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Field of the Disclosure
[0002) The present disclosure relates to communication systems and, more
specifically, the present disclosure relates to systems and techniques for locating the
position of a wireless communication device in a Code Division Multiple Access

systemn.

DESCRIPTION OF THE RELATED ART

[0003] Mobile communications networks are in the process of offering increasingly
sophisticated capabilities for locating the position of a mobile terminal of the network.
¢ The regulatory requirements of a jurisdiction may require a network operator to report
the location of a mobile terminal when the mobile terminal places a call to an
emergency service, such as a 911 call in the United States. In a Code Division
Multiple Access (CDMA) digital cellular network, the position location capability can
be provided by Advanced Forward Link Trilateration (AFLT), a techmnique that
computes the location of the mobile station (MS) from the mobile station’s measured
time of arrival of radio signals from the base stations (BS). A more advanced
technique is hybrid position lecation, where the mobile station employs a Global
Positioning System (GPS) receiver and the position is computed based on both AFLT

| and GPS measurements. A further application of the hybrid technique is when time
obtained from a GPS-synchronous cellular network is used in obtaining the GPS

measurements and computing the mobile station’s position.



[0004] Currently, GPS receivers are being incorporated into nobile term nals
in order to increase the accuracy of nobile termnal |ocation

determ nation. The GPS receivers can be autononous and performall GPS
acqui sition_functions and position calculations (also know as standal one),
or they canVBe'Mii240t ononous (al so known as wirel ess aBSTHEWAYO6 rely on
the cellular network for providing GPS acquisition data and possibly }
perform ng the position cal culations. By receiving GPS aiding data from the
network, a nobile termnal with GPS capability can obtain the tine and
position data fromthe GPS satellites in about 10 seconds or less, during a
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[ 0006] Anot heMpys iftna mdsb CRMdnwirelessrphgoes haying@P® capebilite amurxpesed to by e
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measur enent s rpRitidh @¥@pPhtation is performed in the mobile station.
[0005] Message protocols and formats for CDMA position location employing AFLT,
GPS and hybrid receivers, applicable to both the MS-based and MS-assisted cases,
have been published in TIA/EIA standard IS-801-1 2001, Position Determination
Service Standard for Dual-Mode Spread Spectrum Systems.
[0006] Another position location technique is where the measurements are made by a
network entity, rather than the mobile station. An example of these network-based
methods is the RTD measurement carried out by the serving base stations.
Measurements made by the mobile station may be combined with network-based

measurements to enhance the availability and accuracy of the computed positions.

SUMMARY OF THE INVENTION

[0007] Position determination accuracy of a mobile station, or wireless
communication device, may be negatively affected by a large GPS doppler bias, which
in turn may affect GPS doppler estimations and GPS dopplér measurements conducted
by the wireless communication device. The quality of GPS doppler measurements is

very important for position Jocation, because poor quality measurements may prevent
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aspect of the present disclosure, disclose is a nmethod of accounting for
resi dual CDVA adygse d’ﬁfﬁﬁ] e tk@um’g cepe phasggneasurement propagation to common time

prior to their use in the position location engine.

[6009] In view of these problems, a basic aspect of the piesent disclosure
provides a method of determining a search window center for searching for a GPS
satellite, including the steps of continuously measuring and/or calculating GPS doppler
bias and then minimizing the GPS doppler bias adverse effects with regard to position
location determination by centering or re-centering GPS doppler search windows based
on the GPS doppler bias value.

f00106] - In accordance with another aspect of the present disclosure, disclosed
is 2 method of accounting for a GPS doppler bias value during the time propagation of
GPS code phase measurements to common time prior to reporting the code phase
measurements to the positioning determining entity (PDE) in a pseudo-range
measurement (PRM) message, or prior to using GPS measurements in a position
location calculation in a wireless device.

[0011) In accordance with another aspect of the present disclosure, disclosed
is a method of accounting for residuat CDMA code doppler during the time
propagation of AFLT code phase measurements to commen time prior to reporting the

code phase measurements to the positioning determining entity (PDE) in a pilot phase
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The invention will now be described in greater detail with reference to
the preferred embodiments illustrated in the accompanying drawings, in which like

elements bear like reference numerals, and wherein:

[0014] Fig. 1 illustrates GPS code phase measurement time propagation over 2
single GPS visit;
[0015] Fig. 2a illustrates GPS code phase measurement time propagation

backward in time over multiple GPS visits; and
[0016] Fig. 2b illustrates GPS code phase measurement time propagation forward in

time over multiple GPS visits.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0617} A novel and improved method and apparatus for performing position location
in a wireless communications system is described. The exemplary embodiment is
described in the context of the digital cellular telephone system. While use within this
context is advantageous, different embodiments of the invention may be incorporated
in different environments or configurations.

[0018) In general, the GPS constellation consists of 24 satellites: 21 space vehicles
(SVs) used for navigation and 3 spares. Each SV contains a clock that is synchronized

to GPS time by monitoring ground stations. To determine a position in time, a GPS

frequency range is achieved by re-centering a
GPS doppl er search wi ndow based on the GPS doppl er bias val ues. | nprovenent
in position |location accuracy is achi evéd by accounting for the appropriate

doppl er bias values during time propagation of both UPS and AFLT code phase

cellular tel ephone system Wile use
context is advantageous, different enbodi nents of the inventipn
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(SVs) used for n%ﬁigation and 3 spares. Each SV contains a clock that is
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to GPS tinme by nonitoring ground stations. To determne a position in tine,
a UPS WO 2004) 038447 PCT/ 1JS2003/ 033662 S receiver processes the signals
received fromseveral satellites. At |east four satellites nust be used to
solve for the gfoowﬁggvms, which are X, Y, Z and tine. It should be

appr eci at ed, however: that the invention is not limted F&HUSRIIOBH any
particular kind of global satellite systemfor assisting position |ocation.
[0019] In general, to practice the preseglt di scl osure with any kind of

wi rel ess comunication network, such as’a TDVA cel |l ul ar tel ephone network,
it is advisable to consult the applicable industry standards for )
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oscillator (VCICXQ)., due to the power anplifier (PA) being turned off during

CDVA- t 0- GPS swilldfRIAdtangprg 15180dr! 2 s Bpsitior Peemingtenagrvise stadydiexBrebnt r ol
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changes inthelo currents. [0021] Tn wreless’tel'ecommunicati on
net wor ks, frequemng\aRrReid S| oBpsTEVEIA sradandnANBE 136 (Syistess Adested dobiler

nobil e stationg, 1o .track- ny shifts in rrier. frequency- This .
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operating in the CDVA npode, it is not necessarily true when the wreless

devi ce oper at €3-33h Lepstiopsgeicer RCH) (L} pasiiopdsingt DG axsradapied toarepeaduency

tracking | oop IFSM wireless telecommumication networks.

[0020] There are two reasons identified that are likely to cause CDMA channel
independent GPS doppler measurement biases. One reason is temperature induced
drift in the output frequency of the voltage contrelled, temperature controlled, -
oscillator (VCTCXO0), dvue to the power amplifier (PA) being tumed off during
CDMA-to-GPS switching. The other reason includes steady state VCTCXO control
voltage (TRK_LO_ADJ) Vdd shifts that are most likely brought about due to changes
in the load currents.

