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[0001] This invention relates to the fields of

position determ nati on and GPS geo- | ocation systens,

and, nore specifically, to procedures for searching

for position determ nation signals using search nodes
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position from this information.

[0004] The subscriber station 100 searches for a transmission from a particular
satellite by correlating the PN code for the satellite with a received signal. The received
signal is typically is a composite of transmissions from one or more satellites visible to
the station’s receiver in the presence of noise. The correlation is performed over a range
of code phase hypotheses known as the code phase search window Wcp, and over a range
of Doppler frequency hypotheses known as the Doppler search window Wpgpp. The code
phase hypotheses are typically represented as a range of PN code shifts, and the Doppler

frequency hypotheses are typically represented as Doppler frequency bins.



2 [0005] Each correlation is performed over an
integration tinme | which my be expressed as the
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integration tine, and Mis nunber of coherent
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exhibite PS position determination signals, it is difficult to perform the search for
position determination signals in the allotted time and still achieve an accurate position
fix. If the search is performed within the prescribed time period, the resulting position fix
is often inaccurate. If the search fix is performed accurately, the allotted time if often

exceeded.



3 SUMVARY OF THE | NVENTI ON [ 0009] A nethod is
descri bed of searching for position determnation
wGer@natssusing a plurality of progressively nmeeEUS2003/033660
sensitive search nodes. In a first enbodi nent, the
plurality of search nodes conprises, in order of
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this embodiment, the method begins by performing a first level search as part of a

position fix attempt.

[0013] Then, one or more measurements are derived from the ensuing search
results. It is determined whether the measurements satisfy one or more selected
measurement sufficiency criteria.

[0014] If the measurements satisfy the one or more selected measurement
sufficiency criteria, additional searching within the position fix attempt is avoided.

[0015] If the measurements do not satisfy the one or more selected measurement

sufficiency criteria, a higher level search beyond the first level is performed. In this



sufficiency criteria, a higher |level search beyond the

first level is perforned. In this WO 2004/ 038451
WEDANSAO03/ 033660 4 enbodi ment, the higher |RYBUS2003/033660

search is either a second level or a third | evel

search based on one or nore prescribed selection

criteria. [0016] Menories tangibly enbodying the

foregoing net hods are al so described. Simlarly,
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[0018] Figure 1 is a diagramof a GPS geo-location

system [0019] Figure is a flowmhart of an
enbodi ment of mmﬁmwaamwmﬂnmwmsﬁu on of
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sensitive searches conprising, in order of increasing

imenton bf/seaychirngefoe position deteralindtion| ségnals Wingamplutadifyedf Fogressively
sear ch. nodes. kFﬁZZ] Figures 5 is a flowchart of the
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In the inplementation exanple _of Figure 4. [0025
[#0ddre shigradiyd wal?aﬂ San RO Samplet %m%thgd according
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0, level 1, level 2, and level 3 search modes.

[0022] Figures 5 is a flowchart of the level 0 search in the implementation example
of Figure 4.
[0023] Figure 6 is a flowchart of the level 1 search in the implementation example
of Figure 4.
[0024] Figure 7 is a flowchart of the level 2 search in the implementation example
of Figure 4.
[0025] Figure 8 is a flowchart of the level 3 search in the implementation example
of Figure 4.
[0026] Figure 9 is a flowchart of the measurement sufficiency criteria employed in

the level 1 search of Figure 6.
[0027] Figure 10 is a flowchart of the level 2/level 3 selection criteria employed in

the implementation example of Figure 4.



[0027] Figure 10 is a flowhart of the level 2/level 3
selection criteria enployed in the inplenentation
wez@apssasof Figure 4. WO 2004/ 038451 PCT/ US2008¢D8SH68£033660

5 [0028] Figure 11 is a table identifying the
paranmeters governing the level 0, level 1, Ilevel 2,
and | evel 3 search nodes in the inplenmentation exanple
of Figure 4. [0029] Figures 12A-12B illustrate a
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stated val ue. [0033 r ] erein, the
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[0034] Furthermore, the term “memory” refers to any processor-readable medium,
including but not limited to RAM, ROM, EPROM, PROM, EEPROM, disk, floppy disk,
hard disk, CD-ROM, DVD, or the like, or any combination of two or more of the
foregoing, on which may be stored a series of software instructions executable by a
processor.

[0035] The terms “processor” or “CPU” refer to any device capable of executing a
series of instructions and includes, without limitation, a general- or special-purpose
microprocessor, finite state machine, controller, computer, digital signal processor (DSP),

or the like.



m croprocessor, finite state nmachine, controller
conputer, digital signal processor (DSP), or the
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term "space vehicle" and the abbreviation "SV' both
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of time and coarse know edge of its own position.

(Aronmdinating whishriNs ame llhet}etoshcbﬂ&rbiebwrths station.n Thesed$ ¢4 form a set
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GBS NS atich 43RAL1 L LG e&&nﬁﬁafh%QuMCﬁ@%tﬁ%’n% BE&e3s to a recent
deflnlng t he 't wo-'di nensi onal ~ domai n of code phase and
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@Oﬁ&s%%g ot F et MR Yhig gl NS 2Ecp, 2 code
hase w ndow center, J% a Doppl er search
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nter, WN_SI ZEDOp In the case V\/neretf} tity
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RUQSFhEP§6r #ea§ V0N 5‘neaﬂn151§m§19[g(tlon, illustrated in Figure 12A, the search

window parameters for an SV comprise a code phase search window size, WIN_SIZEcp, a
code phase window center, WIN_CENTcp, a Doppler search window size,
WIN_SIZEpopp, and a Doppler window center, WIN_SIZEpopp. In the case where the
entity whose position is sought to be determined is a subscriber station in an IS-801
compliant wireless communication system, these parameters are indicated by acquisition
assistance provided to the subscriber station by the PDE.

