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relates to protein kinase inhibitors, compositions
comprising such inhibitors, and methods of use,
thereof. More particularly, the invention relates to
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invention also relates to methods of treating diseases
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Patent No. 5,023,252. U.S. Patent No. 5,01 1,472 All
of the above publications are incorporated herein by
reference in their entirety to the same extent as if
each individual publication, patent or patent
application was specifically and individually
indicated to be incorporated by reference in its
entirety. State of the Art The Aurora kinases are a
family of serine/threonine protein kinases associated
with mitosis. Members of the family demonstrate
distinct subcellular localization during mitosis and
are degraded by the proteosome following exit from
mitosis (Graham et al. (2002) J. Biol. Chem.
277:42419-22). The kinases are often found complexed
with other proteins, including cytoskeletal
structures. The Aurora kinases share a conserved
Cterminal catalytic domain, with greater variation
being observed at the N-terminus. Aurora-A (Aurora-2)
is unique in the presence of two lysine residues in
the nucleotidebinding 



domain of the kinase (Warner et al. (2003) Molecular
Cancer Therapeutics 2:589-95). Maximum levels of the
Aurora-A polypeptide, and maximum Aurora-A activity,
are observed at the G2/M transition leading into
mitotic prophase, with the polypeptidelocalizing to
the mitotic spindle pole (Graham et al. (2002) J Biol.
Chem. 277:42419-22; Sakai et al. (2002) J Biol. Chem.
277:48714-23). Aurora A appears to regulate chromosome
duplication with aberrant expression being associated
with aneuploidy and an aggressive clinical phenotype,
particularly in solid tumors. Such observations, and
additional experimental data, suggest that in abnormal
cells Aurora-A disrupts the signaling cascade that
regulates chromosome segregation (Sen et al. (2002) J
Nat. Cancer. Inst. 94:1320-29). Aurora-A also appears
to function in meiosis, likely in separating
homologous chromosomes and in spindle rotation.
Injection of antibodies against Aurora-A into Xenopus
oocytes prevents first polar body extrusion and causes
arrest at meiosis I (Castro et al. (2003) J Biol.
Chem. 2236-41). e Xenopus kinesin-like protein, Eg5,
is known to be a substrate for Aurora-A (Id). In
addition, in vitro studies show that Aurora-A is
incorporated into chromatin and phosphorylates histone
H3, and possibly histone H2B (Scrittori et al. (2001)
J Biol. Chem. 276:30002-10). H3 phosphorylation, e.g.,
at serine-10, during chromosome assembly, appears to
be a conserved event in eukaryotic cell division.
Inhibition of H3 phosphorylation leads to chromosome
condensation, abnormal segregation, and the loss of
chromosomes during mitosis and meiosis (Id.).
Accordingly, the emerging model for histone
phosphorylation is analogous to that of histone
acetylation, wherein partially redundant enzymatic
activities are associated with histone modifications
but different enzymes may function in different
cellular contexts. For example, some enzymes may
modify histones in bulk, while other enzymes modify
histones in a targeted manner, i.e., in a sequence or
domain-specific manner in the context of assembled
chromatin (see, e.g., Scrittori et al. (2001) J Biol.
Chem. 276:30002-10). In this model, Aurora-A appears
to be a kinase responsible for targeted histone
modification, in the context of assembled or
assembling chromatin. Other members of the Aurora
kinase family are associated with mitosis and meiosis.
For example, Aurora-B (Aurora-1) appears to play a
role in maintaining the metaphase plate during
mitosis, chromatid separation during anaphase and
telophase, andeven in cytokinesis. Moreover, Aurora-B
appears to regulate metaphase I exit and metaphase I
plate rotation, during meiosis, suggesting multiple
discrete but related roles for the kinase. Aurora-B
also appears to associate with a survivin, a
polypeptide that associates with the inner centromere
and undergoes a significant degree of stretching
during mitosis. Survivin appears to be involved with
inhibition of apoptosis as well as cell cycle control.
Interestingly, both Aurora-B and survivin are
delocalized during megakaryocyte endomitosis, a
process by which late anaphase and cytokinesis are
skipped, leading to megakaryocyte polyploidy (Zhang et
al. (2004) Blood 103:3717-26). Aurora-C (Aurora-3) is
the least studied, known member, of the family.
Aurora-3 localizes to centrosom.es from anaphase until
telophase (or even cytokinesis), and is highly
expressed in the testis (Brown et al. (2004) BMC
Evolutionary Biology 4:39). As noted above, Aurora
kinases are overexpressed in certain types of cancers,
including colon, breast, and other solid-tumor
cancers. The genes encoding the Aurora-A and -B
kinases tend to be amplified in certain types of
cancers, while the gene encoding 



the Aurora-C kinase resides in a region of the
chromosome that is subject to rearrangement and
deletion. Aurora-2 has been associated with a variety
of malignancies, including primary colon, colorectal,
breast, gastric, ovarian, prostate, and cervical
cancer, neuroblastoma, and other solid-tumor cancers
(Warner et al. (2003) Molecular Cancer Therapeutics
2:589-95). Inhibitors of Aurora-2 have been described.
For example, Harrington et al. ((2004) Nat. Med.
10:262-67) have described VX-680, a small-molecule
inhibitor that blocks cell-cycle progression and
induces apoptosis in certain types of tumors in in
vivo xenograft models. A pyrazole Aurora-2 kinase
inhibitor is also described in U.S. Patent No.
6,653,301 (Bebbington et al., issued November 25,
2003). Hauf et al. ((2003) J Cell. Biol. 161:281 -294)
identified the indolinone, Hesperadin, as an inhibitor
Aurora B, which causes cells to enter anaphase with
monooriented chromosomes, having both sister
kinetochores attached to a single spindle pole (a
condition known as syntelic attachment). Ditchfield et
al. ((2003) J Cell. Biol. 161:267-280) described
ZM447439
((4-(4-(JV-benzoylamino)anilino)-6-methoxy-7-(3-(I
-morpholino)propoxy)quinazoline), an Aurora kinase
inhibitor which interferes with chromosome alignment,
segregation, and cytokinesis. Accordingly, kinase
inhibitors, particularly inhibitors of Aurora-2 kinase
are of particular interest in treating certain
disorders, including cancer, compounds exhibiting such
inhibition are of particular value. SUMMARY OF THE
INVENTION This invention is directed to compounds and
pharmaceutical compositions that are effective as
protein kinase inhibitors, particularly as inhibitors
of the Aurora kinases, and most particularly as
inhibitors of Aurora-A kinase (Aurora-2). This
invention is also directed to methods for treating or
preventing a disease mediated at least in part by a
protein kinase and, in particular, Aurora-2 using the
compounds and/or pharmaceutical compositions of this
invention. This application claims the benefit of US
60/629,176 filed November 17, 2004 which is herein
incorporated by reference in its entirety for all
purposes. Accordingly, in one of its compound aspects,
this invention is directed to a compound of formula Ia
or Ib: Ia Ib wherein Ar is selected from the group
consisting of aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; W is selected from the group
consisting of amino and substituted amino;X is
selected from the group consisting of carboxyl,
carboxyl esters, and aminoacyl; Y is selected from the
group consisting of oxygen, sulfur, -S(O)-, -S(O)2-,
and -NRy- where Ry is selected from the group
consisting of hydrogen, alkyL, and substituted alkyl;
each R1 is independently selected from the group
consisting of acylamino, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, aminoacyl, aryl,
substituted aryl, aryloxy, substituted aryloxy,
carboxyl, carboxyl esters, cycloalkyl, substituted
cycloalkyl, halo, cyano, nitro, hydroxyl, heteroaryl,
substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, and substituted
heterocyclic; R2 is selected from the group consisting
of hydrogen and alkyl; 



R3 is selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkoxy, substituted alkoxy,
amino, substituted amino, cycloalkyl, substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy,
aryl, substituted aryl, aryloxy, substituted aryloxy,
cycloalkoxy, substituted cycloalkoxy, heteroaryl,
substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, substituted heterocyclic,
heterocycloxy, and substituted heterocycloxy; and n is
an integer equal to O, 1 or 2; or isomers, prodrugs,
or pharmaceutically acceptable salts thereof. DETAILED
DESCRIPTION OF THE INVENTION Definitions Unless
otherwise limited by a specific recitation herein, the
following terms have the following meanings; "Alkyl"
refers to monovalent alkyl groups having from 1 to 10
carbon atoms, preferably from 1 to 5 carbon atoms and
more preferably 1 to 3 carbon atoms. This term is
exemplified by groups such as methyl, ethyl, ^-propyl,
wo-propyl, "-butyl, -butyl, npentyl and the like.
"Substituted alkyl" refers to a monovalent alkyl group
having from 1 to 3, andpreferably 1 to 2, substituents
selected from the group consisting of alkoxy,
substituted alkoxy, acyl, acylamino, amino,
substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen,
hydroxyl, thiol, alkylthiol, substituted alkyl thiol,
trialkylsilyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic. "Alkoxy" refers to the group "alkyl-O-"
which includes, by way of example, methoxy, ethoxy,
-propoxy, WO-propoxy, "-butoxy, t-butoxy, sec-butoxy,
"-pentoxy and the like. "Substituted alkoxy" refers to
the group "substituted alkyl-O-". "Acyl" refers to the
groups H-C(O)-, alkyl-C(O)-, substituted alkyl-C(O)-,
alkenyl-C(O)-, substituted alkenyl-C(O)-,
cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-,
aryl-C(O)-, substituted aryl-C(O)-, heteroaryl-C(O)-,
substituted heteroaryl-C(O), heterocyclic-C(O)-, and
substituted heterocyclic-C(O)-. "Aminoacyl" refers to
the group -C(O)NR 10R10 where each R10 is
independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, aryl, substituted aryl,
cycloalkyl, substituted cjcloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic and where each R10 is joined to form
together with the nitrogen atom a heterocyclic or
substituted heterocyclic ring. "Alkenyl" refers to a
monovalent alkenyl group having from 2 to 6 carbon
atoms and more preferably 2 to 4 carbon atoms and
having at least 1 and preferably from 1-2 sites of
alkenyl unsaturation. The term "alkenyl" encompasses
any and all combinations of cis and trans isomers
arising from the presence of unsaturation.
"Substituted alkenyl" refers to alkenyl groups having
from 1 to 3 substituents, and preferably 1 to 2
substituents, selected from the group consisting of
alkoxy, substituted alkoxy, acyl, acylamino, amino,
substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen,
hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic provided that any hydroxyl substitution
is not on a vinyl carbonatom. "Amino" refers to the
group -NH 2. 



