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are concurrently transmitted from a multiplicity of satellites at a known time, with a
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predefined frequency. On the ground, a GPS receiver acquires a positioning signal from
each satellite within its view of the sky. The times of arrival of the positioning signals
along with the exact location of the in-view satellites and the exact times the signals
were transmitted from each satellite are used to triangulate the position of the GPS
receiver.

[0005] When a SPS fix is made, it gives the position at the time the GPS signals are
received. If, however, the GPS receiver is moving, it may be desirable to regularly
update position. For example, if a user has requested directions to a location, it may be
desirable to monitor the position of the UE in order to accurately pinpoint its

approximate current location, and thereby more accurately direct the user to the intended



desirable to nonitor the position of the UE in order
to accurately pinpoint its approxi mate current

wo owapws2 and t hereby nore accurately direct POEUSRE6/010082

to the intendeddestination. I nsuch a circunstance, it
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measurenents. For exanple, if the user 1s noving

slowy, the position update rate can be reduced, but
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car, the update rate would be increased as more distance is being covered in a shorter
period of time. By updating the position fix based on velocity calculated from two or
more position fixes, the lowest possible update rate could be used. This reduces power
consumed by an RF and BB digital receiver, thereby allowing longer application times
for a given battery.

[0009] Particularly, a method is described for efficiently updating the position of mobile

wireless user equipment (UE) to reduce the rate of energy consumption. The method



consuned by an RF and BB digital receiver, thereby
allowi ng | onger application tinmes for a given battery.
WO 000YeParti cul arly, a nethod is described foPCT/US2006/010082
efficiently updating the position of nobile wreless
user equi pment (UE) to reduce the rate of energy

tehslesesiablishinghen wptite dhte ot dermmiabpbsiio) Oviabh WRHALLthe time
rate for determ ning position, which defines the tine

delPuyeneeneehcdins BiaeHe AR SHieRtRs 2 Hainenetor fiypesition. A
. Z I - . | | oy
e L R R S
fines plothiet upclatef fatee Sstmatiie thepdiatance bitecere st lemst twig of Mike position
gi st an%g bet ween | east .ffvvo of .t he oa}i@ti on fixes, _
e e ARICHTRG S HR® (e ditfPirarseheevasar Higehve Heositigs fixes, and
RApbiisivNtof th¥ &fime @Ef@eréﬁ)%pﬁﬂsih\éeesﬁﬁlafeﬁ_edﬁthﬁ@;e, @hlfcpled{iﬁ?gﬁe velocity

and the estimted distance, calculating the veloci
tetien jop theoPE; e update mate dpadingsed easponsiveatd) ths tvelbcity prediction,

' : locity predictiaon, includi. .
PERRAE I WU AR D BlcE bl EBnar RSt reecding the
miakinouth eero€ & Gosigioh NEheTRYdAR AUE hae) als® BAREARA. asTdPropriate to
update rate nmay alt%o be 1 ncreased as appropriate to .
Feuee etpﬁés%gg‘/s‘ihﬁ‘i P {RAXITRAN ar10s Wil iphbmexceedad. Wi serien of position
Besear6 ' |ty Lees i i
Ry O APl B AR BrlTAOE efilrey stored i
thei UiEzi Hep epdatgyeg swethast may cheptiie peHedicpliatrepatingt thedvelocity

. i se. |odi,cal. | [ h | oci
TP Pl Sl eilPung o SR P ol S BRRL ¢t e

[0030PT5¢ vipddteeatetay [H8 Okl stelBsikP 4o AtfnCin BIiEn to a velocity
adj usted_using information in addition to a velocity

pedigiieni Bar examplex A updating upethed npaduribel wemprise making an
I Kj l.eration prediction, .
LAEDEn OB GE FRMIRAD BESLELAORBHENCL B scceeaion
redietien. adlsonthprgdiating arethodl say cohrise deablivhineh hoif®M update
conpri.se. estahlishjng a m ni mum update rate, and .
1305, dad iyt ol 80 digt dishanns Ry grecasBloipethg minimum

PR rafed ThE Bpddtitle THEMSP HRY 8] o2 oBprisd ?g?@gﬁfﬂg‘?gﬁ?&%ﬁ%mor, and

may al so conprise establiShing a pre
alifjstiag ithegindhe rafsdesponsise t» the ppbersedeararo t he preferred

r 111, I.n sqme e imtents a nmodel for user .
9018 B B0 o5RBP TR a0 Bt AR provide mor
qeredieC tpraliGtions OrFex aR@hglet B updadig dné®bd Ofhaf®Yurther comprise

({eurthe,r conprise determning a nodel for user” novenent
LapaMas ¢aneds! dorcuses mavemgnt sRansive o fthecsasies i gosition fixes, and

i i . i t 1 . L.
AUsURE URGIAR BB BnCioL o S HARRK b el YRS prediction
Treymotamenexzove] maycfomexasplepo@npisesinatdf araioyaryyaakiing jogging,

1..0gQi N C] driving, and freeway driving. [0012] The
%%%Vfl%ga%{r%wyﬁvug%np” se receiving user input
[06D8 "FHen$dhiie: MBRbAWHY comprise receiving user input regarding the maximum

position error, and determining the maximum position error responsive thereto. This

user input may be provided, for example via a keypad or touch screen. The user input
may be initiated by the user, such as by changing settings in the UE; alternatively, the

user input may be received in response to a UE-initiated query.



position error, and determ ning the maxi num position

error responsive thereto. This user input may be
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maintain a maximum error of about 30m.

[0023] Fig. 11 is a graph showing relationships between vehicle speed, time between
updates, and time interval, as an example of UE movement in which the update rate is
adjusted adaptively as described herein, using a 30m maximum error.

[0024] In the various figures of the drawing, like reference numbers represent the same

or similar elements or parts.