[0040] The method begins with step 202, which comprises determining whether any

of the search window parameters exceed prescribed limits. In one embodiment, step 202
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paraneters are indicated by acquisition assistance
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The net hod begins with step 202, which conprises
determ ni ng whether any of the search w ndow
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From step 208, the nethod proceeds to Step

istegatiad ﬁmermaktmemdmttﬂ;hls search exceeds that of the level 0 search
[0044] From step 208, the method proceeds to step 210. In step 210, measurements
are derived from the ensuing search results. In one example, the measurements comprise
a signal to noise ratio (SNR) and code phase (time) for each of the discernable peaks. In
one implementation example, the SNR which is derived is the peak carrier signal to noise
ratio (C/Np).
[0045] From step 210, the method proceeds to inquiry step 212. In step 212, it is

determined whether the measurements resulting from the level 1 search satisfy one or



are derived fromthe ensuing search results. In one
exanpl e, the neasurenents conprise a signal to noise
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the stronger threshold T2 [00501 In a second exanple,
-sqanghid Kgo satis§y e somgec threshbldsha. t he measurenents for
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DS o e o Sho T EIE § POIGERD, e Ui g Besiements for
tRES Wk ¢ 11l GOR! HoP R 58hdsB ISR 5%&@ is fottiedesh e a?élﬁte azimuth
oriented in a coordinate system The endpoints o? the
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this implementation, the second search is avoided if the area A of the polygon equals or
exceeds a threshold Ar.

[0051] Figure 3 illustrates an example of a polygon defined by the five vectors
300a, 300b, 300c, 300d, and 300e. Each of these vectors represents or corresponds to a
measurement. More specifically, the angle between the vector and the vertical axis is the
azimuth angle for the SV, and the magnitude of the vector is the peak carrier signal to
noise ratio (C/Np). The endpoints of the vectors are identified with numerals 302a, 302b,

302c, 302d, and 302e. The polygon which is defined by these endpoints is identified with



exceeds a threshold AT. [0051] Figure 3 illustrates an

exanpl e of a polygon defined by the five vectors
w@0@a/03880b, 300c, 300d, and 300e. Each of t heBE&T/US2003/033660

vectors represents or corresponds to a neasurenent.

More specifically, the angle between the vector and

the vertical axis is the aziruth angle for the SV,

and the magnitude of the vector is the peak carrier
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Thoug exampleihe naampsre gwﬁﬂ’émg&ﬁm bpse @B&éﬂﬁ ﬁh@tréfgé fin Figure 11.
A cddes §eéﬁoﬂ?§u§ éxdr{)ﬂlé'sﬁuﬁ %t@fjm't rfil AU Be :l:lilhzeda‘ﬁm £38e B8s 20 ms,
seen, in thi's exanple I ntegration t
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.C Berent i nt.egr t| on; the total integration tine
it 30) 15 cePTEiSting gb fqur 24 ms s rent piiegraliqng qrogreopeyigptly gompined; the
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successively increases. In the example illustrated, the sensitivity of mode 0 is 31.0 dB-
Hz; the sensitivity of mode 1 is 26.4 dB-Hz; the sensitivity of mode 2 is 19.2 dB-Hz; and
the sensitivity of mode 3 is 15.45 dB-Hz.

[0057] The method begins with step 402. In this step, the subscriber station obtains
acquisition assistance from a PDE for each of the SVs in the set Nyor. This acquisition
assistance indicates for each such SV a code phase window size, a code phase window
center, a2 Doppler frequency window size, and a Doppler frequency window center. Note

that sensitivity assistance, although available, is not requested at this time because of the



sensitivity is proportional to total integration tine,
the sensitivity of the nbdes al so successively
WO pene3Eses. I n the exanple illustrated, the sePGI/UB2003/§33660
of node O is 31.0 dB- Hz; the sensitivity of node 1 is
26.4 dB-Hz; the sensitivity of node 2 is 19.2 dB-Hz;
and the sensitivity of node gis 15.45 dB-Hz. [0057]
The nethod begins with step 402. In this step, the
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[OIIGO[I eI at of step hl@ﬂefo{cﬁle dffthé rE‘;'V:‘s 1B 0RE isSUKAL] e oBE pBAR windows
whose code phase wi ndows exceed 200 chips are
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however at t hi I di
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performng a level 0 search in relation to each
s@\te the code phase associated with the maximum peak for the SV. The code phase
window size for the SV is also reduced such that the SV can be detected again using a
single segment search. The assistance data from any SV that is not detected in the level 0
search is deleted such that these SVs are not searched at subsequent search levels.
[0062] From step 406, the method proceeds to step 408. In step 408, the method

performs a level 1 search in relation to all the SVs in the set Nyor. In this step, selected

measurement sufficiency criteria are also applied to measurements derived from the
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therdort at Alegndtivelys tthd ysbsefibéheation determines its own position from these
measurements. If not set, indicating lack of satisfaction of the selected measurement
sufficiency criteria, the method jumps to step 412.

[0066] In step 412, the method applies predetermined selection criteria to determine
whether a level 2 or a level 3 search should be performed. These selection criteria will be
explained later in relation to Figure 10. If level 2 is selected, the method proceeds with

step 414. If level 3 is selected, the method jumps to step 416.



application of the selected nmeasurenent sufficiency
criteria in step 408 is checked. If set, indicating

W@ 20049886t | on of the sel ected neasurenent suffPCT/E82993/033660
criteria, the nethod proceeds to step 420. In step
420, the measurements resulting fromthe |evel 1
search are reported to the PPE, which determnes the
position of the subscriber station based thereon.
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the predetermined threshold is 200 chips, but it should be appreciated that this threshold is

highly implementation dependent, and that other values are possible depending on the
implementation.

[0072] In task 504, one of these SVs is selected, and in task 506, the code phase
window for the selected SV is enlarged if necessary so that the code phase search space
for the SV comprises an integral number of slices. For purposes of this disclosure, a slice
is the code phase space which can be searched through a single pass through the

correlator. In one example, where the correlator comprises 8 parallel channels, each



response, the PDE determ nes the position of the
subscri ber station. Alternatively, the subscriber
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[0076] The range of code phases characterizing a segment is advantageously equal
to the capacity of a channel of the correlator. That way, the segment can be searched
through a single channel pass. In one example where the channel capacity is 32 chips, the
range of code phases characterizing a segment is likewise 32 chips, but it should be
appreciated that other examples are possible.