"Substituted amino" refers to the group -NR'R" where
R' and R" are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic and where R' and R" are joined, together
with the nitrogen bound thereto to form a heterocyclic
or substituted heterocylic group provided that R' and
R" are both not hydrogen. When R' is hydrogen and R"
is alkyl, the substituted amino group is sometimes
referred to herein as alkylamino. When R' and R" are
alkyl, the substituted amino group is sometimes
referred to herein as dialkylamino. "Acylamino" refers
to the groups -NR p C(O)alkyl, -NR n C(O)substituted
alkyl, -NR 11C(O)CyClOaIlCyI, -NR 1^((^substituted
cycloalkyl, -NR n C(O)alkenyl, -NR 1^((^substituted
alkenyl, -NR n C(O)aryl, -NR 1^((^substituted aryl,
-NR 1^(COheteroaryl, -NR 11C(O)substituted heteroaryl,
-NR 1^((^heterocyclic, and -NR 11C(O)SUbStItUtCd
heterocyclic where R11 is hydrogen or alkyl. "Aryl" or
"Ar" refers to a monovalent aromatic carbocyclic group
of from 6 to 14 carbon atoms having a single ring
(e.g., phenyl) or multiple condensed rings (e.g.,
naphthyl or anthryl) which condensed rings may or may
not be aromatic (e.g., 2-benzoxazolinone,
2H-l,4-benzoxazin-3(4H)-one-7-yl, and the like)
provided that the point of attachment is to an
aromatic ring atom. Preferred aryls include phenyl and
naphthyl, e.g, 2-naphthyl. "Substituted aryl" refers
to aryl groups which are substituted with from 1 to 3
substituents, and preferably 1 to 2 substituents,
selected from the group consisting of hydroxy, acyl,
acylamino, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, alkenyl, substituted alkenyl,
amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cycloalkoxy,
substituted cycloalkoxy, carboxyl, carboxyl esters,
cyano, cycloalkyl, substituted cycloalkyl, halo,
nitro, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic, heteroaryloxy,
substituted heteroaryloxy,heterocyclyloxy, and
substituted heterocyclyloxy. "Aryloxy " refers to the
group aryl-O- that includes, by way of example,
phenoxy, naphthoxy, and the like. "Substituted
aryloxy" refers to substituted aryl-O- groups.
"Carboxyl" or "carboxy" refers to -COOH or
pharmaceutically acceptable salts thereof. "Carboxyl
esters" refers to the groups -C(O)O-alkyl,
-C(O)O-substituted alkyl, -C(O)O-aryl,
-C(O)O-substituted aryl, -C(O)O-cycloalkyl,
-C(O)O-substituted cycloalkyl, -C(O)O-heteroaryl,
-C(O)O-substituted heteroaryl, -C(O)O-heterocyclyl,
and -C(O)Osubstituted heterocyclyl wherein alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, and substituted
heterocyclyl are as defined herein. "Cycloalkyl"
refers to monovalent cyclic alkyl groups of from 3 to
10 carbon atoms having single or multiple condensed
rings which condensed rings may or may not be
cycloalkyl provided that the point of attachment is to
a cycloalkyl ring atom. Examples of cycloalkyl groups
include, by way of example, adamantyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclooctyl and the like.
"Substituted cycloalkyl" refers to a cycloalkyl group,
having from 1 to 5 substituents selected from the
group consisting of oxo (=0), thioxo (=S), alkyl,
substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, amino, substituted amino, aminoacyl, 



aryl, substituted aryl, aryloxy, substituted aryloxy,
cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
esters, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic. "Cycloalkoxy" refers to
-O-cycloalkyl groups. "Substituted cycloalkoxy" refers
to -O-substituted cycloalkyl groups. "Halo" or
"halogen" refers to fluoro, chloro, bromo and iodo and
preferably is fluoro or chloro. "Heteroaryl" refers to
a monovalent aromatic group of from 1 to 15 carbon
atoms,preferably from 1to 10 carbon atoms, and 1to 4
heteroatoms selected from the group consisting of
oxygen, nitrogen, and sulfur within the ring. The
nitrogen and sulfur ring atoms can be optionally
oxidized. Such heteroaryl groups can have a single
ring (e.g., pyridyl or furyl) or multiple condensed
rings (e.g., indolizinyl or benzothienyl) provided
that the point of attachment is through an aromatic
ring atom. Preferred heteroaryls include pyridyl,
pyrrolyl, indolyl, thiophenyl, and furyl. "Substituted
heteroaryl" refers to heteroaryl groups that are
substituted with from 1 to 3 substituents selected
from the same group of substituents defined for
substituted aryl. "Heteroaryloxy" refers to the group
-0-heteroaryl and "substituted heteroaryloxy" refers
to the group -O-substituted heteroaryl. "Heterocycle"
or "heterocyclic" refers to a monovalent saturated or
unsaturated non-aromatic group having a single ring or
multiple condensed rings, from 1 to 10 carbon atoms
and from 1to 4 hetero atoms selected from the group
consisting of nitrogen, sulfur, or oxygen within the
ring wherein, in fused ring systems, one or more the
rings can be aryl or heteroaryl provided that the
point of attachment is to a heterocyclic
(non-aromatic) ring atom. In addition, the nitrogen
and sulfur ring atoms can be optionally oxidized.
"Substituted heterocyclic" refers to heterocyclic
groups that are substituted with from 1 to 3 of the
same substituents as defined for substituted
cycloalkyl. Examples of heterocycles and heteroaryls
include, but are not limited to, azetidine, pyrrole,
imidazole, pyrazole, pyridine, pyrazine, pyrimidine,
pyridazine, indolizine, isoindole, indole,
dihydroindole, indazole, purine, quinolizine,
isoquinoline, quinoline, phthalazine,
naphthylpyridine, quinoxaline, quinazoline, cinnoline,
pteridine, carbazole, carboline, phenanthridine,
acridine, phenanthroline, isothiazole, phenazine,
isoxazole, phenoxazine, phenothiazine, imidazolidine,
imidazoline, piperidine, piperazine, indoline,
phthalimide, 1,2,3,4-tetrahydro-isoquinoline,
4,5,6,7-tetrahydro-benzo[b]thiophene, thiazole,
thiazolidine, thiophene, benzo[b]thiophene,
morpholinyl, thiomorpholinyl (also referred to as
thiamorpholinyl), piperidinyl, pyrrolidine,
tetrahydrofuranyl, and the like. "Heterocyclyloxy"
refers to the group -O-heterocyclic and
"substitutedheterocyclyloxy" refers to the group
-O-substituted heterocyclic. "Thiol" and "thio" refers
to -SH group. "Alkylthiol" refers to thiol groups
substituted with alkyl groups. "Substituted
alkylthiol" refers to thiol groups substituted with
substituted alkyl groups. "Trialkylsilyl" refers to an
Si group substituted with three alkyl groups, wherein
each of the alkyl groups may the same or different.
"Isomer" and "isomers" refer to geometric,
stereoisomeric, and tautomeric isomers of a compound.
Geometric isomers refer to compounds that differ in
the cis or trans orientation of one or more double
bonds. Stereoisomers refer to compounds that differ in
the chirality of one or more stereocenters and include
enantiomers and diastereomers. 



Tautomers refer to alternate forms of a molecule that
differ in the position of a proton, such as enol-keto
and imine-enamine tautomers, or the tautomeric forms
of heteroaryl groups containing a ring atom attached
to both a ring -NH- moiety and a ring =N- moeity such
as pyrazoles, imidazoles, benzimidazoles, triazoles,
and tetrazoles. "Pharmaceutically acceptable salt"
refers to pharmaceutically acceptable salts of a
compound of Formula Ia, Ib, Ha, lib, Ilia or IHbwhich
salts are derived from a variety of organic and
inorganic counter ions well known in the art and
include, by way of example only, sodium, potassium,
calcium, magnesium, ammonium, tetraalkylammonium, and
the like; and when the molecule contains a basic
functionality, salts of organic or inorganic acids,
such as hydrochloride, hydrobromide, tartrate,
mesylate, acetate, maleate, oxalate and the like.
"Patient" refers to human and non-human mammals.
"Prodrug" refers to compounds that are rapidly
transformed in vivo to yield the parent compound of
the above formula, for example by hydrolysis in blood.
A discussion is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems, Vol. 14 of the
A.C.S. Symposium Series, and in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press, 1987,
both ofwhich are incorporated herein by reference.
"Pharmaceutically acceptable prodrug" as used herein
refers to those prodrugs of the compounds of the
present invention which are, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue
toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and
effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds
of the invention. Various other terms are used in the
disclosure to refer to different aspects of mitotis,
meiosis, cytokinesis, cell proliferation, cancer and
malignancy. Unless otherwise indicated, all scientific
terms are to be given their usual meaning, as known in
the relevant art. Compounds of the invention are
useful for inhibiting the activity of serine/threonine
protein kinases, particularly the Aurora kinases, and
most particularly Aurora- 1 (Aurora-B) or Aurora-2
kinase (Aurora-A). Aurora-1 and Aurora 2 regulate
chromosome duplication. Aberrant expression of
Aurora-2 is associated with aneuploidy and malignancy.
Accordingly, the compounds of the instant invention
are useful for modulating chromosome duplication and
aberrant cell proliferation. In a particular
embodiment of the invention, the compounds of the
invention are used to reduce the rate of cell
proliferation or to prevent cell proliferation, e.g.,
by interfereing with chromosome duplication. In a
particular embodiment of the invention, the compounds
of the invention cause cell death, preferably via
apoptosis but optionally via necrosis. The instant
inhibitors are also useful for inhibiting the
phosphorylation of histones, particularly histone H3,
and particulary during chromatin assembly. Inhibition
of H3 phosphorylation leads to chromosome
condensation, abnormal segregation, and the loss of
chromosomes during mitosis and meiosis. Thus, the
instant compounds are useful for modulating cell
propliferation by interfering with mitosis and
meiosis. In one embodiment of the invention, the
treatment of cells with the compounds of the invention
results in reduced cell proliferation. In another
embodiment, the treatment of cells with the compounds
of the invention results in cell death. In particular
embodiment of theinvention, the treatment of cells
with the compounds of the invention results in
apoptosis. 



