
extract the old and new TOWS in step 608, and store the TOWs forthe SVina

25  buffer in step 610. If the page ID is neither 51 nor is it a valid SV, then the
process will pull the old and new TOWSs from the buffer in step 606. After
steps 606 and 610, the process proceeds to determine whether the old TOW
and the last almanac update time are the same in step 612. I the old TOW and
the last almanac update time are the same, then the process will reset the




the process will performthe al manac update in step 436 as shown in
flowchart 4 in FIG 6. After the al manac update is done in step 436, the

process w orm t he subfrane prediction in step 43 2913
PCT/ USOL/ 22%512%%{5 [ 000101] The subframe prediction task£5%@§5%hom in
FIG 14 wll now be described. The value of the TOWas received is saved
In task P710. Next, the process determ nes whether the subfranme was an
al manac subframe in task P720. If th@received subframe is an al manac
subframe, then,the |lo 5 .increment value is set to 125 in task P730. If

the recei ved §I§'E?F‘F"a it asashows) et 610 if feneld TOWnandhthe lessp i ncr enent

val ue i s set % ' ment ed by
the | oop |ncrenent @’d?i é?g(ﬁlﬂgﬁagl%%&ﬁz%?sga@o %@e@f cted
subframe is pMWMlmdﬂm%tﬂﬁﬁﬁacﬁmm&ﬂﬂ]saﬁmtdﬁma in FI GURB 17.
Correct TOWfor week change in task 10 P765 (FI GURE 18). The process

det er m nes V\/n t TOW n the er of s onds in a week in
task P762. f‘iqi?gﬁsi‘o?ff‘f‘% @w@%gﬁ CORSAS, 4 week,
then the psocmmﬁﬁb&mmwm&mﬂaﬂmﬁ&uﬂm é@ﬁé Hbfwnsiﬁ’ ds in a week
in task P763 and increnents the WN by 1 in tagflyéP764 The g@%cess wi ||

di scard the TH aFfdieﬂ’s'Eo%E“dr@gd”&ﬂmﬂm ppdatectinge ae3the samds dham they t ask P770.
[ 000103] In t R&ﬁﬁlﬁ%ggﬁﬂseasv 1H‘§V%Ca 1§E E% bf rame. The

process then per orms an scra g operatron’in stores the
pr edi ct ed submﬁmsél,iﬂm‘ﬁpplshqwnnﬁsteppﬁi& t[ﬂhapagm]l)l‘ienﬁlrzeahlﬂtswn buf f er

(e.g. as ind 85 and sets .a valid flag in task
P787. 20 [ooo §W§n%f3ﬁu8%3{ ég’ftﬁ%gﬁmesagn a3 HOWR TR 6 wi |1 now
be expl almed624ﬂlﬁthﬁi)@@ﬂms§bﬂidwmﬁhdﬂnm[r@voz IDRE81, 853k 56,1théh tHO0- Next, the

process extracts the page IDin step 6 rocess then determ nes i f
either the pBgeess will detcrmige wibether the subframel is yals/in thejakmanae pp@0el, t hen t he

process Wi Il ahlein step 622. If the subframe is not valid in the almanac update table, then
the process will store the subframe in the almanac update table in step 628, set
a valid flag for this subframe in step 630 and ends the almanac update process
15  and begins the subframe prediction process at step 632. Going back to step
622, if the process determines that the subframe is valid in the almanac update
table, then the process will pull all valid subframes from the almanac update
table and substitute words 2-10 in the predicted subframes for this SV in step
626 and proceed to do the subframe prediction in step 632.

20 [000106] Based on the above considerations, an estimate on the
prediction can be performed. Assuming that almanac updates occur every éO
hours, then in a given 20 hour- or 72,000 second-period, for any satellite, there
will be one almanac update and 10 ephemeris updates. The outage due to the
almanac update can be estimated as 318 / 5 = 64 seconds, while the outage due

25  to the ephemeris update will be 10 x 18 = 180 seconds. In addition, during
almanac updates, based on experimental data, it is expected that approximately
five irregular TLM messages will occur, which are transmitied within the
ephemeris subframes. This will add an additional 30 seconds of prediction
error. Thus, the rate of etroneous subframe predictions can be estimated as



extract the old and new TOM in step 608, and store the TOM for the SV in
a 25 buffer in step 610. If the page IDis neither 51 nor is it a valid SV,
t hen the will pull the old and new TOM from t heqih in step
606. Aftewds,}tﬁg%g 606 and 610, the process proceeds to Q,St er ré’%gﬂv\het her .
the old TOW and the |ast al manac update tine are the sanme in step 612. If
the old TOWand the |ast almanac update tinme are the sane, then the
process will reset the WD 02/12913 PEt/ UsOLl/ 24851 26 al manac update table

h [ t 16, .i.f lg T d the |l ast I te ti )
not the. sanc (10 + 10 720088 4he. Hieiardmrmual i shivs s (8% Tow and ¢ ne
l'ast al manaceddr e Re diffrdidsds thit fl @iprddidabld ﬁ&%&ﬁ%k tip8saB@V TOW and the

5 then

| ast al manac update tine are not the sane, i the process will exit
and end the edntaineddn thedeserved datadicklsfor example, classifiedglatas 20. | f new TOW and

the | ast al manac update tine are the sane, then the process will determ ne
whet her the Di ¢| Iﬁ BN . | f+ ¢S D1, 55 or
56 as shown ﬂ@ﬂMp Gi@gq{ g@pﬂa%tgrlx%e?s note%g va (Iig£ g#;-h%?fa dumy SV
| D or 51, 5 55thersubftame éxeor ratecThis ovoakisseam deasemablehif tinis iassusded ghat $he624. |1 f t he
page IDis a valid SV |[D, SV IR or 51, 55 or 56, then, the process
will determ’h’és%ﬁéﬁ?&eéﬂﬂ@ag%%ﬁ@th%’élafﬁqﬂqW’W%%V ate table
in step 622. sdritwb bsciisD iR af upddie, YAbd 6hly A bW Jesd sighiiRant g akee tabl e, then

the process wll store the subframe in the al manac update table in step
628, set a ¢changed in thg mayigation slata, HThigresults ista biterondates he al manac

Goi ng. back ¢ Seoapl OBl iodifonsy BobiG T btk SOB MOABRRT o .00 75

val i d i n 10 he3@bfithe GRQwiliecchahged] which vilhinvixt alp data dits invtheé followlidg al | val i d
subfranes frogﬂgl al.mgnac updat e ta;g[be a‘gg Subsiitute WOSE} s.2-10 in the
predi ct ed sub % ept preyais, whi g‘é{ﬁo“ﬁ?mﬁt t he subfrane
prediction i ghovbRe-RE of A SubPlme GroBads d ThiX 118 gR6@ itchOWHh @@y ations, an

estimate on the

experimental data.
[000108] Seemingly, it is an additional problem that the unknown 29%

15 and 30% bits of the unpredicted subframes propagate through the XOR
mechanism into the predictsble part of the data. Obviously, if all four
hypotheses according to all possible values of bits 29 and 30 are determined,
then one of the prediction hypotheses will always be correct. Further, if it is
considered that it is sufficient to predict all bits with a modulo 2 additive

20 constant (i.e., it is okay to have all bits inverted, to get the same GPS
performance), then it can be claimed that two hypotheses are sufficient.
Unfortunately, every doubling of the number of hypotheses also doubles the
probability of false alarm (i.e., picking the wrong timeshift/frequency in the
code search). Multiple hypotheses can be dismissed altogether, however, if the