[0077] The segments advantageously overlap by a prescribed number of chips in
order to avoid missing peaks that appear at segment boundaries. Figure 12B illustrates

the overlapping which is typically employed. As illustrated, the tail end of segment 1202a



1202c, each of which is characterized by a range of
Doppl er frequencies and a range of code phases. In
wop@4e3sapl e, illustrated in the table of Fi gup€r/142003/033660

the range of frequencies associated with a segnent is

250 Hz for the level 0, 1, and 2 search nodes, and is

62.5 Hz for the level 3 searcfynode, and the range of

code phases associated with a segnent is 32 chips. In
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o oA e e Soib S a0l B ghvidhe b by il Fhich are
quessl ih padpatdidn HAIROL] CRRAKL LY. | n the case where the
overlap i's 4 chips, for exanple, the effective range

[007% ode [ntasked 2y therlevad it smirdhyis pedfognehby ndjugdngthiepsgment code
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of B RGEANE RS SRPIHRHNNLE MveP0 b&YE] is PeFERAE) andfidn bR essing the
segments are queued. Then, task 510 1s perforned. "In

segséntS fiFpught the sodelatrm Agin, ih @hf exaraply, whiete ttho oartel 8 comprises

are esent i.n the set NTOT whos earch w do .
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and 510, jt can be seen that the search space for each
apgeislyo B REE TR CHIET HISH -k Bl TR csensitiviy. T one

eﬁﬁrﬁgﬁg HeMnfthiodr 5 abies! Br e/ leded0 léQar&fFEQm?ﬁ TEQLS; f]orth in the
whi ch are ueued I n preparation for a leve sear ch.

table of Figure 11, a single coherent integration of 20 ms. Accordingly, the level 0 search
will typically only detect the strongest signals.

[0080] Task 514 follows 512. In task 514, the code phase and Doppler frequency
bin associated with the strongest peak associated with each SV which is searched is
retained. Task 516 loops back to task 512 until all the queued segments have been
searched. Advantageously, all the segments are searched within a fraction of a single

GPS frequency tune time, but it should be appreciated that it is possible that multiple GPS

frequency tune times may be required to search through all the segments.



[0079] In task 512, the level O search is perfornmed by

adj usting the segnent code phase and Doppl er w ndow
w@a0oanss4er s to account for the tinme el apsed ber@EES0DIE33660

time of the assistance data and the tinme the level 0

search is performed, and then processing the segnents

through the correlator. Againjzin one exanple, where
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possible that miltiple GPS frequency tune tinmes nay
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Dappban direwherp It mak perktis &toatkdi n t he tabl e of Fi gure 11
node 0 det pon threshold is 29.8 dB-Hz.
lé@eﬂé ngesOn6e ek pop Pbesy CP&Pfeéedo Hhedgral ﬁ)eseﬁlﬁh é?swsmﬁieted
acq e
OO o o gt M iRleR sk il il the IBFEIA°REEH, block 408, of
Féglﬁelréh Ny taklat02,hem SV inithé setoNtdae whosd hefuishear sRBthnoE data is still
reported. That is desirable since these SVs represent

Hetﬁefs@lds%wmqy heyr feenseeditipd firaraiise irvekhseads i ssisctede
[ ced IIQQPH&PIS thé}?{)érﬁ%{ﬁ‘ledo IIZ\;%{(%'M t-ﬁ UBde lrlas%: Searc }éx\;mdow for

Important to I M na ese hecasso

thd 1§ Ulis elergsé ar advedntifor axdal dfift bvee tind, Ia@nAeiekarBpls, Aehlargement of
the like. [0082] Task 520 follows task 518. In task
4eheps i GRPIEWERCAf t he surviving SVs, i . e. ,  those SVs

[we st F[%l@?é(? fgl%’\bs ?ﬁéﬁe(ﬁﬂg f.nh?asié%f)%l the %%agc Sh%lceg for the SV is

cent er he code e w ndow for
divigat eslingd sdgmnma@re@mldmr WMeveDWsédr @t ahé tHe@p@efts §8eued. In

otng 2)tcample, as illustrated in Figure 11, a segment for a level 1 search is characterized by
a £250 Hz range of Doppler frequencies, divided up into 20 bins, and a range of 32 chips,
divided up into 64 bins.

[0087] In task 608, an inquiry is made whether there are additional SVs with intact
acquisition data which need to be searched in level 1. If so, the method loops back to task

602. If not, the method proceeds with task 610. Through tasks 602 and 608, tasks 604



the peak can be found through a single pass of a

segnment through the correlator. Mreover, the Oh
wo@eaen3oppl er is nodified to be that of the CRCI/ES2003/033660

frequency of the Doppler bin where the max peak is

| ocated. [0083] Once task 520 has been conpl eted, the

| evel O search is conpleted. {§084] Figure 6

illustrates the tasks which underlie the level 1
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the segnments are .processed. thrqugh the correl ator
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IQJéPernﬁéﬁﬁBﬁ ?iaﬁfe?er@ Ofd il I%duét%qa]se%g I@vn@%&x@ ShldVEd through the

per f or med. ask 612, a Max orit
lpet Doeareld. allllewedid cegments areirodesdeldiis aalngte GPH lfneqtlehﬁy tune period.

k for each SV searched in the le
B4R T g Fi%%m iothen Tug90Pedta i 5 S1Pofechts eersrbed . the level 1
sblich apkaf Hi {H?Qé"l:z{tg drfs nﬁﬂ)% Eﬁeﬁncﬁ Q&{e. ﬁ{ ne example, the
addi t1 ona I 1 seg nts to gfocess SO, e

chassifioatidnaie psribmedd thuphstrediliblding. Midthe stroigesnpdal@ound for the SV

roceeds with task 616. Task 614 causes the method to
i;eé;idéta dhresgho ’Eh the;S ¥ ds placed in the weak category. If the strongest peak found

for the SV exceeds a second stronger threshold T, the SV is placed in the strong category.
In one example, as illustrated in Figure 11, the threshold Ty is 25.0 dB-Hz. The threshold
T, as indicated previously, varies with a time-to-fix vs. accuracy/sensitivity option
selected by the user. In one configuration, one of three options are possible; the threshold
T, for the first, second, and third options is respectively set to 29.4 dB-Hz, 32.4 dB-Hz,
and oo. The latter refers to a setting which is so large that the threshold T, will never be

satisfied.