Alternatively, treatment of the cells results in
necrosis. Inhibitors of Aurora- 1 or Aurora-2 are used
to inhibit mitosis and/or meiosis. Thus the instant
inhibitors may be used to modulate the proliferation
of somatic cells or modulate meiosis in gametes or
related cells. In a particular embodiment of the
invention, the inhibitors are used to arrest metaphase
I exit in meiotic cells. As indicated above, treatment
of the cells may arrest or attenuate cell
proliferation, and may result in cell death by
apoptosis or necrosis. The instant Aurora kinase
inhibitors are used in modulating megakaryocyte
polyploidy. In a preferred embodiment of the
invention, the inhibitors are used to promote
megakaryocyte polyploidy by interfereing with the
normal biological role of Aurora-2 in such cells.
Because aberrant expression of the Aurora kinases has
been associated with various cancers, the inhibitors
of the invention are useful for treating cancers by
modulating cancer cell proliferation. In one
embodiment of the invention, the inhibitors are
administered to a patient to treat a cancer such as
primary colon, colorectal, breast, gastric, ovarian,
prostate, and cervical cancer, neuroblastoma, and/or
other solid-tumor cancers. This list is by no means
exhaustive. Since the Aurora kinases appear to be
general regulators of mitosis and meiosis, inhibition
of the Aurora kinases is likely to modulate the
proliferation of many cell types. Therefore, the
compounds of this invention will be effective in
treating a broad range of cancers, including but not
limited to those identified, herein. The inhibitors of
the invention can be administered in combination with
any known cancer therapies, provided that the two or
more therapies are not contraindicated as a result of
toxicity or other pharmacological issues, particularly
those which involve liver function. Examples of such
cancer therapies include surgery, chemotherapy, and
radiation therapy, as well as emerging therapies
involving antibodies, naturally occurring and
synthetic small-molecules, metabolic analogs, gene
therapy, etc. For example, it may desiable to combine
a kinase inhibitor of the invention with a drug
specific for a differentbiological target, thereby
increasing the opportunity to interfere with aberrant
cancer cell proliferation. Accordingly, in one of its
compound aspects, this invention is directed to a
compound of formula Ia or Ib: Ia Ib wherein Ar is
selected from the group consisting of aryl,
substituted aryl, heteroaryl, and substituted
heteroaryl; W is selected from the group consisting of
amino and substituted amino; X is selected from the
group consisting of carboxyl, carboxyl esters, and
aminoacyl; Y is selected from the group consisting of
oxygen, sulfur, -S(O)-, -S(O) -, and -NRy- where Ry is
selected from the group consisting of hydrogen, alkyl,
and substituted alkyl; each R1 is independently
selected from the group consisting of acylamino,
alkyl, substituted alkyl, alkoxy, substituted alkoxy,
aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, halo, cyano,
nitro, hydroxyl, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heteroaryloxy,
heterocyclic, and substituted heterocyclic; 



R2 is selected from the group consisting of hydrogen
and alkyl; R3 is selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino,
cycloalkyl, substituted cycloalkyl, cycloalkoxy,
substituted cycloalkoxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, cycloalkoxy, substituted
cycloalkoxy, heteroaryl, substitutedheteroaryl,
heteroaryloxy, substituted heteroaryloxy,
heterocyclic, substituted heterocyclic, heterocycloxy,
and substituted heterocycloxy; and n is an integer
equal to 0, 1 or 2; or isomers, prodrugs, or
pharmaceutically acceptable salts thereof. In a
preferred embodiment, Y is -S-, -S(O)- or -S(O) 2- .
In a preferred embodiment, W is amino. In another of
its compound aspects, this invention is directed to a
compound of formula Ha or lib: Ha lib wherein: W is
selected from the group consisting of amino and
substituted amino; X is selected from the group
consisting of carboxyl, carboxyl esters, and
aminoacyl; Y' is selected from the group consisting of
sulfur, -S(O)-, and -S(O) -; R1' is selected from the
group consisting of hydrogen, acylamino, alkyl,
substituted alkyl, alkoxy, substituted alkoxy,
aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, halo, cyano,
nitro, hydroxyl, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heteroaryloxy,
heterocyclic, and substituted heterocyclic; R2 is
selected from the group consisting of hydrogen and
alkyl; and R3 is selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino,
cycloalkyl, substitutedcycloalkyl, cycloalkoxy,
substituted cycloalkoxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, heteroaryl, substituted
heteroaryl, heteroaryloxy, substituted heteroaryloxy,
heterocyclic, substituted heterocyclic, heterocycloxy,
and substituted heterocycloxy; or isomers, prodrugs,
or pharmaceutically acceptable salts thereof. In still
another of its compound aspects, this invention is
directed to a compound of formula Ilia or IHb: Ilia
HIb wherein: X is selected from the group consisting
of carboxyl, carboxyl esters, and aminoacyl; R2 is
selected from the group consisting of hydrogen and
alkyl; R3 is selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino,
cycloalkyl, substituted cycloalkyl, cycloalkoxy,
substituted cycloalkoxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, heteroaryl, substituted
heteroaryl, heteroaryloxy, substituted heteroaryloxy,
heterocyclic, substituted heterocyclic, heterocycloxy,
and substituted heterocycloxy; and R4 is selected from
the group consisting of alkyl and substituted alkyl;
or isomers, prodrugs, or pharmaceutically acceptable
salts thereof. 



In a preferred embodiment, R1 is alkyl or substituted
alkyl. More preferably, R1 and R4 are alkyl and most
preferably are methyl. In a preferred embodiment, R2
is hydrogen.In a preferred embodiment, R3 is alkyl,
substituted alkyl, cycloalkyl or substituted
cycloalkyl. More preferably, R3 is cycloalkyl and most
preferably R3 is cyclopropyl. Preferred X groups
include: -CO 2H , -CO 2CH3 1 -CO 2CH2CH3 , --' _/( ,
M-L-H3 M-CH 2CH2N(CH3)2 H H o o p Jl . -II , -Jl N -CH
2CH2CH2OCH3 N -CH 2CH2SCH3 N H H H , and the like.
Compounds of this invention include those set forth in
Table I below as well as tautomers and
pharmaceutically acceptable salts thereof: TABLE
IMETHOD AND APPARATUSFOR INCREASING COHERENT
INTEGRATION LENGTH WHILE RECEIVING A POSITIONING
SIGNAL BACKGROUND OF THE INVENTION Field of the
Invention [001] This invention relates to apparatus
and methods for computing the position of a mobile
device by use of wireless positioning signals, such as
GPS systems. Description of Related Art [002] Position
location devices are becoming increasingly popular,
not only for ships at sea or adventurers in the
backcountry, but also for anyone who uses a cell phone
in daily life. The increasing number of cell phones,
coupled with the popularity of personal position
location devices, has encouraged development of rapid,
high sensitivity methods for acquiring the signals
used to determine position. [003] Position location
technologies typically utilize wireless positioning
signals concurrently transmitted from known locations.
In GPS systems, these positioning signals are
concurrently transmitted from a multiplicity of
satellites at a known time, with a predefined
frequency. On the ground, a GPS receiver acquires a
positioning signal from each satellite within its view
of the sky. The times of arrival of the positioning
signals along with the exact location of the in-view
satellites and the exact times the signals were
transmitted from each satellite are used to
triangulate the position of the GPS receiver. [004]
Positioning signals, and particularly GPS signals,
include high rate repetitive signals, or "codes",
called pseudorandom (PN) sequences. The codes
available for civilian applications are called C/A
codes, and have a binary phase-reversal rate, or
"chipping" rate, of 1.023 MHz and a repetition period
of 1023 chips for a code period of 1 msec. The
pseudorandom sequences in the GPS system belong to a
family known as "Gold codes". Each GPS satellite
simultaneously broadcasts a signal at a carrier
frequency with its unique Gold code. [005] At a
receiver, the electromagnetic energy at the carrier
frequency is observed, and this observed energy is
processed to search for the possible presence of
signals from any GPS satellites that may be in view.
At the time of observation by the receiver, the 



particular GPS code and the phase delay are not known.
The object of the receiver is to identify the GPS
code(s) in the observed energy about the carrier
frequency, anddetermine the phase delay of each
identified GPS code. However, because the GPS code and
phase delay is initially unknown, an approach is
typically employed in which a first GPS code is
hypothesized and a number of phase assumptions are
then tested sequentially until the GPS signal has been
either identified or determined not to be present. The
process is then repeated for each other GPS satellite
that may be in view. [006] Receiving positioning
signals from GPS satellites can be difficult due to a
number of factors. For example, GPS signals are
transmitted at relatively low power, and from a great
distance. By the time the GPS signals travel from
earth orbit to a receiver, their initially low power
has been greatly reduced, rendering the signal
extremely weak at the receiver. [007] Another problem
relates to frequency errors that can affect one or
more of the positioning signals. For example, the
carrier frequency may shift slightly over time due to
Doppler effects. In the receiver, the oscillators and
other electronic devices that receive and process the
signal can introduce errors such as slight shifts in
frequency, which can complicate reception. If the
frequency shift is constant, a Fourier transform
(e.g., an FFT ) approach can be used; however, further
complications result when this frequency shift varies
over time; i.e., when the frequency shift is not
constant over the observation time (the data block).
Li order to address the problem of time-varying
frequency errors, the length of the data block for
coherent processing (coherence length) is usually
limited to a fraction of a second (e.g., 20
milliseconds); otherwise, the frequency errors could
greatly degrade the system sensitivity. In order to
increase the system sensitivity in the possible
presence of frequency shifts, a number of successive
coherent processing operations may be done for a
number of time periods (e.g., five to twenty), and the
results are added together non-coherently to provide
an indication of the signal over periods of one second
or more. It would be a significant advantage if there
were a system available that could perform a single
coherent processing operation over longer periods of
time; i.e., if the coherent integration length could
be significantly increased. SUMMARY OF THE INVENTION
[008] A method and apparatus are described herein for
increasing the coherent integration length for
receiving and processing one or more positioning
signals transmitted from a plurality of transmitters
at predetermined frequencies, which are usedin
determining a location of a receiver. Each positioning
signal includes a periodically-repeating sequence that
uniquely identifies the transmitter that sent the
signal. [009] hi order to compensate for frequency
drifts that may occur in the positioning signal after
observation and processing in a receiver, one or more
hypotheses are made as to the frequency drift, which,
in one embodiment, are then combined with observed
data and processed. This allows a longer coherent
integration length, which can significantly reduce
processing time and/or provide a more accurate result.
Particularly, by applying frequency drift hypotheses
in the signal processing, the length of coherent
integration can be increased at the expense of
reducing the length of incoherent integration while
keeping the total integration length the same, the net
effect of which is an increase in signal detection
sensitivity. [010] Particularly, a method and
apparatus is disclosed that utilizes a long coherent 



