
SPIN-ON PROTECTIVE COATINGS FOR WET-ETCH PROCESSING OF
MICROELECTRONIC SUBSTRATES BACKGROUND OF THE INVENTION
Field of the Invention The present invention is
concerned with new protective coatings (primer layer,
first protective coating, and optional second
protective coating) and methods of using those
coatings in the manufacture of microelectronic devices
such as those used in microelectromechanical systems
(MEMS). Description of the Prior Art Etchants used for
deep etching may vary depending upon the etch
selectivity requirements for the devices to be
fabricated. Typical alkaline or basic etchants include
those selected from the group consisting of KOH, TMAH.
and NaOH. These etchants are typically provided in
10-45% solutions, and more typically about 30%. Basic
etchants may contain amines such as ethylene diamine,
ethanolamine, and/or watermiscible lower alcohols such
as isopropanol to modulate the etching behavior of the
solution. Bulk silicon etching is typically performed
at temperatures in the range of 40  to 1200C and most
typically at 60  to 900C. The etching times range from
1to 24 hours and most typically are in the range of 5
to 15 hours. Acidic etchants include aqueous solutions
of hydrofluoric acid (HF), including concentrated (49%
to 50%) HF, aqueous dilutions of the same, and
buffered oxide etchants comprising aqueous mixtures of
HF and ammonium fluoride. HF etchants are used
primarily for etching silicon dioxide. Mixed acid
etchants typically comprise mixtures of 70% nitric
acid (HNO3), 49% HF, and a diluent acid (e.g., 85%
phosphoric acid (H3PO4) or 100% acetic acid) and are
used primarily for bulk silicon etching. Common
component ratios by volume for the mixtures are. for
example. HNO3/HF/H3PO4 = 7:1:7 or 3:1:4. Etching times
for bulk silicon in these acid mixtures are typically
in the range of 5 to 30 minutes and in some cases as
long as 120 minutes at room temperature. It is common
in silicon etching processes to utilize a thin ( 100-
to 300-nm) silicon nitride or silicon dioxide coating
on the silicon substrate as a mask for patterned
etching or as a passivating layer to enclose active
circuitry. Therefore, the protective coatingsystem
described here is commonly applied onto Si3N4 or SiO2,
which means good adhesion to these substrates is
critical for obtaining acceptable protection. In the
prior art. etch protective coatings or masks for MEMS
fabrication processes have been selected primarily by
using a trial -and-error method because there are no
general-purpose protective coatings on the market. The
etch selectivity of the etchants to various materials
is often used as a guide forMEMS process engineers.
With a much lower etch rate than silicon, films of
silicon nitride have been used as a protective layer
or hardmask during KOH or TMAH bulk silicon etching.
Silicon dioxide has a higher etch rate than silicon
nitride. Therefore, it is only used as a
protective/mask layer for very short etches. Gold
(Au), chromium (Cr), and boron (B) have also been
reportedly used in some situations. Non-patterned
hard-baked photoresists have been used asmasks but
they are readily etched in alkaline solutions.
Polymethyl methacrylate was also evaluated as an etch
mask for KOH. However, because of saponification of
the ester group, the masking time of this polymer was
found to decrease sharply from 165 



minutes at 600C to 15 minutes at 90 0C. Black wax
(Apiezon(r) W, available from Scientific Instrument
Services, Inc., New Jersey) was also used as a
protective coating in a 30% by weight KOH etch process
(70 C). After wet etching, the wax was removed using
trichloroethylene. Organic polymers are ideal
candidates for protective coatings. The IC and MEMS
industries have been using polymeric coating materials
as photoresists, antireflective coatings, and
planarization layers for many years. These materials
are conveniently applied as thin films by the spin-on
method and then baked or UV-cured to achieve the final
coating form. One important requirement for the
polymer is that it be highly soluble at room
temperature in an environmentally friendly solvent.
Because of the lack of a proper solvent,
semicrystalline polyolefms such as polypropylene and
polyethylene, as well as semicrystalline
fluoropolymers such as Teflon(r), which are known to
have excellent corrosion resistance to strong acids
and strong bases, cannot be formulated into
spin-coated compositions for protective coating
applications. At the same time, many common
thermoplastic polymers such as polystyrene.
poly(cyclic olefins), polymethyl methacrylate,
polydimethylsiloxan.es, polyimides, polysulfones, and
various photoresist polymers (e.g., polyhydroxystyrene
and novolac resins) fail tosurvive many common, harsh
deep-etching processes because of their susceptibility
and permeability to the etchants, poor adhesion to the
substrate, tendency to form coating defects, or lack
of solubility in solvents accepted in the
microelectronics industry. SUMMARY OF THE INVENTION
The present invention is broadly concerned with a
composition useful as a protective layer. The
composition comprises a first polymer and a compatible
compound dissolved or dispersed in a solvent system.
The preferred first polymer is a styrene-acrylonitrile
copolymer. While the compatible compound is preferably
selected from the group consisting of: monomers,
oligomers and polymers comprising epoxy groups;
poly(styrene-co-allyl alcohol); and mixtures thereof.
The composition is substantially free of photoacid
generators and other agents capable of initiating
polymerization or crosslinking, and thus
non-photosensitive. The present invention is also
concerned with microelectronic structures including
these compositions in both the flowable and hardened
(i.e., after final bake) form, as well as methods of
using these structures to form microelectronic
devices. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1is
a photograph showing a silicon nitride wafer coated
with the inventive protective coating and after KOH
etching. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention overcomes these
problems by providing spin-applied. polymer coating
systems which protect device features from corrosion
and other forms of attack during deep-etching
processes which utilize concentrated aqueous acids and
bases. Furthermore, these coating systems can be
easily removed at the end of the processes. FIRST
PROTECTIVE LAYER The first protective layer is formed
from a composition comprising a first polymer and a
compatible compound dispersed or dissolved in a
solvent system. Thefirst polymer is preferably a
copolymer comprising recurring slyrene monomers and
acrylonitrile monomers. 



Preferred styrene monomers have the formula Preferred
acrylonitrile monomers have the formula In each of the
above formulas (I) and (II): each R1 is individually
selected from the group consisting of hydrogen and
C1-C (and preferably C1-C4) alkyls; and each R2 is
individually selected from the group consisting of
hydrogen, C1-C8 (and preferably C1-C4) alkyls, and
C1-C8(andpreferablyC,- C4) alkoxys. The first polymer
preferably comprises from about 50% to about 90% by
weight of monomer (I), more preferably from about 60%
to about 80% by weight of monomer (I), and even more
preferably from about 70% to about 75% by weight of
monomer (I).The first polymer preferably comprises
from about 10% to about 50% by weight of monomer (II),
more preferably from about 20% to about 40% by weight
of monomer (II), and even more preferably from about
25% to about 30% by weight of monomer (II). Each of
the above percentages by weight is based upon the
total weight of the first polymer taken as 100% by
weight. It is preferred that the first polymer have a
weight average molecular weight of from about 10,000
Daltons to about 80,000 Daltons, preferably from about
20,000 Daltons to about 60,000 Daltons, and even more
preferably from about 30,000 Daltons to about 50,000
Daltons. Monomers other than monomers (I) and (II) can
also be present in the first polymer, if desired. When
other monomers are present the combined weight of
monomers (T) and (II) in the polymer is preferably at
least about 60% by weight, and more preferably from
about 70% to about 90% by weight, based upon the total
weight of the first polymer taken as 100% by weight.
Examples of suitable other monomers include those
having functional groups that can react with groups in
the primer layer for achieving chemical bonding
between the two layers. These monomers may have, by
way of example, haloalkyl (e.g., benzyl chloride,
2-chloroethyl methacrylate), ester (methacrylates,
acrylates, maleates, fumarates, isocyanates), or
anhydride functional groups, which react readily with
functional groups such as hydroxyl, amino, or oxiranyl
groups that can be present in the primer layer. The
first polymer should be included in the first
protective layer composition at a level of from about
80% to about 98% by weight, and preferably from about
85% to about 95% by weight based upon the total weight
of solids in the first protective layer composition
taken as 100% by weight. The compatible compound
present in the composition along with the first
polymer can be monomeric, oligomeric, or polymeric, so
long as it is compatible with the first polymer to
improve adhesion of the first protective layer and to
avoid phase separation in the first protective layer
composition. If the compound is oligomeric (i.e., 2 to
10 repeat units) or polymeric (i.e., more than 10
repeat units) it is preferred that it have a molecular
weight of less than about 3,000 Daltons, and
preferably less than about 2,000 Daltons. Preferred
such compounds include those selected from the
groupconsisting of monomers, oligomers, and polymers
comprising epoxy groups, poly(styrene-co-allyl
alcohol), and mixtures thereof. The compatible
compound should be included in the first protective
layer composition at a level of from about 2% to about
20% by weight, and preferably from 



about 5% to about 15% by weight, based upon the total
weight of solids in the first protective layer
composition taken as 100% by weight. In embodiments
where epoxy groups are utilized, the compatible
compound preferably comprises from about 15% to about
30% by weight epoxy groups, and more preferably from
about 20% to about 25% by weight of epoxy groups. In
one preferred embodiment, the compound is a polymer
that comprises recurring monomers having one or more
epoxy groups per monomer, and preferably, at least two
epoxy groups per monomer. Preferred polymers for use
as the compatible compound in the first protective
layer composition include those selected from the
group consisting of epoxy phenol novolac resins (e.g.,
D.E.N. 431, Dow Chemical), epoxy bisphenol A/F resins
(e.g., D.E.R. 353, Dow Chemical), epoxy cresol novolac
resins (e.g., ECN 1299, Ciba Geigy), epoxy bisphenol A
resins (e.g., EPON 825, Shell Chemical), epoxy
bisphenol A novolac resins (EPON SU-8, Shell
Chemical), and mixtures thereof. When the compatible
compound is a polymer including epoxy groups, monomers
other than those containing epoxy groups can also be
present, if desired, provided that the epoxy
quantities discussed above are achieved. Examples of
suitable other monomers include those discussed above
with respect to the first polymer. The solvent system
utilized in the first protective layer composition
should have a boiling point of from about 12O 0C to
about 200 0C. and preferably from about 130 0C to
about 180 0C. The solvent system should be utilized at
a level of from about 70% to about 95% by weight, and
preferably from about 80% to about 90% by weight,
based upon the total weight of the first protective
layer composition taken as 100% by weight. Preferred
solvent systems include a solvent selected from the
group consisting of methyl isoamyl ketone. di(ethylene
glycol) dimethyl ether, ethyl-3-ethoxypropionate,
propylene glycol monomethyl ether acetate, ethyl
lactate, cyclohexanone, and mixtures thereof.While the
first protective layer composition can be a
cross-linkable composition, it is preferably a
non-crosslinkable composition. The final first
protective layer should also be non-alkaline soluble
(i.e.. it is substantially - less than 0.5% by weight
- insoluble in an aqueous solution having a pH of
greater than about 8. and preferably greater than
about 10). Finally, the first protective layer is
preferably non-photosensitive (i.e., a pattern cannot
be defined in the layer when it is exposed to about 1
J/cm2) . Thus, the composition used to form the layer
will be substantially free of photoacid generators
(PAGs). "Substantially free" means that the
compositions include less than about 0.1% by weight
preferably less than about 0.05%, and preferably about
0% by weight, based upon the total weight of the
composition taken as 100% by weight. It' s also
substantially free of other agents capable of
initiating polymerization or crosslinking, either
thermally or via light exposure. THE PRIMER LAYER
There is preferably also a primer layer utilized in
the protective systems of the invention. This layer
should be included between the substrate and the first
protective layer. Preferred primer layers are formed
from primer layer compositions including a silane
dispersed or dissolved in a solvent system. Aromatic
organo silanes and amino silanes are particularly
preferred silanes for use in the primer layers of the
invention. The most preferred silanes have the formula