25  bit prediction always start at subframe boundaries. This is because the second
and tenth words in every subframe contain bits 23 and 24, which are
determined in such a way that bits 29 and 30 of the second and tenth words are
always zeros. The data sequence that follows then can be perfectly predicted.




predi ction can be performed. Assum ng that al manac updates occur every 20
hour s, then in a given 20 hour- or 72,000 second period, for any satellite,

t here al manac update and 10 epheneri s upda ut age due
“LIvanEee *Eyusted,,

to the ate can be estimated as 318 / 5 = 64 whil e the
out age due 25 to the epheneris update will be 10 x 18 = 180 seconds. In
addition, during alnmnac updates, based on experinental data, it is
expected that approximately five irr28gular TLM nessages wi |l occur, which
are transmtted within the epheneris subframes. This will .add an

addi tional 3d080409nds Benpif eidotriobstart dher predictinat sulbfraser bauadasies,er r oneous

subfranme pregqjcti ns can 1291 KUSO1/ 24851 27
(180 + 64 + % S50 dBfith B £ @E‘Beﬁpf‘%’i“/ﬁ & I, e BT ot o 0. 5%
error rate. ghﬁbﬁ ¢x0&tuﬁedhmsmm1esﬁmeahime&mubms%ystem
nmessages cont ained in the reserved data fields, for exa classified

dat a. [oomomostwféhmbltmmmebdnbammnmd@mmﬁe%g ﬁmt@d as one-hal f

of 5 the T i s assuned
that the it a@%%&ﬁ&gse%w EB ow;%;‘ qu&ﬁé}%?yr% on, however,
is invalid file ndvigation bit o and:itliesfactoﬁﬁfmusuhdﬁﬁlﬁberai'fibﬁ@ i alword few | ess
significant bits are_ changed.in the, nav ation data, This results in a

reduced bit MW%#@@%* tBe Wtq"mqlq'gle’éﬂﬁoneous t hen
Wi th 50%prol§ it & ehl!oob %eﬁq 9 AhaieRChbriodi ch' will

i nvert all bllt sx n the f OWI n d. O/erall t he sgcond ef f ect
prevails, V\/nlcompglemgspfath@moddnhQnSMaawdlbgmrb!ybe(aw\ﬂbe ghenfhallf of the
subf rame Q Thihs, IS match with the experinental data.

[ 000108] eeré#ﬂﬁ%ﬁgmlbémﬁﬁeéﬁﬁﬁg%x probl em that the unknown 29th 15
and 30th bits of the unpredicted subfrarres propagat e through the XOR
mechani sm i nffed0118] FGURE abshewsas tflowf chért fointaametfod i for prydicting al | f our

POt heses 2 pson ok b 045 Rert o M B ™" ©
P400, a portion of the predicted data is provided to a requestor. As described
below, the requestor may be a GPS receiver (e.g. 2 mobile unit), and the

15 predicted data may be used to support a long coherent integration period. In
other embodiments, the predicting entity may push predicted data to another
entity instead of (or in addition to) responding to a request for data.

[000111] In one implementation of a system according to an embodiment of
the invention, predictions for word 2 of each subframe may be ignored (e.g. by
20 the mobile unit applying the predictions) in order to avoid the TOW

inaccuracy described above.

[000112] As described below, a method according to an embodiment of the
invention may be applied to support position location upon request in mobile
receivers. The prediction method can be implemented fully at a central site,

25  which has access to the unobstructed satellite signals, or at the receiver side, in
which case the central site only sends a minimal set of information that enables
the receiver to perform the navigation data prediction.



then one of the prediction hypotheses wll always be correct. Further, if
it is considered that it is sufficient to predict all bits with a nodulo 2

addi tive @éﬁﬂgﬁg,ant (i.e., it is okay to have all bits goinpirmgss t 0 get
t he sane performance), then it can be clainmed that two hypot heses are:

sufficient. Unfortunately, every doubling of t he nunber of hypot heses al so
doubles the probability of false al arm(l , picking the wong
timeshift/frequency in the code sea h) I\/UI ti pl e hypot heses can be

di sm ssed altoget her, however, if the 25 bit di on always start at ;
subf r ane boﬁﬂg}m&sﬂqﬁe@c‘l@%&m@n@ﬁ E'gﬂgeﬁ‘ﬁ ‘?‘Q‘?ﬂ#‘%ﬁ&’ds in every
subfrane con%g&la*‘.@th ? qifefy. 1MahiS miEnfi@Cthe bvatisdd a Way t hat

0 e secon and

bits 29 and enth vvords are always zeros. The data
sequence thaihaifwblllld\he intwgreddin rtrapsmittings weret of the aavigation datasthgothe/ 12913

PCT/ USQL/ 24851 28 0109 ven if we do not start the prediction at
subframe boufFausstoT X ormance degradation of the GPS receiver due
to the bit error propagat|on t hrough the XOR mechanismw |l still be
limted. ghip Wﬂﬂem?tﬁﬁlonr&&fmﬁingtehﬁtymmémapmmﬂamhppmuhahm as a random
nodul ation wth a 1 |g|tal vvaveform has_a v | ow bit rate of 50

Hz / 30 = 1.perfqrms gipegtiao gtion a8 escr or Bic gﬁ'ﬁ%ﬁ%ﬁﬁmﬂ he factor of
30 is the nu camﬁéi ab&@uﬁuoﬂ\/&m» ih18de°PDE @iidh det ection is

done in the ?Bequency domain, then the spectra is expected to be w dened
by only 1.6 hay rékhive GRS duse meﬁselkmﬁﬂpéﬁérﬁ%s wreivord ettt i on spectra

w |l be zeros hecayse t re equally
likely. [000¥H @fmﬁ%@ﬁﬁha}ag%g%&’lméyd:&g gﬁﬁ%&%&%v%?%gaﬁ%@agr edi cting
navi gati qg dﬁf&eﬁ@@&heﬂ@v&r@vmmd:ﬁms m@fmdwadmtheaﬁtatthmohmﬂmnbneon | n task
P400, a portion of the pre taf:edl 0|de are %gn
descri bed bb%ﬁm%eﬂt@a %Pﬁnﬂé }%‘ Tobi I e unit),
and the In a cellular system for w1re1ess communications, for example, a base station

controller (BSC) or mobile services controller (MSC) may include the PDE

rather than the base station, and such a PDE may support prediction -

15 capabilities for more than one base station. In other implementations and/or in

other systems, the elements of a PDE may be found in more than one location. -

Note that in a system that already uses GPS signals for synchronization

purposes (e.g., a CDMA cellular telephone system), it may even be possible to

incorporate one or more PDEs into the existing structure.

20 [000115] Data from a single GPS receiver may be used to support prediction
over a wide geographical area. One practical limit to the size of such an area
may be keeping the set of visible SVs substantially constant over the area. If
the receiver cannot see all of the SVs visible to a particular mobile unit, for
example, it may not be able to supply the prediction data needed by the mobile

25 unit to perform modulation wipeoff. In another implementation, GPS data
received by receivers in different locations may be combined to provide
appropriate prediction data to mobile units over a wider geographical area.