integration period to receive a positioning signal
transmitted from one of a plurality of transmitters at
a predetermined carrier frequency. The positioning
signal includes a reference signal that uniquely
identifies the transmitter that sent the positioning
signal. The method comprises observing electromagnetic
energy at about the carrier frequency at a receiver,
and storing data indicative of the observed
electromagnetic energy. The data is observed over a
predefined period of time to define a data block that
may be subject to an unknown frequency drift. One of
the transmitters is hypothesized, thereby
hypothesizing one of the plurality of unique reference
signals. A frequency drift is hypothesized, and
responsive to the hypothesized frequency drift, the
receiver searches for a match between the data block
and the hypothesized reference signal over a plurality
of phase shifts. If a matched signal is found, then
the receiver determines phase delay and timing
information, otherwise the receiver repeatedly loops
through the previous steps until a matched signal is
found or until predetermined exit criteria has been
met. [011] The hypothesized frequency drift has any
appropriate signal form; for example, the hypothesized
frequency drift may be approximately linear, or
approximately exponential, or more complex. The
hypothesized frequency drift can be implemented into
the receiver algorithm in any suitable location; for
example, the method may include processing the data
block responsive to the hypothesized frequency drift
to provide a drift-adjusted data signal; and searching
for a match between the driftadjusted data block and
the hypothesized reference signal. Alternatively the
methodmay include processing the hypothesized
reference signal responsive to the hypothesized
frequency drift to provide a drift-adjusted reference
signal, and searching for a match between the data
block and the hypothesized reference signal. [012] The
receiving method may include calculating frequency
samples responsive to the data block, calculating
frequency samples responsive to the reference signal,
and searching for a match between the frequency
samples of the data block and the reference signal. In
such an embodiment, the method may further comprise
adjusting the vector basis of at least one of the data
block frequency samples and the periodically repeating
sequence responsive to the hypothesized frequency
drift. [013] Advantageously, the disclosed method
allows a longer coherent integration period, thereby
using a longer data block than conventional receiver
methods. For example, the data block may have a size
within a range of one hundred to five hundred
repetitions of the reference signals, or within a
range of one hundred milliseconds to one second.
However, it may still be advantageous to utilize the
disclosed method with shorter coherent integration
periods, for example ten to one-hundred milliseconds.
[014] In one embodiment the transmitters comprise a
plurality of GPS satellites that transmit GPS signals
at a GPS frequency, each GPS satellite transmitting a
unique periodically-repeating sequence. The signal's
code phase offset at the receiver is found, and using
this information from a number of transmitters, the
receiver's position may be fixed using GPS algorithms.
[01 5] The above method may be implemented in suitable
hardware and/or software in the receiver, and/or on
one or more servers in the wireless network. For
example, some functions may be implemented in the
receiver, and some functions may be implemented in a
position determination entity (PDE). BRIEF DESCRIPTION
OF THE DRAWINGS 



[01 6] For a more complete understanding of this
invention, reference is now made to the following
detailed description of the embodiments as illustrated
in the accompanying drawings, wherein: [017] Fig. 1 is
a perspective view of a communication and position
location system that includes satellites emitting GPS
signals, which are received by a GPS receiver in a
mobile station, that is in communication with a
plurality of base stations;[01 8] Fig. 2 is a block
diagram of one embodiment of a mobile station,
including a GPS receiver and a cellular communication
system; [019] Fig. 3 is a diagram that illustrates the
structure and waveform components of a GPS positioning
signal; [020] Fig. 4 is a functional block diagram of
the portion of a GPS receiver that processes and
correlates a received signal to determine if a GPS
positioning signal is present; [021] Fig. 5 is a graph
of frequency drift vs. time, illustrating a number of
examples of frequency drift; [022] Fig. 6 is a flow
chart of a method for received a positioning signal
that includes adjusting the data block responsive to a
hypothesized frequency drift; and [023] Fig. 7 is a
flow chart of a method for receiving a positioning
signal responsive to a hypothesized frequency drift.
DETAILEDDESCRIPTION [024] This invention is described
in the following description with reference to the
Figures, in which like numbers represent the same or
similar elements. [025] The FFT and DFT algorithms
discussed herein are used to illustrate examples of
algorithms that generate frequency samples. More
generally, any suitable algorithm that generates
appropriate frequency samples may be utilized as an
alternative to the FFT and DFT algorithms. For
example, the frequency samples may be generated using
a DFT-like algorithm where the number and spacing of
the frequency domain samples is not exactly that of a
DFT; i.e., more or less frequency samples may be
computed, and the spacing between the frequency domain
samples may be narrower than that of a standard DFT
operation. The frequency samples may be generated from
digital or analog data, from observed data, or from
previously calculated values. The calculated frequency
samples are then used for subsequent operations.
Glossary of Terms and Acronyms [026] The following
terms and acronyms are used throughout the detailed
description: [027] A-GPS: Assisted GPS. A location
technology in which special assistance to the GPS
acquisition process is provided by a location server,
which can reduce acquisition time and improve
sensitivity.[028] Base Station or BTS: Base
Transceiver Station. A fixed station used for
communicating with mobile stations. Includes antennas
for transmitting and receiving wireless communication
signals. [029] CDMA: Code Division Multiple Access. A
high-capacity digital wireless technology that was
pioneered and commercially developed by QUALCOMM(tm)
Incorporated. [030] Chip: A symbol, also the smallest
part of a modulation (e.g., a phase reversal) of a
pseudorandom (PN) sequence. [031] Chip rate: Symbol
transmission rate. 



[032] Code phase: The relative timing between a frame
boundary of a received PN sequence contained within a
received GPS signal and the frame boundary of a
locally-generated PN reference sequence. The code
phase is normally a number that is between zero and
the duration of one PN frame; i.e., one millisecond in
the civilian GPS signal. Code phase may be considered
the timing information extracted by the receiver that
is used to determine position. [033] Coherent
Processing: The technique of processing a data block
as a whole, usually without the use of nonlinear
(e.g., detection or combining) operations. [034]
Correlation: The process of comparing a received
signal and a reference code. Correlation operations
include coherent processing and may also include
incoherent processing. The output of any correlation
process (coherent or incoherent) is termed a
"correlation output." [035] Detection: The process of
operating upon a set of samples by use of a nonlinear
operation, typically a magnitude or a
magnitude-squared operation, to determine the power in
each data sample. For example, if each data sample is
represented in an in-phase and quadrature (I-Q)
component format, or in a "complex" format in which
the in-phase component is associated with the real
component of a data word and the quadrature component
is associated with the imaginary component, then the
detection process may calculate the magnitude or
magnitude-squared. In one case, the magnitude-squared
operations are normal operations associated with
complex numbers. [036] DFT: Discrete Fourier
Transform. [037] FFT: Fast Fourier Transform. An
efficient technique for calculating the DFT of
finite-duration sequences. Note that the frequency
samples constructed from aDFT or an FFT algorithm are
identical, and we may use the terminology "DFT data"
and "FFT data" interchangeably. [038] GPS: Global
Positioning System. A technique utilizing distance
measurements to GPS satellites to determine
three-dimensional location (including altitude).
Although the term GPS is often used to refer to the
U.S. Global Positioning System, the meaning of this
term includes other global positioning systems, such
as the Russian Glonass System and the planned European
Galileo System. In some systems, the term Satellite
Positioning System (SPS) is used in substitution for
the GPS terminology. For illustrative purposes, the
invention herein is described in terms of the current
U.S. GPS System. It should be obvious, however, to one
skilled in the art that this invention may be applied
to a variety of SPS systems that utilize similar
signaling formats, as well as to future variations of
the U.S. GPS System. [039] GPS fix: The end result of
a process of measurements and subsequent computations
by which the location of the GPS user is determined.
[040] GSM: Global System for Mobile, another
widely-used digital wireless technology. [041]
Incoherent Processing: Combining several adjacent
coherently-processed data sets by performing a
nonlinear detection operation, followed by a combining
operation, for reasons such as to improve the
signal-to-noise ratio. For example, incoherent
processing may include detecting and combining (e.g.,
summing) correlation outputs from multiple adjacent
data blocks. [042] MS: Mobile Station, such as a cell
phone that has a baseband modem for 