[0021] In wireless telecommunication networks, frequency tracking loops are
used in the wireless devices, or mobile stations, to track-out any shifts in carrier
frequency. This eliminates concern about any VCTCXO drift or VCTCXO control
voltage (TRK_LO_ADJ) Vdd shifts. While this is true when wireless devices are
operating in the CDMA mode, it is not necessarily true when the wireless device
operates in GPS mode. For wireless assisted operation, the frequency tracking loop is
disabled during GPS processing since the wireless device is always in an acquisition
mode. This means that the VCTCXO is free-running while the receiver is tuned away
from the CDMA band and while the receiver is processing GPS signals. The resulting
drift exhibited on the LOs or any TRK_L.O_ADJ Vdd shifts will therefore directly



di sabl ed during GPS processing since the wireless device is always in an
acquisition node. This neans that the VCTCXO is free-running while the
receiver is tuned away fromthe CDVA band and while the receiver is

processi ng jgnal.s. The resulting drift exhibited on the LOs or any
TRK_LO ADJ %’?‘@W’%& will therefore directly WO 20041038%47PS2003/033662

PCTI US20031033662 6 affect GPS doppler estimation. For standal one
operation, the device denodul ates the UPS signal and even though frequency
tracki ng thus becones possible, it is nét guaranteed for all operating
conditions. In the absence of frequency tracking, VCTCXOis free-running
agai n, and t heffeeisGP$ idnppleresperation rkor dtanfialonn dpeTRION, QeARicesieforislates Ithe agai n
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desi gn consi d%B%ivapisdﬁ;ﬁﬂﬁgrg(ﬁ@t#%gp(fgjégggbggr%ﬁi{%ﬁ?{.{ar fromthe VCTCXO as

possi bl e, incorporatifig i so e W rel ess device

encl osur e desi[@822]ahd oadbdi ogrddacd ahé ngmpahiard ahduweed WCERCHIN dydtdiratCUEHO.
Nevert hel ess, ‘%&F Xi mum_t enper at u]gle stabi|ity slope of VCTCXCs_.is tting
larger with tWelCHluMIacRETy BPuldoRAs VeTHERPIOVE hipsie YEdGRA ng

the use of di g&&?émm}éqﬁ@ﬁﬁ@ Md Bidlesy bdicd FEHIBEMWBEIR BeORRGIRSAL) SitirestThe

additional industry trend i's to design snmaller formfactor wrel ess devices
renderi ng the wirglessalesice designeteveleesingidetaiond to nedpesi thermal igodientshan tVGEFEXO.

menti oned abovg, ineff jve in reduc he .t hermal. gradignts . at. th
VCTCXO [oozs}ﬁianmpgeédugﬂﬁé?n?e%‘?“ SR Abnt 5@%&?"%@ B o8 4T 15PN | abi e
regul at or woul dCTGE Calak epdsaibleg db@epdfeiigX@otainir tatured tmgethvddisless tdsvidkie t o

t he changes in tPe Ioad_ current‘i{ Therefore, the CDVA channel inde&gndent
GPS doppl er biAEI8HF Besigty nands AfdiRe BPRENS sBEeHR, Ofn O rBW e dheaVelEREt i ve

and efficient NBRARRCER! e QAR S YeratiRASMTR %1 PR EEPEROS gigd' %‘?ﬁ%%%ﬂt GPS

doppler bias and minimzing its adverse effeCts by centerin _
re-centering twish GRIndisppiteend obdovesizing ¥ OTEXn thers froe diquiging the wge aleligitabs

accounting f OrV&’? %ngswiqloB%tgrtenblipgr%tugeu(r:cimq]%ntsgh%n@ A§1 gr(?(ﬁf?gl{a?gl%ﬂgﬁy trend is to
design smaller form factor wireless devices rendering the wireless devices design level
considerations that are mentioned above ineffective in reducing the thermal gradients
at the VCTCXO.
[6023] In addition, it is unclear whether any commercially available regulator would
be able to reduce VCTCXO control voltage Vdd shifts due to the changes in the load
currents. Therefore, the CDMA channel independent GPS doppler bias correction
scheme disclosed herein provides an effective and efficient means for continuously
measuring CDMA channel independent GPS doppler bias and minimizing its adverse
effects by centering or re-centering the GPS doppler search windows correspondingly,
as well as accounting for the GPS doppler bias during the GPS measurement
propagation to common time.
[0024] It is known that some wireless device designers may opt to use PLLs that are
deliberately designed to have static errors in the frequency output. While these CDMA
chanmel frequency dependent offsets may not impact CDMA performance, they will
translate into CDMA channel dependent GPS doppler bias, with the same effect on
GPS performance as the CDMA channel independent doppler bias discussed above,

and therefore cannot be neglected. In addition, they will further degrade position



propagation to common time. [0024] It is known that sone wrel ess device
designers nmay opt to use PLLs that are deliberately designed to have static
errors in the frequency output. Wile these CDMA channel frequency
‘dependent o t not inpact CDVA performance, they will translate into
CDVA channelf‘v%goﬂi(ﬁga%t GPS doppl er bias, with the sane efCEiS2H0336gs
.performance as the CDVA channel independent doppl er bias discussed above,
and therefore cannot be neglected. In addition, they will further degrade
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di scussed above to re-center GPS doppler search w ndows d propagate both

the GPS and AFCPMb¢banypbdapendant dqmied:tlas that capeat b sededied E’ith current wireless

device configurations or the CDMA channel independent doppler bias correction
scheme.
. [0026] Therefore, this particular doppler bias is termed CDMA channel dependent
doppler bias and this bias can be calculated by software that may be based on the UHF
LO PLL frequency and divider ratio for that CDMA channel. The software calculated
CDMA dependent doppler bias can then be used together with CDMA channel
_ . independent doppler bias as discussed above to re-center GPS doppler search windows
\ _ and propagate both the GPS and AFLT code phase measurements as disclosed herein.
{0027] Therefore, according to the present disclosure, the GPS doppler measurement
bias correction scheme consists of the steps of continuovsly measuring and/or
calculating the CDMA channel independent and/or dependant doppler bias, then re-
centering GPS doppler search windows correspondingly, and properly accounting for
this bias during GPS, and in the case of CDMA channel dependent doppler bias, also
during AFLT code phase measurement time propagation to common time. Also, the
total GPS doppler bias gets subtracted from the measured GPS doppler prior to its
being reported in the IS-801.1 PRM message to the PDE for MS-assisted mode, or
prior to being used in position location and/or the velocity engine in a wireless device

for MS-based or standalone mode.



[ 0027] Therefore, according to the present disclosure, the GPS doppler
measurenment bias correction schene consists of the steps of continuously
measuri ng and/or cal culating the CDVA channel independent and/or dependant
doppl er bias, then re- centering GPS doppl er search wi ndows correspondingly, -
and proper WO 2WUBMHT ng for this bias during GPS, and iRCHVENSAEW6DI CDVA
channel dependent doppler bias, also during AFLT code phase neasurenent
time propagation to comon time. Also, the total GPS doppler bias gets
subtracted fromthe neasured GPS doppled prior to its being reported in the
| S-801.1 PRM nessage to the PDE for Ms-assisted node, or prior to being
used in posit [(828] diethesuad dDMVAL dtanye indzpéndertnGPS eopplepbiat fsek@sdinddyi ce
for M5-based or standal.one node. WD 20041038447 PCT10S20031033662 8 %0028]
The measured FBRESThaRNES i Apapeiids: (Y3 JOpBPer BS asmi sN& oitem i ¢pllefe