[000116] A PDE need not be constrained by geography in the same manner,
and that it is possible for a single PDE to support a method of prediction as




I's predicted data may be used to support a |long coherent integration
period. In other enbodinents, the predicting entity may push predicted
data to an ntity instead of (or in addition to) r i to a
request fo?&&dgnaz.gﬁ[ 000111] In one inplenmentation of a sy??@ﬁ?@@?%}di ng to
an enbodi ment of the invention, predictions for word 2 of each subfrane
may be ignored (eg. by 20 the nobile unit applying the predictions) in
order to avoid the TOWN inaccuracy de8&ribed above. [000112] As descri bed
bel ow, a nethod according to an enbodi ment of the invention may be applied
to support pod¢seribed berimevenin abitmrilydypearea.i Gn tholofiechandcthe effastive  The

prediction ne C ' nted fully, at centr ite, 25 which has
access to the&%%s%%%e%@g%%lhﬁnm vog @P pé?%‘it%ed‘?i%Z%gV%r side, in
whi ch case t hmobits1tiit) may be liafed byariel dely HetWedh ithes Rinsifssiof fo A& | On t hat

enables the receiver to performthe navigation data prediction. WO
02/ 12913 PCT/ Piegistiomdata andits meerption Giso HatencyDi dmsomesspplicdtions and dur at i on

may be adj gst , r.di r of t.he yester's
query. In ?hi g%ﬂr@?@?ﬁe’%%ﬁﬁen%@gﬁﬁfﬁ%&gaggﬂipr?gl‘d??éégﬁ?fltransrri tting
nmore of the nsocimgey)i predidtidns mdysbe supplied efificdeitlyrin ndesice toscaviaded. 5
[000114] A posi%iaﬂp determ ning entity (PDE) may include an apparatus that
performs a metHs 'ﬁ%ﬁ@ﬁ‘?"é’tion as described herein. In a cellular system
for nobile wireless conmmuni cations, a base station nmay include a PDE

(which may rig0BiNe EPS €km Sdcording! toTBY dnibodintent OF |thiél envanfidlS 4 ecei ver). In
ot her inpl enentations, &ﬁgase station including a PDE may receive GPS data
froma 1o ref%ARHng eutisy (e a mpbile yiiD sandsacqieryte 2 HNE that compdsesithe data to
mor e t han @nepaldpfor alsiin rd3altd - » d apart from
t he base st ateliegn. I'n g&gﬁpﬁlﬁ‘gﬁeﬁg&g%wﬁ% %@eg%%% i ons, for
exanpl e, a bagensformateare possitle. dfar exanfiGEe wauestniy indisate theasestimgont r ol | er
(MBC) may | ncinﬁde%dﬂmg%nﬁg%f a GPS data period for which a corresponding prediction

string is desired. In another example, the request may indicate the starting

time and duration of a GPS data period for which a corresponding prediction

15  string is desired. In a further example, the starting time and/or duration of a
GPS data period for which a corresponding prediction string is desired may be
inferred (e.g. according to a predetermined relation) from a time at which the

query is transmitted by the requestor or received by the PDE.

[000118] In a system according to an alternate embodiment of the invention,
20 a PDE may send a prediction string to one or more entities without having
received an explicit corresponding request. For example, a prediction string
that corresponds to a GPS data period having a predetermined length and/or
starting time may be broadcast by a PDE at predetermined intervals. In
another example, transmission of a series of prediction strings according to a
25  predetermined schedule may be initiated at least in part by a requesting entity
such as a mobile unit. In a further example, initiation of the transmission of a
prediction string may be determined or influenced at least in part by an event
such as a registration event (e.g. upon power up of a mobile unit, movement of
a mobile unit between service areas, etc.). In a furl.hef example, the



rather than the base station, and such a PDE may support prediction 15
capabilities for nore than one base station. In other. inplenentations
and/ or i nywolofiedrsSystens, the elements of a PDE may be fpyfifboi/sus§0r € t han
one location. Note that in a systemthat already uses GPS signals for
synchroni zation purposes (e.g., a CDVA cellular telephone system, it may
even be possible to incorporate one or nore PDEsS into the existing
structure. 20 [000115] Data from a si3 gle GPS receiver may be used to

support prediction  over a wde geog hj cal area. On ractjcal limt to
the size of <haEactegistics of the Gores %k'!fe th‘li’fbﬁlﬁitg‘ﬁ‘?‘%e‘is%

substanti al | eﬂﬁg@,rmh S&r i ee all of
t he SvVs vim%llﬂe to partlgmfhf nobi | e un|t o‘h@?@ Vtﬁé e,g?éttes}sray not be

able to supptwﬂrm@m@mownﬂsmmpfmhammedm to perform
nodul ati on V\kg cl?g I n anot her inplenentation, OPS data received by
receivers i n>Ut$f&rent I ocations may be conbined to provide appropriate
prediction data to nobile units over a w der geographical area. [000116] A

PDE need ot [(loolmnmiﬁppadwbyc@ﬁnmwmmnhe}eﬁbediﬁaﬂmfmﬁnmﬁon,and that it
IS possible for a si n%]Pe to sug& rt .a_nethod P pé?gi cti.on as WO

02/ 12913 PCTR URAepINgsentity gpchjas o, Pt dn & logal GFB; fepelyery y | ar ge
area. On thegg, &Qﬁﬁoﬁ‘m:veﬂ?? ﬁéﬁ@&vm rdéeﬁéla bR GkES Torlofffile and an

entity receiving the predicfed data (e.g. a ile unlt) may be limted by

t he del ay bepmseessingh qwammmdnnlmmmwmm@mthmowmm its

reception (a I n which
t he | atency #?aﬁgsd“?&\?%rrgeﬁge%%ﬁ&?% %T?%?ﬁg%g@) | onhﬁg@gﬁ%%w%accuracy)
predi cti Qes bpya PBESinpihe ipast) swfdppoéeantol y prediaidu asting. t Although ¢heact such
effects of Ig?enc 000117 stem accordin an enbodi nent of the
i nventi on, P%sﬁ%é If ?Qién 2 SYEEH 1“9“9%‘\‘2?}‘856‘?'183?"&“ ery to a PDE
that conpri Sﬁﬁ aemhﬁcédqag%aﬁsehomdhbﬁ% fefuikidy; $hiS beiilctibit May(e ~ Predi ction
string'). Several di fferent

offset by increased storage requirements at the requesting entity for the

information received by the local GPS receiver.

15 [000120] In an apparatus according to a further embodiment of the invention,
a requesting entity such as a mobile unit includes a local GPS receiver.
Almanac information received by the local GPS receiver from a visible SV is
stored in an almanac table. Information from tﬁe almanac table is then used to
support modulation wipeoff on GPS signals received by the local GPS receiver

20 from SVs that are less visible. In this manner, an accurate position and/or time
determination may be obtained even though only a limited number of satellites
may be visible. Note that such an apparatus may be used even without a PDE.

[000121] Note in particular a transmission link between a PDE and a
requesting entity need not be wireless. For example, 2 PDE may include a
25 server connected to the Internet, and a requesﬁng entity may comprise any
device connected to the Internet that may request (e.g. via a HTTP connection)
and/or apply a prediction and/or historical string as described herein. For such
an application, it is possible that latency would be significantly greater than

might occur over an application that included a wireless connection between a
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gquery formats are possible. For exanple, the request may indicate the
starting and ending tines of a GPS data period for which a correspondi ng

predictionwghiHp@ i S desired. In another exanple, the reg 1738 i ndicate
the starting tinme and duration of a OPS data period for wﬁm a

correspondi ng prediction 15 string is desired. In a further exanple, the
starting tine and/or duration of a GPS data period for which a
corresponding prediction string is desfred may be inferred (e.g. according
to a predeterm ned rel atiqn oma time at which tmig:quer is transmtted

f
by the requesP#e-stitiopagd g{ﬁ.atlﬁ@em_mq@egg@g}mapﬁ pmpentheiccor ding to
an alternate ﬁf@ﬁﬂbﬂ%ﬁﬁes?&ﬂ&?%}iﬁ%&ﬂiﬂ isuag&ﬁﬁed:%ﬁ@%mgﬁﬂbgﬂpred' ction