Bk Sieach of i, j , and k is individually selected
from the group consisting of 0 and 1, and if one of i
and j is 1, then the other of i and j is 0; each R3 is
individually selected from the group consisting of
hydrogen, the halogens, C1-C (preferably C ,-C4)
alkyls, C1-C (preferably C1-C4) alkoxys, C1-C
(preferably C1-C4) haloalkyls, aminos, and C ,-C8
(preferably C1-C4) alkylaminos; each R4 is
individually selected from the group consisting of
C,-C8 (preferably C1-C4) aliphatic groups; each X is
individually selected from the group consisting of
halogens, hydroxyls, C -C4 alkoxys and C1-C4
carboxyls; Y is selected from the group consisting of
oxygen and sulfur; Z is selected from the group
consisting of nitrogen and phosphorus; and each d is
individually selected from the group consisting of 0
and 1. Particularly preferred silanes include
phenylsilanes such as phenyltrimethoxysilane, phenyl
trichloro silane, phenyltriethoxysilane,
phenyltriacetoxysilane, and diphenylsilanes such as
diphenyldimethoxysilane, diphenyldichlorosilane, and
diphenylsilanediol. The most preferred silanes include
2- phenylethyltrialkoxysilane,
p/m-chlorophenyltrimethoxysilane,
p/mbromophenyltrimethoxysilane,(
p/m-chloiOmethyl)phenyltrimethoxysilane, 2-(p/mm e t h
o x y ) p h e n y l e t h y l t r i m e t h o x y s i
l a n e ,
2-(p/-chloromethyl)phenylethyltrirnethoxysilane,
3,4-dichlorophenyltrichlorosilane,
3-phenoxypropyltrichlorosilane,
3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane. An
effective primer layer composition according to the
invention is a mixture of diphenyldialkoxysilane
(e.g., diphenyldimethoxysilane)
andphenyltrialkoxysilane, (e.g.,
phenyltrimethoxysilane) or, even more preferably, a
mixture of diphenylsilanediol and
phenyltrimethoxysilane in a solution of
1-methoxy-2-propanol or 1-propoxy-2-propanol with from
about 5-10% by weight water. A particularly effective
primer layer composition for first protective layers
comprising a poly(styrene-co-acrylonitrile) polymer is
an alcohol and water solution containing from about
0.1-1.0% (preferablyfrom about 0.25-0.5%) by weight
diphenylsilanediol and from about 0.1-1.0% (preferably
from about 0.25-0.5%) by weight of
phenyltrimethoxysilane. Upon heating,
diphenylsilanediol and phenylsilanetriol (the
hydrolysis product of phenyltrimethoxysilane) condense
to form siloxane bonds and establish a
threedimensional silicone coating layer on the
substrate. Another preferred silane has the formula
Silanes having this structure are not only compatible
with styrene-containing copolymers, but they are also
reactive with ester, benzyl chloride, and/or epoxy
groups that may be present in the first protective
layer, and they are excellent adhesion promoters. One
particularly preferred silane within the scope of this
formula is This silane is
3-[N-phenylamino]propyltrimethoxysilane, and it is
commercially available from Lancaster Synthesis and
Gelest Corporation. Yet another preferred silane is
3-aminopropyltriethoxy silane. The silane should be
included in the primer layer composition at a level of
from 



about 0.01% to about 0.5% by weight, preferably from
about 0.01% to about 0.25% byweight, and even more
preferably from about 0.01% to about 0 .1% by weight,
based upon the total weight of the primer layer
composition taken as 100% by weight. The solvent
system utilized in the primer layer composition should
have a boiling point of from about 100-220 0C, and
preferably from about 140-1 80 0C. The solvent system
should be utilized at a level of from about 80-99.9%
by weight, and preferably from about 85-99% by weight,
based upon the total weight of the primer layer
composition taken as 100% by weight. Preferred solvent
systems include a solvent selected from the group
consisting of methanol, ethanol, isopropanol, butanol,
1- methoxy-2-propanol, ethylene glycol monomethyl
ether, and l-propoxy-2-propanol, and mixtures thereof.
In one preferred embodiment, water is included in the
soh'ent system at a level of from about 0.5-15% by
weight, and preferably from about 0.5-10% by weight,
based upon the total weight of the primer layer
composition taken as 100% by weight. The primer layer
composition can optionally include low levels (e.g.,
from about 0.01-0.10% by weight) of a catalyst.
Suitable catalysts include any inorganic or organic
acid (e.g., hydrochloric acid, sulfuric acid
phosphoric acid, acetic acid) or an inorganic or
organic base (e.g., potassium hydroxide, TMAH, ammonia
amines). In a preferred embodiment, the protective
system of the invention further includes a second
protective layer on top of the first protective layer
to provide further protection against concentrated
aqueous acids such as hydrofluoric acid, nitric acid,
phosphoric acid acetic acid, and mixtures of the
foregoing. This embodiment is useful in situations
where a acid etching is utilized. Preferred second
protective layers are formed from second protective
layer compositions comprising a linear slightly
branched, or cyclic halogenated polymer dissolved or
dispersed in a solvent system. Furthermore, these
halogenated polymers should comprise high levels of
halogen atoms (at least about 50% by weight halogen
atoms, and preferably at least about 60% by weight
halogen atoms). The most preferred halogenated
polymers are chlorinated polymers such as those
comprising recurring monomers having the
formulaSpecific examples of preferred halogenated
polymers include those selected from the group
consisting of polyvinyl chloride), polyvinyl! dene
chloride, poly(vinylidene dich]oride)-co-poly( vinyl
chloride), chlorinated ethylene, chlorinated
propylene, and mixtures thereof. Halogenated
chlorinated rubber is also very effective. The
halogenated polymer should be included in the second
protective layer composition at a level of from about
8-30% by weight, and preferably from about 10- 20% by
weight, based upon the total weight of the second
protective layer composition taken as 100% by weight.
The solvent system utilized in the second protective
layer composition should have aboiling point of from
about 100-220 0C, and preferably from about 140- 180
0C. The solvent system should be utilized at a level
of from about 70-92% by weight, and preferably from
about 80-90% by weight, based upon the total weight of
the second protective layer composition taken as 100%
by weight EXAMPLES The following examples set forth
preferred methods in accordance with the invention. It
is to be understood, however, that these examples are
provided by way of illustration and nothing therein
should be taken as a limitation upon the overall scope
of the invention.APPLICATION PROCESSES 



Prior to applying the primer layer, it is preferable
to prepare the substrate by exposing it to brief (from
about 15-60 seconds) oxygen plasma etching to clean
and/or chemically activate the substrate surface to
improve bonding by the primer layer. Plasma
bombardment with heavy ions such as argon can also be
beneficial for improving bonding. Such processes are
especially effective for improving the bonding of the
protective coating system to silicon nitride.
Preferred substrates for use in this process include
those selected from the group consisting of Si
substrates, SiO2 substrates, Si3N4 substrates, SiO2 on
silicon substrates, Si N4 on silicon substrates, glass
substrates, quartz substrates, ceramic substrates,
semiconductor substrates, and metal substrates The
organosilane solution that makes up the primer layer
is spin-applied onto the substrate at about 500-5,000
rpm, and preferably from about 1,000-2,000 rpm, for
about 30-90 seconds. It is then baked at greater than
about 100 0C for about 60-90 seconds to condense the
organosilane molecules into a continuous film that is
bonded to surface hydroxyl groups present on many
microelectronic substrates. A particularly preferred
baking temperature is at least about 200 0C, and more
preferably from about 200 C to about 225 0C, for about
60 to about 90 seconds. It is preferred that the
primer layer have an average thickness (as measured by
an ellipsometer over 5 different points) of less than
about 10 ran and more preferably from about 2-8 ran.
For the first protective layer, the polymer,
compatible compound, and any other ingredients are
dissolved in a suitable solvent at a concentration of
from about 5-25% by weight and spin coated onto the
substrate at about 500-5,000 rpm, and preferably from
about 1,000-3,000 rpm. for about 30-90 seconds. It is
soft-baked at a temperature of from about 80-130 0C
for about 60-120 seconds to dry the coating and then
is subjected to a final bake at a temperature of from
about 130-225 0C for about 60-90 seconds to densify
the first protective layer and bond it firmly to the
primer layer. The preferred process for baking
styrene-acrylonitrile coatings is to bake them at a
temperature of about 13O 0C for about 120 seconds and
then at a temperature of about 200 0C for about 60
seconds. During final bake in the embodiments where
the compatible compoundincludes epoxy groups, the
epoxy groups will react with the amine groups of the
primer layer to form a bond such as: The polymer
solids level and spinning conditions are adjusted
typically to achieve a coating thickness after final
bake of from about 1-10 mm, and preferably from about
2-8 mm, depending upon the degree of coverage required
over device topography on the substrate. The second
protective layer (if utilized) is applied from a
solvent solution in a manner similar to that described
above with respect to the first protective layer. The
solvents used to apply the second protective layer
should be selected to minimize detrimental interaction
with the first protective layer. It is preferred that
the second protective layer have an average thickness
(as measured by an ellipsometer over 5 different
points) of from about 2 mm to about 10 mm, and more
preferably from about 3 mm to about 5 mm. It will be
appreciated that at these low thickness, the second
protective layer is acting as a chemical barrier
rather than purely as a physical barrier. The
structure coated with the protective system of the
invention can now be subjected to typical processing
steps, including wet etching processes. Wet etching 