W rel ess devi &8/ SO kl e Rr ' I oe
NV_DOPPLER Bl NP cal*g%%‘ 5 eﬁﬁ%@%nﬁﬁ?ﬁ%gﬁﬁﬁ%‘eﬁ%&%ﬁ% ‘%"?’ BT S8, g

nor nal i zed by ntiheligBMby cha CRBVIAS cleguenirsquancy vk thest stored in nvivdlese ldesise’s

device's volat,l.e nenory as_a.variabl I LER Bl AS,. which will
be used toget ?F@Plgvﬁ“?lﬂoﬁyh@ f1'\!\"/"11"%{3(11 C%%EWEQ%M s E’Eﬁge"ﬁﬁtq‘?e“sés

doppl er sear CygeileNW@WIhd KV ifthh NSPHOIAIER) BIRE €S re-&nohthd GRS dofpl&dhR@et | Y
propagate GPS and AFLT code phase neasurenent to common ti rremgrl or to their

use in positi Sindossder ah GPEseegh madss as Pellsasite codentlyr prappgste GheardPSFHEppl er

search w ndo n | . surenent. t . me by
DVSS_DOPPL ERi\%?%Sgg%(% %ﬁﬁ#@%ﬂ%ﬁf P‘{ ﬁg&%@@ﬁ}%ﬁgﬁgd@%ﬁ e l%’éf’%%. oR-OrtGPS
doppl er bi as, chlbmistial. | Dhvis rgeenteeinpf ithee@PS toppleneiamch avitlddvs aldaneakation of

i ndependent portion of GPS doppl er bias, 0 C | o t he present

i scl osure, ¢ 60 BESE SRR ROBAER AR OF S SASeh adgpipLs Tor
correction scReEDMICMERIMBpARBR poPdh GIPRISIHRS Bths! BAPaNGARE BENWVRemThE
open | oop correction consists of calibrating S doppl er bias value of a

wirel ess devi éerearin 3 CHMA ghgnne] indepeadant pertien of GBS ideppler biem- vol atil e nenory

of using o 1 AU3F AUGedite B el et fRCDopl Doy B’ EERARTCRA' o1

W rel ess devi ¢elcpandehindippivaribyas dokieetion scheind imhaieeamboghnnest ankkhicised kspt he

velocity that does. not exceed ten kiloneters e L )
y correction. tl“he: open loop correction ccms?sts of calibrating GPS doppler bias value of

a wireless device and storing it in the wireless device's non-volatile memory as NV
item called the NV_DOPPLER_BIAS. The closed loop correction consists of using a
filtered version of CLOCK_DRIFT, if available, and if the wireless device is stationary
(that is, in one embodiment defined as the velocity that does not exceed ten kilometers
per hour), weighted by position uncertainty, to update this NV item. The
CLOCK _DRIFT, position uncertainty and velocity information are pi'ovided to the

—

wireless device via a position location response by the PDE in the MS-assisted call
flows, or could be similarly calculated in the wireless device itself in MS-based and
standalone cases. The CLOCK DRIFT is calculated based on at least four GPS
measurements. Another version of the closed loop correction is a filtered version of
average doppler bias of all valid measurements reported, which could be weighted by
measured C/Nos. This could also be used to update the NV item, if CLOCK_DRIFT is
unavailable, and if more than a certain number of valid satellites are found and the
wireless device is stationary, e.g. the estimated velocity does not exceed ten kilometers
per hour. According to the present disclosure, a GPS pseudo-range measurement’s
doppler bias is the difference between the measured Doppler, and the propagated
doppler estimated for a particular satellite by either the PDE in MS-assisted call flows



- per hour), weighted by position uncertainty, to update this NV item The
CLOCK- DRI FT, position uncertainty and velocity infornmation are provided to
the wreless device via a position |ocation response by the PDE in the

M- assi st ed cgl | flows, or could be simlarly calculated in the wireless
devi ce itseMOtWRB*ased and standal one cases. The CLOECT/USRIOEE336E

-cal cul ated based on at |east four GPS neasurenents. Another version of the
closed | oop correction is a filtered version of average doppler bias of all
val i d measurements reported, which coul d?be weighted by measured C Nos.
This could also be used to update the NV item if CLOCK DRIFT is
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and x(n) is wei o, N i eh = - ... Average | er
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different for Giditidh bh®PRackifd théRski ng nodes. [0031] The CDVA channel

i ndependent GPS doppl er bias correction nethod, according to the present
di scl osure, hasi0f3d dhetCRMA rebdens! vindependent | GO dopyler shias correctiod methodi ng.

The acqui siti Onacrcrgr%ﬁlgi B tfilesgr%sé[n? dﬂglhglré,gl%ggwg&sﬁhacﬁlg is %hrll& %cl%c[i)é\/g‘cquisition
and tracking. The acquisition mode 1s used to help speed up disciplining a CDMA

channel independent GPS doppler bias NV item to an individual wireless device’s
value during initial GPS usage of the wireless device. In this acquisition mode, a
shorter acquisition time constant for IIR is used and the doppler search windows could.
be re-centered for the most sensitive modes with narrow frequency search space based
on average measured doppler bias of valid satellites found in the shailower modes with
wider frequency search space, weighted by measured C/Nos, provided more than X
valid sateHites are found and the wireless device is stationary. Valid satellites include
the measured peaks that have passed false alarm, noise, jammer, cross-correlation or
other tests.

[0032] The tracking mode is used in nommal operation to track out any deviations in
average measured CDMA channe] independent GPS doppler bias, and this mode uses a
longer tracking time constant for IIR.

[0033] A counter in the wireless device NV memory keeps track of how many times
the acquisition mode is executed. The acquisition mode is switched to the tracking
mode after the counter reaches a pre-set value, which in one embodiment is roughly

four TIR acquisition time constanis. According to the present disclosure, the doppler



channel independent GPS doppler bias NV itemto an individual wreless
device's value during initial GPS usage of the wreless device. In this
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driven by 1S-801.1. For each measurement, there exists a TIME_MEAS provided by

the digital signal processor (DSP), which represents a time at which the measurement
was taken. Both GPS and AFLT code phase measurements must be propagated to a
common time prior to being reported in pseudorange and pilot phase measurements in
the IS-801.1 messages, respectively, or prior to being used in the position location
engine, even when one or more visits are required to complete the search. In this
particular embodiment, a common time chosen is the C/No weighted average of all
GPS measurement times, which are quantized to the closest GPS visit beginning time.
[6035] Ermrors in the propagation of the GPS and AFLT code phase measurements to -
common time TIME_REF contribute directly to errors in the wireless device position
calculation. The doppler used in time propagation is measured doppler, rather than the
predicted doppler and, therefore, any errors in measured doppler will directly affect the
position accuracy. This result is especially pronounced in the large window scenarios
where maximum session time of thirty second could, for example, for unaccounted
CDMA channel independent GPS doppler error of 10Hz result in potentially up to 57

meters of position error (assuming a DOP of 2).



[ 0034) In one enbodinent, only a single neasurenent reference tine would be
used, even though the neasurenent may be taken at different tinmes. This
requirenment is driven by 1S-801.1. For each neasurenent, there exists a

TI ME_MEAS A , the digital signal processor (DSP i % [Lepresents
atine at ahléﬁaﬁﬂgnﬁeasurenent was taken. Both GPS andgﬁﬁﬁgbﬁ'agﬁ hase
-measurenents nust be propagated to a comon tinme prior to being reported in
pseudorange and pilot phase nmeasuremgpts in the |1S-801.1 messages,
respectively, or prior to being used 1n the position |ocation engine, even
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potentially up to 57 mnmeters of position error (assumng a DOP of 2). WD