string to one or noreentitie ut ‘having recelve icit
cor r espondi ngconformsstp. at Heast & partipheof aneporarore tversions wof ithegBlustoath™C or r esponds

to a GPS data ger od having a predeterm ned |length and/or starting tine
may be broadc *PDE at predetermned intervals. In another exanple,
transm ssion of a series of prediction strings according to a 25

predet er ni sed[@00z3]ul © Aeyndifely,thé PDESRkyaend £ptictioh RaRE olits 8wh equest i ng
entity such as_a nobile unit. In a further exanple,_initiation of the

transm ssi on Stistive.,meapother pplementatign,apobile wikmassolleet a5d log@PSienced at

| east in part g : ' &]?%. dffiind: HPON power up
of a nobile uﬁ?%‘ﬁjé{r;rno%%e%i %’#ﬁyé‘ﬁ%ﬁf‘{*‘g%ﬁl %’Fm%ﬁs rvice eyr‘leas, etc.).
In a further exientolpetfornimmodttivd WipHofE, tROTObIBOLI 2é@ED obin GPSidatat eri sti cs of
t he correspondi ng, GPS, dat a ri od be determ.ned or__ influenced at |east
in part by en%?‘%%ﬁ%gﬁ%gﬁf’?ﬁ’gﬁggé&s . ng_@fs\ﬁaﬁee WEEE RWrrently in
ef fect (paek odriatibd nitgake lesé HiReIGUB! b inpléménidd Bdcaite! of GCinMBaked OM an SV,

etc.). 5 [000119] In an apparatus according to_a further enbodi ment of the
i nvention, aSPEER Sgpiregenin it imposescon the mobilsynite (Fsing past|datacior a | ocal GPS

receiver. '%&flﬁﬁﬁéﬂ@ﬁtﬂt@ﬁﬁh%%n%p&@ﬁ).l ocal GPS receiver may be stored for

of fline

[000123] In a case where the mobile unit can see one or more satellites
well but not one or more others (for example, it is indoors but next to a

15 window), the almanac data received from the visible satellite(s) may be used to
predict the data received from the less visible satellite(s). In such a case, the
data may be received by the mobile unit instead of a reference receiver, and the
mobile unit may be a stand-alone unit that does not require a PDE.

[000124] Several different formats for the prediction string (or the historical
20 string) are possible. When the receiver has to service frequent satellite
measurement requests, then the communication ovethead will be reduced if
instead of sending the navigation bit prediction every time, the central site only
sends the minimal amount of information that enables the receiver to perform
the bit prediction. For example, the preamble, week number (WIN), TOW,
25  subframe ID (SFID) and CRC are unnecessary to be communicated because
they can be easily regenerated at the receiver if a local clock is available, A
significant patt of the rest of the navigation data has to be conveyed to the

receiver anyway when autonomous receiver mode is to be supported.



processing. To support nodul ation wi peoff in this case, the nobile unit my
send a request for a historical string (i.e. a string of GPS data that was
recei ved o @3 PDE in the past) as opposed to a predi GorRfdesiiddNg-

Al t hough the processing requirenents for a PDE in a system 1 ncluding such,
an apparatus nmay be reduced (e.g. because no prediction is required), this
reduction may be offset by increased storage requirenents at the
requesting entity for the informati 38 received by the local GPS receiver.
15 [000120] Jn an_apparatus according to a further enbodi ment of the |
i nventi on, @“P&ﬂle isﬁél'éﬁt"hlef‘ of & piobile unit, s o racagyre the GRS signal a | ocal GPS

receiver. | I ' . " § ver froma
VIR o % 3 85 i W e 35

visible SV i stored | ornmati on e al manac
tabl e i s t hephass cthis is becansefor eachpossibie phase delay, dlief mobileGias mustitestt s r ecei ved

by the | ocal, GPS r I ver 20 from SYs that e |less visibl nthis
nmenner, an a@cWa‘Fﬁ%s’ft‘: a%%f‘é?Q{tlF m’d%ﬁrﬁﬁaﬂo@nﬂﬂﬁ?’@ obt ai ned
even though gokisledotdtidhé Biflthe ciftfe 4 phrticulASmobiRYi dnpdtighe. Note that
such an apparatus may be used even w thout a PDE. 000121] Note in

particul ar aSpacifically. Jaere arq 2.646 pessibleclacationpirop e 4.023 cliipsdin ong entity need
not be w re'@ﬁfbo %M%WWCAgWEﬁt%g%%ﬁﬁégn@gﬁéﬁﬁ@nect ed to

the Internet,” and a requesting’e evice connected to
t he | nt er net lotdtivns thaymnstcheassdrclied. ogn be reducedHickever ifitistknowp whared/ or apply a

predi ction and/or historical strin mri bed herein. For such an
appl i cati on,°ﬁaPPﬁ°§‘I??§§1¥WP@SFﬁ&¥m$§P ‘ffF’&ngF iclecant Iy greater
than m ght occur over an application that included a wirel ess connection

bet ween a0 WJ0061262 9TRe hicbile it thid fiag ask3fdr b phediction lat suindsuiidn BieE and a
requesting bile unit. In anot hfr examl glﬁ t he | E}'rpl?di ction_ request and/or
prediction s gUsually, astarbtime of 10,3ecpnds 1 the future; ig bypicah It shoglder s t o at

least a porthqy bt B Sndile Tt onkPiskt RS RhudnBS oBhieicRAbits wheg fication.
needs it, for example, when the mobile unit has been requested to provide its

position.

15 [000127] The request by the mobile unit contains two elements, a time at
which to begin the prediction in the future, and duration of the prediction. The
length of the duration is tied to the integration period. Typically, thirty phase
hypotheses is provided, and the integration period is greater than
20 milliseconds. This results in a long coherent integration requiring

20 modulation wipe-off. Typically, it takes one-half to one second for the mobile
unit to test all of the phase hypotheses, depending on the mobile unit’s request
parameters at the time such as the time to first fix, the rate of data transfer
from the base station to the mobile unit, and the processing or correlation time
required.

25 [000128] When the receiver does a cold start, then the central site sends over
all data fields, omitting the redundant parts mentioned above. The receiver
stores this data in memory. The central site also keeps an up-to-date copy of
the data that it sent to the receiver. The receiver can extract the ephemeris,
almanac and SV health data from the received information if it works in



5 [000122] Alternatively, the PDE nmay send a prediction string on its own
initiative. In another inplenmentation, a nobile unit may collect and | og
GPS signafyp @RS own. These signals nmay be stored forp g8mk9
offline. In order to perform nodul ati on wi pe-off, the nobile wll need to
obtain GPS data fromthe past. Note that no prediction is required in this
case. However, this 10 variation may be less likely to be inplenented
because of the increased storage req¥irenents it inposes on the nobile
unit. (Using past data for past/present/future nodul ation w pe-off).
[000123] | n Auenomopneperating modpi Incany grse, the hit prediclior cavbepsriedoit el | i t es

wel | but not . r ph LS lLndo next to a
15 wi ndow), tk}?lg‘% a %ﬁéaﬁégﬁtgé%@é%ﬁgﬁﬁbﬁhg %ﬁ%@s@t@?ﬁ e(s) may be
used to predidata tigidatesathen iehrthsatninunicatificbdtwean the sertdabsieadndithe te(s). In
such a case, the dat y be received by the bile unit_jnstead of a

ref erence red@?%w,wogﬁhﬁn@e%ﬁmsaswﬁi@wubg}%mc&ﬁ&- nit that

does not rfqbﬁ;ﬁaﬁeq?@%OﬁJu&Q%ﬁﬂe A'sfb ofify’sbAdsGhd di?ﬁﬁﬁ@é@gi\ﬁ&the
prediction string (or the historica 0 string) are possible. Wen the
recei ver has XOR}betweenshé nevydatnandshbe stored dasa tatheeoeivere The diffigesest s, t hen t he