involves contacting the structure with an etchant. In
some applications, the structure is subjected to two
etching steps - one with a basic etchant, and one with
an acidic etchant. In other applications the structure
would only be contacted with one of basic or acidic
etchants. Contact typically involves full immersion or
dipping of the structure into the etchant bath but it
an also be accomplished by spraying, puddling, or
spin-applying.Typical alkaline or basic etchants
include those selected from the group consisting of
KOH, TMAH, and NaOH. These etchants are typically
provided in 10- 45% solutions, and more typically
about 30%. Structure contact with basic etchants can
be carried out for time periods of from about 5
minutes to about 24 hours, and more typically from
about 4 hours to about 6 hours and at temperatures of
from about 60 C to about 100 0C and more typically
from about 8O0C to about 9O0C. Typical acidic etchants
include those selected from the group consisting of HF
(typically 49%), concentrated H3PO4, and
HF/H3PO4/HNO3. Contact with acidic etchants can be
carried out for time periods of from about 1minute to
about 30 minutes, and more typically from about 3
minutes to about 7 minutes at ambient temperatures. It
is preferred that the protective layer(s) or
coating(s) be removed after the wet etching processes
have been completed. A particularly preferred
technique is stripping the coating(s) with solvents
commonly used in microelectronic processing such as
acetone, propylene glycol methyl ether acetate, ethyl
lactate, or a commercially available,
fluoride-containing cleaner. In this technique, the
coated substrate is sprayed with, or immersed in, the
solvent until the coating layer has fully dissolved.
The substrate is then rinsed with fresh solvent until
clean. The protective coating system described here is
easily removed by dissolving the thermoplastic layer
(the first coating layer) in a solvent such as
acetone. The second coating layer, if present, is
either dissolved at the same time or is lifted as the
first layer dissolves. Practicing the present
invention will result in a protective layer system
which suffers little or no lifting during acidic or
basic etching processes. That is, the layer systems
will exhibit less than about 2 mm, preferably less
than about 1 mm, and more preferably less about 0 mm
of lifting when subjected to: (1) about 2 hours (and
even 8 hours) etching in an approximately 30-35% by
weight aqueous KOH solution having a temperature of
about 83-87 0C; or (2) about 30 minutes in an
approximately 49% by weight aqueous HF solution at
70-75 0C. Lifting is determined by measuring from the
outside edge of the substrate to the furthest point on
the layer system where the layer system is still
attached to the substrate. Furthermore, the inventive
protective layer system will experience very little or
no etchant penetration during etching processes. The
inventive protective systems willhave less than about
0.1 pinholes per cm2 of substrate, and preferably less
than about 0.05 pinholes per cm2 of substrate, when
observed under a microscope at 1OX magnification
after: (1) about 2 hours in an approximately 30-35% by
weight aqueous KOH solution having a temperature of
about 83-87C; or (2) about 30 minutes in an
approximately 49% by weight aqueous HF solution at
70-75 C. EXAMPLE 1 Preparation of Primers I-IV Primer
I was prepared by dissolving 0.5 g of
diphenyldichlorosilane in 99.5 g of xylene followed by
filtering with a 0.2/0.45-mm polypropylene filter.
Primer II was prepared by dissolving 0.5 g of
diphenyldimethoxysilane in 90 g 



of isopropanol and 1O g of water followed by filtering
with a 0.2/0.45-mm polypropylene filter. Primer III
was prepared by dissolving 0.5 g of diphenylsilanediol
and 0.5 g of phenyltrimethoxysilane in 90 g of
propylene glycol monomethyl ether (PGME) and 10 g of
water. The primer was aged for at least 24 hours so
that the silanes were partially hydrolyzed and
condensed. The primer was then filtered using a
0.2/0.45-mm polypropylene filter. Primer IV was
prepared by dissolving 1.0 g of diphenylsilanediol and
1.0 g of phenyltrimethoxysilane in 88 g of PGME and 10
g of water. The primer was similarly aged and then
filtered using a 0.2/0.45-mm polypropylene filter.
EXAMPLE 2 Preparation of Primer V (Comparative Primer)
In a manner similar to Example 1, Primer V was
prepared by adding 1.0 g of 3-
aminopropyltriethoxysilane (obtained from Gelest, Inc,
Morrisville, PA) into 95 g of PGME and 5 g of water.
The primer was aged for at least 24 hours so that the
silane was partially hydrolyzed and condensed. The
primer was then filtered using a 0.2/0.45-mm
polypropylene filter.EXAMPLE 3 Preparation of Primer
VI A diethyl fumarate-modified, amino functional
silane was prepared by mixing one mole of
N-(3-trimethoxysilyl)-propylethylenediamine with one
mole of diethyl fumarate. followed by stirring at room
temperature for 48 hours. The mixing process was
exothermic, indicating the immediate reaction of the
two components. Primer VI was prepared by dissolving 1
g of the above modified silane into 90 g of PGME and
10 g of water. The mixture was aged for 24 to 48 hours
at room temperature and then filtered using a
0.2/0.45-mm polypropylene filter. EXAMPLE 4
Preparation of Primer VII Pri me r VII i s an adhe s
ion promoter bas e d o n
3-(N-phenyl)aminopropyltrimethoxysilane, which is very
effective for polystyrene-co-acrylonitrile polymers,
especially for coatings containing reactive groups
such epoxy, ester, or chloromethyl (benzyl chloride)
groups. Primer VII was prepared by dissolving 0.5 g of
the aromatic amino silane in 90 g of PGME and 1O g of
water. The mixture was aged in a manner similar to the
previous examples and filtered using a 0.2/0.45- mm
polypropylene filter. EXAMPLE 5 Preparation of Coating
Compositions A and B from a Copolymer of Styrene and
Acrylonitrile Commercially available
styrene-acrylonitrile resins were used directly for
coating formulations. Composition A was formulated by
dissolving 12 g of poly(styrene-coacrylonitrile)
(SAN30: Mw 185,000, 30 wt% acrylonitrile, available
from Aldrich) in 44 g of methyl isoamyl ketone (MIAK)
and 44 g of di(ethylene glycol) dimethyl ether.
Composition B was formulated by dissolving 18 g of
SAN30 in 4 1 g of MIAK and 4 1 g of di(ethylene
glycol) dimethyl ether. Both coating compositions were
filtered twice using a 0.2/0.45-mm polypropylene
filter. Alternatively, a mixed solvent of propylene 



glycol monomethyl ether acetate (PGMEA) and ethyl
lactate in a weight ratio of 9:1wasalso used as the
solvent. The change of solvent did not noticeably
change the coating quality or adhesion. EXAMPLE 6
Preparation of a Terpolymer and Formulation of Coating
Composition C from the Terpolymer In this procedure, a
terpolymer of styrene, acrylonitrile, and glycidyl
methacrylate was prepared. Styrene and glycidyl
methacrylate were purified by passing through an
aluminum oxide column. Acrylonitrile was purified by
washing sequentially with a 5% by weight H2SO4
solution, a 5% by weight NaOH solution, and water to
remove inhibitors and amine impurities that might
cause crosslinking of the polymer. It was dried over
anhydrous calcium chloride and then 4-A molecular
sieves. A 500-ml two-neck flask containing a 1-inch
magnetic stirring bar was charged with 100 g of
cyclohexanone (or PGMEA) and a mixture of purified
monomers including 35 g of styrene, 1O g of
acrylonitrile, and 5 g of glycidyl methacrylate. Next,
300 mg of 2,2'-azobisisobutylnitrile (AIBN) (or
benzoyl peroxide) were added to the mixture as an
initiator. The side neck of the flask was capped with
a rubber septum, and the main neck of the flask was
connected to a water-cooled condenser with the top end
of the condenser linked to a bubbler containing
mineral oil. After fixing the entire glass assembly to
a metal stand, the system was purged with nitrogen to
remove oxygen through the side neck of the flask
through a needle. The flask was heated using a
hotplate at 80 0C for about 8 hours to polymerize the
monomer mixture. During the reaction, the reactor was
slowly purged with nitrogen to prevent oxygen from
entering. The polymer obtained was then precipitated
in a mixture of isopropanol or ethanol containing 20%
by weight water in a fast-stirring blender. The
polymer was recovered by filtration and vacuum-dried
to remove any solvent or monomer residues. The yield
or conversion of the reaction was 80% to 85%. Gel
permeation chromatography (GPC) indicated the weight
average molecular weight of the polymer was about
200,000 g/mole (relative to polystyrene
standard).Composition C (12.5% solids) was prepared by
dissolving 12.5 g of the recovered dry polymers in
94.5 g of PGMEA and 10.5 g of ethyl lactate. It was
filtered twice using 0.2/0.45- mm polypropylene
filters. EXAMPLE 7 Preparation of a Terpolymer and
Formulation of a Coating Composition D from the
Terpolymer A terpolymer of styrene, acrylonitrile, and
butyl acrylate was prepared in this example. The
styrene and acrylonitrile were purified according to
the same method described in Example 6. Butyl acrylate
was purified by passing through a column of aluminum
oxide. A mixture of purified monomers including 30 g
of styrene, 15 g of acrylonitrile, and 5 g of butyl
acrylate was polymerized in PGMEA, and the polymer was
recovered using the same method described in Example
3. The conversion or the yield of the polymerization
for this system was around 80%. GPC molecular weight
(Mvv) for this polymer was around 99,600 g/mole
(relative to polystyrene standard). Composition D (15%
solids) was prepared by dissolving 15 g of the
recovered dry polymer in 76.5 g of PGMEA and 8.5 g of
ethyl lactate. It was filtered twice using 



0.2/0.45- mm polypropylene filters. EXAMPLE 8
Preparation of a Quaterpolymer and Formulation of a
Coating Composition E from the Polymer In this
procedure, a quaterpolymer of styrene. acrylonitrile,
butyl acrylate, and glycidyl methacrylate was
prepared. To accomplish this, styrene, butyl acrylate,
and glycidyl methacrylate were purified by passing
through a column of aluminum oxide. Acrylonitrile was
purified by washing with 5 wt% H2SO4. 5 wt% NaOH, and
deionized water sequentially followed then dried over
anhydrous calcium chloride and 4 A molecular sieves. A
mixture of purified monomers including 25 g of
styrene, 15 g of acrylonitrile, 5 g of butyl acrylate,
and 5 g of glycidyl methacrylate was polymerized and
recoveredaccording to the methods described in Example
6. The conversion or the yield of the polymerization
for this system was around 80%. GPC molecular weight
(Mw) for this polymer was around 124,600 g/mole
(relative to polystyrene standard). Composition E ( 15
wt% solids) was prepared t y dissolving 15 g of the
recovered dry polymers in 76.5 g of PGMEA and 8.5 g of
ethyl lactate. It was filtered twice using 0.2/0.45-mm
polypropylene filters. EXAMPLE 9 Preparation of
Coating Composition F Composition F was prepared by
combining in solution 13.5 g of a copolymer of styrene
and acrylonitrile (Mw= 165,000, 25% acrylonitrile) and
1.5 g of polymethyl methacrylate (PMMA, Mw= 120,000).
The coating composition was filtered using a 0.2/0.45-
mm polypropylene filter. EXAMPLE 10 Preparation of
Coating Composition G Composition G was prepared by
dissolving 12 g of chlorinated rubber (CLORTEX (r) 20
from American Tartaric Corporation) in 88 g of PGMEA,
followed by filtering with a 0.2/0.45- mm
polypropylene filter. EXAMPLE I l Preparation of
Coating Composition H Composition H was prepared by
dissolving 1O g of chlorinated PVC (TempRite 674X571
from Noven, Inc.) in 90 g of cyclohexanone. followed
by filtering with a 0.2/0.45- mm polypropylene filter.
EXAMPLE 12 Procedure for Applying Primers I-VII and
Coating Compositions A-G A silicon silicon nitride, or
silicon nitride wafer with aluminum deposited at the
central area was mounted on a spin-coater and centered
properly. Under conditions of a spin acceleration rate
of 20,000 rpm2, a spin speed of 2.500 rpm, and a
duration of90 seconds, the wafer was first washed with
acetone for about 20 seconds to remove any possible
contaminants, and then an aliquot of 5 to 10 ml of the
primer was dispensed onto the wafer. After spinning
for about another 40 to 60 seconds, a uniform primer
layer was obtained on top of the wafer. Subsequently,
the primed wafer was baked on a hotplate at 100-
130Cfor 1minute to promote chemical bonding between
the substrate and the primer as well as partial
vulcanization of the primer. After the primed wafer
cooled to room temperature, a layer of the particular
coating composition (e.g., 