610 and 612 until all level 1 segnments have been
processed. [0091] The integration tine underlying the
wo ewelo3gissear ch enphasi zes speed rather than PCT/US2003/033660
sensitivity, but does so to a | esser extent than the
| evel O search. In one exanple, the Ilevel 1
integration tinme is, as illuggrated in Figure 11, 80
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angfyzed to ensure they are not due to
[@0993 s - coThelspdcifimsubiteps andﬂrgymgstaslpseﬁmnm@# me d]émmted in Figure
peaks due tolsir 0ss-correl a{}l on is onveﬂ nal an

ndaubiiap 52996 dhanyRRenlre’s ip desotst STRASINEETS e category, s
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vdigrsbyithe flﬁ%lswspt lpﬁ%%rrgoﬁhat a{@@@s%qr kS Botreqwrgdnen
[0 OF ek |S| BodsARt eﬁgﬁ INTOTI 'sﬁbggﬂ 965”1%8{&%‘&1“% sﬁxﬁ&ep 904, the

polygon described earlier in relation to Figure 3 is formed from the measurements for the
SVs in the set N, and the area A of this polygon is determined.

[0099] Inquiry substep 906 follows substep 904. In inquiry substep 906, the area A
of the polygon is compared to a threshold area Ar. In addition, [N, the number of SVs in
the set N, is compared to a threshold Ngg. If the area A exceeds Ar or [N| exceeds Ngg,
the method jumps to task 626 in Figure 6. Otherwise, the method proceeds with task 628

in Figure 6.



measurenents derived fromthe |evel 1 search results
satisfy one or nore selected neasurenent sufficiency
w@eoonoss4a1 Task 624 is then perforned. |n taskP@RUS2003/033660
the level 1 neasurenents satisfy the one or nore
sel ected nmeasurenment sufficiency criteria, task 626
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[0100] In one exanple, the threshold area
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reshol d sel ect y the user.

Cur sensitivity
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seachi e selected. In inquiry substep 1002, |NJ, the number of SVs in the set N, is

compared with a second threshold number Ng. If [N| exceeds Ng, a jump is made to block
414, and a level 2 search is performed. Otherwise, the method proceeds with inquiry
substep 1004.

[0105] In one example, the second threshold number N varies with the time-to-fix
vs. accuracy/sensitivity option selected by the user. In one configuration, the value of Ng
for the first, second and third options is respectively set to 5, 5, and . The latter

indicates a setting which is so large that the threshold is never satisfied.
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od proceeds wth task e exanpl €,
i§ dévidédrep timmxsegsed Sia hreparstial fdrya lh‘velsersﬂneﬁ and the segments are
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tll&ﬁée of 250 Doppler frequencies, divided up into 20 bins, and a range of 32 code
phases, divided up into 64 bins.

[0111] Task 708 follows task 706. In task 708, an inquiry is made whether there are
additional SVs in the set S’. If so, the method loops back to task 702 for another iteration.
If not, the method proceeds with task 710. Through iterations through the loop
represented by the tasks 702, 704, 706, and 708, the method generates and queues level 2
segments for each of the SVs in the set S’.

[0112] In task 710, level 2 segments are processed through the correlator. In one

example, where the correlator comprises eight parallel channels, eight segments are
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crse the tvalad penkiin ti T}mh@fpmls dhis aégmﬁbmtrefmgzlezsfs that the earliest peak is
o5 R Sl S BB, oSS s B 3R 4 Rl srone

pedk.bins. [0111] Task 708 foll ows task 706. In t ask

708, an inquiry is nade whether there are additional

[BMsti n t bre additios' thel peaks, whible an@tidmdifieddpstabiaﬁlutare analyzed to
sk. 702 for _anot her iteration. not .. the { .

b RBEinkd e T RE PO HG 6T RS SR EhiAa i Heh peakcis

sb Qﬂ’eﬁlufl%&pﬂh@ SRRk ?sddlgd’ar&éiﬁattlﬁﬁ Kfine/ 912 re?e@énce%@ Qthed %aﬁ%eaks that

t he met hod generates and queues eve segnents for
rwdh:ttelf represerBViee $W. Thensetanle, thid ki) ocburstbasbmmﬁng the C/Np and

ev 2 se re pr.acessed through the correl ator
Pl o ABS A ebesih GBUERE 1 Gk L2 B Btmrgredat duigities of the
pgggsqhérﬁfleghﬁ&ggggp:g_ ei ght segnents are WO 2004/ 038451

PCT/ US2003/ 033660 20 processed through the correl ator

[0t15d ti niaskal dhfollghvs task Shd.uldtakle 7 b pan dng vatyd sl ntaﬁatwhether there are

ot her . s are possible. [0113] Task 712 foll
af%?ena?&l@g%w? ZoReRmontS 1o RrageFS i %P’é%f}% hog 198§ Parkh tpgask 710 for

aﬁ@ﬂﬂleﬂ &t dh. lIPg@tt fhe rﬁ@.ﬁoc?ﬁr‘ébeegytd &ﬁ# h6.SPhroreh ofd G more iterations

earliest valid peak for ST 'S N CCont rast
througthasidix OP2Hk aad g4, iallHevel efsegments e processeslk 612,

&ﬁ‘?ﬁh | ocates the, strongest peak for each SV_.invol ved
DH6he rdbpetisaraione prrametoss cB?Qﬁﬂﬂ{@‘gt $heorlevedx dnpragcho femphasize

s&ﬂ?ﬂwty and accuracy rather than speed. In one example, illustrated in Figure 11, the
integration underlying the level 2 search comprises 44 20 ms coherent integrations which
are non-coherently combined. In one example, the level 2 integration parameters are such
that two level 2 segments can be processed by each correlator channel in one GPS
frequency tune period. In the case where the correlator has eight parallel channels, that
translates into a requirement that at least 16 segments be processed in a single GPS

frequency tune period.