movi gat +on bi P THPARES piihe syaeystl SHESE th ool A R coB AP eL s ¢ ne
m ni mal  anoundvefhiead. NThe PRbivarthérapdas ¥ lvesidnhef the Adiigatibn data B orm the bit

predi ction. For exanple, the preamble, week nunber (WN), TON 25 subfrane
I D (SFM and crimalasie dosscdhe same.ysq habdt akyrays dos & pecise cap)s ef theey can be

easily reg@nel{aq{ggﬁl?qp %ﬂ&fg'ﬁe&ﬁ fihetreb Q6 B Qfakntdi %i'ohﬁm e. A
significant part o Pﬁé rest o? t gffrtl%w gatGllﬁ-bn data%lgss to be conveyed to
the recei verbetwsendle terocopies bhHiho mevigatiop clatay the reveiver pegiotlivallyesendsoport ed. WO
02/ 12913 PCT/ USQ1/ 24851 . 33 .] 000125 uch, an.object of a bile unit is
to. neasure t g‘?’gﬂﬁa‘f’?fd%%%‘é%@?ﬂ %sl.ﬁngn}atc h%'eﬂhee‘kg‘omy for the
nobi | e unit toonREOftie Worls Giibframes in question will be retransmitted from the

central site to the receiver.

15 [000129] The disclosed apparatus, method, and system are provided to
enable any person of ordinary skill in the art to make or use the present
invention. The various modifications to the disclosed apparatus, method, and
system will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without the use

20 of inventive faculty. Thus, the present invention is not intended to be limited
to the apparatuses, methods, and systems described herein but is to be
accorded the widest scope consistent with the claims set forth below.

WHAT IS CLAIMED IS:



phase. This is because for each possible phase delay, the nobile unit nust
test to see whether a correlation signal is there. There are nore than
2,000 5 paoihkhhdis! ocations in the phase circle in a partpicgrisainedibi | e

i npl ementation.  Specifically, there are 2,046 possible locations fromthe:
1,023 chips (in one cycle of the known code CA) with a sanpling rate of
two (x2). The nunmber of |ocations that nust be searched can be reduced,
however, if it is known where or apﬁ'oxi mat el y where searchi ng shoul d take

pl ace on the phase circle. 10 [000 The mobile unit thus may ask for a
prediction at sone point in the f . Usually, a start time of 10
seconds in the future is typical. It should be noted that the nobile unit

only asks for a sequence of predicted bits when it needs it, for exanple,
when the nobile unit has been requested to provide its position. 15

[ 0001271 The reqyest wmbmsdapﬁb'djgjﬂgr&aﬁac@ﬁ@ﬁﬁhgts two elenents, a tine at
which to begin the prediction in the future, and duration of the

prediction. The length of the duration is tied to the integration period.
Typi cal | y2 t hi rt yeqsiaRgdataiy not heses is provided, and the integration period
is greater than 20 mlliseconds. This results in a |ong coherent

i ntegration requw&%wm%msmgmgmmgm it takes one-half
to one second for the nobile wunit to test all of the phase hypot heses,

depending on the nobile unit's request paraneters at the tinme such as the
time to f4rst fistormgdhepredicted furedater ansfer from the base station to the
nobile unit, and the processing or correlation time required. 25 [000123%]
When the receiver does a cold start, then the central site sends over all
data fields, omtting the redundant parts mentioned above. The receiver

stores this data in nenory. The central site al so etgpsl%up-to-date copy

of the data that2it Sdsmathodiofelaimdyhessin thegeceived fextract the
h [ i igeei ved i nf ti ifoit
ephener i S% @%%ﬁ%ﬁs hhdldbdod ftfdil@udisge! ved information if |

works in 24851
incrementing a timestamp associated with one among the plurality of
4 received subframes by a predetermined value.

3. The method of predicti_n_g data according to claim 1, further
2 including:

testing a fixed string of received data; and

4 correcting the tested fixed string if the test indicates that such

correction is necessary.

4. The method of predicting data according to claim 3, wherein
2  the timestamp has a predetermined maximum value, the method further

including:

-
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34 aut ononmous operating node. In any case, the bit prediction can be
carried out at the receiver using the data stored in its nenory. If there
were no navi@@d93 data updates, then no further commn%eghis% t ween t he
central site and the receiver would be necessary to sustain continuous bit
predi ction. Wien an 5 update indeed occurs, then the central site only
sends the difference (bit wise XOR) between the new data and the stored
data to the receiver. The difference 3s transmtted using run length
coding, to further reduce the communjcation overhead. The receiver then
updat es it#4 versi ofetepting hat the timgsiampis abithe predqigmminedmaximpmyilug; does t he
same, so that_ lj always has a precise copy of the 10 navigation data menory
content of the receiver. To maintain synchronism between the two copies of
the navigation data, the receiver periodically sends checksuns for all

wor ds or s@ébf r amescorfeftingthe timestansp iniresponse o detévting thatthe titnastamwist ent s of t he
wor ds or subfr S_i uestion wll be retransmtted fromthe central site
to the recei Vgﬁggwd{%@@axﬁgnaﬂga osed apparatus, nethod, and system
are provided to enable any person of ordinary skill in the art to nake or
use the present invention. The various nodifications to the disclosed
apparatus, nethod, and systemw || be readily apparent to those skilled in
the art, and the ggneri rinciples . defined herein my he applied to other
embodi nents wi t hout: théﬁlﬁge %Bmﬁm’ ?’gﬁ‘&lt‘?&."mﬁi e{he present

i nvention bS MRipréditeIRAnIAdeR Barity Bitd, B méthod fARRGBRAGSEs, nethods, and
systens describéd herein but is to be accorded the w dest scope consi stent
with the clainms set forth below. WHAT IS CLAIMED I'S: WD 02/ 12913

PCT/ US01/ 24551  35reegionlating the paritybits githe pregdictedifutire dgtadased oadhepr i si ng:
4  state of the other bits in the predicted future data.

5. The method of predicting data according to claim 1, wherein
2 the predicted data includes checksum bits, the method further including:

regenerating the checksum bits of the predicted future data based on
4  the state of the other bits in the predicted future data.

6. The method of predicting data according to claim 1, wherein
2  storing the predicted future data includes storing the predicted future datain a
predetermined location of a buffer.

7. The method of predicting data according to claim 6, wherein
2  storing the predicted future data further includes selecting said predetermined
location based on the incremented timestamp.

NN



2 receiving data; predicting future data based on at |east the received
data; and 4 storing the predicted future data. 2. The nmethod of claiml,
wherein t{g dhAsAsved data includes a 2 plurality of regRipiReseéf ranmes,
the method further including increnmenting a tinestanp associated with one .
anong the plurality of 4 received subfranmes by a predeterm ned val ue. 3.
The nmet hod of predicting data according to claiml1, further 2 including:
testing a fixed string of received ddfa; and 4 correcti ng the tested fixed
string if the test indjcate hat, such _correction i s necessary. 4. The )
met hod of predict¥ng dgfn&&’ﬁ ohpraYidine; t%d%sm prethed Gomprisings” ¢ | nest anp
has a predeterm ned maxi num val ue, the method further including: 1111! | |
Y11 112 11111#, fedeivind data M6 Q4dhhaflildr; PCT/ US01124951 36 4 detecting that
the tinestanp is at the predeterm ned maxi num val ue; .and 6 correcting the
timestanp in response to detecting that the tinestanp is at the
predet er m ned e aredictingfhgye data basgdonthe reseiveddatdi edi ct i ng data according to
claiml1l, wherein 2 the predicted data includes parity bits, the nethod
further ipcludi NGsori; 12 e URE tO#R bk, Dits of the predicted future
data based on the 4 state of the other bits I n the predicted future data.
5. The method of predicting data according to claim1l, wherein 2 the
predicted data i mmaewgswmmsmﬁwmmﬂzurt her i ncl udi ng:

6 obtaining predicted future data corresponding to the time interval from
the buffer; and
8 transmitting the predicted future data.