communicating with one or more base stations, and
position location capabilities. MS's referenced in
this disclosure typically include a GPS receiver.
[043] PDE: Position Determination Entity. A system
resource (e.g., a server) typically within the CDMA
network, working in conjunction with one or more GPS
reference receivers, capable of exchanging GPS-related
information with an MS. In an MS-Assisted A-GPS
session, the PDE can send GPS assistance data to the
MS to enhance the signal acquisition process. The MS
can return information such as pseudorange
measurements back to the PDE, which is then capable of
computing the position of the MS. i an MS-Based A-GPS
session, the MS can send computed position results to
the PDE. [044] Pseudorange measurement: A process
employed by GPS receivers and based on signal
processing techniques to determine the distance
estimate between thereceiver and a selected satellite.
The distance is measured in terms of signal
transmission time from the SV to the receiver. [045]
SV: Satellite Vehicle. One major element of the Global
Positioning System is the set of SVs orbiting the
Earth and broadcasting uniquely identifiable signals.
[046] UMTS: Universal Mobile Telephone Service: A
third generation cellular standard utilizing a form of
CDMA, designed to be the successor to GSM. Overview of
GPS system and Mobile Station [047] Reference is now
made to Figs. 1 and 2. Fig. 1 illustrates a GPS
environment that includes a plurality of GPS
satellites (SVs) 11 that emit GPS positioning signals
12, a plurality of land-based base stations 10, and a
mobile station (MS) 14. The base stations 10 are
connected to a cellular infrastructure network 15,
which allows it to communicate with other networks and
communication systems, such as a phone system 16,
computer networks 17a such as the internet, and other
communication systems 17b. Thus the base stations 10
may comprise part of a communication network that may
include a number of additional communication systems
in communication with the base stations. [048] The MS
14 is described elsewhere herein, for example with
reference to Fig. 2, but generally includes a GPS
receiver and a two-way communication system for
communication with the base stations using two-way
communication signals 20. It should be apparent that
the GPS receiver could be implemented in a wide
variety of mobile stations (other than cell phones)
that communicate with one or more base stations.
Furthermore, for ease of description herein, the
position location system disclosed herein may be a GPS
system; it should be recognized that the system
described herein could be implemented in any
satellite-based positioning systems. [049] In Fig. 1,
a user 13, on foot, is illustrated holding the MS 14.
The user may be standing, walking, traveling in a car,
or on public transportation, for example. It should be
apparent that the mobile station may be positioned in
a wide variety of environments, and may be stationary
or moving. [050] The GPS satellites (SVs) 11 comprise
any group of satellites broadcasting signals that are
utilized for positioning a GPS receiver. Particularly,
the satellites are synchronized to send wireless
positioning signals 12 phased to GPS time. These
positioning signals are generated at a predetermined
frequency, and in a predetermined format. In a current
GPS implementation, each SV transmits a civilian type
of GPS signal on the Ll -frequency band (at 1575.42
MHz) in a format that is in accordance withGPS
standards. When the GPS signals are detected by a
conventional GPS receiver in 



the MS, the GPS system attempts to calculate the
amount of time elapsed from transmission of the GPS
signal until reception at the MS. In other words, the
GPS system calculates the time required for each of
the GPS signals to travel from their respective
satellites to the GPS receiver. The pseudo range is
defined as: c  (Tuser - Tsv)+cTbias, where c is the
speed of light, Tuser is the GPS time when the signal
from a given SV is received, Tsv is the GPS time when
the satellite transmitted the signal and Tbias is an
error in the local user's clock, normally present in
the GPS receiver. Sometimes pseudorange is defined
with the constant "c" omitted. In the general case,
the receiver needs to resolve four unknowns: X, Y, Z
(the coordinates of the receiver antenna), and Tbias-
For this general case, resolving the four unknowns
usually requires measurements from four different SVs;
however, under certain circumstances, this constraint
can be relaxed. For example, if an accurate altitude
estimate is available, then the number of SVs required
can be reduced from four to three. In so-called
assisted GPS operation, Tsv is not necessarily
available to the receiver and instead of processing
true pseudoranges, the receiver relies primarily upon
code phases. In a current GPS implementation, the code
phases have one-millisecond time ambiguities, since
the PN codes repeat every one millisecond. Sometimes
the data bit boundaries may be ascertained, thus
producing only 20-millisecond ambiguities. [051] The
base stations 10 comprise any collection of base
stations utilized as part of a communication network
that communicates with the MS 14 using wireless
signals 20. The base stations are connected to the
cellular infrastructure network 15 that provides
communication services with a plurality of other
communication networks such as a public phone system
16, computer networks 17a such as the internet, a
position determination entity (PDE) 18 (defined
above), and a variety of other communication systems
shown collectively in block 17b. A GPS reference
receiver (or receivers) 19, which may be in or near
the base stations 10, or in any other suitable
location, communicates with the PDE 18 to provide
useful information in determining position, such as SV
position (ephemeris) information. [052] The
ground-based cellular infrastructure network 15
typically provides communication services that allow
the user of a cell phone to connect to another phone
over the phone system 16; however the base stations
could also be utilized to communicate with other
devices and/or for other communication purposes, such
as an internet connection with a handheld personal
digital assistant (PDA). In oneembodiment, the base
stations 10 are part of a GSM communication network;
however, in other embodiments other types of
synchronous (e.g., CDMA2000) or asynchronous
communication networks may be used. [053] Fig. 2 is a
block diagram of one embodiment of the mobile device
14, which includes communication and position location
systems. A cellular communication system 22 is
connected to an antenna 2 1 that communicates using
the cellular signals 20. The cellular communication
system 22 comprises suitable devices, such as a modem
23, hardware, and software for communicating with
and/or detecting signals 20 from base stations, and
processing transmitted or received information. [054]
A GPS position location system 27 in the MS is
connected to a GPS antenna 28 to receive positioning
signals 12 that are transmitted at or near the ideal
GPS (carrier) frequency. The GPS system 27 comprises a
GPS receiver 29 that includes frequency translation
circuitry and an analog-to-digital converter, a GPS
clock, control logic to 



control the desired functions of the GPS receiver, and
any suitable hardware and software for receiving and
processing GPS signals and for performing any
calculations necessary to determine position using any
suitable position location algori thm hi the
illustrated embodiment, the analog to digital
converter is connected to the buffer memory in the
position location system, and a buffer memory is
coupled to the DFT circuitry to provide and store the
data during the DFT operation. In some assisted GPS
implementations the final position location
calculations (e.g., latitude and longitude) are
performed at a remote server, based upon code phases
and other information sent from the GPS receiver to
the remote server. Some examples of GPS systems are
disclosed in U.S. Pat. Nos. 5,841,396, 6,002,363, and
6,421,002, by Norman F. Krasner. [055] The GPS clock
is intended to maintain accurate GPS time; however,
since most often accurate time is not available before
a location fix, it is common practice to maintain time
in the GPS clock software by its estimated value and
an uncertainty associated with that value. It may be
noted that after an accurate GPS location fix, the GPS
time will often be known precisely (within a few tens
of nanoseconds uncertainty in the current GPS
implementations). However, when the final position
location calculation is done at a remote server, the
precise time may only be available at the server.
[056] A mobile device control system 25 is connected
to both the two-way communication system 22 and the
position location system 27. The mobile device control
system 25 includes any appropriate structure, such as
one or moremicroprocessors, memory, other hardware,
firmware, and software to provide appropriate control
functions for the systems to which it is connected. It
should be apparent that the processing steps described
herein are implemented in any suitable manner using
hardware, software, and/or firmware, subject to
control by the microprocessor. [057] The control
system 25 is also connected to a user interface 26,
which includes any suitable components to interface
with the user, such as a keypad, a microphone/speaker
for voice communication services, and a display (e.g.,
a backlit LCD display). The mobile device control
system 25 and user interface 26, connected to the
position location system 27 and two-way communication
system 22, provide suitable input-output functions for
the GPS receiver and the two-way communication system,
such as controlling user input and displaying results.
GPS Signal Description [058] Reference is made to Fig.
3, which is a diagram that represents the structure of
an ideal GPS signal described in equation (Al). The
functional form of a GPS signal can be represented at
any time t as follows: where A is the signal
amplitude, d(t) is a relatively low rate (e.g., 50
baud) data sequence that modulates the carrier (e.g.,
by bi-phase modulation), P(t) is the waveform
consisting of a repeating PN sequence F(t), D is the
carrier phase, and wr(t) is the instantaneous received
carrier frequency: wr(t) we(t)+wc (A2) where we(t) is
the instantaneous frequency error (frequency drift),
and W0 is the nominal carrier frequency. [059] It may
be noted that equation (Al) is a complex
representation, which can be useful if quadrature
sampling methods are utilized to process the signal;
of course other 



representations may be used as appropriate. In real
world situations it should be recognized that the
various parameters are not completely stable. [060] As
shown in Fig. 3, the GPS signal comprises a series of
PN frames shown at 35, each including a waveform F(t)
36 that is bi-phase modulated according to a
particular pseudonoise (or "PN") sequence and a
carrier frequency 37. An individual repetition of F(t)
is termed a "PN frame." Each PN frame has a
predetermined period Tr. At 38, a data transition of
the data sequence d(t) is shown occurring at the start
of one ofthe illustrated PN frames; however, because
the data sequence d(t) has a relatively low rate, the
data transition 38 will happen only once per 20 PN
frames and therefore the data transition may or may
not occur at the start of an arbitrarily-chosen PN
frame. [061] Each GPS satellite (SV) transmits a
unique PN waveform F(t) shown at 36, which is a series
of symbols (chips) transmitted at a predetermined
rate. The PN waveforms are distinguished from one
another by the particular PN sequence used to biphase
modulate the carrier. For example, these sequences are
chosen from a set of Gold codes, in C/A waveforms of
the U.S. GPS system. In the following description, the
terminology "PN sequence" may be used for F(t), which
is not strictly correct, since the PN sequence is
actually the sequence of numbers that is used to
construct the modulating signal of a carrier, thus
producing the waveform F(t). However, it will be clear
from the context that "PN sequence" used in this
manner means a waveform modulated by the PN sequence.
[062] m one example, the chip rate is 1.023 MHz and
hence the PN frame rate would be 1 kHz. This waveform
F(t) is repeated continually; for example a first code
from a first satellite SV1 repeatedly transmits the
unique sequence F1( , SV2 repeatedly transmits the
unique PN sequence F2(t), and so forth. The GPS
receiver is programmed with the unique PN sequences
for all GPS satellites that may be in-view. [063]
These PN sequences are used in an algorithm to
identify the specific satellite; particularly, when a
satellite signal is received in a GPS receiver, the PN
sequence is utilized to identify the satellite that
transmitted the received signal. However, initially,
the GPS receiver does not know the actual received
code phase epoch, which as described above, may range
over a full PN frame (e.g., a period of one
millisecond or 1023 chips). Hence the receiver must
search, either serially or in parallel, over the
epoch-uncertainty range in an attempt to align the
epoch of a received GPS frame with that of a
locally-generated reference frame. Receiver for GSP
Positioning Signals [064] Reference is now made to
Fig. 4, which is a functional diagram of a portion of
a GPS receiver that processes and correlates a
received signal to determine if a GPS signal is
present. [065] The observed data is shown at 40. It
should be first noted that, in an actual GPS
environment, the GPS receiver simultaneously receives
a multiplicity of signals like the theoretical signal
specified in equation (Al), each having a unique PN
sequence F(t). For example, in a typical situation,
the GPS receiver typically receives eight totwelve
signals from a variety of in-view satellites at any
time, and the various parameters differ from one
another due to differing path lengths, directions of
arrival, and Doppler frequency shifts, for example.
Therefore the "observed data" may include information
from all of the in-view satellites. For purposes of
illustration, the following disclosure discusses
processing the observed data to search for a signal
from a selected satellite; it should be apparent that
processing the observed data for the other satellites 