Composition A) was spin-applied and then baked on a
hotplate sequentially at 100 C for 2 minutes, 13O 0C
for 1 minute, and 205 0C for 1 minute. EXAMPLE 13 KOH
Deep-Etch Tests for Various Coating/Primer
Combinations The test equipment included a glass
etchant tanker containing about 4000 ml of a 30% to
35% by weight aqueous KOH solution in which a
TEFLON(r) wafer boat holding the test substrates in a
horizontal orientation was fully immersed. The etchant
solution was heated using an internal heating unit or
outer heating unit such as a hotplate, and the
temperature of the etchant was controlled to 85 0C
1.5 0C. In general. 4-inch wafers of silicon, silicon
nitride, or silicon nitride with aluminum deposited at
the central circular area (approximately 2 inches in
diameter) were used for the test. For silicon wafers,
the test was only conducted for 2 to 4 hours because
of the high etch rate of silicon in KOH. For silicon
nitride wafers, the test was extended to at least 8
hours. During the etch test, the solution was bubbled
vigorously with nitrogen to provide agitation. After
the etching period, wafer samples were removed,
rinsed, dried, and then inspected for pinholes and
edge lift or detachment of the coating layer(s).
Because aluminum is very reactive toward KOH solution,
any penetration of the coating (either by pinholes or
poor KOH resistance of the coating) was indicated by
disappearance of aluminum at the area. The distance
from the edge of the wafer to the front line of
coating detachment in the radial direction was used as
a measure of the adhesion quality of the
primer/coating combination. Results are shown in Table
1.Table 1. KOH dee -elch test results for various
coalin / rimer combinationsPAGING USER DEVICES IN A
WIRELESS ACCESS NETWORK Claim of Priority under 35
U.S.C. 119 [0001] The present Application for Patent
claims priority to U.S. Provisional Application No.
60/969,866 entitled ASSIGNING USER DEVICES TO PAGING
GROUPS filed September 4, 2007, assigned to the
assignee hereof and hereby expressly incorporated by
reference herein. BACKGROUND I. Field [0002] The
following relates generally to wireless communication,
and more specifically to preamble design of a wireless
signal facilitating reduced interference for
semi-planned or unplanned wireless access networks.
II. Background [0003] Wireless communication systems
are widely deployed to provide various types of
communication content such as, e.g., voice content,
data content, and so on. Typical wireless
communication systems can be multiple-access systems
capable of supporting communication with multiple
users by sharing available system resources (e.g.,
bandwidth, transmit power). Examples of such
multiple-access systems can include code division
multiple access (CDMA) systems, time division multiple
access (TDMA) systems, frequency division multiple
access (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, and the like. [0004]
Generally, wireless multiple-access communication
systems can simultaneously support communication for
multiple mobile devices. Each mobile device can
communicate with one or more base stations via
transmissions on forward and reverse links. The
forward link (or downlink) refers to the communication
link 



from base stations to mobile devices, and the reverse
link (or uplink) refers to the communication link from
mobile devices to base stations. Further,
communications between mobile devices and base
stations can be established via single-input
singleoutput (SISO) systems, multiple-input
single-output (MISO) systems, multiple-input
multiple-output (MIMO) systems, and so forth. [0005]
One function of mobile network technology that
facilitates convenient device mobility is the
idle/active mode of mobile devices. When active, the
mobiledevice can process incoming signals, transmit
reply signals and facilitate remote voice and/or data
communication with other devices. Such activity can
consume a significant amount of power, however,
reducing battery life of the mobile device.
Fortunately, a typical user only engages in active
device communication periodically. Thus, significant
power can be preserved by not processing received
wireless signals during period of non-use. Periods of
limited or no processing are termed idle periods.
[0006] In order to receive inbound communication, the
mobile device (e.g. , when another user calls the
mobile device) is required to process signals
indicating that such a communication is pending for
the mobile device. While idle, however, the device is
processing few or no signals and thus will miss the
communication if it does not activate long enough to
process those signals. To facilitate active/idle
mobility, a base station serving the mobile device
coordinates periods of time where the mobile device
activates to process incoming signals. These periods
of time can be brief and relatively infrequent to
reduce average mobile device processing and power
consumption in idle mode. When an inbound
communication for the mobile device is received at the
base station, a paging signal is scheduled and
transmitted on one or more of the coordinated periods
of time that the mobile device monitors (e.g.,
activates and processes signals). By coordinating
intermittent periods of active signal processing, the
mobile device can identify and receive inbound
communications while preserving significant processing
power and battery life. Such an arrangement provides
significant utility for the average mobile device
user, increasing device mobility and overall
convenience of mobile communications. SUMMARY [0007]
The following presents a simplified summary of one or
more aspects in order to provide a basic understanding
of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended
to neither identify key or critical elements of all
aspects nor delineate the scope of any or all aspects.
Its sole purpose is to present some concepts of one or
more aspects in a simplified form as a prelude to the
more detailed description that is presented later.
[0008] The subject disclosure provides for
establishing paging controls for mobile devices
coupled with an orthogonal frequency division multiple
access (OFDMA) wireless access network (AN).
Establishing paging controls can comprisesegmenting a
wireless signal into a number of time frames
determined from an integer raised to a constant power
(e.g., 2LK, where K is a constant). In addition,
paging occasions can be scheduled to a portion of the
time frames of the wireless signal. Selection of time
frames for the paging occasions can be based on a
formula that employs the integer raised to a power
that is a function of the constant. Selected paging
occasions can be grouped within a discontinuous
reception (DRX) cycle of the wireless signal, or can
be distributed throughout a subset of the time frames
based on the above 



formula. Furthermore, one or more paging groups can be
assigned to each of the paging occasions. A paging
group can comprise an identifier of an assigned mobile
device, which can be utilized by the mobile device to
identify the paging group assigned to such device.
Paging signals for a mobile device are incorporated
into the paging group assigned to the mobile device.
By employing various paging occasions and paging
groups, false alarm pages can be mitigated in the
OFDMA wireless AN, reducing power consumption of the
mobile devices and reducing uplink (UL) interference
resulting from such false alarm pages. According to at
least one aspect of the subject disclosure, the OFDMA
wireless AN can also designate at least one paging
group that contains an identifier assigned to all
mobile devices within a cell of the wireless AN. The
at least one paging group can then be utilized to page
all devices in the cell with substantially one paging
signal initiated by the wireless AN. Accordingly,
broadcast paging can be implemented utilizing minimal
resources of a wireless signal. [0009] According to
additional aspects, provided is a method of paging
remote devices in a wireless AN. The method can
comprise dividing a wireless signal into a plurality
of signal time frames defined as an integer raised to
a constant power, Int L K. The method can additionally
comprise selecting a number, N, of the signal time
frames as paging occasions where N is a subset of the
signal time frames. [0010] According to other aspects,
disclosed is an apparatus for paging remote devices in
a wireless AN. The apparatus can comprise a timing
module that divides a wireless signal into a plurality
of signal time frames defined as an integer raised to
a constant power, Int L K. Moreover, the apparatus can
comprise a selection module that selects a number, N,
of the signal time frames as paging occasions where N
is a subset of the signal time frames. [0011]
According to still other aspects, provided is an
apparatus configured for paging remote devices in a
wireless AN. The apparatus can comprise means
fordividing a wireless signal into a plurality of
signal time frames defined as an integer raised to a
constant power, Int L K. Furthermore, the apparatus
can comprise means for selecting a number, N, of the
signal time frames as paging occasions where N is a
subset of the signal time frames. [0012] According to
at least one further aspect, disclosed is a processor
configured for paging remote devices in a wireless AN.
The processor can comprise a first module that divides
a wireless signal into a plurality of signal time
frames defined as an integer raised to a constant
power, Int L K. The processor can further comprise a
second module that selects a number, N, of the signal
time frames as paging occasions where N is a subset of
the signal time frames. [0013] According to one or
more other aspects, provided is a computer-readable
medium comprising computer-readable instructions
configured for paging remote devices in a wireless AN.
The instructions can be executable by at least one
computer to divide a wireless signal into a plurality
of signal time frames defined as an integer raised to
a constant power, Int L K. Moreover, the instructions
can be executable by the at least one computer to
select a number, N, of the signal time frames as
paging occasions where N is a subset of the signal
time frames. [0014] According to one or more
additional aspects, disclosed is a method of
identifying a paging signal for wireless
communications. The method can comprise 



registering for wireless communication with a wireless
AN, registration comprises at least submitting an
identifier of a mobile device. The method can
additionally comprise obtaining a paging group
assigned to the identifier, the paging group is
associated with a paging occasion selected from a
subset of signal time frames determined from a formula
comprising the number two raised to a constant power.
[0015] According to other aspects, disclosed is a
mobile device configured to identify a paging signal
for wireless communication. The mobile device can
comprise a transceiver configured for wireless data
exchange. The mobile device can further comprise a
communication processor that provides an identifier of
the mobile device to a wireless AN in conjunction with
registering the mobile device with the wireless AN.
The mobile device can additionally comprise a signal
processor that obtains a paging group assigned to the
identifier, the paging group is associated with a
paging occasion selected from a subset of signal time
frames determined from a formula comprising the number
two raised to a constant power.[0016] According to
still other aspects, provided is an apparatus
configured to identify a paging signal for wireless
communications. The apparatus can comprise means for
registering for wireless communication with a wireless
AN, registration comprises at least submitting an
identifier of a mobile device. Moreover, the apparatus
can comprise means for obtaining a paging group
assigned to the identifier, the paging group is
associated with a paging occasion selected from a
subset of signal time frames determined from a formula
comprising the number two raised to a constant power.
[0017] According to one or more additional aspects,
disclosed is a processor configured to identify a
paging signal for wireless communications. The
processor can comprise a first module for registering
for wireless communication with a wireless AN,
registration comprises at least submitting an
identifier of a mobile device. The processor can
further comprise a second module for obtaining a
paging group assigned to the identifier, the paging
group is associated with a paging occasion selected
from a subset of signal time frames determined from a
formula comprising the number two raised to a constant
power. [0018] According to at least one other aspect,
provided is a computer-readable medium comprising
computer-readable instructions configured to identify
a paging signal for wireless communications. The
instructions can be executable by at least one
computer to register for wireless communication with a
wireless AN, registration comprises at least
submitting an identifier of a mobile device. Moreover,
the instructions can be executable by the at least one
computer to obtain a paging group assigned to the
identifier, the paging group is associated with a
paging occasion selected from a subset of signal time
frames determined from a formula comprising the number
two raised to a constant power. [0019] To the
accomplishment of the foregoing and related ends, the
one or more aspects comprise the features hereinafter
fully described and particularly pointed out in the
claims. The following description and the annexed
drawings set forth in detail certain illustrative
aspects of the one or more aspects. These aspects are
indicative, however, of but a few of the various ways
in which the principles of various aspects can be
employed and the described aspects are intended to
include all such aspects and their equivalents.BRIEF
DESCRIPTION OF THE DRAWINGS 