9. A method comprising:
2 receiving a subframe of a GPS signal;
| storing the received subframe in a buffer; and

4 predicting a next corresponding subframe by changing the TOW and
regenerating the CRC of the received subframe.

10.  The method of claim 9, wherein the subframe predicting phase further
2  comprises predicting ephemeris data by repeating the ephemeris data of the
received subframe in a next frame,

* c L M s *



regenerating the checksumbits of the predicted future data based on 4 the
state of the other bits in the predicted future data. 6. The nethod of
predicting cording to claim1, wherein 2 storing t icted
future dat a‘qﬁr@ﬂ?g’es storing the predicted future data |$%§"P5Bf’g‘8§t er m ned

| ocation of a buffer. 7. The nmethod of predicting data according to claim
6, wherein 2 storing the predicted future data further includes selecting
said predeterm ned |ocation based on 3he increnented tinestanp.
11111112112121' 1212122112121 il N WO 02/12913 PCT/US01124851 37 8. A nethod
of providing prledi d’hedmdxaﬂafclmni&jmﬁehﬂﬂcmmﬂambpfedgﬁngﬂxaseﬁuheﬁ ng data from

a transmtter dlctln future data based on t ecei.v Stddata
storing theé pr‘@gﬂ’g H’m&ﬁé}'lﬁmm e f W&fﬁa B® edi ct i on
request defi n'r@éh@dfsﬁﬁﬁlﬂe%%ﬁ@*tw%aﬁﬁr O%ﬁal ning predicted future data

corresponding to the tine 1 nterval the buffer; and 8 transmtting the
predicted future data. 9. A nethod conprising: 2 receiving a subfranme of a
GPS signal; storing the received subframe in a buffer; and 4 predicting a
next correspondi ng subfrarre by changi ng the TOW and regener ating the CRC
of the receiveg ar®TL M Meska i he subfrane
predicting phase furt er0 corrprl ses pre%'lhctl ng eph rrerl S gg{ea by

repeati ng tzhe sebivomepredictibgtphasef t he received subfrane in a next frane.
111121122212222 10EJ0 22222 100 el

13.  The method of claim 9, wherein a list of most recent almanac data
2 changes is kept so that the subframe predicting phase will include the latest
known almanac data,

14.  The method of claim 9, wherein the subframe predicting phase uses old
2  predictions.

15.  An apparatus comprising:

2 a processor capable of:
receiving a subframe of a GPS signal;
4 storing the received subframe in a buffer; and

predicting a next corresponding subframe by changing the
6 TOW and regenerating the CRC of the received subframe; and

a memory for storing the predicted subframe.



* CL 3r' WD 02112913 PCT/US01124851 38 11. The method of claim9, wherein
the subfranme predicting phase further 2 conprises predicting epheneris
data by Repgaiab the epheneris data of the received Sﬂﬁﬁ*ﬁﬁﬁ p the next
50 franes. @% @ﬁe met hod of claim9, wherein a regul ar nmessage i s used
in the 2 subfranme predicting phase. 13. The nethod of claim9, wherein a
list of nost recent al manac data 2 changes is kept so that the subfrane

predicting phase will include the | a¥®st known al manac data. 14. The
met hod of cl a| m 9 wherel n the subfrane predictin hase uses old 2
predi cti ons 1045, The-appsty E@“’ééﬁ})?hm eprozes&owgsﬁlﬁapabla BEbl e of .

receivin apfédﬁ%l t '%&%' ed subfianme in a
buf f er; gnd pre Flgtgllﬁlng a next rre pon %Igérgsu r(;a}gleJ anging the 6 TOW
and regener aubfrayetinenejmﬁwie.the recei ved subfrane; and a nenory for storing
the predicted subframe. WO 02/12913 PCT/ USOLl/ 24851 39 16. The appar at us of
claim 15, wherein the processor is further capable of 2 predicting
epheneris data by repeating the epheneris data of the received subfranme in
a next franme. 17. The apparatus of claim 15, wherein the processor is
further capdfle Whea@mtm@fchmgsmmmbpmmarmfmﬂepmbmgﬁhe epheneri s

data of t he pr&c%nveq-xemms ug Ii:;tg gerepeatmI Cath hg%'xene%ﬁemg?s c{ata e s received
subframe in the next 50 frames.

18.  The apparatus of claim 15, wherein the processor uses a regular TLM
2  message in the subframe predicting phase.

19.  The apparatus of claim 15, wherein a list of most recent almanac data
2 changes is kept so that the subframe predicting phase will include the latest
known almanac data.

20.  The apparatus of claim 15, wherein the processor uses old predictions
2  inthe subframe predicting phase.

21. A method of predicting subframes of GPS signals, comprising:
2 determining whether a subframe is an almanac subframe;

setting a timehead based on whether the subframe is an almanac
4  subframe;

-
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18. The apparatus of claim 15, wherein the processor uses a regular TLM 2
nmessage in the subfrane predicting phase. 19. The apparatus of claim 15,

wherein a |j st recent almanac data 2 changes is at the
02150150 nt al 9 i‘cfﬁ%soi&ski‘
subf rane pl‘gﬁil ct?ng phase will include the |atest known al manac data. 20.

The apparatus of claim 15, wherein the processor uses old predictions 2 in
the subframe predicting phase. 21. A nethod of predicting subfranmes of GPS
signals, comprising. 2 deternining wh#t her a subfrane is an al manac
subframe; setting a_tinmehead based on whether the subframe is an al manac
4 subframe; rl 11pgddingihegettimeheadtpaFOW3111111 M S | WO 02/ 12913

PCT/ US01/ 24851 40 adding the set tinehead to a TON 6 setting a TLM

message basgd on a ggghs's TPM MBS ed @Al bF g TOWRC for a predicted
subfranme; and 8 storing the predicted subfranme in a buffer. 22. A nethod of

predicting subfranmes of GPS signals of claim?21, wherein 2 the size of the
buffer may vary bamgtﬂ@ﬂm ;@ subfranes. 23. A net hod
of predicting subframes of GPS signals of claim?2l, further 2 conprising

the step ofgdeterm m.nﬂgﬂ%é d &m@i the TOWis less than the
nunber of sseconds isn a-we (ﬁ%w& met no of predicting subfranes of GPS
signals of claim?21, further 2 conprising the step of calculating a
position of the predicted subframe in the buffer.

22. A method of predicting subframes of GPS signals of claim 21, wherein
2  the size of the buffer may vary based on the number of predicted subframes.

23. A method of predicting subframes of GPS signals of claim 21, further
2  comprising the step of determining whether the value of the TOW is less than
the number of seconds in a week.

24. A method of predicting subframes of GPS signals of claim 21, farther
2 comprising the step of calculating a position of the predicted subframe in the
buffer.