that may be in-view would proceed in similar manner.
[066] The observed data is then processed at 41, such
as by appropriate frequency conversion systems, to
take the observed data and convert it to the
appropriate frequency, such as by down-conversion. As
appropriate, an analog/digital converter 42 may be
used to convert the frequency-converted output into
digital form for subsequent processing. Of course, if
the signal has already been converted to a digital
format, then this A/D converter 42 would not be
needed. The signal from the A/D converter 42 is then
applied to processing box 43, where it is combined
with the waveform of the frequency drift hypothesis,
such as by multiplication. [067] After the GPS signals
reach the receiver and have been processed in the
receiver, the frequency may have drifted from its
original value. Frequency drifts may be caused before
the signal even arrives at the receiver due to Doppler
effects from the motion of the SV and that of the MS.
Also, slight errors in the MS local oscillator, such
as by temperature changes, can also cause the carrier
frequency to vary from its ideal frequency. This
frequency drift may vary over time; that is, the
frequency drift may change during the time the data is
being observed. Typically the amount of frequency
drift is unknown to the receiver. [068] In order to
compensate for the unknown frequency drift, a
frequency drift hypothesis is made at 44. The
predicted frequency drift due to the radial
acceleration of the transmitter/satellite (i.e., the
predicted satellite Doppler change) may or may not be
included in the frequency drift hypothesis. The
hypothesized frequency drift generally follows the
form: hypothesized frequency drift = wh(t) (A3) [069]
Reference is now made to Fig. 5, which is a graph of
frequency drift vs. time that shows a number of
examples of frequency drift. It should be apparent
that the illustrated hypotheses are only examples, and
the hypothesized frequency drift can have a large
variety of forms. One example is a constant frequency
drift shown at 51. Another example is a negative
linear rate of change of frequency drift shown at 52
(e.g.,-2Hz/sec. Another example is an exponential rate
of change of frequency drift shown at 53. Still other
examples are the positive linear rates of change of
frequency drift shown at 54 and 55 (e.g., lHz/sec and
2Hz/sec). Other examples are the curves shown at 56
and 57. It should be apparent that a limitless number
of functions can be used for the frequency drift
hypothesis; however a simple hypothesis such as a
linear rate of change (positive or negative) may be
more straightforward to implement. Also, typically the
rate of frequency drift of the actual signal is
gradual (e.g., less than 3Hz/sec), and therefore a
frequency drift hypothesis within that range would be
likely to improve the reception. Note that the
predicted frequency drift due to the radial
acceleration of the transmitter/satellite (i.e., the
predicted satellite Doppler change) may or may not be
included in the frequency drift hypothesis. If the
satellite Doppler change is not included in the
frequency drift hypothesis then it can be compensated
for separately. [070] The frequency hypothesis can be
stored in any appropriate form. For example the
frequency hypothesis can be stored as a waveform in
memory, in digital form. Alternatively, it could be
stored in analog form. [071] Referring again to Fig.
4, the frequency hypothesis at 44 is applied to an A/D
converter 45 (if appropriate) and then combined with
the data from the 



A/D converter 42 by an appropriate method to provide a
drift-adjusted signal. For many uses, a multiplication
operation would be appropriate to combine the two
signals. In some embodiments, the hypothesized
frequency drift could be implemented in other parts of
the position location system; for example, the
hypothesized frequency drift may be used to adjust the
reference code rather than the collected data. Since
the reference code and the data are used together in
correlation, the net effect of adjusting the reference
code would be similar to the effect of adjusting the
data as illustrated herein. In yet another embodiment,
the hypothesized frequency drift may be used to adjust
the vector basis of the subsequent FFT operation, or
to modify the input or output, or both, of the FFT
operation.) The predicted frequency drift due to the
motion of the transmitter/satellite (i.e., predicted
satellite Doppler change) may be included in the
hypothesized frequency drift, or it may be applied
separately, hi the latter case, the adjustment for the
satellite Doppler may be inserted at either the same
place in the algorithm as the adjustment for other
frequency drifts, or at some other place. [072] The
drift-adjusted signal is then applied to a correlation
system 46 that searches for a match with a selected
positioning signal and phase delay, responsive tothe
drift-adjusted signal. The particular correlation
system 46 shown in Fig. 4 is provided for purposes of
illustration, other embodiments may utilize other
correlation systems as appropriate and/or useful.
Particularly, in Fig. 4, the correlation system 46
includes a number of processing branches that operate
in parallel for faster processing time. However, in
practice, the cost of the branches for all possible PR
shifts is not usually justified by the time savings,
and usually the operations are performed serially, as
in a loop. Correlation System [073] Typically, to
receive a positioning signal from a GPS satellite, the
observed signal is correlated with a reference code
for the particular GPS code and phase. For example, a
correlation receiver may multiply the received signal
by a locally-generated reference code containing a
stored replica of the appropriate Gold code contained
within its local memory, and then integrate (e.g.,
lowpass filter) the product in order to obtain an
indication of the presence of the signal. This process
is termed coherent processing. [074] In Fig. 4, the
correlation system 46 includes a first correlator 47a
that receives both the drift-adjusted signal and a
first pilot reference (PR) signal. The correlated
signal is applied to a Fourier transform block 48, and
then a detection operation 49 is performed to provide
a magnitude that can be compared. A second correlator
47b also receives the drift-adjusted signal, but
receives a second PR signal, which has been shifted in
phase from the first PR signal. An FFT is performed at
48b and a detection operation is performed at 49b so
that the magnitudes are now available. Likewise, a
correlation is performed for the third, fourth, fifth
PR signal, and so on for all possible phase shifts.
Then, the maximum is chosen from these results, and if
this maximum is sufficiently above the other results
(as determined by predetermined criteria), then it may
be selected to be a match, and indicate a phase delay
(i.e., it will indicate DD, in customary terminology).
[075] In some correlation systems, the results of
multiple successive coherent processing operations are
detected (e.g., their magnitudes are determined) and
combined in order to provide a correlation output with
higher fidelity. The initial correlation operations
are called "coherent processing" and the latter
combining step is called 



"noncoherent" or "incoherent" processing. With the
longer coherent processing times contemplated by the
system defined herein, it may not be necessary to
perform the incoherent processing, although it may be
useful or desirable in some circumstances.
Advantageously, the longer coherence length provided
by the system disclosed hereincan reduce the number of
non-coherent integrations required for achieving the
required sensitivity. At 50, an optional system is
implemented for "chopping"; i.e., the result of the
correlation is chopped, and the chopped pieces (time
periods) go into the FFT system. In this case, the
detect operation at 49a includes squaring of the FFT
results and non-coherently summing them across the
time periods. Summary of Correlation System [076] By
sequentially re-adjusting the relative timing of this
stored replica relative to the received signal, and
observing the correlation output, the receiver can
determine the time delay between the received signal
and a local clock. This time delay, modulo the code
period (e.g., 1 millisecond), is termed the "code
phase." The initial determination of the presence of
such an output is termed "acquisition." hi certain GPS
receivers, once acquisition occurs, the process enters
the "tracking" phase in which the timing of the local
reference is adjusted in small amounts in order to
maintain a high-correlation output. The correlation
output during the tracking phase may be viewed as the
GPS signal with the pseudorandom code removed, or, in
common terminology, "de-spread." This signal is
narrowband, with bandwidth commensurate with a 50-bit
per second (bps) binary-phase-shift-keyed data signal
that is superimposed on the GPS waveform. Method [077]
Fig. 6 is a flow chart that shows a series of steps
performed in a mobile station to process a positioning
signal to identify whether or not it matches a
hypothesis that selects a frequency drift, a repeating
code that identifies a transmitter, and a carrier
frequency offset. As will be described, the algorithm
makes a frequency drift hypothesis, it selects a
transmitter (e.g., GPS satellite or base station) and
it may examine all possible code phase offsets (e.g.,
1023 offsets for GPS) to attempt to find a code phase
offset match for a selected GPS code. The coherent
processing algorithm then is repeated for a number of
frequency drift hypotheses, and then repeated again
for each GPS code that may be viewable by the mobile
station. Observe data (61) [078] In Fig. 6, at 61, an
operation is indicated to observe the electromagnetic
(EM) energy at about the carrier frequency of a GPS
positioning signal. The GPS signal (if present) is
observed continuously over a period of time at least
as long as a block period T . The form of a GPS signal
is discussed elsewhere herein, for example with
reference to Fig. 6.Process observed data (62) [079]
Referring again to Fig. 6, at 62, the observed data is
processed as appropriate. The processing may be done
in "realtime", by processing data as it is received,
for example on a chip-by-cbip basis, or the data may
be buffered and then processed together as a set.
Processing may include removing a carrier frequency
from the GPS signal by suitable frequency translation
circuitry, leaving a residual frequency fe. In order
to remove the carrier frequency, the GPS signal is
typically first converted to an intermediate frequency
(IF) by a mixer. Then the converted GPS signal is
processed to reduce the remaining IF component to
approximately zero by any suitable analog or 