Mul ti/ Max Peak algorithm a valid peak for the SV is

the strongest peak for that SV unless there is an
we@aoiozssspeak within 4 chips and 15 dB of the BCT/USPEI033660

peak, in which case the valid peak is the earlier

peak. This algorithmrecognizes that the earliest peak

is not always the strongest peak but can be a weaker

peak earlier in tinme than the strongest peak. [0114]
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illustrated in Figure 11, the 1integration underlying
[0129]1 evelFigurs éaﬂblhtraicﬂmrel Easis vntleAl@ingsthe dereal éh‘search block 418, of
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i %ﬁﬁ% 8(%: ths sehP e dratheh %\é%wgﬁx clgsiifid as being

ﬁ%ﬂthetm&%négﬁ%résq§méds can be processed by

each correlator ch In one GPS frequency tune
[AE21]od. [Mask 1364 daBewssk S02helnctask S04t the dvals phiaghhtvindow for the
araII I channels that translates into a re%ﬁlrenent
[

SPRgied AV | is Jasresss dslegrrepunt 108 Gods cdrifs cryer fimg- silhqing egemple, the

B Al SRR 000 117) Advant ageousl y, all the

DNl 2 Jegosds Hlloan tik 3040 GeesRE06,the searclgdpacdRIB the selected SV
frequency .tune period, but it should be appreciated
i3 diided; up énfﬁogegn@mé i HaePFian forer tgvel 3rseaigherd, theyspgments are
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egnents. hén per

by kbrange omsaemjoppm freqessies odividedtup afto A0esihs, iafd appideast 32 code
to all the peaks which have been identified. These

I$ﬁ%$d§@dﬁﬁépﬁéaﬁ§bﬁﬁ the set S, identified through
[Siﬂl] er t Lj[%slgg(yg#oll%w? E[ash(%\l)gl Ir?ta§]§ §()§ QI% nqlﬁpydis trrllqa e Qv%%hisér there are

additional SVs in the set S’. If so, the method loops back to task 802 for another iteration.
If not, the method proceeds with task 810. Through iterations through the loop
represented by the tasks 802, 804, 806, and 808, the method generates and queues level 3
segments for each of the SVs in the set S°.

[0124] In task 810, level 3 segments are processed through the correlator. In one
example, where the correlator comprises eight parallel channels, eight segments are
processed through the correlator at a time, although it should be appreciated that other

examples are possible.



Since this test is conventional, it need not be
detailed here. [0119] Task 718 follows task 716. In
wo 20k/0¥8481 for each peak identified as a crossPCT/US2003/033660
correlation, the RVSE saturation flag for the peak is
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@eeued. In one exanple, a level 3 segnents is, as

illustrated in Figure 11, characterized by a range of
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ases
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ah D@Lt fetaticn. nl'ﬂ‘ﬂ@t whehf86d pRRERIs 6 Step 86l ThAgh o§é/§r InBre iterations
the set S. If so, the nethod | oops back to task 802
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coontly BT ict St dhs Bt ahe Detdloap Sofi, emphasize
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of thé SVs in the set S'. 0124 In tas evel
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iR aRoonts G5 PO T alero e Bich & data Bit 18 odulated onto an SV
signal, the coherent integration in the level 3 search is performed with the sensitivity
assistance from the PDE provided in task 416 to account for bit phase changes that occur
within the 80 ms coherent integration time.

[0129] Advantageously, all the level 3 segments are processed in a single GPS
frequency tune period, but it should be appreciated that it is possible for multiple GPS
frequency tune periods to be required to process the level 3 segments.

[0130] Task 816 is then performed. In task 816, a conventional cross-correlation
test is applied to all the peaks which have been identified. These include the peaks in the
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t ask for each” peak identified as a cross-
the processor 1302 terminates the search. If not, the processor 1302 directs the correlator

1306 to perform a level 2 or 3 search for position determination signals.

[0137] An embodiment of a subscriber station in a wireless communication system is
illustrated in Figure 14. This particular subscriber station is configured to embody or
incorporate the system of Figure 13.

[0138] Radio transceiver 1406 is configured to modulate baseband information,
such as voice or data, onto an RF carrier, and demodulate a modulated RF carrier to

obtain baseband information.
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one or nore sel ected neasurenent sufficiency criteria.
[014¥o0, CCoechacked8ds caighred tarierateeSPS kerrsladon functibns from the
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[0145] Channel decoder 1420 is configured to decode channel symbols provided to
it by baseband processor 1408 into underlying source bits. In one example, where the
channel symbols are convolutionally encoded symbols, the channel decoder is a Viterbi
decoder. In a second example, where the channel symbols are serial or parallel

concatenations of convolutional codes, the channel decoder 1420 is a turbo decoder.
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possible where the invention is extended to search procedures involving any number of
levels of search modes, including configuration employing levels beyond level 3.
Embodiments are also possible in relation to subscriber stations which employ dual RF
solutions in contrast to shared RF solutions. Consequently, the invention is not to be limited

except in relation to the appended claims.

What is claimed is:
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peodirédsivelyl @dot8] sebRtivd 4Rzrch Smati&n vaaeH i;ﬁm&% EOmprises, in order of
_determ ne the root nean square error (RVSE)
inggeasgateasitivity.n2 &iagtHevsl mofls, aegsendelesel moderhandeat least one higher
Sur. nts.,and RVBE val ues are provided to a PDE
kgﬁg?%gﬁgg%?@ﬂ$ﬁgogﬁgmﬁéights each of the neasurenents
based - ondéfegnintise e dnlySscatdh SERERM RPadBE ¥Rdeb@, prescribed
and then estimates the location of the subscriber
lignitst i on based on the wei ghted neasurenents.