200410384- A@EETIUSROBRH033662 11 [ 0036] The measured GPS code phase and

measur ed GP, ppl_er. tiLcul satel | ] at a, time T S are

given by rn ggﬁcﬁlefﬁggémgpéﬁghh%% iﬁﬁm g%p%_#%%?“?%“ to Fggoggtgggry. I'n

order to esTIMBIREF, i theabsicpbithe GRS deppler ikd) e follosingRtjuadiontid weed: t he

wi rel ess devi ce neasured doppl er frequency, doppjneas, neasured in Hz at

time TI ME_MEAS, and the first order predicted doppler (DéggLERl, nmeasur ed

in Hz per $8¢ortde eif(d¥F iREFD Raregt et phaseTHE LMEéﬁE:E;FESSng@PPLW%(%

PDE (in Ms-assisted case) or predicted by wrel ess device' K&lin M based or

standal one cases), nust be used. [0037] To propagate GPS code phase of a

geasure i)to common tinme, TIME _REF, in the absence of the GPS doppler
ias, t (o]

| | owi ng_equation_js used: prop,.code -phase(TlI ME_ REF) =neal code
_phase( TI VE_XERSMF &&ﬁ—ﬁ@ﬁoﬁb\‘@;&“ﬂ% (econdsy and

x.DOPPLERI
dopp_meas(x) = dopp_meas + —----—---——m-=m-mn-

while fi; ts the L1 GPS frequency of 1.57542GHz, and f,__ is GPS chip frequency of

1.023MHz,

{00381 It can be seen that if the propagation time, Af, is large and if there is also a
large error component in dopp_mieas due to GPS measurement doppler bias as
discussed above, these factors combine to result in a large error in the propagated GPS
code phase. Note that propagation time, Az, will be large when a GPS session exceeds
the time allocated to a single GPS visit, such as approximately two seconds, such that
it has to be split out over several GPS visits. In between the GPS visits, and by design,
the wireless device must tune back to CDMA mode. The minimum CDMA tune back
time determined to minimize drop call rate and impact on voice quality 1s
approximately two seconds. The largest propagation time possible is the maximum

total GPS session time allowed, and 1s equal to approximately thirty seconds.



L1 (EQ 1) where At = TIME RFC - TIME MEAS (seconds) and x. DOPPLERJ
dopp_neas(x) = dopp_neas + ------------------ 2 while fL] is the L1 UPS
frequency of |.57542GHz, and f,. is GPS chip frequency of 1.023MHz. [0038]
It can be se§n thgt%_ | f the propagation tinme, At, is large and if there is
also a |ar§@&¥8¥* tonponent in dopp_neas due to GPS neBSHPEHEHE3EREppI er
bi as as discussed above, these factors conbine to result in a large error
in the propagated UPS code phase, Note that propagation tine, At, wll be
| arge when a GPS session exceeds the tilde allocated to a single GPS visit,
such as approxi mately two seconds, such that it has to be split out over
several GPS vi¥D3%- In prdsetovbetertunderss his imeshodaefcachmpinge &P rtpde phase winoe| ess
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error throughout both and GPS nodes. CDMVA channel .
independent GPS doppler bias, on the other hand, exists only during GPS visits and not

CDMA tune backs. This is because during CDMA tune backs, the frequency tracking
foop is on, driving any residual CDMA channel independent doppler bias to 0Hz. As a
result, CDMA channel independent doppler bias should not be used over the entire
propagation period At, but rather only when propagating over GPS visits.

Accounting for the possible presence of the GPS doppler bias dopp_bias in the

measured GPS doppler at time TIME_MEAS, we can write:
dopp_meas=dopp_true+dopp_bias
=dopp_true+NV_DOPPLER_BIAS+f,*DMSS_DOPPLER_BIAS,

where NV_DOPPLER_BIAS is the CDMA channel independent portion of GPS doppler bias
in Hz at TIME_MEAS, and DMSS_DOPPLER_BIAS is the CDMA channel dependent
portion of doppler bias at TIME_MEAS, normalized to CDMA channel frequency it is
calculated at, and dopp_true is the true GPS doppler at TIME_MEAS.

[0040] Furthermore, let’s define M CDMA successive tune-backs between
TIME_REF and TIME_MEAS as CDMA tune-backs 1, 2,..., M, where CDMA tune-
back 1 is the CDMA tune-back closest in time to TIME_REF, CDMA tune-back 2 is
the next closest in time to TIME_REF, and so forth, with CDMA tune-back M being



i ndependent GPS doppl er bias, on the other hand, exists only during GPS
visits and not CDVA tune backs. This is because during CDVA tune backs, the
frequency tracki ng |l oop is on, driving any residual CDVA channel

‘i ndependent . do ias to OHz. As a result, CDVA chan ent
doppl er bia ﬁg @%4 2ot be used over the entire propaga ?Jg)nb%gﬁggﬂg

-rat her only when propagating over GPS visits. Accounting for the possi bI e
presence of the GPS doppler bias dopp_bigs in the neasured GPS doppl er at
time TI MEWVEAS, we can wite: dopp neas=doppjrue+dopp_bi as
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doppl er bias at TIMVE_MEAS, norgrr% [ zeéd toe CDVA ch annealc fr equency it is
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closest intime to TIME-REF, and so forth, with t une- back M bei ng WO
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OPS code phase bmahes_&ase@DMApmqaagak lmmnerﬂaabﬂmSSdp@ckmrldpresdnt thereginhing.

from T T1IME MEAS tQ .S0 earl i r Tl | TIME REF < T ), as
illustrated in @85’(‘1’? “@djmqs é@qsﬁéﬁﬁﬁ é@gs@ﬁ %me@m&h@%ﬁaé}g&@%& g%gf’ween

the TIME REF aqgeag&%genty\ﬁédqg'b@?rﬂﬁﬁat‘éﬁf hiBh rtlmé)‘i Q%‘oﬂ: 'TBME”?IEA‘@ folsofddVA
tiune-back 1 being the first CDMA tune-b being the | ast CDVA

t une- back in tllﬁTEP TIDHE REE c(aseTIME REF > TME@'H@%E% itlpsgratedginnignig 213.nd
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illustrated in Figure 2b, labeling of M successive CDMA tune-backs between
the TI ME_REF arff¥W the last, and CDMA tune-back M is the first CDMA tune-back in time, with

t1,2,...2m ROW representing their finishing and beginning times.

[0042] Figures 1 and 2a illustrate GPS code phase measurement propagation backward
in time to an earlier TIME_REF, as will be described in more detail below. Figure 2b
illustrates propagation forward in time to a later TIME_REF, and is included to clarify
the definitions used. For simplicity, all Figures assume DOPPLER] is equal to 0.

Using the above definitions, we can write the following:

% cpma = portion of At spent in CDMA Tunebacks

0 , forM =0
Z(:z,_1 t,;) ,forM >0

i=]
M -ps = portion of At spent in GPS visits
=At—Alepya
Note that for a GPS session consisting of only a single GPS visit, 1.e. M=0,
“ coma=0, and

4 ps =At =TIME_REF - TIME_MEFAS.



TIME_MEAS is now contrary to their order in tinme. Nanely, CDMA tune-back 1
is wnowthe last, and CDVA tune-back Mis the first CDVA tune-back in tinme,
with tt.2. . wahkbmowssepresenting their finishing and begirpamiusgeosiosmesz [ 0042]

Figures 1 and 2a illustrate GPS code phase neasurenent propagation backward
intine to an earlier TIME REF, as will be described in nore detail bel ow
Figure 2b illustrates propagation forwaggd in tine to a later TIME_REF, and

is included to clarify the definitions used. For sinplicity, all Fi gures

assunme DOPRYERL phg tﬁﬂ%@lmﬁ&doﬂt%{cp%%r%d@tc% %E‘Eﬁ%@iﬁ"’% orV\%Fgcgvamvai_de&e the

following: CDVA = portion of At s

~(124-1 -s faorts s = portion of At spe

A Coran Noreending 3p; VEctpescHRS el o, PRRpeBHe 28 %\‘93 fﬁglws}t
i.e. - ArGPS =dt =Ti ME REF - TIME I\/EAS WO 20041038447
PCTi uszooslﬂgﬁbg%gA%hf’f a@ﬁ@é‘? fist SR REBSTIME MEASY1p imet cps and (c)t CDVA

can all have positive or negative val ues, depending on whether the

measur ement ssaméingoniiplly ek toth &WMHQ@W@BHH'MMR@ depenidrm FR\Syppdar Hissek war d
(i.e. TIME-JtEP dl "IME_MEAS) in time. Assuming initially that both CDVA

i ndependent arardnsEVidudtp thedatite GPS seksjopl vitenbvea 3eseniaties apatémfdr A10PS wgdé he
entire GPS session whenever present, the equation for a GPS code phase

masurenentp}@g@wtﬁrhma{;@,pgeﬁge@ﬁ@p code- phase(77ME _REF) = neas
- code- phase(TII\/E MEAS)” + + fcc.. - [t (dopp _ true(At) + fLl