digital technique; for example, the IF frequency can
be approximately removed by another mixer, or after
converting the GPS to a digital signal in the
analog-to-digital converter, digital processing mixing
techniques may be used. This may be done for example
with conventional local oscillators and mixers, in a
manner well known in the art. In addition, although
the carrier frequency may be removed prior to
digitization, it is possible that only the bulk of the
carrier frequency may be removed and that the signal
is the frequency translated to a low IF frequency, say
fp+fe prior to digitizing. Following the digitizing
operation, the IF frequency f is typically removed by
means of digital signal processing methods. Other
variations on the signal processing should be apparent
to those skilled in the art. [080] i assisted GPS
systems, a predicted Doppler correction for all GPS
signals may be transmitted (in one form or another)
from a PDE to the GPS receiver, and a list of the GPS
satellites that may be in-view is also sent to the
receiver so that the GPS receiver can more efficiently
search for satellite signals. A predicted data stream
can also be provided by the PDE. [081] At 62, the data
sequence is optionally removed. Although optional,
removal of the data sequences d(t) before processing
can be very useful. To assist in data sequence
removal, in some assisted GPS systems the predicted
data sequences d(t) are sent (e.g., from a server) to
the GPS receiver, together with some approximate
times-ofarrivals of the GPS signals. In these cases,
the GPS receiver can remove the data sequence d(t) and
hence remove the pseudo-random polarity inversions
that may occur every twenty milliseconds in the signal
of equation (Al) due to the data sequence d(t). By
removing the random polarity inversions (i.e., by
removing d(t)), the coherent processing time can be
increased to longer time intervals, for example
greater than 100 milliseconds, which can improve the
sensitivity of the GPS acquisition process.
Asindicated previously, some future modes of GPS may
contain signaling components containing no data. [082]
Also at 62, the processed GPS signal is digitized
(i.e., sampled) over a predetermined time period in
the analog-to-digital converter (if it has not been
previously converted), and then stored in the buffer
memory in the GPS receiver. There is no theoretical
restriction on the size of the data set, or the sample
rate of the data, although it is sometimes beneficial
that the data set size be a power of two. Provide data
block (33) [083] At 63, a data block for coherent
processing is defined by selecting a sample time
period Tc corresponding to a portion of the digital
data (e.g., raw or processed data) over a
predetermined coherent processing period T0. The time
period over which the data is combined for coherent
processing is typically chosen to include a
significant, integral number of PN frames (e.g., 100
PN frames); advantageously, the length of the time
period (the coherence length) can be made longer than
conventional systems due to the hypothesized frequency
drift. Still, the coherent processing block should not
be chosen to be too long; particularly, it may be
disadvantageous to try to coherently process very
large blocks (e.g., 2- or 3-second blocks) since the
unpredictable frequency variations over that long time
period may restrict or prevent any improvement in
performance. [084] Referring briefly to Fig. 3, the
positioning signal is observed over a time Tc, which
defines a data block such as a first data block 39a or
a second data block 39b, and 



the time T0 is chosen so that the data block has an
integral number of PN frames 35. It may be noticed
that, because the actual data block is received
without prior knowledge of when the PN frame begins,
the beginning and end of the data block can lie
anywhere within a PN frame boundary; for example the
data block may, by coincidence, extend from the
beginning of a first PN frame to the end of a last PN
frame as shown at 39a (code phase offset = 0), but
more likely the data block will extend arbitrarily
from somewhere in the middle of a first PN frame to
somewhere in the middle of a frame following the last
full PN frame (as shown at 39b), so that the code
phase offset is not equal to zero. Hypothesize
frequency drift (64) [085] At 64, a hypothesis as to
the frequency drift (examples of which have been
discussed with reference to Fig. 5) is made by any
appropriate method, random or based upon previous
information. For example an algorithm may be used to
select the mostlikely frequency drift hypothesis, such
as linear at 2Hz/sec. Alternatively, the choice of the
most likely frequency drift may be based upon the most
recently successful frequency drift, or upon the most
common frequency drift, or any other suitable
algorithm. Process data block responsive to
hypothesized frequency drift (65) [086] At 65, the
data block and the hypothesized frequency drift are
processed, such as by a multiplication operation, to
provide a drift-adjusted data signal, which is the
data block adjusted for the hypothesized frequency
drift. It may be noted that, in other embodiments, the
hypothesized frequency drift could be utilized in
other places in the algorithm to adjust other
quantities; for example the hypothesized frequency
drift may be used to adjust the reference code rather
than the data. Since the reference code and the data
are used together in correlation, the net effect of
adjusting the reference code would be similar to the
effect of adjusting the data as illustrated herein. In
yet another embodiment, the hypothesized frequency
drift may be used to adjust the vector basis of the
subsequent FFT operation, or to modify the input or
output, or both, of the FFT operation. The predicted
frequency drift due to the motion of the
transmitter/satellite (i.e., satellite Doppler) may be
included in the hypothesized frequency drift, or it
may be applied separately, hi the latter case, the
adjustment for the satellite Doppler may be inserted
at either the same place in the algorithm as the
adjustment for other frequency drifts, or at some
other place. Select transmitter that may be in view,
provide reference code (66) [087] At 66, a transmitter
(e.g., GPS satellite) is selected or determined by any
appropriate method. The selection of any particular
satellite may be random, or preferably may be based
upon any suitable information, such as history or a
list provided by the PDE. [088] Based upon this
satellite selection, a reference code is supplied that
is indicative of a signal transmitted from the
satellite. The reference code may be locally generated
or calculated in advance and stored. The reference
code may be in any suitable form, for example it may
be a time domain signal; alternatively it may be
stored as an FFT. These codes are well-known, and it
is feasible and practical to pre-compute and store the
values for every GPS code in the GPS receiver. [089]
It should be noted that the GPS receiver
simultaneously receives a multiplicity of signals, for
example, in a typical situation, the GPS receiver
typically 



receives eight to twelve signals from a variety of
in-view satellites at anytime, but manyof those
signals may be too weak to detect. Therefore, there is
uncertainty as to which satellites are providing a
receivable signal, and additionally, even if
detectable, the code phase offset of any receivable
signal, which determines the time of arrival, is
unknown. [090] As will be discussed, the PN code for
the selected satellite will be tested over all
frequency hypotheses, at least until a match is found
or all hypotheses have been exhausted, and then the
next satellite will be selected and tested over all
frequency hypotheses, and so on until all candidate
satellites have been selected, or until sufficient
satellites have been found to complete a location fix.
Hypothesize initial PR shift (67) [091] At 67, an
initial hypothesis is made as to the PR shift. If
sufficient information is available to the GPS
receiver, (e.g., a prior location fix has been made or
code phase predictions are available), then this
initial hypothesis and subsequent hypotheses may be
made based upon this information. If no information is
available, then a best guess may be made and searching
would begin. Correlate drift-adjusted signal with
reference code (68) [092] At 68, an operation is
performed to correlate the drift-adjusted signal with
the reference code by any appropriate method. The
result is a correlation data set. [093] For purposes
of explanation, the method disclosed above corresponds
to processing one block of data in a coherent manner,
which is a type of correlation termed herein "coherent
integration." Ih order to improve sensitivity, the
magnitude of the correlation outputs from a number of
coherent correlation processes may be detected and
combined over a number (e.g., 2 to 2000 blocks,
typically 5 to 200 blocks) of adjacent time intervals
to provide the correlation results. This process is
termed "non coherent integration." Perform Fourier
Transform on Data Block (69) [094] At 69, the
correlation data set is transformed to the frequency
domain by using a Fourier transform process, for
example to generate a set of frequency samples. This
step may be called the "forward transform" process,
and can be performed in a variety of ways, such as a
fast Fourier transform (FFT). One well-known approach
is "decimation in time"; another approach is
decimation in frequency. Other fast algorithms may be
employed as appropriate or useful, such as chirp
z-transforms or number theoretic transforms. [095] The
FFT of an arbitrary signal includes a series of data
frequency samples separated in frequency by the
reciprocal of the duration of the data block
beingprocessed. For example, if the block duration
(Tc) is 80 milliseconds, the frequency samples are
spaced by 12.5 Hz. Each data frequency sample may be
identified by its frequency in Hz, or more
conveniently, by its frequency index. Particularly
each data frequency sample of a DFT can be designated
with an integer (the frequency index), which may for
example start at zero index for a zero frequency. For
an N-point FFT, frequency index N/2 corresponds to a
frequency in Hz of one-half the sample rate, i.e.,
S/2. Frequency samples with index N/2+1, N/2+2, etc.,
correspond to frequencies in Hz equal to -S/2+l/T c,
-S/2+2/Tc, etc.; that is, they represent data
corresponding to negative frequencies. Search FFT
correlation results for match (70) [096] At 70, the
FFT correlation results from step 69 are analyzed to
determine if a match has been found. This operation
can be performed in any of a number of suitable 



algorithms, such as described below. Particularly, the
FFT result is a series of lines at distinct
frequencies, spaced apart equally. In order to
determine whether or not a match has been found, any
suitable search algorithm may be employed. Typically,
the magnitude of each line is calculated (detected).
If the magnitude of the line for an FFT frequency
index and a particular hypothesized code phase is the
largest of all the lines, and its amplitude meets or
exceeds a predetermined threshold, then it may be
assumed that a match has been found. [097] At 71, a
test is performed. If a match has not been identified,
then the operation moves to a decision 72. At 72, if
there are more PR shifts to be searched, then another
PR shift hypothesis is made at step 73, and then
operation continues in the "phase loop", which
includes steps 68-71. However, if there are no more PR
shifts to be searched, then operation moves out of the
phase loop, from 72 to decision 74, which determines
if more frequency drift hypotheses are to be tested.
[098] From decision 74, if there are more frequency
drift hypotheses to be tested, then the operation
continues in the "frequency drift loop", which
includes steps 64-72, to hypothesize another frequency
drift for the same transmitter. If there are no more
frequency drift hypotheses to be tested, then
operation moves to the decision 76, discussed below,
which determines if there are more
satellite/transmitters to search. [099] Returning to
the decision at step 71, if a match has been found,
then operation moves to step 75 where the code phase
offset is determined.Determining Code Phase Offset
(75) [0100] As discussed above, when the data was
sampled, the code phase was not known; i.e., the
beginning and end of a PN frame period have not yet
been ascertained. Particularly, although the data
block has an integral number of PN frames, the
starting position of the data block is unknown, and
therefore the beginning and end of the data block can
lie anywhere within the PN frame. For example, as
shown in Fig. 3, the data block may, by coincidence,
extend from the beginning of the first PN frame to the
end of the last PN frame as shown at 39a (code phase
offset = 0), but more likely the data block will
extend from an arbitrary point within the first PN
frame as shown at 69b, to the same point within the
frame following the last full PN frame (code phase
offset  0). [0101] At 75, following a positive search
result (i.e., after a match has been found in step
71), the code phase offset is determined from the
hypothesized PR shift used at 68, while the average
frequency offset is determined from the FFT
correlation results of step 69. The precise code phase
offset is usually interpolated from correlation
results corresponding to a few PR shifts around the
peak found in the search. If the consecutive PR shift
hypotheses are no more than one-half PN chips apart,
then such interpolation is possible. [01 02] At 76, a
decision is made as to whether or not additional
transmitter/satellites are to be searched. This
decision is made in accordance with any suitable
criteria; for example, if sufficient satellites have
already been found to make a location fix, or if the
list of possible in-view satellites has been
exhausted, then a decision may be made to stop
searching and therefore, as indicated at 77, the
acquisition operation is complete. However, if more
satellites are to be searched, then at operation
returns to step 66 and the transmitter loop is
performed to select the next satellite, hypothesize
another PR shift, and steps 66-76 are performed with
the new assumptions. Summary and additional discussion