Alternatively.. the.subscriber. .station determnes its

oun' | 0caPPRIPTPR A T dorhrRacT oRY UGy RIRM Barameters excecd
PYRELH IS BIED OdRAkIRe thdTBd BB MiRIomOpSaRBErLxafilsRe He¥® so they
been described, it will be apparent to those of

agr Withiarthe piebdribefl fimitse art that many nore enbodi ments,

i mpl erent at.i ons and e es _are pgssible.that are

w Ehi -t RETeRRRe 8 ajtop ARl Bl rB o peofipt P ot

enbodi Megésvias endOSBbRl Bedd@hRntsTForh MERMEHIAB séadch results;

enpl oyed to Search for position determ nation signals
conpr i si defehaigings tvdteithen theameasweeonts , satisfy one or more selected

conbina%j0ﬁ§.of bagf.station and GPS satellite
R EM PR SO H 6 ent s are al so  possi bl e where

the invepjdigig ad@ubend ?éjlrcth@n,%ﬁ 6R5A BIeO ?%giﬁ()ﬁ Sfix attempt if the
i nvol ving any nunber of |evels of search nodes,
nicasirenienty satofiy thguwma o owresgdoted mepshrwmns suffiyiencly ¢rawmd; and

3. Enbodi nent.s are also possible in relation to )
subscri bB?rrtTe%‘imdf‘g oﬁsh\ﬁh?& Hgﬁe_ﬁ'plswgﬂug?yo@ the | sGegmshdeys) if the
nfcafiEAehts U8 ndh &t tﬁ@oﬁéﬁd)ﬂﬁlbﬁ%&ect@@ @l%%gtﬂ@ﬁkhtysufﬁa&cty criteria.

invention is not to be limted except inrelation to

the appended clains. Wiat is clained is: WO
2004/,038451 PCT/ US2003/.033660 . 26 CLAI . A .metho
of séar cﬁgﬁ alefg—trﬂd%gﬁg’il@i Loxhegeindhesignals W%%??é?lgteﬁg%g*-

a plurality of

3. The method of claim 1 wherein the measurements comprise peak SNR and

time measurements.

4. The method of claim 1 wherein the higher level search window parameters

are optimized.

5. The method of claim 1 wherein the higher level search is selected between a

* third level and a fourth level search based on application of prescribed selection criteria.



progressively nore sensitive search nodes which

plurality conprises, in order of increasing
waengiss4sity, a first [ evel node, a second | evRCT/DBI@3/033660

and at | east one higher |evel node, the nethod

conprising: determ ning whether any search w ndow

paraneters exceed prescribedy;linmts; performng a

first level search if any search w ndow paraneters

exceed prescribed limts, and refining the search

wi ndow paraneters responsive thereto so they are

W then thige piefisel bbeihi Mvitereipahé ahind Ngved ss@cRbes not employ

| evel search as part of a position fix attenpt;
sedsitivity mgsigareeoiromy wirplsssearamurcaliqny virienhandks fough level search
dsearch results; determ ning whether the neasurenents

tisfy one or nore selected neasurenent sufficiency

criteria; avoiding additional searching within the

position fix attenpt if the nmeasurenents satisfy the

one @r nbrmeetbed ecscarthingdonpesigon deferdinatioarfegnalsrysing ¢ plurality of

and .gelrform'n a.hi gher Ieﬁl s%arch belgtond t he . d f
POSESHET e OF® iPPYHY SEHER ORISR, STHE REFALY fUPRF PR order o
iRePRsiAb sERNiviBE haRtervaBASaH, anBRindSleldli o) @ hied 1dvel hdde, and a

2. The method of claim1l wherein the signals are GPS
fauthdevel nwdei ha atethod:ompisinget hod of claim 1 wherein

t he measurenent s Cﬁ”ﬂ%ri se peakhSNRCﬁ)]nd t d bed

measur enEHTEIIRE YREDHE AR BT e VAR R%F?é?nez‘?fﬁ Piggec prescribe
Lhhli@her |evel search wi ndow paranmeters are optim zed.

5. The nethod of claim 1 wherein the higher |evel

sear ch i perfiéng edfitstiemsbsearch tihiany seavle|windew sparanetets exceed

| evel search hased on application of prescribed
peesFahegl Rt And AP RN s St Wi PR DGt T o8 dgeto so they
art kvibhin THEpBRLMBEM1iRfiisCl @l m 5 wherein the third |evel

search does not enploy sensitivity assistance froma

wi r el esspatorming € sdcon leygktcarch an gaitt béa positiomiik etternpt;
search does. 7. A nethod of searchi for. gosiﬁjonl‘
dot er m ndFGHE QHCHAPRre GRS ATCmER oM [TEypnging Search résults;
progr e_ssﬂé‘tgrlnﬁnﬁ%r VIRERE! thiV et 8REAELEIOGEyMOLENor more  selected
plurality conprises, 1n order of 1ncreasing
neesnsementisufficiency criktial evel node, a second | evel node,
athird | I d
aveo\{c?ing nggcﬁﬁonaarl] seaarching within the position fix attempt if the
measurements satisfy the one or more selected measurement sufficiency criteria; and
performing a higher level search beyond the second level if the
measurements do not satisfy the one or fnore selected measurement sufficiency criteria,
wherein the higher level search is either a third level or a fourth level search based on one

or more prescribed selection criteria.

8.  The method of claim 7 further comprising determining the position of an

entity from measurements derived from one or more of the searches.