DETAILED DESCRIPTION

Glossary of Terms and Acronyms

[0025] The following terms and acronyms are used herein:
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[0035] mA: milliampere.

[0036] mAHr: milliampere per hour.

[0037] MS: Mobile Station, such as a cell phone that has a baseband modem for

communicating with one or more base stations.

[0038] PCS: Personal Communication System.

[0039] PDE: Position Determination Entity. A system resource (e.g., a server) typically
within the CDMA network, working in conjunction with one or more GPS reference
receivers, capable of exchanging GPS-related information with UE. In a UE-Assisted A-
GPS session, the PDE can send GPS assistance data to the UE to enhance the signal
acquisition process. The UE can return information such as pseudorange measurements
back to the PDE, which is then capable of computing the position of the UE. In a UE-
Based A-GPS session, the UE can send computed position results to the PDE.

[0040] RF: radio frequency.

[0041] SV: satellite vehicle. One major element of the Global Positioning System is the
set of SV's orbiting the Earth and broadcasting uniquely identifiable signals.



within the CDVA network, working in conjunction with

one or nore GPS reference receivers, capable of
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[0047] The UE 14 is described elsewhere herein, for example with reference to Fig. 2,
but generally includes a GPS receiver and a two-way communication system for
communication with the base stations using two-way communication signals 20.
Although the embodiments described herein are primarily directed to cellular telephones

or wireless communication devices, it should be apparent that the GPS receiver could be
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In other words, the GPS

its reception_at the UE
aEﬁ?&P‘er?%‘& bitat BXTbIS §0CR Rser Egpivingdhe dpuramknowns peelly requires
rédRsure 8Bl Forh Ofouf AN@dreht St M@Wever, under certain circumstances, this
constraint can be relaxed. For example, if an accurate altitude estimate is available, then
the number of SV's required can be reduced from four to three. In so-called assisted GPS
operation, Ty is not necessarily available to the receiver and instead of processing true
pseudoranges, the receiver relies primarily upon code phases. In a current GPS
implementation, the code phases have one-millisecond time ambiguities, since the PN

codes repeat every one millisecond. Sometimes the data bit boundaries may be

ascertained, thus producing only 20-millisecond ambiguities.
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cellular infrastructure network 15 typically provi
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part of a GSM communi cati on network, ‘a par
control the desired functions of the GPS receiver, and suitable hardware and software

for receiving and processing GPS signals and for performing any calculations necessary
to determine position using a suitable position location algorithm.

[0055] In the illustrated embodiment, the analog to digital converter is connected to the
buffer memory in the position location system, and a buffer memory is coupled to the
DFT circuitry to provide and store the data during the DFT operation. In some assisted

GPS implementations the final position location calculations (e.g., latitude and



synchronous (e.g., CDMA2000) or asynchronous
comruni cation network, or the like. [0053] Fig. 2 is a
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device control system s tonnect ed
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b P th roSes st e s,..des
(0891 Freo 4 ARG iy 230G GEFREL PR AU TS T OE 31, e
Inaxidwat ecceptdiov@ter i@rpokitionVey, endSthbj Iﬁstenh@mt@ 8BtL ab &the UE
the m essor. [0057] The contr ol stem25 is
%P@Bn%g‘ él?é&?nf JelQCily aTSUMALQNRS; AsEITing thﬂ%th@w idll bg deaveling in
ékﬁeﬁéflﬁl 1fheCR rﬁﬂ%%ﬁtsvél i X"f};ﬁ Bé@égersvﬂftsﬂnﬁl?ﬁtyu&e&escrﬁ}fﬁn. In Fig. 3,

as a keypad, m cr opho
the currently known position of the UE is shown at 31 in the center of an error circle 32,

which defines the maximum acceptable error in position. The maximum error is
determined in any suitable manner. For example, the maximum error may be
predetermined, it may depend upon location, it may be selected by user input, any
combination of these, or the like.

[0060] As can be seen in Fig. 3, any movement of the UE in a straight line moves away

from its known position, and toward the maximum error 32 at a rate determined by the
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[0063] The velocity prediction can be made in many different ways. One

straightforward method is to take the distance between two position measurements, and
divide that distance by the time necessary to cross that distance. For example, the
distance from X0 to X1 can be divided by the time T1 to get a velocity prediction for the
subsequent time period. As another example, the distance from X0 to X2 can be divided

by the sum of T1 and T2 to get a velocity prediction for a subsequent time period. As



fourth, much faster velocity, less than one tine unit,
approximately four-fifths of a tinme unit (0.8 tu),
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[0069] At 54, a velocity prediction for the UE is established. The velocity prediction is
described in more detail in conjunction with Fig. 4. In Fig. 5, for illustration purposes,
the steps shown include making a series of at least two position fixes at the update rate
and estimating the distance between at least two of the position fixes. Thus, the velocity
prediction of the UE may be calculated responsive to the calculated time delay and the

estimated travel distance.



monment is likely to be nost closely related to the
acceleration in the nost recent nonent. [0065] Fig. 5
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position of nobile wreless uggr equipnment (UE), while
reducing the rate of energy consunption. As used
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Y80 Bab 69 SESTL ERAESD AL A8 Bl B Hpomber o
faBeok9THHAY el @insidered Oflhdn a?mustmg the update rate. For example, the preferred
error (discussed with respect to block 53, supra) may be useful to adjust the update rate.
Furthermore, a floor, or minimum, update rate may be implemented to avoid adjusting
the update rate to too low a level; for example, if the UE is temporarily stopped, such as
at a traffic light, or moving relatively slowly. The floor, or minimum, update rate may be
established in any suitable way.