[0020] Fig. 1 illustrates a block diagram of an
example system that provides wireless communication in
accordance with aspects set forth herein. [0021] Fig.
2 depicts a block diagram of an example communication
apparatus for employment with a wireless communication
environment. [0022] Fig. 3 illustrates a block diagram
of an example system that provides paging control for
an OFDMA wireless AN according to aspects disclosed
herein. [0023] Fig. 4 depicts a block diagram of a
sample paging apparatus for an OFDMA wireless AN
according to aspects of the subject disclosure. [0024]
Fig. 5 illustrates a block diagram of example wireless
signal paging resources according to aspects of the
subject disclosure. [0025] Fig. 6 depicts sample
distributions of wireless signal resources for paging
according to one or more aspects disclosed herein.
[0026] Fig. 7 depicts a block diagram of a sample
system comprising a base station according to at least
one aspect of the disclosure. [0027] Fig. 8
illustrates a block diagram of an example system
comprising a mobile device according to further
aspects of the subject disclosure. [0028] Fig. 9
depicts a flowchart of an example methodology for
providing paging control for an OFDMA wireless AN
according to aspects disclosed herein. [0029] Fig. 10
illustrates a flowchart of an example methodology for
providing paging resources of a wireless signal
determined from a power of two based formula. [0030]
Fig. 11 depicts a flowchart of an example methodology
that facilitates paging controls in an OFDMA wireless
AN. [0031] Fig. 12 illustrates a block diagram of an
example system for providing paging controls in an
OFDMA wireless AN. [0032] Fig. 13 illustrates a block
diagram of a sample system that facilitates paging
controls in an OFDMA wireless AN.DETAILED DESCRIPTION
[0033] Various aspects are now described with
reference to the drawings, wherein like reference
numerals are used to refer to like elements
throughout. In the following description, for purposes
of explanation, numerous specific details are set
forth in order to provide a thorough understanding of
one or more aspects. It can be evident, however, that
such aspect(s) can be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form in order to
facilitate describing one or more aspects. [0034] In
addition, various aspects of the disclosure are
described below. It should be apparent that the
teaching herein can be embodied in a wide variety of
forms and that any specific structure and/or function
disclosed herein is merely representative. Based on
the teachings herein one skilled in the art should
appreciate that an aspect disclosed herein can be
implemented independently of any other aspects and
that two or more of these aspects can be combined in
various ways. For example, an apparatus can be
implemented and/or a method practiced using any number
of the aspects set forth herein. In addition, an
apparatus can be implemented and/or a method practiced
using other structure and/or functionality in addition
to or other than one or more of the aspects set forth
herein. As an example, many of the methods, devices,
systems and apparatuses described herein are described
in the context of establishing device-specific 



and system wide paging controls for a mobile
communication environment. One skilled in the art
should appreciate that similar techniques could apply
to other communication environments. [0035] The
subject disclosure provides for paging controls for a
mobile environment (e.g., universal mobile
telecommunications system [UMTS], frequency division
multiple access [FDMA], orthogonal frequency division
multiple access [OFDMA], frequency division multiplex
[FDM], evolved UMTS terrestrial radio access network
[E-UTRAN], and/or like mobile access networks).
Particularly, hashing user devices into portions of a
wireless signal to affect paging is provided. Because
many user devices can be served by a single network
access point at a given time, paging for the user
devices is conducted in a plurality of distinct
portions (e.g., resources) of the wireless signal.
Each user device can be assigned to a distinct signal
resource and monitor such resource for paging signals.
Where fewer devices are served by an access point than
available paging resources, false alarm pages can be
avoided (e.g. , wheremultiple devices are paged as a
result of an inbound call for just one of the paged
devices). Where more user devices are served than
available paging resources, multiple devices can be
assigned to one or more such distinct portions, if
necessary. This can result in false alarm paging, but
only for the devices assigned to a single paging
resource. Accordingly, the subject disclosure provides
for avoiding or mitigating instances of false alarm
paging in FDM, FDMA, OFDMA and/or like mobile
environments. [0036] According to some aspects of the
disclosure, wireless signal paging resources are
defined as a number of time and/or identity based
portions of a wireless signal. For instance, the
signal can be segmented into a plurality of time-based
paging occasions. The paging occasions can comprise a
time frame of a discontinuous reception (DRX) cycle of
the signal. According to some aspects, a paging
occasion can comprise a fraction of the time frame, or
multiple time frames. In addition to the foregoing,
multiple paging groups can be provided for the
wireless signal. A paging group can be distinguished
based on an identity of a mobile device (e.g.,
international mobile subscriber identity [IMSI], or
like identifier). Thus, ten unique IMSIs often devices
assigned can be employed to create ten distinct paging
groups for such devices. The paging groups can be used
to distinguish paging controls for each device. A
paging group provided in such a manner can be termed a
paging group identity or paging indication radio
network identifier (PI-RNTI). [0037] As discussed
above, use of paging groups can limit time domain
occupancy of paging resources. However, given that a
paging group identity can be transmitted with L1/L2
control channels (e.g., in an OFDMA system) and thus
the paging group identity is taken from the common
identity space, the identity can be a scarce resource
as well. Moreover, if a mobile network allows multiple
paging groups to be paged in one L1/L2 control
signaling, the size of available PI-RNTIs can be
relatively limited. In addition, distribution of
paging signals in different time frames can help avoid
concentrated uplink (UL) interference. For instance,
where multiple devices are paged in a single time
frame of a downlink (DL) signal, such devices
typically will initiate a random access procedure in a
common UL time frame that corresponds with the DL time
frame. This can result in interference in the UL time 



frame. Where paging is distributed across various DL
time frames, UL interference is mitigated.
Accordingly, in at least one aspect of the subject
disclosure, identity andtime based resources of the
wireless signal are employed in combination in a
controllable manner. As one example, the paging
identity space can be controlled via L3 protocols by
signaling the range of PI-RNTIs used for paging group
indication. [0038] For time-based paging occasions,
the number of frames (or, e.g. , subframes or groups
of frames) utilized for paging can be limited. As one
example, an identity and time based paging system
could comprise 'N' time-based paging occasion
resources and 'M' identity-based paging groups, where
'N' and 'M' are integers. Values of 'M' and 'N' can be
system parameters broadcast in the wireless signal
with system information (e.g., control channel
information). A hashing function utilized to assign
mobile devices to a paging group and/or paging
occasion (e.g., based on a user's IMSI) can also be
broadcast in the system information. According to
particular aspects of the subject disclosure,
selection of paging resources (e.g., paging occasions
and/or paging groups) can be based on a formula
comprising an integer raised to a constant power. In
at least one aspect, the integer can be two, resulting
in a power of two formula. In at least one other such
aspect, the power can be a constant related to the DRX
cycle of a wireless signal. By employing an integer
raised to a constant power (e.g., power of two
formula), paging can be made more compatible with
other systems. Thus, a mobile device entering a cell
served by an OFDMA access point can readily be
integrated into paging resources, as discussed in more
detail below. [0039] As is disclosed herein, selected
time-based signal resources utilized for paging can be
scheduled to portions of the wireless signal in
different ways. As one example, selected time-based
portions can be grouped into a contiguous segment of a
DRX cycle of the wireless signal. Location, length,
number of partitions, etc., of the contiguous segment
can be broadcast with system information. After
obtaining the system information, a mobile device(s)
can interpret the paging resources and identify a
resource allocated to paging signals for that mobile
device. In other aspects, time-based paging resources
can be selected from the wireless signal utilizing a
power of two formula. Such resources can, for
instance, be distributed throughout a DRX cycle,
depending on a particular formula used, constant
values of the formula, and the like. Location of the
distributed time-based paging resources can also be
broadcast in system information to instruct mobile
devices how to interpret the paging signals. [0040]
While hashing users over paging groups and paging
occasions to reduce occurrence of false alarm paging
is beneficial, cell-wide paging can also
beadvantageous. For instance, where system information
pertinent to all mobile devices in a cell is to be
updated, paging all such devices on a single paging
resource (or, e.g., a small number of paging
resources) can be an efficient way of distributing the
system information. In some systems, dedicated
system-wide resources are not necessary (e.g., in code
division multiple access [CDMA] or wideband CDMA
[W-CDMA] where a paging indicator channel(s) can
employ one or more bits for system wide paging). For
E-UTRAN or like systems where PI-RNTIs are transmitted
on the L1/L2 control channel, for example, dedicating
system-wide resources is not always feasible. As an
alternative, the subject disclosure provides for
employing a special PI-RNTI, or paging group resource,
for system wide paging (e.g., 'paging all devices'
resource). According to such an alternative, it is not
necessary to page all paging groups and paging
occasions 



to deliver the system wide information. Instead, a
user device can be configured to recognize the special
PI-RNTI in addition to a dedicated or semi-dedicated
PI-RNTI. Accordingly, the user device can process
signals in both PI-RNTIs, which can include
system-wide paging information as well as
device-specific paging information, respectively.
[0041] As used in the subject disclosure, the terms
"component," "system," "module" and the like are
intended to refer to a computer-related entity, either
hardware, software, software in execution, firmware,
middle ware, microcode, and/or any combination
thereof. For example, a module can be, but is not
limited to being, a process running on a processor, a
processor, an object, an executable, a thread of
execution, a program, a device, and/or a computer. One
or more modules can reside within a process and/or
thread of execution and a module can be localized on
one electronic device and/or distributed between two
or more electronic devices. Further, these modules can
execute from various computer-readable media having
various data structures stored thereon. The modules
can communicate by way of local and/or remote
processes such as in accordance with a signal having
one or more data packets (e.g., data from one
component interacting with another component in a
local system, distributed system, and/or across a
network such as the Internet with other systems by way
of the signal). Additionally, components or modules of
systems described herein can be rearranged and/or
complemented by additional components/modules/systems
in order to facilitate achieving the various aspects,
goals, advantages, etc., described withregard thereto,
and are not limited to the precise configurations set
forth in a given figure, as will be appreciated by one
skilled in the art. [0042] Furthermore, various
aspects are described herein in connection with a user
terminal - UT. A UT can also be called a system, a
subscriber unit, a subscriber station, mobile station,
mobile, mobile communication device, mobile device,
remote station, remote terminal, access terminal (AT),
user agent (UA), a user device, or user equipment
(UE). A subscriber station can be a cellular
telephone, a cordless telephone, a Session Initiation
Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a
handheld device having wireless connection capability,
or other processing device connected to a wireless
modem or similar mechanism facilitating wireless
communication with a processing device. [0043] In one
or more exemplary embodiments, the functions described
can be implemented in hardware, software, firmware,
middleware, microcode, or any suitable combination
thereof. If implemented in software, the functions can
be stored on or transmitted over as one or more
instructions or code on a computer-readable medium.
Computer-readable media includes both computer storage
media and communication media including any medium
that facilitates transfer of a computer program from
one place to another. A storage media can be any
physical media that can be accessed by a computer. By
way of example, and not limitation, such computer
storage media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or
other magnetic storage devices, smart cards, and flash
memory devices (e.g., card, stick, key drive. ..), or
any other medium that can be used to carry or store
desired program code in the form of instructions or
data structures and that can be accessed by a
computer. In addition, any connection is properly
termed a computerreadable 