Cotal GPSTRoo a2 'ﬁ%‘@n%&%’% pRATIEL bR | Mne® TS

s GPS [A, (dapp__;me(my, iy .DMSS_DOPPLER BIAS)+ At

-NV _DOPPLER _ BIAS ]
f L

GP§

(EQla)
As MS measures total GPS doppler at TIME_MEAS rather than dopp_true, all the
calculations in MS will be in terms of total measured GPS doppler, dopp_meas. Expressing
the above equation in texms of total measured GPS doppler, we get
prop_code_ phase(TIME _ REF) = meas_ code _ phase(TiME _MEAS)+

1, '

S35 _.IAt - dopp _meas{At) — At -NV _DOPPLER_ BIAS
le [N CDMA ]

-+

(EQ2)
Note that both equations 1 and 2 work equally well with a single GPS visit situation, as i
this situation the propagation of the measurement is not done over any CDMA tunebacks,
such that Afcpma=0. In the multi-visit case, however, Equation 1 will produce error in
propagated code phase that is equal to

S

.—Se’s . NV DOPPLER_BIAS
fu

Error [GPS chips]=-At CDMA

(EQ3)
[0043) To further illustrate this point, Figs. 1 and 22 iilustrate GPS code phase

propagation backwards in time for a session consisting of single and multiple GPS



calculations in MSwill be in terns of total neasured GPS doppler,

dopp_neas. Expressing the above equation in ternms of total neasured GPS
doppl er, we get prop-code- phase(TIME _ REF) = neas _ code _ phase(TIME _
"MEAS) + f + f - 6. dopp - rneas(At) - At CDVA - NV - S] Li
(E®) Not ewf)ﬁg'g"“ﬁ%t"ﬁ equations 1 and 2 work equally mlﬁﬁ#ﬁg?gﬁ%gl e GPS
.visit situation, as in this situation the propagation of the neasurenent is
not done over any CDMA tunebacks, such_that AtCOMA=O. In the nulti-visit
case, however, Equation | w Il produce dPror in propagat ed code phase t hat

is equal tof FError [GPS chips] = -At CDMA M NV _ DOPPLER _ BIAS fLlI
(EQ 3) [0043] Y&its: gmsperdively) (Yips simplisity, RQPR iRk 1s asywgaed zergefeg Upgexamplest Fat e

OPS code phase ' ' ' . Y |.sting of
singl o and i B8 SHIREMGRR BB IYAEA Tole SR RTBL R0 Yt Bt
respectivel y. Mbile SIME| MBAY/is aD@iRRIndloRthel GPRisBitforla ziagle GRS vishissssexaag, e. To
allow for the | argest prapagation tines, TIIvylE F is chosen to pe at the
begi nni ng,  whff ﬁ{fﬁ(@oﬁé fsfm fn Wﬁg’gﬁlﬁﬁmﬁf’}l TPgid Atdhg e'fdo?ftﬁe_ E‘Ftn@]g% GPS
- Visit session ¢afQyr thémuitl-bis bésdios dage ekpeBtively, a8 Nfhsirted ERiREM Nni ng of the
first and at the end of the last GPS visit for the nulti-visit session
case, respecti V4¢] Figs 1i illugsatesathat bothk Biuptiordl ahd Egahtidsi §. proviide Ithes comatobs

. that both Equatjon L and Equation 2 ] he.corr. for .
or ap- code- phasdhr S Rer e eeds & FSRHecFRR Tl B R a1 BRI my2

nul tiple GPS Vipgilipl6GPSivasit 2aS6h cad§ ab hiludhiEeRirERigl Za, BqBaticddl wiiu@kieOtbmdte Wi | |
underestimate prop_code_phase by the error anmount gi'ven in Equation 3. To
quantify this @ftrorode plvise by (Ry/cHOPHIEYRE Bives iBdiguagon GH To guentify this error,

AL COWA 14 SocARE" NG-RORELER, BEMP cOHE T0E e oft TS o PRR IEAR s e
pr opagati on er [For 7@DMAOPORLAIRS duhihg shis GIPS session, Afcpva =14 seconds, as shown in
Fig. 2a, resulting in the code phase propagation error of 0.0909 GPS chips, or
equivalently 26.66 meters, assuming DOP = 1, or 53.23 meters assuming a DOP of 2,
if Equation 1 is utilized rather than Equation 2 for GPS code phase propagation.
[0045) In addition, note that Equations 2 and 3, as well as all the Figures
assume that the GPS doppler bias stays constant for the duration of the entire GPS
session, that is to say, over multiple GPS visits for CDMA independent GPS doppler
bias, and over both maltiple GPS visits and CDMA Tunebacks for CDMA dependent
GPS doppler bias. Note that this may not necessarily be true for the CDMA channel
dependant portion of GPS doppler bias, as the wireless device may experience
frequency handoff during any of the sessions CDMA Tunebacks. Therefore, if we
{ assume N CDMA frequency handoffs during the GPS session, CDMA channel
dependent portion of GPS doppler bias could change N times. Using consistent
nomenclature, we can define N successive CDMA frequency handoffs between
- TIME_REF and TIME_MEAS, if any, as CDMA frequency handoffs 1, 2,..., N, where
CDMA frequency handoff 1 is the CDMA frequency handoff closest in time to
TIME_REF, CDMA frequency handoff 2 is the next closest in time to TIME_REF,
and so forth, with CDMA frequency handoff N being the closest in time to
TIME_MEAS. Further, tgoiz...n denotes the times at which the CDMA frequency
handoffs 1, 2,..., N happen. Finally, the total GPS doppler bias and nonmalized CDMA
dependent portion of GPS doppler bias between the successive CDMA frequency
handoffs i and (i+1) are denoted as dopp bias; and DMSS_DOPPLER BIAS,,



equivalently 26.66 neters, assumng DOP = 1, or 53.23 neters assum ng a DOP
of 2, if Equation 1 is utilized rather than Equation 2 for UPS code phase
propagation. [0045] In addition, note that Equations 2 and 3, as well as all
the Figure that the GPS doppl er bias stays constant for th
duration 03”??”§§’§#§17re GPS session, that is to say, oveé%zp?%ql‘%“&s
visits for CDMA i ndependent GPS doppler bias, and over both multiple GPS
visits and CDVA Tunebacks for CDVA dependent GPS doppler bias. Note that

this may not necessarily be true for t hd®CDMA channel dependant portion of

GPS doppler bias, as the wireless device nmay experience frequency handoff
during any of feprecideedyisyels thepigialiGRe wapmer bighandeEBMA chinngledepardsnporOCDVA
frequency hand i sflm chan ependent. rfion
of GPS doppl er&{oﬁﬁg%(ag IPIgb%Eg’r?gg%QS@?nes. ~ |ngdc183’éi S ]earl??legrﬂ%ﬁ%%é‘fsg%ﬂ?e, we
can define N sDMSSsPOPPLERVBIABgObeweyn tangef tnd beal, wae nabelddVidofREbicandind