[0074] In addition, the accuracy of GPS measurements may be considered when
adjusting the update rate. For example, a less accurate GPS measurement may require a
higher update rate in order to maintain the same maximum error. Conversely a more

accurate GPS measurement may advantageously allow a lower update rate.



and possibly also to the acceleration prediction, the
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exanpl e_m ght be to sipply. assune that the UE will )
ERAFER OF SEPEY Rt PUBPER FbIaroH: PEG oY dik6e: 41l TRt the velocity
bféﬁféti@glaki@drdfntl'gﬁ/. aipdatie abiReARE Unahdeg laYe siERMRYA! theft the velocity
more conservati've approach woul d be to adjust the

prsdistionr sitould des tpeated amoiconfioh, bh il ghocitisgrved dradges are not
RS B AR My L g

or - exarrpl e e Ia

PE0TANRBErdtatis hdve mdde b Figs.tff, gy ehd 8to dacbe 4 Adre complex system in
predicted velocity .in order_to nake it npre |ljikely

Pihigh the subpgqent RPEHeD Pf the YE fopregdistedagediarpn inbypizfion from two
adfiokd ﬁ&lﬁcﬁl S hyoﬁ&efy &ssisPlh ﬁgﬁgg I%era&%)gc%@e prediction
error, a nunber of factors may be consi déred when

afipesitiang g mdie] ispecednit@ppieamasignpdtehes tthempreahert (fod example,

error (discussed with respect. to b] ock 53, supra).my

Bl 7t T ontbt REVRpaStiaEy uibtopaRLie g GIviTE) of the UE
bY@ nurfberBfebdMMpoliBEA R es. A EngTBYs BSeri BV RIBRN hRMeL fhe position
avoi d adjusting the update rate to too |low a | evel;

fpdate xaippis cadipgied ke pupvifle maapsewriel positierp predking ueith asreduced
¢ Col . ti v sl .
Rl S blfen 48 e 2, B RS ULtel et TR proronsing
aatjerglifet abl e way. [0074] In addition, the accuracy of
ﬁggmsasur_ement S rmﬁ be consi dered when adjusting the

1 Eigr fele 2 dipgramiHAgang § news nesitionapfdhebs, the maximum error
P ASHEGTTRAE R rELBMLE fn ?oéﬁli&m &hd 4hd Bufh SPHR VB iR "HRE different

to maintalin'the same maxfmum error. nversely a nore
exaonples heASgne amhodimeent assymeady Sreabgedds Isituationow which the UE

| ower update rate. [0075] At 56, a position fix is made .
Y B 2906¢ rEvdie i paid 2 e, 200 aPulive pplbrth el Part® er tme.
i Fiki @ ithgkehed fosiséo6Rde UE ik BRovdEat § 0B A0S cAiterof an@rror circle 62.
decision is made as to whether or not to repeat the

Bheeirde pSdelnes theprxiggim acceptable error in position.
[0079] The maximum error is determined in any suitable manner. For example, the

maximum error may be predetermined, it may depend upon location, it may be selected
by user input, it may be selected in another suitable manner, or combination of thereof.
In addition, Fig. 6 shows a “preferred error” in the form of a circle around the known
position. The preferred error may be established with consideration of user preferences
and target power consumption.

[0080] Three example paths are shown in Fig. 6, each representing one type of

movement. Each path is shown as a group of connected vectors emanating from the



the velocity prediction, wth nore recent position
informati on and the adjusted update rate. This
wale@b®pwB2 may be based upon any of a nunber of PEBUSIING010082
A sinple approach would be tojperiodically repeat the
velocity prediction after a specified | apse of tine or

aenter. Bachnvevtortiedicatbs 0 Slisidred tat ¥RSUE ARQLI S ofPROOBKR (tu). It may
s to.take into account the observed changes of

BB YA deady VAriationser! Bpvasteal Riswosiiblsl encbmnfavr@syt medkl can be
HeREGedifBeea¥R! Bifst Yo DY S&hgﬁésoﬂ? EI%Q'PC{GQIO?”A%’L%)T Pﬁ%%ges drfTlustration.

t he observed changes are signiftcan

V}ﬂ&lﬁ WSBPSP be (Séﬁ(zjrt frﬂnn thd exdnapleeof Ege&ttﬁg pRIBE ©f ﬂfeﬂ@[‘] ,areﬁkbhally in a
i,f the observe anges are not signifijcant, then the
Pt VY S i g Repstion, efbaesieh i eloss Peiajtign by fo be true,
FEPdxanpRe iRy BEGRay o NOMRRE S itEbRYio 'po%itioﬁ‘.n d8to

descri be a nore conpl ex systemin which“the subsequent

BWS21 Aba fisst nafle64)he Y Ewigaiigs bedy frapetiie epiotar kinvfvar paitionn as if the
400, .0 ; si.tion | ocation fixes n order to .
LR Y 0960 i o
posi 62, ot oy rfdebbis 7sEligeails (N3 ku)aWRsQypeT8E SAtl can define a city

tches the novenent (for exanple, wal king, jogging,
gﬁ‘é??%‘ﬁ’é’le , freeway driving, and stop-and-go city

e 6 R A L B e o
upttheeefortteavels agdicatsr alistinoe reovdedeturmsr @hixctype af @ath can define a

;tion tracking w a reduced nunber of position
| irguaﬁld%rtlgga?%f‘ﬁ]@géﬁgf}epeduci ng current requirenents and
[9084PAYE MEird phthedey thd UB. trdveR i8] anFipro@mbe1 sttt 3AT
illustrati ng?a kn6¥)vvn posirti onl. oafn t e0 UE, t}ﬁset%ﬁégilﬂnlg]rfawt a greater
oaty than ghesfirst en seaond pathef Ehisdpeeef pathican plefing Rdreeway driving

ﬁlﬁgelt he path of the UE in three different exanples.
The Fig. 6 enbodi nent assunes a "real world" situation
[0085hFigh7 tie difgramyofbd aiedmbtsilel avielibm Grohledt Btright HHowing the
l'i ne, an mal%l have a velocity that varies over tine.
BY§1ng OF ghe (AHomRIRn at 3s rie nolo fourhposifionss 76hddn 73t agd 74. A
JorieBpdriagh oSOt I | JoSiti L. :
O AR Kl A o golhibnt e R EXE #1502, ana
X30Y3) amthémeeekipsedrbesmeen these plesitiormnfixesd Til T2 undsIs) Bigl 2 is used
or exanple, the. maxi mum error be
A8 b R POTRO R g TisB Rt Bomarto BEHIROm, 4 ) twe of these
pelteatixds byd theefind difféfencd betiBdn WhReSRLSCHRGidn Fi8R Weehade.