9.  The method of claim 8 wherein the entity is a subscriber station in a wireless

communications system.



fourth |l evel node, the nmethod conprising: determ ning

whet her any search w ndow paraneters exceed prescri bed
wo povit384sperformng a first |level search if anpCHES0031033660

wi ndow paraneters exceed prescribed limts, and

refining the search wi ndow paraneters responsive

thereto so they are within tfe prescribed linmts;

perform ng a second | evel search as part of a position

{1 X 3L Rl e lSh1 o BOANT Rhell SRR BIOLSH (RS cmploys

t he ensuing gearch r 68 erm ni ng
pﬂﬁﬁ&ﬂﬁ@ﬂﬁ@éﬁmﬁﬁ&gﬁﬁbn@ﬂﬁmor nDre selected measur enment
sufficiency criteria; avoiding additional searching
within the p05|t|on fix attenpt if the nmeasurenents
Satlﬁ

suffi &I e?\lj@y n&%&jﬁ? ?ﬁ a“%ﬁ d ﬁ%gltpﬁt g? %Elﬁrél 1ev qesg’%mh TR loesfs a coherent

188 a6 6n REYPMhtdriRanSHCAB hnldeNEhild eVl geai@Pddes apENt S dO
not satisfy the one or nore sel ected neasurenent

sufficiency criteria, wherein the higher |evel search

is either,a thir ve orafo rt:h l.evel, search

on orle - g8 Asthoet S goin Seinclie L L SRR G Sensiivity
ABRRL RIm & vatdlesd chbMitudfRiati6® BREdns) and tikah it ldvel flrdhiies not.
position of an entity from nmeasurenents derived from

one or nore of the searches. 9. The nethod of claim8

W r 1135 A Dl Searstifs R FEFUR bl B3 S using a pluality of
bt ddR2B0 3N O3 36H0itive Ssehith TiRled B MK [Qﬁraﬁ{)ﬂbﬂinﬁnses in order of

wherein the series of search nodes enpl oys

incroapireswnsitivigy,gr fixat levelimodsg pat¢and levekowdejand arthird level mode, the
of .claim7 wherein the fourth | evel search

qﬁéW%?@“ﬂ“@%ﬁerent integration tinme greater than 20

ms, and ?Eﬁofn‘ﬁhg d firQ\M&lel SERKELR ﬂ?ﬁ?f a%ttlo;ll Fix ﬂ%ﬁlpt

met hod of claim7 wherein the fourth 1evel search
enpl oys slengingiou¢ bymossmeasuemamts framthe esnisigessach results;

ﬁgtnTm e t I e} qqésjt\gkfrgﬂ%eggﬂ% :ﬁ?tsa%ﬁq%ﬁég\é%lsgﬁ he” I?)r dmore selected

rﬂets&remeh@gd (pBCRbaRRbs;Usi ng a plurality o

progressive re sensitive search nodes which
pl urali t)avmdmgr iagddisionaln seardiEing oWithinndhe gmisitipn  fix attempt if the

sensitivity, a first |evel node, a second g evel
Ige?dulgn{emsrsathfg\t}g Ny &nore gelected easurement suificiency crltena and

performing a higher level search beyond the first level if the measurements
do not satisfy the one or more selected measurement sufficiency criteria, wherein the
higher level search is either a second level or a third level search based on one or more

prescribed selection criteria.

14. A memory storing a sequence of software instructions embodying the

method of claim 1.

15. A memory storing a sequence of software instructions embodying the

method of claim 7.



nmet hod conprising: performng a first |evel search as

part of a position fix attenpt; deriving one or nore
wore@sissarent s from the ensui ng search results;PCT/US2003/033660

det erm ni ng whet her the nmeasurenents satisfy one or

nore sel ected mneasurenent sufficiency criteria;

avoi di ng additional searching,ymthin the position fix

attenpt if the neasurenents satisfy the one or nore

sel ected uf fi NCY.C X .

per f oltr6$n r{jgelgaﬂggher Epgvel l’Ileeglr% hOfbgedfo n%é %Hsetﬁ%%P 5t embodying the

theued of latnhe3.neasur enent s do not satlsfy t he one or

nore sel ected neasurenment sufficiency criteria,

wherein the higher | evel search is either a second

IeveI

d
or eacht bdasiedin SomatiSiog Ariesor e e ind fy acomelator

@l@éi‘éﬁﬂﬁﬁ@?ﬁﬁes%@f ffs\UBﬁﬁ rb$td atedsng eRBBTIHenBftWAR instructions stored
met hod of claiml1. A nmenory storing a sequence of

igghe wagreory nand; mtcomhma@mb odipi thg qomelatare perernothecingthad embodied
tg WO 2004/ 038451 PCT/ US2003/ 033660 29 16. A nenory

Y'ng a sequence of software instructions embodying
the met hod of claim13. 17. A system conprising a
processor, the menory of claim 14, and a correlator,
wher el th eysieo cempusing 8 m@m:sspogm dnenaorsi©f elmaddand a correlator,

‘ﬁgqeecaupt; tg%gesssg{llts\ggﬂﬁg (? f r%:%%\ﬁls? A q%tgg%%&eespﬂ{w&:e instructions stored

iReh HdmdrheateiNedmeHansh §dih thBeosRatorl ?erf&ﬂﬁ Wil ﬁ@ﬂhod embodied
conprising a processor, the menory of claim 15, and a

tbeebgl at or, wherein the processor is configured to
access and execute the software instructions stored
in the nmenory, and, in conbination with the

correjat of g @&ﬁfc%ﬁhﬁllﬂg aPebdesbremB otk ksty dr Qﬁcﬁlﬁb% addPa correlator,

A systen1conpr|3|ng a processor, the nenory of claim
whcreiartbe arocesspeisabofiguredvireaceess anldexpcnrb@ thessoftwiage instructions stored
configured to,access and execute the software .
ifibe PPN 0% OBy A580rdRpey Wit His Spelaphgper{ i, thehatag embodied
%ﬂeﬁ the correlator, performthe method enbodi ed

ereby

20. A method of searching for position determination signals using a plurality of
progressively more sensitive search modes which plurality comprises, in order of
increasing sensitivity, a first level mode, a second level mode, and at least one higher
level mode, the method comprising:

a step for determining whether any search window parameters exceed
prescribed limits;

a step for performing a first level search if any search window parameters
exceed prescribed limits, and refining the search window parameters responsive thereto so
they are within the prescribed limits;

a step for performing a second level search as part of a position fix attempt;

a step for deriving one or more measurements from the ensuing search

results;