TI ME_MEAS, if f h ffs 1, 2,..., N_wh CDVA
frequency h;nﬁ%skﬁi?%%—%q?éé%ﬁggﬁlﬁwmﬁ %@M—ﬁdﬂ‘ﬁéﬂb@@d as
TWE_REP, CDMA f4£0 neaf i 8EeXberah t intime to TlIME_REF,
and so forth, vvip?ﬁbl%%ﬁﬂ%fl(??eque“frlljc:@yPIIFlla%r%id'loﬁfA %)%b?i%ntg%ﬁﬁe closest intine to
TI ME MEAS. Fur [0046] TheH®Bbséh labeling delimed esayt g coinnigle weth thiei actual time GBiwience.
frequency hangpffs 1, 2... hap, Final ly, the total S doppl.er bias
and nor mal i zed IQQ?@?J%Q?ISN BB‘?tAﬁﬁr &F e(_ﬁéasédﬁﬁs'éﬁe‘qﬁptésba%‘f’ %ﬁRtLH_Be’
successi ve COMAbENBEH NG cestid CIDEB freqabsty(Handoff2dnd tRaN@heofzcsiamie tinds;
and DVBS_DOPPLER B‘FAS' WO 20041038447 PCTI US20031033662 16 respectively,
such that tot al2b@ms efolbplassockiteds GRddppiors eqingide Wiliebe derinprdgoin e, wWah GPS

doppler bias b I d I re | P . bl as0
UVBS_D@PLER_B??W%&G%C nﬂgﬁgﬁf apo’atﬁl?)t b%sa%gﬁgﬁﬂzgﬂgbsﬁ‘{@feagﬁj'ain‘d i
DVSS_DOPPLER_Bfrédhiencyehandofrid, thiwahd yorpe bineebeit g las dn filsEANEIAS Vedyotted as
dopp_bi asN and DVSS..DOPPL BLASN,. re cti . 1004 chosen | l'ing
| | Toed nay  nBOPEGRE IR W AR s FRAES) Aeeh R L MA ARERTEY BEBLEI ng
GPS and AFLT caé@efhaise TIMOEES REFMARd SITRET KBASIStHelt {imB® and | @RRbpdAEIng§ GHS
successive CDMA frequency handoffs and their tines of occurrence, and

| abel i ng of t héoppiwpbicamedomrgyde Hisierderdwlimei de with the their order in
time, wt hUsing the above definitions, we can wiite the following:

. [NV_DOPPLER BIAS+f; , -DMSS_DOPPLER BIAS,  , during GPS visit
dopp _bias, = f; , -DMSS_DOPPLER BIAS, , during CDMA funeback

where NV_DOPPLER_BIAS is CDMA channel independent portion of GPS doppler bias in
Hz, assumed constant over all GPS visits during an entire GPS session, and
DMSS_DOPPLER_BIAS; is CDMA channel dependent i)ortion of GPS dopplf‘:r bias between
ith and (i+1)th CDMA frequency handoff, normalized to CDMA frequency it is calculated at.

Using the above definitions, equation 1a becomes:



CDMA frequency handoff 1, tHo] and dopp_biaso being the first, and the CDVA
frequency handoff N, tHoN and dopp_bi asN being the last in tine.

Al t er nat i velW0 200H#8844Pr opagati ng them forward in |ine, | aslisegesmBsckt
successi ve CDVA frequency handoffs between the TIME REF and Tl ME MEAS,
their tinmes and corresponding GPS doppl ers becone contrary to their order
intime. Using the above definitions, we can wite the foll ow ng:

[ NV_DOPPLER BI AS+f LI - DMSS_DCOPPLER BWAS; , during CPS visit dope _ bias =
j1 1L1- DVMBS DOPPLER BI AS; , during CDVA tuneback where NV_DOPPLER BIAS is
CDVA channel |ndependent portion of GPS doppler bias i . assumed

([:)('\)/ggt ?)gDIg R B Aghcgﬁ% Cu\%channe‘rcgéeagbehﬁ%é lgﬁpyfﬁﬁl oﬁ zfg%ggggppf(et) bi as

between ith agd (i+l)th CDVA frequency handoff, normnal d to CDVA

frequenc i ing the above definitions, equation |a

becones: X@@;PEOO 103@2495%%%}2/ 033662 17 prop _code-

phase( TTVE_REF) éﬂeas _code_ phase(TI ME_MEAS) + At Op-' -dopp_ | Tuc(& f fL1

f +AtGPS - CPS NV _DODPLER_BI AS fLlI At, DVSNDOPPLER BIAS +fc (Tl Me-REF-t ),

- DVMSSDOPPLER Rl ASo+(tao - TIME _NEAS)- DVSS DOPPLER BIAS , ,forty= CPS (TIME
REF - - tHO - DVSS_DOPPLER BI AS g;.bafsé bgppLHM,:m MEAS) - DIVBS DOPPLER _BI AS

f 4 2 i
3a) +As N%rf TMg(hfP F%ﬁ%ﬁ%ﬁﬁ{m ofﬁ W lfé{i?b AHLER ms LGEIQ
all the cal c | ons | Ho Be-in ot rreasur ﬁop

dopp_neas. |ng h&, poresrEuation 3a in terms of neasured GPS
doppl er, Equatl ’? |n”"t he presence of forN =

(EQ 32)

As MS measures total GPS doppler at TIME_MEAS rather than dopp_true, all the
calculations in MS will be in terms of total measured GPS doppler, dopp_meas. Expressing
the above Equation 3a in terms of measured GPS dopplcr,. Equation 2 in the presence of
CDMA frequency handoffs during the GPS session then becomes:

f.
prop _ code phase(TTME REF) = meas _ code _ phase{TIME _ MEAS) + At - fG” -dopp _ meas(Ar)
L1

“sts . NV _DOPPLER_BIAS

CDMA fLI
) 0 JforN=0
+f "3 (TIME _REF -, ) ( DMSS_DOPPLER_BIAS' -~ DMSS_DOPPLER_BIAS ) JforN =1
Cors % N 0 !
(TIME _REF —t,, )- DMSS_DOPPLER BIAS , + 3 (tno, —1yo, - DMSS_DOPPLER BIAS
g Loa ¥ 1O ,forN>1
- (TIME _REF —ty,, ) .DM3S_DOPPLER_BIAS y

(EQ 4)
The GPS doppler bias correction method disclosed herein will therefore use Equation 4 for

propagating the GPS code phase measurements to common time prior to reporting them in



CDMA frequency handoffs during the GPS session then becones: prop _ code _
phase(TIME _ REF) = neas - code - phase(TIME - MEAS) + At - f GPS dopp _

neas(& f 2500 'feels . NV_DOPPLER BIAS fLI 0 ,for f s (TIME-
REF - t HqL‘SI'(-) ( d@%@PLER_Bl AS n _ DVBS DOPPLER Bl As'%: 1sz§%3»g03§f%21 (TINE