[ag%é abl e manner, or_comnbination of thereof. In
ltip gemperigpn with Figvsd, Fig.pf & @ iwedinensiomal viewt dfembeament that

EvigeChRbe a4 Q)g E esition.. The preferred, .
I5e%r ror rmy %e éﬂmﬂ a Ilﬁgélﬁeé %Qm?%@gﬁ‘%?ﬁé’S?‘aﬁOXﬁﬁsw ﬁ?@vr“ m Fig. 1;
howeiver, exversa amo-diategeibngiowen ¢OREHPINidD Tron) G488 Ohrebhfi@@nsional
exanpl at hf’Uﬁr'f shtovvn dn Fi gD 6, each representin
rg?lvgrqupe?ggip aea . Therefore, it should be clear that Fig. 7 is provided for purposes
of illustration.

[0087] In the context of Figs. 6 and 7, the velocity prediction is not necessarily the
instantaneous velocity. Instead it is the velocity from a recent known position (shown in
the center in Fig. 6), since it is the distance from the recent known position that is
relevant to determining the update rate to stay within the maximum error. Determining
the velocity prediction from the center known position can be made in many different
ways. One straightforward method is to take the direct distance from the center, and

divide that distance by the time necessary to cross that distance. For example, in Fig. 7,



novenent. Each path is shown as a group of connected
vectors emanating fromthecenter. Each vector

WO pasosgeas t he di stance that the UE travel s i nPONES1006&€10082

unit (tu). It may be noted that many variations of
novenent are possible, and a novenent nodel can be

ﬁl%vfﬁlspﬁﬁdfoﬁﬁﬁ 8@1‘&&15 QEQ %?@saﬁﬁy(ﬁﬁtaﬁé%%ﬁe ?raﬁlspﬁlﬂi/fhgl%@ore define

for pur poses of [ustration. can
aeianctflrrmﬁmmeh@ml ésccerﬂlnebg the6qhstlah@ fyaltnhXO of Yﬂhe X3Eto Y3 can

BoSivipshty the st oh MenfueeRLc T Rtnt IR AT RaTE Rl mpadiction for the
bubsequen® FinfRXaRle As tah6thblEe XayplODIViERi B A6 I \teamnd%hbm the distance

previ ous position. [0082] At a first path 64, the UE
Hiogy, thys ceniety kiavgpesidon dattae ariwalvrogen taftsh twadime perieds. This

?ﬁtalnée ?zﬁf %é a9id84 bg@«g cpgvg theQleloti fo%?&éﬂt%rg ventual |y

arriv he nHX|nu error but only
Eﬂ(lSS] Fab@uis o/ ﬂBwthairEprﬁpdrstlc(nE t8 dffidientihupddty e pdsitivat & mobile

can define a cit (i Vi 0083] At a second
Weﬁeksesser@ﬁ@menﬁ/ @ﬂi)eweﬂgfe C’@‘ﬁéﬁ% Eite QhensEat SPREPRAUGT At 81, an

galf %cﬁie pad @oﬁ&eteﬁﬂgmthhﬁf sl & ééizﬂﬂﬁh&l ¢ eRtisr update rate is
di stance between turns I's type of path can define

detbuminedh in any swikable way, \fomgcamd@ it. mf b pedptermined it dnay be at the
ath 66, UE.travels in r 0X tely [

PRI e Plsatise G f gt R AR BT Pyl bsca by he

patibslar UL s type of path can define a freeway driving

nodel . [0085] Fig. 7 is a diagramof an autonobile in

HINBOb AL F§2orA MBKINYIB GITQHHI, PRFHER iy CetAklIshed This meimuge error is

ﬂfél:ﬂggcp hhdvedbitfrel &l d&%qf?‘?g %Lgnd%)gblt éﬁﬂ'gplg Y he7rﬁa)hlz1%m error may

A correspon ach of
bosprd:demmnmd ﬁb(@ayY@pebﬁﬂ upth ; loX¥&jonyadt nmydbé(@eledt@d ,byansdr input,

tlms sed. tvveenthesep Lti.on fixes T2, and
Sl i Haihar oty GOT DML R Gh 5B 08, 1 on

FU0DO1 Ak igaNa pRteriQl BN PABEEstiIRAedhs HREG ed Wath 3Eference to 63 in
these position fixes and the tine difference between