25. A method of predicting subframes of GPS signals of claim 21, further
2 comprising the step of setting a valid flag.

26. A method of updating almanac data of an SV at a central site,
2  comprising:

IR



25. A nethod of predicting subframes of GPS signals of claim21, further 2
conprising the step of setting a valid flag. 26. A nethod of updating

al manac an SV at a central site, 2 conprising: WO 02/ 12913
PCT/ USOl%%é@;BM extracting a page ID of a subfrane; %crggozlrﬁr%ﬂni ng .
whet her the page IDis valid based on a first criteria; extracting old and
new TOM froma buffer based on the validity of 6 the page |ID based on the
first criteria; determning whether %he old TONWand | ast al manac update
time are the 8 sane;, resetting an_al manac update table based on whet her
the ol d TOW and ¥acting 4 page I ohafbEamS at e tine are the sanme; =

determ ni ng whether the new TOWand the last alnmanac tinme are the 12 sane;
endi ng the al mMandfertipfas FhOhQIRSHagh B> RYaBA bided oh & Firdt BteigW TOV 14 and the
| ast al manac update tine are the sane; determ ning whether the page IDis
val i d based on second criteria; 16 ending the al manac_update process based

on whet her the padacting qld andagw FOWs Siomn abutfes based on the velidityofi a: 18
det er m ngng E#J‘ﬁba}sg@ofﬂlgfﬁhﬁ@ﬁteﬁas valid in the al manac update table;
S r e a

storing the ane 1 n manaC update table, setting a valid flag 20
for the subframe, and begi nning a subfrane prediction process based on
whet her the subfdeterminisg whethet theold ROW andblasialmpia vpdatetithearethed s' . 22

extractigg g!l ;val id subfranes fromthe al mnanac update table and

resetting an almanac update table based on whether the old TOW and
10 the last almanac update time are the same; '

determining whether the new TOW and the last almanac time are the
12 same;

ending the almanac update process based on whether the new TOW
14  and the last almanac update time are the same;

determining whether the page ID is valid based on second criteria;

16 ending the almanac update process based on whether the page ID is
valid based on the second criteria;
18 determining whether the subframe is valid in the almanac update table;

storing the subframe in the almanac update table, setting a valid flag
20 for the subframe, and beginning a subframe prediction process based on
whether the subframe is valid in the almanac update table; and

22 extracting all valid subframes from the almanac update table and
substituting words 2-10 in the predicted subframes for this SV and performing

24  the subframe prediction process based on whether the subframe is valid in the
almanac update table.
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substituting words 2-10 in the predicted subfranes for this SV and
performng 24 the subfrane prediction process based on whether the
subframe is koh,iNn the alnmanac update table. i
et i T e v AR ON We) 02/ 1285580 / 24851
42 27. A method of determ ning whether a subfirame prediction is feasible
at a 2 central site, conprising: receiving a subfrane froman Sv; 4

determi ning whether a certain bit of awrd is zero; storing the subfrane
in“a buffer if it is determned that the bit of the 6 word is zero;

inverting all %.ts Amethnd of datesmining whether a subfeame pradictionis feasible atg the s
buffer if i1j i t ] Jhat the bit of the word is not zero;
determ ni ngi vvh%l1 rﬁé@g@ﬁﬁ% header is valid; 10 ending the process and
waiting for a next subfrane based on whether the subfrane header is valid;
12 checki ng CRC valresiving 4 subfrah¢ frommnd8V; endi ng t he process and waiting for
t he next subfrane based on whether 14 the CRC for all the words is valid,
checking a TLM nmessage to see if it is.di.fferent fromthe |ast TLM 16
message reckived; 5% {%'fj’gtvﬁ?mﬁwnﬁ@}éta?éé B%®yul ar TI M message based
on whether 18 the TIM nessage is different fromthe |ast TLM received,
storing the subframe in a buffer if it is determined that the bit of the

6 wordis zero;

inverting all bits in the received subframe and storing them in the
8 buffer if it is determined that the bit of the word is not zero;

determining whether a subframe header is valid;

10 ending the process and waiting for a next subframe based on whether
the subframe header is valid;
12 checking CRC validity for all words;

ending the process and waiting for the next subframe based on whether
14  the CRC for all the words is valid;

checking a TLM message to see if it is different from the last TLM

16 message received;

setting the TLM message as a regular TLM message based on whether
18  the TLM message is different from the last TLM received;

storing the TLM message as the last TLM message received;
20 determining whether there is a valid prediction for this subframe;

performing a subframe prediction based on whether there is a valid
22 prediction for this subframe;

B



storing the TLM nessage as the | ast TLM nessage received; 20 determ ning
whet her there is a valid prediction for this subfrane; performng a
subfrane b&xki on based on whether there is a valid Letion for
this sub radr;rg;hﬁ? I VE 11121 i2i1j I 11 L WO 02/ 12913%@#&@%& 24851 43,
determ ni ng whet her the received and predicted TONmatch; 24 perform ng the
subfranme prediction based on whether_the received and predicted TOVN match;
26 determ ning whether there is a pé‘?fect mat ch bet ween the recei ved and :
predi cted subfrapnes. based on_whet her, t he recei and predicted TOWN mat ch;
28 det er ni ni ng éﬁ%&ﬁ%@hﬁﬂﬁ%‘@pﬁﬁgﬁwﬁﬁgﬂﬁ’ on whether there is
a perfect match between the received and the predicted subfranes; 30
det er mi pi ng whet fpforrhing tielsabfrinid Brediotich baddd G vlsetlser! fHerédehied afd@r f or mi ng an

al mnac updat e based on whether the subfrrane is an 32 al manac subfrane;
and per f or nPRgiceddOW matcie prediction. 28. An apparatus for predicting
subfranmes of GPS signals at a central site, 2 conprising: a processor

capabl e,pf . 4 dedepinithd Wheth AR i petfik hialth tefivedfl tid\rdBR1VRE aid!Df 1 aMTe;
setting a tinehead baseédwon whet hlgr the subfrane 1s an almanac 6 subfrane;

addi ng t he predicted sehiftsents based off @hgther therecéived and pradioestEQWemitadsed on a val ue
of the TOW generating a CRC for a predicted subfranme; and

28 determining an errorcode and logging an error based on whether there
is a perfect match between the received and the predicted subframes;

30 determining whether the subframe is an almanac subframe;

performing an almanac update based on whether the subframe is an
32  almanac subframe; and

. performing the subframe prediction.

28.  Anapparatus for predlctmg subframes of GPS signals at a central site,

2  comprising:
a processor capable of:
4 determining whether a subframe is an almanac subframe;

setting a timehead based on whether the subframe is an almanac

6 subframe;
adding the set timehead to a TOW;
8 setting a TLM message based on a value of the TOW;

generating a CRC for a predicted subframe; and

-
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2 112212 2 22 (e 11 11212 1 111 11*C KS WO 02/ 12913
PCT/ US01/ 24851 44 10 a nenory for storing the predicted subfrane. 29. An

apparatus f [ cting subfranes of GPS signals of cl al erein
- W&o@ﬁ%&% cﬁ@%oua&si’m

the size of ry may vary based on the nunber of predi

subframes. 30. An apparatus for predicting subfraines of GPS signals of
claim28, 2 wherein the processor is further capabl e of determ ning whet her
the value of the TOWis |ess than the#hunber of seconds in a week. 31. An
apparatus for predicting subframes of GPS si.gnals of claim?28, 2 wherein

the procesdor is f amémeryfenstiving thefpretdidted subframe; a position of the

predi cted subfrane in the nenory. 32. An apparatus for predicting subfranes
of GPS signals of claim28, 2 wherein the processor is further capable of
setting a valid flag. 33. An apparatus for updating al manac data of an SV
at a central site, 2 Conprising a nenory for storing subfranes; and 4 a
processor capaﬁe AAna t\ﬁﬁnpﬂghcmngmﬂﬁmkﬂasofGBS&ngdeMJ toiiit Lillli

LasSW 02/ 129 /1S01124851 45 term ether,the page ID"' is
val i d based?onW cﬁﬁr"ﬁ‘?"t‘é W@W&E’W ﬁﬁmﬁ%ﬁ oma buffer
based on the 8gahheity of the page ID based on the first criteria;

30. An apparatus for predicting subframes of GPS signals of claim 28,
2  wherein the processor is further capable of determining whether the value of
the TOW is less than the number of seconds in a week.