_REF - t HO) DVBS DOPPLER BIAS, + (tHO - -1 yq )- DVBS DOPPLER BIAS; :
foor N>1 - (TINE_REF - t HO') . - DVBS DOPPLER BIAS,, [ (EQ 4) The UPS

doppl er bias correction nethod discl 0B d herein will therefore use Equation
4 for propagating the GPS code phase asurenents to conmon tine prior to

reportin ' 200410 7 PCTI US2003103366 8 the 1S-801.1 PRM
nessage @8&%)%@1 gl‘\ogﬂe%"?g“t ?Sﬁélén‘& RIREAY R0 "HHW%{' éi%?c%\?vr?wﬁo%qslt’i% n

| ocat i on %rl:igi ne. Finally, in the case where wirel ess device designers opt to
use PLLsOt4YEP - del i berately designed to have static errors in the
frequency output, the AFLT neasurenments will|l al so__ experience the COVA
channel GeEndetie cepnpesowielgss fsvice designesnauirte ushBLLy Bpksre dﬁi‘bﬁﬁ?ﬂ #tion of

al | AFLTIEHERROIfEG Flatq grrery divHie Sqvancy quinut the wibh Bedsergmensp 31l alsot o PDE
via | S sgperienppiieneR¥iy shagpel ependento CoNEmepda depplisedTe ansorrethgi Prepesss devi ce
posi t i onPropagatianioball ARG measurpmentstppNEER tmg ppipd te them Laingyepesied gePPE  account ed
for, accyrdPiflitSPMhaesnag: poRiiergtocthamt beine visddp the sowmless doviesepositiaiL T( TI VE _
REF) = alogation enginsy ¢his CHNE eode dapplay musvibe prapedGaccowedrios, aseording DVBS

DOPPLER Bllpgngequgtiom| = + f' - (TIME - REF - t01)- , DVMSS DOPPLER BI ASO + | xo0
- TI MNE_NVERSPDRBle SPRSPRAER(HMES REF) £ tnedd _code PIE.. ARERTIME XMEAS _ DNES+

DOPPLER 87AS Of+ xo -TIME _ MEAS . DVSS DOPPLERBIAS N N +F(r _1xq };

DMSS DOPPLER BIAS ,forty r-x (EQ 5) where the neasured AFLT code phase for

a particular pjlot at time TIME_MEAS AFLT is
At - DMSS_DOPPLER_BIAS ,forN =

+ fc -4 (TIME _REF—tm).,DMSS_DOPPLER_BMS o+, —TIME _MEAS) DMSS_DOPPLER BIAS', ,forN =
@4 \(TIME _REF —1,, ). DMSS_DOPPLER BiAS o +{¢ ~ ~TIME _ MEAS)- DMSS_DOPPLER BIAS |,
N JforN =
* Zz(l w0 ~ o, ) DMSS_DOPPLER BIAS
=
(EQ 5}

where the measured AFLT code phase for a particular pilot at time TIME_MEAS_AFLT is
given by meas_code_phase_ AFLT CDMA chips, and propagated AFLT code phase at a
common time TIME_REF is given by prop_code_phase AFLT CDMA chips; N is the
number of CDMA frequency handoffs between TIME_REF and TIME_MEAS, and tuo1 2. N
are the times at which these CDMA frequency handoffs 1, 2,..., N happen, as previously

defined.

[0047] A method as described above may be implemented, for example, by operating
the wireless device to execute 2 sequence of machine-readable instructions. These
instructions may reside in various types of signal-bearing media. In this respect, one
aspect of the present invention concerns an article of manufacture comprising a signal-
bearing media tangibly embodying a program of machine-readable instructions
executable by a digital signal processor to perform a method to locate a transceiver

used in a synchronous communications network employing wireless links.



- el sewhere, the instructi

gi ven by rneas_code- phase AFLT CDVA chi ps, and propagated AFLT code phase at
a comon tinme TINNE REF is given by prop _codejhase !. FLT CDVA chips; Nis

t he nunber of COMA frequency handoffs between TIME REF and Tl ME_MEAS, and
tnona. ... are the tines at which these CDVA frequencg h@n%gf%g@%, 2, ...,
N happen, ag’op%‘)gw:%ﬂgly defined. [0047) A rmethod as desEfi5ag™y may be
-1 nmplemented, for exanple, by operating the wireless device to execute a
sequence of nachi ne-readable instructions. These instructions may reside in
various types of signal-bearing nedia. 17 this respect, one aspect of the
present invention concerns an article of manufacture conprising a signal-
beari ng medi a (#4481 bTlis sigpeldiganng megiuagy rush cOMPHBE Hphexamde bk (ﬂﬁéﬁh(}]’m)i ons
execut abl e by %onghlﬂb& @Juhﬁf tﬂ b RLREESAR rnewor?e[aflt%ﬁhfe mg‘?&é‘&‘luﬁ&mh? 5’“
transcei ver use ronous communi cati ons ne rk”enpl oyl ng Fel ess
| i nks. WD 2004/638i4dd nP@iEvﬂid‘Bzigﬁﬂl&Bﬁﬁ@ﬁ;edﬁ,Qsm][cﬁ)%B)naEhﬂ& dutgstadagd didkdtRGpr

medi um may conpr.i s RAM (not shown contained wthin the

for | e
comuni cati ons H@f&kﬁtﬂlm l“@ zacily oF Palrefily acResIbledpitimuireigss dodice OpRYSiEhed i n

- anot her si gnal YWRahdGnBRH dyith 8 BRnfuriREDE debwsRIR oReRhBGehE i EELGSsOT
other digital nmedium directly or indirectly accessible to the wrel ess

devi ce or syst emy beviercdemn comieti okthachindiicadativedao wiotage onediasscnat adirketor

d f hij. dabl
Gt a e e nge rafta! SidEer ARos, B b6 it Rt Qbbb B Sl el

el ectroni c readedibs,Yor GHhaR sMitabdd) si@idl b alinpSitagd Medid € \Th Gf illdtrag@ie@hbsdiintabl e
signal -bearing storage nedia. In an illustratjve enbodinent of the

i nvention, the drEeHnKetioaghaBaehiperiqadeRle imsiwactiony may spmpass Yines ek cpppikdipi | ed
|
C,~or Ck+ or piher &%&&béugtigl?%ﬁﬁg laﬁgll ng& &gﬂ@”&%dﬁﬁ&o@’ 1GHQE & fdé' ed

im the programmng arts 0 apparat us or pertormng
position | ocat |1uwgramﬂmlg/mtsel ess conmmuni catl on syst em has been descri bed.

The previous d prion of th eferre odi.nmen rovi.ded to enabl e
any persons ski W@a Y% ﬁén%ﬁ’ f?‘g‘{ df°ﬁ§’g§ THEnE B?Sétéo Ogﬂloéldf‘c?sﬁ **The
various nodifi GakinRitscation RS ha e ideRsmibsd. Wrhd pReions agkcliptiorddiiBe pitferted
those skilled in the art, and the generic prlnC|pIes defi ned herein may be

applied to ot hembogEamthiirevidet iootmeble ey psesony skilisd nribe Attito anake O ups theThys,

the present disclosure. The varions modifications to these embodiments will be readily

apparent to those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty. Thus, the
present disclosure is not intended to be limited to the embodiments shown herein, but
is to be accorded the right of scope consistent with the principles and novel features

disclosed herein.