Wl t hese p03|t| on fixes were made. [0086] In

AT i ot efts prsitisndrort st Rismy PR 8o of the UE

iidwanehdiveRosy predliction i€ [estibsd @vndre dbtafl - wilk reference to Figs. 6
however, even a two-di nensional viewis sinplified

ey InHE 2 hrfepilstition BiReserhe MERY shevnineluge making a series of at
;Téaaftafeogo%tlohtﬁxgb Qﬂh Sate L-Gar, nfi*eg% tnlg%thé ditare Rnd S%fter to the

or purposes ration. he cont ext
Eadpeint ®f dlmedlafest pdsmcmeﬁx) Resyorpivedd ¢he elapsed timot and the distance from

ecessarily the instan velqcity. Instead it is
HRGS0Er Ga Y P PAS O LA HE8R | on (shown i n
[00O2F BN éMibddishentd) an a%bé‘l@ﬁtlbﬁ pke?ilétfdﬁ Iﬂé}sﬁ@ﬁﬁ&e ol @tion to the
the recent known g03| tion that is
velocity. For example, the acceleration prediction may be calculated responsive to
changes in velocity over a series of measurements, such as an average over the last four
measurements. A greater weight may be given to the most recent changes in velocity.
[0093] At 85, the path is examined to select an appropriate model for movement of the
UE. For example if the path resembles the first path 64, then the model of city driving is’
selected, if the path resembles the second path 65, then the model of suburban driving
selected, and if the path resembles the third path 66, then the model of freeway driving

is selected.



rel evant to determning the update rate to stay within
the maxi mumerror. Determ ning the velocity prediction

wo paavdss2 cent er known position can be nmade i nP@ENF2006/010082
di fferent ways. One straightfgrward nethod is to take
the direct distance fromthe Center, and divide that

héia by, .t ' n ! t i ;
(BOS4TRE B the! itald e BEGRRSANMn Beh® To WP belflib) Bifction, the
sarteetednhmodd nanddihs tramdmufor @mortihoyitiari Adjuating tHearpehierrete includes
define a direct line fromthe center. Accordi ngl. t he .
AR B8 WO BVES BOVSe PG T BT PUAE iy Momximmum

d® iaYBsRiont RQjUstiiR thelhipdalraad dsd IndlfdedGhe@asi®) 8l dpdate rate as

prediction for”the subsequent time period. As another
appaomplats td ptayivethis agprodeseroringtbrange eom [ee miasinaie allpwable error.

AR B PIE G bR B U B R A fne e

A Ve inBgsuvahatd ty féllowmtise fdses . rafeOSB&ankt @f pdsiti®nan order to
flomchart of operations to effjcient]ly update the
provideithmsane msbimun gop| cwerselys 2y siopise nelogitiythe ypfaterate can

EeeféﬁﬁéelraQO LB el o RSO pRARSH d Qhe Bxifhim &or.

initral update rate rmni g position is
993bThe peedictethvelo¢ityi by be upethtizeatlyt Onk sxdmplerigitosanplp assume

ny sujtable way, for .ex le it b redet ermi ned,,.
e iy Uoval RY meskpriipel i eyl vBPSRY ey me st the
iRlatd Ritd LcbindIPSHow LM mURORSev iR appeshchYs tdWRljust the update
particular UE. 10089] At 82, a maximumerror in

yotssior somee fractiont oftthe spledity Thpulepriocpapgrntcior the papsibility that the UE
[ ence I, G; r :
o] SRE AEPHEAE, d BEIERESbg o iRsed, Alindhe dftine UE wil
tmyel depdos thegeeditted atlooity, in ordeayo ks ¢ iotedikebythasthe maximum
i nput,  sel ect ed@%fg any suitable manner, or any
S

SERFOY N B c¥gee e. [0090] At 83, a preferred error

n U1 0090] : 2
@yglogl_ 9%419% 18 *11]39 el SEas@sh Whd hhd HRIERRCHR, @3number of

At 84) “making a velocity prediction _
factom map be vomniddrgd whewadjpsigigtthe npddte tdte HIEckanplhahe acceleration

i BE Bl Bl ol B SRS L b RSBl Furthermore,
flbdust i@, APIRRSEE, miyBe ShFRMmelRAUS al/id ddfiRtinB ieNgpdate rate
a series of at |east tvvocﬁosul on fixes at the update

toatlew. Zhel fleas, jofaminingpra Hepdatesiate@ay be ghtablished in agy s@ble way to
R A e

el aps r,
sieh as at ytrpifiedight,iop moving lelativBlyisbowdgl cul at ed. [0092] In

di ments, an .acce]eration, predictiion b -
T RS &l Reiony BY i @gle; Bt iRl et Wby efficiently
AEESh LERELPRoRA G RUIEN My be cal cul ated responsive

to changes in velocity over a series of neasurenents,
F0088] As 88.a decisicgie nmde as thwhéthet orfrt to repeat the velocity prediction or

to reselect the model, using more recent position information and the adjusted update
rate. This decision may be based upon any of a number of factors and methodologies. A
simple approach is periodical. For example, the velocity prediction may periodically
repeat after a specified lapse of time or a certain number of position fixes. Another
approach is to take into account the observed changes of velocity over a number of
previous position fixes, and repeat the velocity prediction accordingly. For example, if

the observed changes are significant, then the velocity prediction should be repeated



measurenents. A greater weight nay be given to the

nost recent changes in velocity. [0093] At 85, the
w@aiok/0ps3EeXxam ned to sel ect an appropri ate nmodedT/82006/010082
novenment of the UE. For exanple if the path resenbl es

the first path 64, then the del of city driving is

LSt BB RTS8 AR PO Ry i

inhebpespbated kashtqsentlpe third path 66, then the nodel

of freeway driving is, selected.[0094] At 86, the .