medium. For example, if the software is transmitted
from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers.
Combinations of the above should also be included
within the scope of computer-readable media.[0044] For
a hardware implementation, the processing units'
various illustrative logics, logical blocks, modules,
and circuits described in connection with the aspects
disclosed herein can be implemented or performed
within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), discrete gate or transistor
logic, discrete hardware components, general purpose
processors, controllers, micro-controllers,
microprocessors, other electronic units designed to
perform the functions described herein, or a
combination thereof. A general-purpose processor can
be a microprocessor, but, in the alternative, the
processor can be any conventional processor,
controller, microcontroller, or state machine. A
processor can also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other suitable configuration. Additionally, at
least one processor can comprise one or more modules
operable to perform one or more of the steps and/or
actions described herein. [0045] Moreover, various
aspects or features described herein can be
implemented as a method, apparatus, or article of
manufacture using standard programming and/or
engineering techniques. Further, the steps and/or
actions of a method or algorithm described in
connection with the aspects disclosed herein can be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the
two. Additionally, in some aspects, the steps and/or
actions of a method or algorithm can reside as at
least one or any combination or set of codes and/or
instructions on a machine -readable medium and/or
computer-readable medium, which can be incorporated
into a computer program product. The term "article of
manufacture" as used herein is intended to encompass a
computer program accessible from any computer-readable
device or media. [0046] Additionally, the word
"exemplary" is used herein to mean serving as an
example, instance, or illustration. Any aspect or
design described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other aspects or designs. Rather,
use of the word exemplary is intended to present
concepts in a concrete fashion. As used in this
application, the term "or" is intended to mean an
inclusive "or" rather than an exclusive "or". That is,
unless specified otherwise, or clear from context, "X
employs A or B" is intended to mean any of the natural
inclusivepermutations. That is, if X employs A; X
employs B; or X employs both A and B, then "X employs
A or B" is satisfied under any of the foregoing
instances. In addition, the articles "a" and "an" as
used in this application and the appended claims
should generally be construed to mean "one or more"
unless specified otherwise or clear from 



context to be directed to a singular form. [0047] As
used herein, the terms to "infer" or "inference" refer
generally to the process of reasoning about or
inferring states of the system, environment, and/or
user from a set of observations as captured via events
and/or data. Inference can be employed to identify a
specific context or action, or can generate a
probability distribution over states, for example. The
inference can be probabilistic-that is, the
computation of a probability distribution over states
of interest based on a consideration of data and
events. Inference can also refer to techniques
employed for composing higher-level events from a set
of events and/or data. Such inference results in the
construction of new events or actions from a set of
observed events and/or stored event data, whether or
not the events are correlated in close temporal
proximity, and whether the events and data come from
one or several event and data sources. [0048]
Referring now to the Figures, Fig. 1 illustrates a
wireless communication system 100 with multiple base
stations 110 (e.g., wireless APs) and multiple
terminals 120 (e.g., UTs), such as can be utilized in
conjunction with one or more aspects. A base station (
110) is generally a fixed station that communicates
with the terminals and can also be called an access
point, a Node B, or some other terminology. Each base
station 110 provides communication coverage for a
particular geographic area or coverage area,
illustrated as three geographic areas in Fig. 1,
labeled 102a, 102b, and 102c. The term "cell" can
refer to a base station and/or its coverage area
depending on the context in which the term is used. To
improve system capacity, a base station geographic
area/coverage area can be partitioned into multiple
smaller areas (e.g. , three smaller areas, according
to cell 102a in Fig. 1), 104a, 104b, and 104c. Each
smaller area (104a, 104b, 104c) can be served by a
respective base transceiver subsystem (BTS). The term
"sector" can refer to a BTS and/or its coverage area
depending on the context in which the term is used.
For a sectorized cell, the BTSs for all sectors of
that cell are typically co-located within the base
station for the cell. The transmission techniques
described herein can be used for a system with
sectorized cells as well as a system with unsectorized
cells. For simplicity, in the following description,
unless specified otherwise,the term "base station" is
used generically for a fixed station that serves a
sector as well as a fixed station that serves a cell.
[0049] Terminals 120 are typically dispersed
throughout the system, and each terminal 120 can be
fixed or mobile. Terminals 120 can also be called a
mobile station, user equipment, a user device, or some
other terminology, as described above. A terminal 120
can be a wireless device, a cellular phone, a personal
digital assistant (PDA), a wireless modem card, and so
on. Each terminal 120 can communicate with zero, one,
or multiple base stations 110 on the downlink (e.g.,
FL) and uplink (e.g., RL) at any given moment. The
downlink refers to the communication link from the
base stations to the terminals, and can at least
comprise paging control information (e.g., identifying
paging resources of various terminals 120) and paging
signals indicating inbound communication. The uplink
refers to the communication link from the terminals to
the base stations, and can at least comprise system
access signals initiated by a terminal 120 in response
to a paging signal associated with the terminal 120.
[0050] For a centralized architecture, a system
controller 130 couples to base stations 110 and
provides coordination and control for base stations
110. For a 



distributed architecture, base stations 110 can
communicate with one another as needed (e.g., by way
of a backhaul network communicatively coupling the
base stations 110). Data transmission on the forward
link often occurs from one access point to one access
terminal at or near the maximum data rate that can be
supported by the forward link and/or the communication
system. Additional channels of the forward link (e.g.,
control channel, paging resources) can be transmitted
from multiple access points to one access terminal.
Reverse link data communication can occur from one
access terminal to one or more access points. [0051]
Fig. 2 is an illustration of an ad hoc or
unplanned/semi-planned wireless communication
environment 200, in accordance with various aspects.
System 200 can comprise one or more base stations 202
in one or more cells and/or sectors that receive,
transmit, repeat, etc., wireless communication signals
to each other and/or to one or more mobile devices
204. As illustrated, each base station 202 can provide
communication coverage for a particular geographic
area, illustrated as four geographic areas, labeled
206a, 206b, 206c and 206d. Each base station 202 can
comprise a transmitter chain and a receiver chain,
each of which can in turn comprise a plurality of
components associated with signal transmission and
reception (e.g., processors,modulators, multiplexers,
demodulators, demultiplexers, antennas, and so
forth.), as will be appreciated by one skilled in the
art. Mobile devices 204 can be, for example, cellular
phones, smart phones, laptops, handheld communication
devices, handheld computing devices, satellite radios,
global positioning systems, PDAs, and/or any other
suitable device for communicating over wireless
network 200. System 200 can be employed in conjunction
with various aspects of the subject disclosure in
order to provide paging controls for FDM, FDMA, OFDMA,
E-UTRAN, or like mobile networks, as set forth herein.
[0052] Fig. 3 illustrates a block diagram of an
example system 300 that provides paging controls for
wireless communication in a mobile operating
environment. System 300 comprises a paging apparatus
302 coupled to an access point 306 (e.g., base
station) of the mobile operating environment. The
access point 306 facilitates wireless communication
for one or more mobile devices 304. For instance, the
access point 306 can couple the mobile device 304 with
a voice network (e.g., a mobile phone network, public
switched telephone network, voice over Internet
protocol [VoIP] network, not depicted) that
facilitates voice communication with remote devices as
well as a data network (e.g., the Internet, a private
Intranet, or the like, not depicted) that facilitates
data communication with remote devices (e.g., a data
store, data server, application server, etc.). [0053]
When the mobile device 304 is actively engaged in data
and/or voice communication, typical communication and
processing functions are employed at the device 304 to
facilitate such communication, as known in the art
(e.g., see Fig. 8, infra). When not actively engaged
in data and/or voice communication, mobile device 304
can enter an idle state for significant periods of
time to reduce device processing and associated power
consumption. When idle, very little information
transmitted by the access point 306 is processed by
the mobile device 304. However, in order to identify
inbound calls, the device 304 can monitor a subset of
wireless signals transmitted by the access point 306
for paging signals pertinent to the mobile device 304.
Coordination of 



which subset of signals contain the paging signals,
and thus which subset of signals mobile device 304
should monitor, can be established by paging apparatus
302. [0054] According to at least some aspects of the
subject disclosure, paging apparatus 302 can comprise
a timing module 308 that divides a wireless signal 316
transmitted by access point 306 at least into a
plurality of signal time frames. Thesignal time frames
can be periodically repeated, for instance, for
multiple DRX cycles of the wireless signal 316. Each
signal time frame can be employed to convey different
information, such as synchronization information (e.g.
, synchronization pilot signal, primary
synchronization sequence [PSS], secondary
synchronization sequence [SSS]), control channel
information, paging information, traffic data and/or
the like. A subset of the signal time frames of
wireless signal 316, determined by selection module
310, can comprise paging control information for
mobile devices (304) served by the access point 306
(e.g., see Fig. 6, infra). Each time frame comprising
paging control information can be termed a paging
occasion. Selection module 310 can determine paging
occasions from available time frames of the wireless
signal 316 by employing various selection formulas.
[0055] In at least one aspect of the subject
disclosure, timing module 308 can employ a formula
comprising an integer raised to a constant power (e.g.
, Int L K, where Int is an integer and K is a
constant) to determine a number, Z, of time frames of
the wireless signal 316 per cycle (e.g., DRX cycle,
signal superframe, or the like, as suitable to a
network architecture implemented at access point 306).
In such aspects, selection module 310 can employ a
different formula based on the integer and/or constant
to determine a number, N, of paging occasions from the
Z time frames. [0056] Position of paging occasions
within wireless signal 316 can be determined from
formulas utilized by selection module 310 to select
paging occasions. Alternatively, the position of the
paging occasions can be a default position. In one
aspect of the subject disclosure, the positions can be
grouped into a contiguous portion of wireless signal
316 (e.g., see system 600A of Fig. 6, infra). In
another aspect, the positions can be distributed
throughout the wireless signal, as determined by a
selection formula that selects the paging occasions
(e.g., see system 600B of Fig. 6, infra). It should be
appreciated that number, position, length, etc., of
paging occasions can be transmitted to mobile device
304, as well as a particular paging occasion/paging
group pertinent to mobile device 304. [0057] Paging
apparatus 302 can further comprise a transmission
processor 312. Transmission processor 312 can
implement various wireless communications for access
point 306. In one aspect, transmission processor 312
can schedule control channel information into a
wireless signal 316. The control channel information
can specify system information, including identifying
paging resources (e.g., pagingoccasions/paging groups)
of the wireless signal 316. In at least one aspect,
transmission processor 312 can identify a particular
paging resource assigned to mobile device 304. Such
resource can be determined from established paging
resources based on a selection algorithm that employs
an identifier of the mobile device 304. The identifier
can be, for instance, a mobile subscriber identity
[MSI], an IMSI, a data session identifier (e.g.,
mobile network data address, Internet protocol [IP]
address, or the like), or an identifier specified by a
mobile network serving the mobile device 304, or a
like identifier(s), or a combination thereof.
According to at least one aspect of the disclosure,
transmission 