( We Claim:



present disclosure is not intended to be limted to the enbodi nents shown
herein, but 1is to be accorded the right of scope consistent with the
princi pl es and novel features disclosed herein. W Claim 20 CLAIMS 1. A
met hod of propagating AFLT pil ot phase nmeasurenents to conmon tine,
conprising: determning a COMA channel dependent CDVA code doppl er bias;
and accounting for the CDVA code doppl#r bias during tine propagation of
AFLT pil ot phase nmeasurenments to common tine, prior to reporting the AFLT
pil ot phase neasurenents to a position determning entity (PDE), or prior
to using the AFLT pilot phase neasufdf¥M% in a position |ocation engine in
a wreless device. 2. The nethod of claim1, wherein the propagation of AFLT
pil ot phase neasurenents is determ ned by continuously calculating t he CDVA

code doppler Db q'l%:thog ‘of Qf 6% Q}P?;ff qugwhgeeﬂegﬂlrcﬁoﬁts?m&cﬁ%et J:ot%'@rl 19%61“ on in

t he presence o time-v Cy error, conprisin ng a GPS
doppl er bias val ue |nclud|ng determ ning a CDMA code doppler bias val ue;
centering a GPSwdoppiger CIRMMaArchimnel depkndenh EBRA e tdppletPiS:; dabpl er bi as val ue;
adjusting for the GPS doppler bias value during GPS code phase neasur enent

t t {

bl ne Dol badauy Faltes SRR CoMA B it B b i o prbpaionieh £ af R Db
time. 4. TPheme meetsh@niemsf toch@ainim Bme Winier mrepotthg tHeRFLAqulpt ghaselhasuremdnts@o b S
subtracte 051t1(1%r9e% eITEtazHS gio?l?lp T tgé }E@lhe AF‘?J"[l fot PQ&{S n{%OI‘t | n t’ he. UPS

neasur ed P i N P Fior to
usi ng the p@ﬁﬁnri@a‘@weagindmpphekesa/@me in a position I ocatl on and/ or a
velocity engine in a wireless device. 5. A nethod of optimzing GPS based

(F:)gfr;);[‘ : gln n l& O ‘ gé?g{lw:etﬁ?%gtecéggs %ﬁgfgg %er PTB?aggtlo\l) ;?¥ AE%T fla_lgtep a.?enlglyasﬁgrgé)rll;s is

determined by continuously calculating the CDMA code doppler bias.

3 A method of optimizing GPS based position location in the presence of time-varying

frequency error, comprising:

determining a GPS doppler bias value including determining a CDMA code doppler bias

value;

centering a GPS doppler search window based on the GPS doppler bias value; adjusting
for the GPS doppler bias value during GPS code phase measurement time propagation to

common time; and

adjusting for the CDMA code doppler bias value during AFLT code phase measurement

time propagation to common time,

4. The method of claim 3, wherein the GPS doppler bias value is subtracted from a GPS
measured doppler value prior to reporting the GPS measured doppler value to a position
determining entity (PDE) or prior to using the GPS measured doppler value in a position location

and/or a velocity engine in a wireless device.

5. A method of optimizing GPS based position location in the presence of time-varying

frequency error, comprising:

determining a GPS doppler bias value;



centering a GPS doppl er search wi ndow based on the GPS doppl er bias val ue;
adjusting for the CPS doppl er bias value during CPS code phase neasurenent
time propagation to conmon tine; storing a CDVA channel independent GPS
doppler bias value in a cellular device nenory; storing a cal cul ated CDVA
channel dependent CPS doppler and CDVA code doppler bias values, wherein
the stored CDMA channel dependent CDM&lcode doppler bias value is used to
propagat e AFLT code phase neasurenents to conmon tine; and utilizing the
CDVA channel independ CPS doppl er, bias valu d th CDIYA channel
dependent CPS 868%%%?&%8%""@5 eﬁgzgtwc')“dfj‘é’-b%sgﬂf"é{}'c?’ﬁggﬁiﬂgﬁﬁ? & search wi ndow
for all search nodes. 6. The nethod of claim5, wherein the CDVA channel

i ndependent GPSljaktipplf@rthdiGRS doppletebiasavuiuet higinf OV @daniat nitapeacantimePS

doppl er bi as v | ue are utti |ized to propagate CPS code phase neasurenent to
common ti METE TAC R TP e Y™ comuni cati on device for optim zing CPS based
position location in the presence of tine varying frequency error,
conprising: a EeGR ¥ EDNMArchieREindegeddedi GBIl dpplErobha vilas & atalliledeviche
signals including an indication of the timng of a GPS satellite; a GPS
recei ver; "&id~a control processor coupled to the receiver and to the UPS
receiver, and configured to use the received timng of the GPS satellite to

determ ne a GPSoSad edicutitdddomnigedhb@icl ddperdioRbEy ddppler SRIBCDRAS @de Ubhler

satellite;. wherein the CPS er search w center is. determned by

ot or i i H® St aerents st D Gasrel gt S SR s By NS tBE donpl o1
search W nogvpapas adlDoodepRast Gledurekdels todompbetimBiaaé val ue, and wherein a CDVA
channel dependent CDMA code doppl er bias value is cal cul ated and account ed

for during tinme propagation of AFLT cod gas measure ts.to comon tine
prior to repor Pﬁ‘lﬁd’gtﬂPfg?Wﬁ'Fhﬁ’Uﬁlé“dﬁﬂ%@@“ %@g Wgﬁ’@ﬁf Eal]I‘Ee g&”’ﬁ&ﬁ“ﬂ‘f‘ ghpnnel
det er m ni AgpeA&neOPS WyppldP®a) vale ¢S ten@ntbBe APE THopMélesepbiasemdoRaBULIESERRRS 1N A
wi rel ess device position |location engine. 8. A tangible data storage nedi um
conpri si n§°ecut abl e data capabl e of causing a

6. The method of claim 35, wherein the CDMA channel independent GPS doppler bias value

and the CDMA channel dependent GPS doppler bias value are utilized to propagate GPS code

phase measurement to common time.

7. A wireless communication device for optimizing GPS based position location in the

presence of time varying frequency error, comprising:

a receiver for receiving signals from a base station, the signais including an indication of

the timing of a GPS satellite;
a GPS receiver; and

a control processor coupled to the receiver and to the GPS receiver, and configured to use
the received timing of the GPS satellite to determine a GPS search window center in doppler to

search for the satellite;

wherein the GPS doppler search window center is determined by determining a total GPS
doppler bias value and by centering the GPS doppler search window based on the total GPS
doppler bias value, and wherein a CDMA channel dependent CDMA code doppler bias value is
calculated and accounted for during time propagation of AFLT code phase measurements to

common time prior to reporting the AFLT code phase measurements to 2 position determining



programmuabl e device to performthe steps of. determ ning a CPS doppl er
search wi ndow center for searching for a global positioning system (GPS)
satellite, including the steps of. determ ning a GPS doppl er bias val ue

i ncludi ng determ ning a CDVA code dapper bias value; and centering a GPS
doppl er search wi ndow based on the GPS doppl er bias value; and accounting
for GPS doppler and CDVA code doppler 2% as whil e propagating GPS
pseudorange and AFLT pil ot phase nmeasurenents, respectively, to common tine.
9. The tangi bl e data storage nedium of claim$8, wherein the CPS doppler
search wi SBEWERE) opting th ﬁgHT B9He Ph#Fe MSABERSICYS e girplps devstorosition leran at i ng
the GPS deppdeer bias value. tO The tangi ble data storage nedi um of claim 8,
further including the step of accounting for continuously neasured and/ or
cal cul ated GPS doppl er bias and continuously cal cul ated COVA code doppl er
bi as whi | & pr opatiaEiPlsgtatapseRse Hedivaineanpisige Artcrtaple) dta papable afpwytitgefent s,
respect i veldgramnible QBRI o bérfdBm the steps of:

determining a GPS doppler search window center for searching for a global positioning

system (GPS) satellite, including the steps of:

determining a GPS doppler bias value including determining a CDMA code

dopper bias value; and

centering a GPS doppler search window based on the GPS doppler bias value;

and

accounting for GPS doppler and CDMA code doppler bias while propagating

GPS pseudorange and AFLT pilot phase measurements, respectively, to common time.

9. The tangible data storage medium of claim 8, wherein the GPS doppler search window is

determined by continuously measuring and/or calculating the GPS doppler bias value.

10. The tangible data storage medium of claim 8, further including the step of accounting for
continuousty measured and/or calculated GPS doppler bias and continuousty calculated CDMA
code doppler bias while propagating GPS pseudorange and AFLT pilot phase measurements,

respectively, to common time.