99a% %lgf-ﬁ and 40z’ grphy theh showg ﬁ&'ﬁg o o o W) 1B oyhigh the update
G i iyt RS IntaGha M

ggeegagsﬁ [ %%téd,&gﬁsggésfﬁt%ﬁ Rggﬁ%goé?cgogg%@e f ncl udes : Hm et

areld vsfung) ptotvesr uphatepticrt. elnt big: éuz eplpiotiee Vorkamptai graph of the

wi t hout .exceedi ng t.he maxi num error. in. Posd tian .
skepRE{ndEC e Pt WPy SRLbRelsy b &) ion GiradEfeg yelqgity. for a
HRgatuen ERbEoRE) AP Pl 10bldtQinst1@® shbwbaréph of the seconds/update
predeterm ned range from the maxi mrum al | owabl e error.
wor fuagiiamprferedieted Valoghbfonamaginum expeci i@t e rate may

- e 0
R
gapiprioes deowinén Fgee Onand ddininethediollo@orpyEatdelly theathiad and fourth
sl.ower vel ocit t he, update rate can be reduced t
CRUNEER oD O o SRTI pRGT g e et Snt e Ehfiear tha
ik uplate kRO bl BRaiRE® Q_hﬁglﬁﬂ)rwﬁfdl’ffrbm tABRWahR B9S8€ng the inverse.
directly. One exanple is to sinply assune that the UE
will travel approximately at the predicted velocity,

and trhen ﬁdj :JStt%‘&lé’@%%d%te%%ﬁ&tﬁ%ﬁ%& 'ggl %/h Howgv;er,
" anBegd, oo asiinc Eaveln O U SecondSnBh Tt | 1 SBA Bpdate

e S -
ra SO et 0 n ordef toO
ac&BE; for thé—sﬁ%géi bility _ my s CITO0L
For exanple, the update rate —adj ust ed,

thatlthe UE willl4favel at twi ce%¥e predicted 67.16
velqggity, in ordgr.sto make it no likely that th
naxﬁﬁun1error mﬁ$P7not be exceed%gé [0096] In addlg?on
to tihe vel ocityl1priédi cti on and t2&4maxi num error, 64l
number of factor y be consider when adj ustin he
updé e rate. Foﬂ§éggnple, t he ac&gﬁeration predic?ﬁén
or yhe preferredogrror may be usefhul to adjust thgjy
update rate. Furthernore, a floor, or m ninum update
rat d8may be i npRédented to avoi dl@dj usting the upddbe
rate,too low. T | oor, or mni update rate

be 2§tab|ished ?ﬁjgny sui tabl e mg%qlo avoi d adjus??%g
theogpdate rate4i1@g | ow, for exaopbe, if the UE i340
tenporarily stopped, such as at a traffic light, or
noviAg reIativeH$AQlomAy. [0097] 088 87, a positiogoﬁix

i t PRt ently uti F10ing energy stogeq in the U 77
43 63.07 0.52 1.56
48 70.40 0.47 1.40
53 71.73 0.42 1.27
58 85.07 0.39 1.16
63 92.40 0.36 1.07
68 99.73 0.33 0.99
73 107.07 0.31 0.92

78 114.40 0.29 0.86



[0098] At 88, a decision is nmade as to whether or not
to repeat the velocity prediction or to reselect the

wWoR@el099685i Ng nmore recent position informti onPenUdS100€010082

adj usted update rate. This deggsion may be based upon

any of a nunber of factors and net hodol ogi es. A sinple
approach is periodical. For exanple, the velocity
Frediction may periodically repeat after a specified

MO oAstcapbe spemn thevelogity indntssselpfelgppod id thertirié hetween updates.

r N . take into accqunt the observed
éﬂg%%%gnggaég?%§?¢€n%§%%”3&ﬁjﬁ@8?l6?8ﬁﬁ%vious posi tion
{00462] &ixd 11 dpeatexanplevel afjidtinenhe dbeitt @it JAGRIVEN e a 30 m
For,exang]e, i f the observed changes are significant, =~
PREHOYR ETORRAN X pmple dn Eig- dh. e pradictekvelegibas alntisd @s a solid line

, i h . . .
R o R i RS Kt RofB R f Bobhened T 112 Gn units of
pespudy/emlatepsThe deguent calculpO@BOfor Rhiysexadnie drel Sh@wre in the table

r.aphs that show exanples of one way in which the
Helaly Tor pddtouBeiroine PaufoR losatiom dierunation hopRdn coltimn 1. Note that
MeadhihReh Mehb& dfsetchdd®eP ipddie fat YR H%H% Rr'ePht ®A9econds in this
reduce power consunption. In Fig. 9, a plot line 91
SHElea graph of the seconds/update (the period

bet ween updates) as a function of predicted velocity,
for a maximumerror of 10 m i Fig. 10 a plot line 101
shows Jabje &pBExafiplehé adativalysidiudas eheampdatefrigct i on of
prBaiittdred vel §péddymphor a Digssheaimaldddn OfSedhd¥iper

[ 08106dr The fol | owi ng Tabl e 113@&§ﬁ¥orth theg,data and
infonrmation used go create the gpgph |ines S in
Figs. 9 and 10. In the following Table 1, the third
and Bourth col umi8 show t he updétd as "secon6l§2updat e"
(i.eq, the periog . It should %5 | ear that %E updat e
rate can be obtained straightf rdly fromthrs val ue
by tdking the ind4erse. Table 1:58@pdate adjustgegnt
exangle D stance travel ed in Seconds/ update
Seconds/ update 1%€ec (ft) (10m8& error) (3bASmax
errog) (91, Fi .8) (101, Fie. i%ﬁ 1 1.47 22 3@ 67. 16
10 14.67 2.24 6.72 11 16.13 2.6 76.11 12 17.% 1.87
5.60713 19.07 1.20 5.17 18 26.20.33. 24 3.73 28383.73

0.97g2.92 30 44.00 224
0 40 58.67 1.68
10 50 7333 1.34
11 60 88.00 112
12 60 88.00 1.12
13 40 58.67 1.68
14 20 2933 3.36
15 0 0.00 10.00
16 0 0.00 10.00
17 10 14.67 6.72
18 20 2033 336
19 30 44.00 224

20 30 44.00 2.24



28 41.07 0.80 2.40 33 48.40 0.68 2.04 38 55.73 0.59
1.77 43 63.07 0.52 1.56 48 70.40 0.47 1.40 53 77.73