processor 312 can select a paging resource for mobile
device 304 based on the following formula: paging
occasion = (IMSI div L) mod N, where N is a total
number of paging occasions of wireless signal 316.
Assignment of paging resources to mobile devices (304)
coupled with access point 306, as well as pertinent
identifiers of the mobile devices (304), can be stored
in memory 314. The assignment can be maintained as a
list, for instance, that can be broadcast to mobile
devices (304) coupled with the access point 306. In
some aspects, assignment of paging resource(s) to
mobile device 304 can be determined and unicast to
such device 304. Accordingly, transmission processor
can coordinate paging resources of the wireless signal
316 with mobile device 304, enabling the device 304 to
process only a fraction of received signals in idle
mode, conserving significant processing power and
battery life. [0058] Fig. 4 depicts a block diagram of
a sample paging apparatus 400 for an OFDMA wireless AN
according to aspects of the subject disclosure. In
some aspects, paging apparatus 400 can be coupled with
a base station (not depicted) of a wireless AN (e.g. ,
E-UTRAN) to provide paging controls for the base
station. In other aspects, paging apparatus 400 can be
coupled with a central controller (e.g., see Fig. 1,
supra, at 130) to provide paging controls for multiple
base stations of the wireless AN. Paging controls
provided by paging apparatus 400 can comprise paging
resources dedicated for one or more mobile devices
served by an access point(s) of the wireless AN, as
well as a signal resource(s) shared by all such
devices for broadcasting system information.
Accordingly, paging apparatus 400 can facilitate low
power idle mode for mobile devices by coordinating
paging resources with the devices, as described herein
and/or known in the art.[0059] Paging apparatus 400
can comprise a timing module 402 that segments a
wireless signal transmitted by an access point of a
wireless AN into multiple time frames. In some aspects
of the disclosure a number of such time frames per
signal, or per DRX cycle for instance, can be based on
a algorithm comprising an integer (e.g. , two) raised
to a constant power (e.g. , where the constant is
determined from a DRX cycle of the wireless signal).
Paging apparatus 400 can further comprise a selection
module 404 that selects a number of paging occasions
utilized to transmit paging signals for one or more
mobile devices. The number of paging occasions, N, is
a subset of the number of time frames and can be
selected as described herein. [0060] Paging apparatus
400 can further comprise an allocation module 406 that
can group paging occasions into a contiguous portion
of a wireless signal. The contiguous portion can be
repeated for each DRX cycle of the wireless signal. As
one example, the allocation module 406 can schedule
the N paging occasions to the first N time frames (or,
e.g. , another suitable contiguous portion) of
selected DRX cycles, periodic DRX cycles, each DRX
cycle, etc., of the wireless signal. [0061]
Alternatively, or in addition to the foregoing, paging
apparatus 400 can comprise a calculation module 408.
Calculation module 408 can determine a distributed
arrangement of paging occasions (e.g., as opposed to a
contiguous arrangement) based on a formula employing
an integer, Int, raised to a power of a constant (e.g.
, a DRX cycle coefficient, a number of frames in a
cycle, cycle length, or other suitable constant). In
some aspects, the integer can be the same integer
employed by timing 



module 402 to define the signal time frames of a
wireless signal (or, e.g., DRX cycle). According to
particular aspects, the integer can be two and the
constant can be a DRX cycle constant. [0062] As a
particular, non-limiting example of the foregoing,
calculation module 408 can select and/or arrange the N
paging occasions by employing a formula of the form:
frame number mod Int L K <= N-I where frame number is
an identifier of a particular frame (e.g., a
sequential order of the frame with respect to other
frames), Int is the integer utilized by timing module
402 to determine the number, Z, of time frames of the
wireless signal 316, and where K is a DRX cycle
constant. In at least one aspect of the subject
disclosure, Int = 2, such thatcycles of wireless
signal 316 comprise 2 L K time frames and paging
occasions are determined from the formula: frame
number mod 2 L K <= N-I . As an alternative example to
the foregoing, paging occasions can be determined from
the following formula: frame number mod Int L (K-L) =
0. Thus, in aspects where Int = 2, the paging
occasions are determined based on frame number mod 2 L
(K-L) = 0. It should be appreciated that various
formulas can be utilized by calculation module 408 to
arrange paging occasions instead of, or in addition
to, the foregoing example formulas. Thus, the
foregoing formulas are not to be construed as limiting
the subject disclosure to the particular form
articulated herein. Rather, like mechanisms for
selecting paging occasions, known in the art or made
known to one of skill in the art by way of the context
provided in the subject disclosure, are incorporated
herein. [0063] In addition to the foregoing,
calculation module 408 can assign a paging occasion to
mobile devices served by an access point, or vice
versa. Assignment of the paging occasion can be based
on an identifier of the mobile devices. For instance,
a unique IMSI can be utilized to determine a paging
occasion for a particular mobile device. In one
example, an algorithm of the form (IMSI div L) mod N
can be utilized by calculation module 408 to select
paging occasions for mobile devices. It should be
appreciated, however, that other suitable examples
exist for assigning a paging occasion to a mobile
device; such examples known in the art or made known
to one of skill in the art by way of the context
provided herein are incorporated into the subject
disclosure. [0064] Paging apparatus 400 can further
comprise a grouping module 410. Grouping module 410
can provide paging groups (PI-RNTIs) for wireless
signals of a mobile network {e.g., E-UTRAN, OFDMA,
etc.). The paging groups can be provided at least in
part based on identifiers of mobile devices assigned
to a paging occasion. For instance, paging groups of a
common paging occasion can be distinguished by
employing distinct mobile device identifiers of
devices assigned to the paging occasion {e.g., by
calculation module 408). Accordingly, grouping module
410 can further partition time-based paging resources
into identity-based paging resources. Such
partitioning can increase a number of distinct
resources suitable for sending pagingsignals to mobile
devices, reducing instances of paging false alarms at
such devices (e.g., resulting from multiple devices
assigned to a single paging resource). [0065] In
addition to the foregoing, paging apparatus 400 can
comprise a 



broadcast module 412. Broadcast module 412 is
configured to facilitate system-wide paging utilizing
minimal signal resources. In some aspects, broadcast
module 412 can create a common identity for all remote
devices in a cell served by a wireless access point.
The common identity can be associated with a selected
PI-RNTI resource(s) of a wireless signal. Furthermore,
the selected PI-RNTI(s) can be distributed in system
control information as a paging channel for all mobile
devices in a cell. A mobile device, therefore, can
monitor the selected PI-RNTI as well as a dedicated
PI-RNTI(s) assigned to the mobile device by
calculation module 408, as discussed above.
Accordingly, system information can be obtained via
the selected PI-RNTI, and devicespecific information
(e.g., an inbound call) can be obtained via the
dedicated PIRNTI( s). [0066] Paging apparatus 402 can
further comprising a processor 414 and memory 416.
Processor 414 can be configured to disseminate paging
control information to mobile devices served by an
access point, or access points of a wireless AN. The
paging control information can be broadcast in
conjunction with synchronization data, control channel
data, or the like. The information can comprise a list
of paging resources (e.g., paging occasions and/or
PI-RNTIs) utilized by an access point, location of
such resources in a wireless signal, and like
information. The information can be stored at memory
416, along with other pertinent data such as
algorithms utilized to determine time frames of a
wireless signal, select paging occasions, assign
paging occasions to devices, or such as mobile device
identifiers utilized to generate PI-RNTIs and/or
assign devices to signal resources, as described
herein. Accordingly, paging apparatus 400 can, in some
aspects of the subject disclosure, comprise a paging
system suitable to implement, disseminate and maintain
system paging for an OFDMA, E-UTRAN, or like mobile
communication network. [0067] Fig. 5 illustrates a
block diagram of example wireless signal paging
resources according to aspects of the subject
disclosure. Specifically, Fig. 5 illustrates a
two-dimensional array 500 of paging resources of a
wireless signal. The array 500 can comprise 'N' paging
occasions and 'M' paging groups (e.g., PI-RNTIs).
Paging occasions, as utilized herein, can comprise
time-based segments of the wireless signal,such as
time frames. Paging groups, as utilized herein, can
comprise identity-based partitions of the paging
segments. A paging resource corresponds with a paging
occasion/paging group intersection block of the array
500. Thus, array 500 comprises 'M' x 'N' paging
resources, and can therefore provide substantially 'M'
x 'N' distinct paging resources for 'M' x 'N' mobile
devices. In some aspects of the subject disclosure, at
least one paging resource can be reserved for
broadcast paging of system information for all devices
served by a particular cell. [0068] To distinguish the
'M' paging groups for each paging occasion, a mobile
device identifier 506 can be assigned to each resource
block of the paging resource array 500. Thus, for
instance, an IMSI, MSI, IP address, media access
control (MAC) address, or other suitable identifier of
a mobile device can be employed to distinguish paging
group resources, whether such identifiers are unique
to devices globally (e.g., such that no other device
has the same identifier in the same context) or
locally (e.g., such that no other device has the same
identifier at a given point in time, coupled with a
given access point, served by a given mobile network,
and/or the like). For a paging 