31.  An apparatus for predicting subframes of GPS signals of claim 28,
2 wherein the processor is further capable of calculating a position of the
predicted subframe in the memory.

32,  An apparatus for predicting subframes of GPS signals of claim 28,
2 wherein the processor is further capable of sefting a valid flag.

33.  An apparatus for updating almanac data of an SV at a central site,

2  comprising:
a memory for storing subframes; and
4 a processor capable of:

extracting a page ID of a subframe;
————
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determ ni ng whether the old TOWand | ast al manac update 10 tinme are the
sane; resetting an al manac update table based on whether the old 12 TOW

and the nac update tine are the sane; determ W& er t he new
TOW and {Vﬁzlklfl%lsl?‘ial manac time 14 are the sane; endi ngBtblli:e al manac update.

process based on whether the new 16 TOWand the |ast al manac update tine ;
are the sane; determ ning whether the page IDis valid based on second 18 i
criteria; ending the al nanac update4§)rocess based on whether the page 20 '
IDis valid based on the second criteria; determ njng whether the subfrane

is validsin the al madgerminng whethes mﬁaw@lﬁﬂhdwm'@ﬂtmbfrane in the

al mnac update table, setting a valid 24 flag for the subfranme, and

begi nning a subfrane Rﬁ%‘i‘ih b REW SOW ﬁﬁﬁimw the subframe is
valid in the al rranaceup atg td(fﬁfie; 26 %n extracting all valid subfranes
fromthes al rranawaﬁditbamfethe;adgemb&edndﬂmfhsttcﬁmai ng words 2-10 in t he

predi cted subfranes for this SV and | L2 1~ 10 I~~~ 1 | ~~~~~ I I~ ~L

M S WO 02/ 12913 PCTI f pred| ction
process based on Megﬁ%g%&@@ggr amﬁﬂ@ﬂ&&?ﬁlgﬁﬁ&ﬁgﬁal manac update
table. 3. An apﬁm’ﬁbt}%sﬁme determ ni ng whether a subfranme prediction is
feasi bl e

resetting an almanac update table based on whether the old

12 TOW and the last almanac update time are the same;

determining whether the new TOW and the last almanac time

14 are the same;

ending the almanac update process based on whether the new
16 TOW and the last almanac update time are the same;

determining whether the page ID is valid based on second
18 criteria;

ending the almanac updﬁte process based on whether the page
20 ID is valid based on the second criteria;

determining whether the subframe is valid in the almanac

22 update table;
storing the subframe in the almanac update table, setting a valid
24 flag for the subframe, and beginning a subframe prediction process
based on whether the subframe is valid in the almanac update table;
26 and

extracting all valid subframes from the almanac update table
28 and substituting words 2-10 in the predicted subframes for this SV and s

I

AT K




2 at a central site, conprising a nenory for storing subfranmes; and 4 a
processor capable of: retrieving a subframe fromthe nenory-, 6 determ ning
whet her a taj it of a word is zero; storing the subf into the
menory if iC?blog)l é?errri ned 8 that the bit of the word isl;(’glgﬁsgm@%lverti ng
all bits in the retrieved subfrane and storing them 10 back into the nenory
if it is determned that the bit of the word is not zero; 12 determ ning
whet her a subfrane header is.valid; enffing the process and waiting for a
next subframe based on 14 whether the subframe header is valid; checking

CRC validity for alPerioppingthe subiameprrgictign Piocess based g Whethsrithé g for t he next
subfranme bgsed on Wﬁ@ ﬁ}%ca‘lr{]ﬂf words is valid; 18 checking
a TLM messgége to sge [ |tv%]§ﬁ3i ferer?%a#dra(t)etnt?iﬁﬁ'e | ast TLM nessage

received; 1111 1 WD 02/12913 PCT/USQOL/ 24851 47 20 setting the UM nessage

as a regular TIM nessage based on whether the TLM nessage is different
fromthe last TLM received; 22 storing the TLM nessage in the nenory as

the |ast TLM {4eSSoger ik V5 beadntlgwhbdhdl ibribe bbb lf et @ valid

prediction for"this
2  atacentral site, comprising:

a memory for storing subframes; and
4 a processor capable of:
retrieving a subframe from the memory;
6 determining whether a certain bit of a word is zero;

storing the subframe back into the memory if it is determined
8 that the bit of the word is zero;

inverting all bits in the retrieved subframe and storing them
10 back into the memory if it is determined that the bit of the word is not

Zero;
12 ' determining whether a subframe header is valid;

ending the process and waiting for a next subframe based on
14 whether the subframe header is valid;

checking CRC validity for all words;

16 ending the process and waiting for the next subframe based on
whether the CRC for all the words is valid;

18 checking a TLM message to see if it is different from the last

TLM message received; /
T



26 perform ng subfranme prediction based on whether there is a valid
prediction for this subfranme; 28 determ ning whether the received and
predicte tch; performng the subframe predicti Tﬁﬁﬁ whet her

t he 30 rgggﬁwé and predicted TON mat ch; determ ning mﬁg% erﬁgﬁgﬁe is a
perfect match between the 32 received and predicted subfranes based on

whet her the received and predicted TONmatch; 34 determ ning an errorcode
and | ogging an error based on whet®&r there is a perfect match between the
received and the predicted 36 _subfranmes; determ ning whether the subfrane

is an aPfanac subfr afgiingth Bicasage as oA HAY message Bassd @R d on whet her
the subfrrame i gndfhr Mo PN oaAB s ¥iforedt Trbuhe BRI TOUTbABNC Subf rame
prediction. 1 1 111 1 1 11 LiIF\t1 111111 IT111~~"s WO 02/12913

PCT/ USOL/ 24851 48 2 35. A systemconprising: a receiver configured and
arrange@to receive GHRENg mesgnge i the memerisasithe lagt{l@Mmt i on; a processor
capable of. 6 recei vi . information fromthe receiver including a
subframe of a 9&3%{%%%3?@% storing the received subfkane in a buffer, and
predi cting a next correspondi ng subfrane by changing the 10 TOW and
regener ati ng t he CRC deferminingrvdethey theresis bfvalichpredietioh for this

subframe;

26 performing subframe prediction based on whether there is a
valid prediction for this subframe;

28 determining whether the received and predicted TOW match;

performing the subframe prediction based on whether the
30 received and predicted TOW match;

determining whether there is a perfect match between the

32 received and predicted subframes based on whether the received and
predicted TOW match;

34 determining an errorcode and logging an error based on
whether there is a perfect match between the received and the predicted

36 subframes;

L

determining whetber the subframe is an almanac subframe;

38 performing an almanac update based on whether the subframe
is an almanac subframe; and
40 performing the subframe prediction.
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a nenory for storing the predicted subfrane. | TU QI IlhiljliijlUhij

WO 02/12913 PCT/US01/24851
48
2 35, A system comprising:
a receiver configured and arranged to receive GPS signals and to
4 transmit information;
a processor capable of:
6 receiving the information from the receiver including a
subframe of a GPS signal;
8 storing the received subframe in a buffer; and
predicting a next corresponding subframe by changing the
10 TOW and regenerating the CRC of the received subframe; and

a memory for storing the predicted subframe.
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