[0103] The method of Fig. 6 corresponds to processing
one block of data in a coherent manner, which is a
type of correlation termed herein "coherent
integration." In actual practice, however, coherent
integration may not result in sufficient sensitivity
to detect a weak GPS signal and measure its code phase
because the length of the coherent integration period
is limited by various frequency errors. In order to
improve sensitivity, the magnitude of the correlation
outputs from a number of coherent correlation
processes may be detected and combined, which is
termed "non-coherent integration". Particularly, the
coherent processes may be repeated for one or more
additional, adjacenttime intervals (e.g., 2 to 2000
blocks, typically 5 to 200 blocks), and then the
results are detected (e.g., their magnitude or
magnitude-squared is calculated) and combined. The
summation of these detected correlation sample blocks
is termed noncoherent or incoherent processing.
Non-coherent processing gives lesser sensitivity than
coherent processing for the same total integration
length. By applying frequency drift hypotheses in the
signal processing, the length of coherent integration
can be increased at the expense of reducing the length
of incoherent integration while keeping the total
integration length the same, the net effect of which
is an increase in signal detection sensitivity. [01
04] It will be appreciated by those skilled in the
art, in view of these teachings, that alternative
embodiments may be implemented without deviating from
the spirit or scope of the invention. [0105] Fig. 7 is
a flow chart that includes alternative embodiments for
receiving a positioning signal. Particularly, the
steps in blocks 61-64, 66, 67, and 71-77 correspond to
those described above with reference to Fig. 6. [0106]
At 78, an operation is shown to search for a match
between the data block and the hypothesized reference
signal, responsive to the hypothesized PR shift and
hypothesized frequency drift. The operations at 78 may
include the system described above with reference to
Fig. 6 in which the data block is processed responsive
to the hypothesized frequency drift to provide a
drift-adjusted data signal, followed by searching for
a match between said drift-adjusted data block and
said hypothesized reference signal. [0107]
Alternatively, at 78 the operation may include
processing the hypothesized reference signal
responsive to said hypothesized frequency drift to
provide a driftadjusted reference signal, and
searching for a match between said data block and said
hypothesized reference signal. [0108] Generally, the
operations at 78 may be performed using any suitable
sequence of hypothesizing the frequency drift, the
frequency, and the phase shift. Many alternatives are
suitable; for example multiple hypotheses of frequency
drifts may be tested in parallel, or a single phase
shift hypothesis may be tested for multiple frequency
drift hypotheses, or a number of different hypothesis
of different types may be tested in parallel. [0109]
In still another alternative, the operation at 78 may
include calculating frequency samples responsive to
the data block, calculating frequency
samplesresponsive to said reference signal; and
searching for a match between the data block and
thereference signal frequency samples. The vector
basis of at least one of the Fourier-transformed data
block and the periodically-repeating sequence may be
adjusted responsive to said hypothesized frequency
drift. [0110] This invention is to be limited only by
the following claims, which include 



all such embodiments and modifications when viewed in
conjunction with the above specification and
accompanying drawings.CLAIMS 1. A method of using a
long coherent integration period to receive a
positioning signal transmitted from one of a plurality
of transmitters at a predetermined carrier frequency,
the positioning signal including a reference signal
that uniquely identifies the transmitter that sent the
positioning signal, comprising: a) at a receiver,
observing electromagnetic energy at about said carrier
frequency, and providing data responsive to said
observed electromagnetic energy; b) hypothesizing one
of said transmitters, thereby hypothesizing one of
said plurality of unique reference signals; c)
hypothesizing a frequency drift; d) processing said
data responsive to said hypothesized frequency drift;
e) defining a data block of said data; f) searching
for a match between said data block and said
hypothesized reference signal; and g) if a matched
signal is found, then determining phase delay and
timing information, otherwise looping through said
steps b through f until a matched signal is found or
until predetermined exit criteria has been met. 2. The
method of claim 1 wherein said hypothesized frequency
drift is approximately linear. 3. The method of claim
1 wherein said hypothesized frequency drift is
approximately exponential. 4. The method of claim 1
wherein said step f comprises: processing said data
block responsive to said hypothesized frequency drift
to provide a drift-adjusted data signal; and searching
for a match between said drift-adjusted data block and
said hypothesized reference signal over a plurality of
phase shifts. 5. The method of claim 1 wherein said
step f comprises:processing said hypothesized
reference signal responsive to said hypothesized
frequency drift to provide a drift-adjusted reference
signal; and searching for a match between said data
block and said hypothesized reference signal over a
plurality of phase shifts. 6. The method of claim 1,
wherein said step f comprises: calculating a frequency
samples responsive to said data block; calculating
frequency samples responsive to said reference signal;
and searching for a match between said data block
frequency samples and said reference signal frequency
samples. 7. The method of claim 6 wherein said step f
further comprises adjusting the vector basis of said
data block frequency samples and said periodically
repeating sequence responsive to said hypothesized
frequency drift. 8. The method of claim 1 wherein said
transmitters comprise a plurality of GPS satellites
that transmit GPS signals at a GPS frequency, each GPS
satellite transmitting a unique reference signal. 9.
The method of claim 1 wherein said data block has a
size that corresponds to an integral number of
repetitions of said reference signals. 



10. The method of claim 1 wherein said data block has
a size within a range of one hundred to five hundred
repetitions of said reference signals. 11. A method of
using a long coherent integration period to receive a
positioning signal transmitted from one of a plurality
of transmitters at a predetermined carrier frequency,
the positioning signal including a
periodically-repeating sequence that uniquely
identifies the transmitter that sent the positioning
signal, comprising: a) at a receiver, observing
electromagnetic energy at about said carrier
frequency, and storing data indicative of said
observed electromagnetic energy; b) defining a data
block that may be subject to an unknown frequency
drift; c) hypothesizing a frequency drift over said
data block;d) processing said data responsive to said
hypothesized frequency drift to provide a
drift-adjusted signal; e) applying said drift-adjusted
signal to a correlation system, and searching for a
match between said drift-adjusted signal and at least
one of said plurality of transmitters; and f) if a
matched signal is found, then determining phase delay
and timing information, otherwise looping through said
steps c through e until a matched signal is found or
until predetermined exit criteria has been met. 12.
The method of claim 11 wherein said hypothesized
frequency drift is approximately linear. 13. The
method of claim 11 wherein said hypothesized frequency
drift is approximately exponential. 14. The method of
claim 11 wherein said step e comprises: hypothesizing
one of said plurality of transmitters and providing a
reference code corresponding to said hypothesized
transmitter; assuming a PR shift; correlating said
drift-adjusted signal and said reference code
responsive to said PR shift, thereby providing a
correlation data set; and searching said correlation
data set to identify a signal match. 15. The method of
claim 14 wherein said reference code comprises a time
domain signal. 16. The method of claim 11 wherein said
transmitters comprise a plurality of GPS satellites
that transmit GPS signals at a GPS frequency, each GPS
satellite transmitting a unique periodically-repeating
sequence. 17. The method of claim 11 wherein said data
block has a size that corresponds to an integral
number of repetitions of said periodically-repeating
sequences. 18. The method of claim 11 wherein said
data block has a size within a range of one hundred to
five hundred repetitions of said
periodically-repeating sequences.19. The method of
claim 11 further comprising utilizing said timing
information to determine a position of said mobile
station. 20. The method of claim 11 wherein said data
block corresponds to a time period between ten
milliseconds and 1 second. 21. A receiver that uses a
long coherent integration period to receive a
positioning signal transmitted from one of a plurality
of transmitters at a predetermined carrier frequency,
the positioning signal including a reference signal
that uniquely identifies the transmitter that sent the
positioning signal, comprising: 



means for observing electromagnetic energy at about
said carrier frequency, including an antenna; means
for storing data indicative of said observed
electromagnetic energy over a predefined period of
time; means for hypothesizing one of said
transmitters, thereby hypothesizing one of said
plurality of unique reference signals; means for
hypothesizing a frequency drift; means, for defining a
data block responsive to said data, and searching for
a match between said data block and said hypothesized
reference signal over a plurality of phase shifts,
responsive to said hypothesized frequency drift; means
for determining phase delay and timing information;
and control means for determining if a matched signal
has been found. 22. The receiver of claim 2 1 wherein
said hypothesized frequency drift is approximately
linear. 23. The receiver of claim 2 1 wherein said
hypothesized frequency drift is approximately
exponential. 24. The receiver of claim 2 1 further
comprising: means for processing said data block
responsive to said hypothesized frequency drift to
provide a drift-adjusted data signal; and means for
searching for a match between said drift-adjusted data
block and said hypothesized reference signal.25. The
receiver of claim 2 1 further comprising: means for
processing said hypothesized reference signal
responsive to said hypothesized frequency drift to
provide a drift-adjusted reference signal; and means
for searching for a match between said data block and
said hypothesized reference signal. 26. The receiver
of claim 21, further comprising: means for calculating
frequency samples responsive to said data block; means
for frequency samples responsive to said reference
signal; and means for searching for a match between
said Fourier-transformed data block and said
Fourier-transformed reference signal. 27. The receiver
of claim 26 further comprising means for adjusting the
vector basis of said data block frequency samples and
said periodically repeating sequence responsive to
said hypothesized frequency drift. 28. The receiver of
claim 2 1 wherein said transmitters comprise a
plurality of GPS satellites that transmit GPS signals
at a GPS frequency, each GPS satellite transmitting a
unique reference signal. 29. The receiver of claim 2 1
wherein said data block has a size that corresponds to
an integral number of repetitions of said reference
signals. 30. The receiver of claim 2 1 wherein said
data block corresponds to a time period between ten
milliseconds and 1 second. 