W@ 2008/09962% 58 85.07 0.39 1.16 63 92.40 0. 36 1.PB7T1/682006/010082
99.73 0.33 0.99 73 107.07 O.%é 0.92 78 114.40 0.29
0. 86[ 00101] As can be seen e velocity is inversely

bet en S i-ah

[{))@i ﬁ C?Fehgpef%%g& IL eqelrjl:qfogzs th%l‘rﬂ)gfa e %&é&ﬁt& &i& %ted to adapt to the
ré&33t6@ yelbiigy oﬂﬂhelm an exanpl e of adj usting the updat e
rat e adaptively, usi a 30 m nmaxi mum err.or  as .
(BOLHA I dt il bp.a@premtedt thopeAKILELEN 16 Bbi1T i6VE opFsse tegchings,
15 Bl bbbl ool b it D0yl from the spiitor
so{)pesef: tredisvepthat &his ilventitat & tarik Gmited|oaty b*nshef followhng claims,

nm re sh mn n.the table helo fo each . . .
Qi Suddo i SUeH Pobouineats i erlisivas MeT Sfge jmconjunction
Wit tHeNbdve Heb@ichtidt arldNRcHBYATTINE MEwhRE. of seconds per
update (at 'zero nph) is set at ten seconds in this

exanpl e. Table 2: Exanple of adaptively adjusting the
update rate Position SpeedCnph) Distance traveled in
Seconds per nunber 1 sec Cft) update 1 0 0.00 10.00 2

10 14.67 6.72 3 20 29.33 3.36 4 40 58.67 1.68 5 40

58.67 1.68 6 10 14.67 6.72 7 20 29.33 3.36 8 30 44.00

2.24



9 40 58.67 1.68 10 50 73.33 1.34 11 60 88.00 1.12 12
60 88.00 1.12 13 40 58.67 1.68 14 20 29.33 3.36 15 0
wWO206/0493D0 16 0 0.00 10.00 17 10 14.67 6.72 1BCR0S2006/010082

29.33 3.36 19 30 44.00 2.24 30 44.00 2.24[00103]
Therefore it can be seen howthe update rate can be
%ﬁged to adapt to the predicted velocity of the UE.

It will be appreciated by those skilled in the
Bart, Amnath@i/\foofafftdlmrﬂg updaiirty the pesitiomof mbbids watlesseuser equipment

@ﬂ‘BOdI é@g I emented wit hout deviating from
1Q B ?ﬂ@rra ﬁgerg CORIMPHOB TS hi s i nvention
i's toeg%hkl‘u Bk bf Ap@itk Yatd¥orldBR b AlihO¥ésiebnt | @i ms, whi ch

i nclu such enbodi nents and nDdlflcatlons when

vi ewestlacting emaxtrotingmronint positia; above speci fication and

o 11 chahipeg Yt phgTn Rt VEBREE: | o wir el ess

user @@kinpARBies(dffal 1dast tivedosiioh ikes afsaidipdaat@y
consunption, conpri si eg est abl i shi ng an update rate
e

for destiamingiheipaasehedreensbleast Mo aidesiiomiBesor i n
posi t%ﬁQéhmHR 'tﬁ@uﬁe\ﬁﬁ%}&{&%e&e@g'tﬁﬁf v pdsRlonSBied: UE,

inclu a series o east” two position .
f i xeSreaporsanedo squdaﬂnm differenceatd st ¢stignatddalisthteacalenlating said

tvveen @ qtﬁg of said position fixes;
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said estimated stance, cal cul ating said velocity

Todecing said npditc s tp HQEUCC&I!]W% EORYIPHPE Withaut ‘@‘CP%QI%% said
ﬁl%?%ﬁﬁlﬁ'e%grﬁﬁvo% %I ocity prediction, including

ucrn ate rate to reduce power consunption
Wi t hombkmg @@eﬂem aitidn fixes at said adjusted update rate, thereby efficiently

utilizing energy stored in said UE.

2. The method of claim 1 further comprising periodically repeating said velocity

prediction and periodically adjusting said update rate responsive thereto.

3. The method of claim 1 further comprising making an acceleration prediction, and

adjusting said update rate responsive to said acceleration prediction.

4. The method of claim 1 further comprising establishing a minimum update rate, and

adjusting said update rate so that it remains above or equal to said minimum update rate.

5. The method of claim 1 further comprising determining a model for user movement
responsive to said series of position fixes, and further adjusting said update rate

responsive to said movement model and said velocity prediction.

6. The method of claim 5 wherein said movement model comprises one of stationary,

walking, jogging, city driving, and freeway driving.



maxi mumerror in position; and making a series of
position fixes at said adjusted update rate, thereby
webdocopeat |y utilizing energy stored in said UBCT/RS2006r@10082
met hod of claim11 further coggrising peri odical ly
repeating said velocity prediction and periodically
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nkpdate positien ebror, Bnd deetthindngdaid nakimulm positiereerror responsive
conprising determ ning a nodel for user novenent
theteiBonsi ve to said series of position fixes, and
further adjusting said update rate responsive to said
nmovement nodel and said velocity prediction. 6. The _
9ret hodimethod! far effisiente ppdatingdheipeificenalnobitsduireless user equipment

ri ses one of stat,o ) [ ' ' et .
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dver tier cop@iiRirgsi ng establishing a preferred error, and
adj usting said update rate re nsive to said

pr ef SRERE & VeloFithIgdict P TSR] 18eding: 8 The net hod
of Cl@hilhda b bEof BRRE b BrfiiniceCel ving user [nput
regardi ng” sal d “maxi mum position error, and determ ning
sai d mskingruseqood pbsiton fikraba secospdinesi ve thereto. 9. A

met hod, for. efficiently.updating. P t4.0n. ile
w  oralsefiiegene it ek pAOCE) U CRGRERURR fth R0
CONS UiRidafig MaithReSdibthhcebedVédhi salil fscatidakeorpigmisitionrfixes;
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vel ocinaking thisd posisoTOfi responsiie to spigeinredslanto updpigdhs pryition of
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energy stored in said UE.