20. A nethod of searching for position determnation
signals using a plurality of progressively nore

W@ e018/088452 search nodes which plurality conpriBeBFUS1003/033660
order of increasing sensitivity, a first |evel node,
a second | evel node, and at |east one higher |[evel
nmode, the method conprising: g step for determ ning
whet her any search w ndow paraneters exceed
prescri b?ad st!et} ot Sdet ?m%lgg \Ll?erthe?e{h];oﬁl%ﬁgelﬂerfté ' %ﬁsfkl ec\lﬂ%l oI more
search if' 21y ‘Search W N oW par anet ers exceed
splee®amdagtement susficiéts ckiefiani ng the search w ndow
parameters responsive thereto so they are within the i
prescri badtep for evcidiagaddisiondrseprehing withig the postiioadix attempt if the

| evel search art of a position fix at t: .st.ep

rp& GisgRROisAS R Gl ordin® o] rlEmrdo R SRR i ffiene
search regsdp tfss pMdAARg OBBASL1REIT ddeet0BSyAd 06 FirsBRvel if the
a step for determ ning whether the neasurenents o
seasisinentsrde ot satisiethe ©u¢ et ek selestdraeasnrenent sufficieneycriteria.
criteria; a step for avoiding additional searching

within the position fix attenpt if the nmeasurenents

sati sfyy tAigneBtR dIlscdFBhiRg $& RekRE JERASIHABBE Manals using a plurality of
sufficiency criteria; and a step for performng a

mpgassively wadres ssasicive beepoalid mddes fwhish pluxagikty icomphiges, in order of

.measurenent.s. do not.satis t he e or re sel.ect.ed

eReTR ot it 0] R BB ppropd 16w iRl S i 18%1 mode, the
H68b& BoMprifiRg: Position determ nation signals using a
plurality of progressively nore sensitive search nodes

whi ch pl wrstep foy perferpring e irst lavebsedeh asfpartiofie pesiion§ix attempt;
sensitivity, first. level node, a second |gvel node,.

and a t hif Hp doBICRYEE, O TR MRISEEMSPISSTHG: thE Splige search
,ggﬂm?erforning a first level search as part of a

position fix attenpt; a step for deriving one or nore

measur enenstepf foondetdremiming uvhegthere thec measwwsménts ; satisfyt eqe or more
f&!ﬁgeternining et her the neasurenents satisfy one
HrecirReasweMapt WINGHENY Nt sufficiency criteria; a

step Tor 2ug) i Ao Jaufal SERNER AN piddIfix attempt if the
position fiX attenpt if the neasurenents satisfy the
easukEmeny sati sig tecorecrmears welected megufiémententiciancy tateria; and
and

a step for performing a higher level search beyond the first level if the
measurements do not satisfy the one or more selected measurement sufficiency criteria,
wherein the higher level search is either a second level or a third level search based on

one or more prescribed selection criteria.

22.  The method of claim 1 further comprising discarding those measurements
from the higher level search which are determined to be cross-correlations of the

measurements from the second level search.

23.  The method of claim 22 wherein the measurements are discarded during

run time in favor of other measurements which better represent an SV.



a step for performng a higher Ievel search beyond the

first level if the neasurenents do not satisfy the
Wor@4/088460Dr e sel ect ed neasurenent sufficiency BPCT/US2003033660

wherein the higher |evel search is either a second

| evel or a third | evel search based on one or nore

prescribed selection criteria; 22. The method of claim

1 further conprising discarding those neasurenents 4

-frogy t hehi I . j . . ]

e cPbss. a0k Aaigd & @higf 7 Hyiier 0l Bl R b uremens
fioacC and highellewpadeafth wBichThe a@tmafedfto Beacrosglorrelations of the

wherei n the nmeasurenents are discarded during run
mepsrsernents fowythe pecond davehseasilir enent s which better

represent an SV. WO 2004/ 038451 PCT/ US2003/ 033660 31

24. The nethod of claim7 further conprising

di scas di NThé hgRodTBASIIER MRINBerefn! A8 rhd¥uBi@hRr ark &¥hrded at run

search which are determned to be cross-correl ations
tigfe in fiavor pbeatber measntandntowhich detiaaeprasenesebVsear ch.  25.

The nmet hod of claim 24 wherein the neasurenents are

di scarded at run tinme in favor of other nmeasurenents

whi chg bet trgg metijdesTaMinArB BMherk@mpHitgBidarin©thosé BleBurements
13 further conprising discarding those neasurenents

fiompha highet Jereal deench| whichr ety dgiemhined do dest erasswedelaons of the

be cross-correl ati.ons,of the neasurenents fromthe
n#?$§@nwgeﬁpnyﬁg?%ﬂ?€§%$e met hod of claim 26 wherein

t he neasurenents are discarded at run tinme in favor
of ot her neasurenments which better represent an SV.
28. The ndhhounetbéd of alaim 2P Wheretnethe qoegswienients are glissprded at run

for. discarding those npeasu nts fromt hi gher
i RE B Seome e pa B b ey S eeben 89

cross-correlations of the neasurenents fromthe

second | evel search. 29. The nethod of claim 28

wher @Bn t Abe meetbod effeltin 20 dunthies canpeidingt a sigp for idissaiding those

favor of aqther surements whj ch better .represent an )

g MO ATE TS FVET S Re e ot St i fode s Cortelations
HeRndaRhreHlefiG 3 dth Bk BAREevdIRARY].€MENt S from the

Oﬁfgheflﬁgvgﬁ sear ch mhichegre determ ned to be

cross-correlations of the neasurenents fromthe first

| evel._search. 31. The. method,  of. claim 30 wherein fhe
a8 erorS BABOHPL SR SPSii e IS TRRRVIE dfcarded at run

NG Fa ViR BF BihePEREr M R WRRL IRt EPE & L ST SV.

30. The method of claim 21 further comprising a step for discarding those
measurements from the higher level search which are determined to be cross-correlations

of the measurements from the first level search.

31. The method of claim 30 wherein the measurements are discarded at run

time in favor of other measurements which better represent an SV.