10.  The method of claim 9 wherein said step of making a velocity prediction
comprises sequentially making a plurality of position fixes, and responsive to said
plurality of position fixes and the time said position fixes were taken, calculating a

velocity prediction.

11. The method of claim 9 wherein said step of making a velocity prediction comprises

averaging at least three previous position fixes.



predi ction; and making a third position fix responsive

to said tinme delay to update the position of said UE
w@rooa/ 09482 d ti me subsequent to said second ti MECT/US2006/010082

thereby efficiently utiIizingzenergy stored in said

UE. 10. The nmethod of claim 9 wherein said step of

P ool aieh 0y B R AR e SRAMER Riicclay
Hetweraisdbgeljuem pbsisiomfixgnand adjinstirigths timedletaysothatit remiaths above
position fixes were taken, calculating a velocity

o5 eaen] 69 paid MIAIMUITHICHAod of claim 9 wherein said

step of making a velocity prediction conprises

averaging at |east three previous position fixes.12.
[Bh&heratetind of tlaih & furtberf apmphisingudetqymiyng § MAX{TAWN; PORItQY error,

a mnimmtine.del bet ween_subse t_pQsiti .
DUl U8 G DRV BRSHER RPN [ poneive o
SBRIDRI I B 3hid v Sy Brétidt dikidiskitipreliteasnineti3PI hecuracy.
method of claim9 further conprising determning a

maxi mum position error, providing a predeterm ned GPS
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Aatithupt pabiticererionechd @R raining saig makdnurfitpesitien kudr whponsive
claim 13 further conprising receiving user input
tp%tﬁtcﬂ' di ng said maxi num position error, and determ ning
sai d maxi mum position error responsive thereto. 15.

The method of claim9 further conprising selecting a
Wser Hvmetbad ofigdisn O fetlhes somprsing selgetingsctssemoyemeninodel

N

19649y i ses one of stationary, wal king, jogging, city
driving, and freeway driving. 17. A systemfor
efficiently updating the position of nobile wrel ess

Her BuhLbmEAL fim) 15 WHeRIY S bhitRlel @infpridbs 6L ationary,

consunption, conprising: neans for establishing an
waliatzejopging, ¢itrdrdeng and fieegapdsying.on; neans for
selecting a maxi mumerror in position; neans for
maki ng a velocity prediction for said UE, including:

I‘T_?anSAfs?é’teIHﬁKﬂ dfcRnEe ip@sing thedpositRAIL niobile pdsdléss @Ser equipment
fixes at said update rate; neans for_ estinmating the

ATBtta redich roveie vl gReTEE SQSUIBHOBI COTITENSosi ti on fi xes;
means for establishing an update rate for determining position;
means for selecting a maximum error in position;
means for making a velocity prediction for said UE, including:
means for making a series of at least two position fixes at said update rate;
means for estimating the distance between at least two of said position fixes;
means for determining the time difference between the two position fixes;
means, responsive to said time difference and said estimated distance, for
calculating said velocity prediction of said UE;
means for adjusting said update rate responsive to said velocity prediction,
including reducing said update rate to reduce power consumption without exceeding
said maximum error in position; and
means for making a series of position fixes at said adjusted update rate, thereby

efficiently utilizing energy stored in said UE.



means for determning the tine difference between the

two position fixes; neans, responsive to said tine
waledobmywsre and said estinmated di stance, for PCT/US2006/010082

cal culating said velocity predigction of said UE neans

for adjusting said update rate responsive to said

vel ocity prediction, including reducing said update

rate to reduce power consunption w thout exceeding

48 Bherrystierneh ckaimol’ furthprornimprising merns ferapesiotiisallyredpeatingsaid
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theret8. The system of claim 17 furt her conpri si ng means
for periodically repeating said velocity prediction
and nmeans for periodically adjusting said update rate
19SARNSA SRENR! 0 fulfer c mgprfsﬁgtrﬁ R o ShAkiflh e alddidrifhn
conpri Si ng neans an accel eration
preédatlom avd, meamd ftrmalnsuhg said dipdat raigrespombivegdabid acedleration
re§f§n3|ve to said acceleration prediction. 20. The

ffof claim 17 further means for conpri si ng
establishing a mni mumupdate rate, and neans for
adj usting said update rate so that it renmi ns above or
%Q;LH}e swe@aqf&lmmrwrfuﬁh@rpwné forgomprizing embhsly@g @ mininum

(\%ér?éaﬁ aﬁ%é&?ﬁ%fo‘fg ser é%ﬂl raeeSngﬂag & amsrb%méﬁ or equal to

sad imesinofm ppdte fam f i xes, and neans for adj usting said
update rate responsive to said novenent nodel and said
vel ocity prediction. 22. The system of claim 21
phemishstedl of crayaneiihdRds! rﬁ&@ﬁﬁéa%@?or%?enﬂfnm a movement
stationary, walking, jogging, City driving, an
medehiayuser mAvAgentIBspoTbize &y sai@snrish of pesitionlifxdsuatdmeans for
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predicaon.ed error and said maxi mumerror. 24. The system

of claim 17 further conprising nmeans for receiving

user input regarding said maxi mum position error, and

%’? tél?lg TR Dr S Bl 2TEA TN RAThIVeRnERbL HRHRALSINES S stationary,
walking, Jogging, city driving, and freeway driving.

23. The system of claim 17 further comprising means for establishing a preferred error,
and adjusting said update rate responsive to said preferred error and said maximum

€ITor.

24. The system of claim 17 further comprising means for receiving user input regarding
said maximum position error, and determining said maximum position error responsive

thereto.