resource reserved for cell-wide broadcast paging
signals, a common identifier can be assigned by a
network component to the reserved paging resource and
provided to each device in the cell. Thus, such
devices can identify system-wide paging at least in
part utilizing the common identifier. [0069] According
to additional aspects of the disclosure, an assignment
of paging resources can be provided in a DL signal to
mobile devices. In one example, the paging arrangement
of all resources can be broadcast to all devices. The
broadcast can further specify an algorithm for
identifying an assigned paging resource based on an
identifier of receiving devices (e.g., IMSI). Thus, in
such aspects mobile devices can employ the algorithm
to identify which a paging resource(s) to monitor in
order to inbound communications. In addition, the
broadcast can identify the system-wide paging
resources to be monitored and processed by all devices
of a cell. Alternatively, or in addition, an access
point can send a unicast message to a mobile device
specifying a paging resource(s) and location(s) of
such resource(s) pertinent to that device. In such
aspects, the mobile device can simply receive the
paging resource information and monitor the specified
resources to obtain indication of inbound
communication. [0070] Fig. 6 depicts sample
distributions (600A, 600B) of wireless signal paging
resources according to one or more aspects of the
subject disclosure. Thedistributions 600A, 600B depict
alternative mechanisms for assigning/selecting paging
occasions determined as described herein. In the first
distribution 600A, paging occasions are grouped into
at least one contiguous portion of a wireless signal.
The portion can be repeated in multiple DRX cycles of
the wireless signal, select DRX cycles, or the like.
In particular aspects of the disclosure, a number, N,
of time frames of the signal utilized for paging
occasions can be determined based on a power of two
algorithm (e.g., N = 2 L L). Once determined, the
paging occasions are grouped into one or more
contiguous portions of a DRX cycle. In at least one
aspect of the subject disclosure, the following
formula can be utilized to determine number and/or
position of the grouped paging occasions within the
wireless signal: frame number mod 2 L K <= N-I
Location of the contiguous portion(s) can be
transmitted to remote devices utilizing broadcast
messaging, unicast messaging or a combination thereof
or of the like. Furthermore, the contiguous portion(s)
can be included in a single cycle of the wireless
signal, included periodically in multiple cycles,
included in select multiple cycles, modulated into
multiple cycles, or the like. [0071] Distribution 600B
illustrates a distributed arrangement of paging
occasions. A plurality of N paging occasions can be
selected based on a power of two algorithm. The power
of two algorithm can be utilized, for instance, to
select particular time segments of a wireless signal
for paging resources. In particular aspects, the base
integer two can be raised to a constant, K, power in
the algorithm, where K is determined from a length of
a DRX cycle (based on, e.g., number of total time
frames 2 L K) of the wireless signal. According to at
least one aspect, the following formula can be
utilized to determine the distributed paging
occasions: (1) frame number mod 2 L (K-L) = 0. The
paging occasions can be distributed throughout the DRX
cycle of the wireless signal based on the frame number
of selected paging occasions. 



[0072] Distribution arrangements (600A, 600B) can be
submitted to mobile devices coupled with an access
point of a wireless AN. In addition, the devices can
submit to the access point identifier information that
can be utilized to provide the paging resources, where
suitable. By sharing distribution information, a
mobile device can determine which paging resources are
allocated to such device. Accordingly, the mobile
device can go into an idle mode when not participating
in active voice or datacommunication, monitoring
substantially only the paging occasions of the
wireless signal pertinent to the mobile device. [0073]
Fig. 7 depicts a block diagram of a sample system 700
comprising a base station 702 according to at least
one aspect of the disclosure. Base station 702 can be
configured to provide paging controls for AT(s) 704
(e.g., mobile devices). For instance, base station 702
can be configured to provide paging resources for
wireless signals transmitted by transmitter 724 and
transmit antenna(s) 708. The paging resources can
include paging occasions, paging groups and the like,
as described herein or known in the art. [0074] Base
station 702 (e.g., access point, . ..) can comprise a
receiver 710 that receives signal(s) (e.g. ,
over-the-air [OTA] messages) from one or more ATs 704
through one or more receive antennas 706, wherein the
transmitter 724 transmits modulated signals provided
by modulator 722 to the one or more ATs 704 through
transmit antenna(s) 708. Receiver 710 can receive
information from receive antennas 706 and can further
comprise a signal recipient (not shown) to receive
uplink data transmitted by AT(s) 704. Additionally,
receiver 710 is operatively associated with a
demodulator 712 that demodulates received information.
Demodulated symbols are analyzed by a processor 714.
Processor 714 is coupled to a memory 716 that stores
information related to functions provided by base
station 702. In one instance, stored information can
comprise protocols for functions implemented by paging
apparatus 718. Such functions can comprise defining
time-based segments for a transmitted signal.
Furthermore, the functions can comprise selecting
paging occasions from a plurality of the time-based
segments (e.g., utilizing a power of two based
algorithm), providing paging groups, obtaining
identifier information from the AT(s) 704, employing
the identifier information in establishing the paging
groups, assigning AT(s) 704 to one or more paging
occasions and/or paging groups, providing a common
paging occasion/group for cell-wide paging signals, or
the like, as described herein. [0075] Additionally,
processor 714 and memory 716 can be coupled with a
communication processor 720. Communication processor
720 can schedule paging channel arrangements into
wireless signals transmitted by base station 702. The
paging channel arrangements can be broadcast to the
AT(s) 704, or unicast to one or more particular AT(s).
Accordingly, AT(s) 704 can receive the paging channel
arrangementsand determine which portion of the
wireless signal should be monitored to obtain paging
signals from base station 702. [0076] Fig. 8 depicts a
block diagram of an example system 800 comprising a
mobile terminal 802 configured to facilitate wireless
communications in a mobile communication environment.
Mobile terminal 802 can be configured to wirelessly
couple with one or more base stations 804 (e.g.,
access point) of a wireless AN (e.g., FDM, FDMA,
OFDMA, E-UTRAN). Mobile terminal 802 can receive
wireless signals (e.g., OTA messages) from the base
station 804 on a DL channel and respond with 



wireless signals on an UL channel, as known in the
art. In addition, mobile terminal 802 can submit an
identifier pertinent to the mobile terminal 802 on the
UL channel to the base station 804. The identifier can
be a unique identifier (e.g., IMSI, MAC address), or
semi-unique identifier that is distinct with respect
to other mobile devices coupled to the base station
804 (e.g., MSI, IP address, data session identifier,
or the like). In addition, mobile terminal 802 can
extract information identifying paging control
arrangements from signals provided by the base station
804. In at least one aspect of the disclosure, the
paging control arrangements can be based at least in
part on the identifier of the mobile terminal 802.
According to further aspects, mobile terminal 802 can
employ a formula based on the identifier to determine
a paging resource assigned to the mobile terminal 802
from base station 804. According to still other
aspects, paging control arrangements can comprise a
universal paging resource applicable to all remote
devices (802) coupled to the base station 804 (e.g.,
employing a common identifier provided in a DL signal
to mobile terminal 802). [0077] Mobile terminal 802
includes at least one antenna 806 (e.g., a
transmission receiver or group of such receivers
comprising an input interface) that receives a signal
and receiver(s) 808, which performs typical actions
(e.g., filters, amplifies, down-converts, etc.) on the
received signal. In general, antenna 806 and
transmitter 822 (collectively referred to as a
transceiver) can be configured to facilitate wireless
data exchange with base station(s) 804. According to
at least some aspects, a communication signal
processor(s) 812 can schedule the identifier of mobile
device 802 into an UL signal transmitted by
transmitter 822 to the base station 804. Such UL
signal can be transmitted, for instance, in
conjunction with registering the mobile device 802
with a wireless AN (not depicted) associated with the
base station 804.[0078] Antenna 806 and receiver(s)
808 can also be coupled with the demodulator 810 that
can demodulate received symbols and provide them to
communication processor(s) 812 for evaluation. It
should be appreciated that communication processor(s)
812 can control and/or reference one or more
components (806, 808, 810, 814, 816, 818, 820, 822) of
the mobile terminal 802. Further, communication
processor(s) 812 can execute one or more modules,
applications, engines, or the like (816, 818) that
comprise information or controls pertinent to paging
controls provided by base station 804, as described
herein. [0079] Mobile terminal 802 can additionally
include memory 814 that is operatively coupled to
communication processor(s) 812. Memory 814 can store
data to be transmitted, received, and the like, and
instructions suitable to conduct wireless
communication with a remote device (804). Further,
memory 814 can store the modules, applications,
engines, etc. (814, 818, 820, 822) executed by
communication processor(s) 812, above. [0080] The
communication processor 812 can further comprise a
signal processor (812) that obtains a paging group
assigned to the identifier submitted by the
communication processor(s) 812. In some aspects, the
paging group can be associated with a paging occasion
selected from a subset of signal time frames of a DL
signal. The signal time frames can be determined from
a formula comprising an integer {e.g., the number two
or other suitable integer) raised to a constant power
{e.g. , where such constant is determined from a DRX
cycle associated with the DL signal). 



[0081] In addition to the foregoing, signal processor
(812) can obtain a location of the paging group and/or
paging occasion within the DL signal. Moreover, the
signal processor (812) can monitor the paging
group/occasion to facilitate identifying paging
signals for mobile terminal 802. In some aspects, the
location of the paging group/occasion can be a portion
of a contiguous segment of the DL signal reserved for
paging resources. In other aspects, the paging
group/occasion can be a distributed identity/time
based portion of such signal. A paging response module
816 can extract information from the paging
group/occasion and determine whether a paging signal
is included therein. If the paging signal is present,
communication processor(s) 812 can initiate an access
procedure to the wireless AN, for instance, to inform
the base station 804 and/or network components
associated there with that the mobile terminal 802 is
ready to receive inbound communications.[0082] In at
least one aspect of the subject disclosure, mobile
device 802 can further comprise a calculation module
818 that can identify a paging occasion associated
with the mobile device 802 based on the identifier
submitted by communication processor 812. The
calculation module 818 can utilize a specified formula
to identify the paging occasion. The specified formula
can be stored in memory 814, provided in a DL signal
by base station 804, or the like. In one example, the
formula can be of the form: paging occasion =
(identifier div L) mod N, where L is a constant
utilized to determine a number N of paging occasions
of the DL signal. As discussed above, once the paging
occasion associated with mobile device 802 is
identified, paging response module 816 can determine
whether a paging group associated with the paging
occasion contains a paging signal. If so,
communication processor can initiate the access
procedure to a wireless AN or other communication
network coupled to the base station 804. [0083] The
aforementioned systems have been described with
respect to interaction between several components,
modules and/or communication interfaces. It should be
appreciated that such systems and
components/modules/interfaces can include those
components or sub-components specified therein, some
of the specified components or sub-components, and/or
additional components. For example, a system could
include paging apparatus 302, base station 702, and
mobile terminal 802, or a different combination of
these and other components. Sub-components could also
be implemented as components communicatively coupled
to other components rather than included within parent
components. Additionally, it should be noted that one
or more components could be combined into a single
component providing aggregate functionality. For
instance, timing module 402 can include selection
module 404, or vice versa, to facilitate segmenting a
wireless signal into multiple time portions and
selecting one or more paging occasions out of such
time portions {e.g., employing a power of two based
algorithm) by way of a single component. The
components can also interact with one or more other
components not specifically described herein but known
by those of skill in the art. [0084] Furthermore, as
will be appreciated, various portions of the disclosed
systems above and methods below may include or consist
of artificial intelligence or knowledge or rule based
components, sub-components, processes, means,
methodologies, or mechanisms {e.g., support vector
machines, neural networks, expertsystems, Bayesian
belief networks, fuzzy logic, data fusion engines,
classifiers. ..). 



Such components, inter alia, and in addition to that
already described herein, can automate certain
mechanisms or processes performed thereby to make
portions of the systems and methods more adaptive as
well as efficient and intelligent. [0085] In view of
the exemplary systems described supra, methodologies
that may be implemented in accordance with the
disclosed subject matter will be better appreciated
with reference to the flow charts of FIGs. 9-1 1.
While for purposes of simplicity of explanation, the
methodologies are shown and described as a series of
blocks, it is to be understood and appreciated that
the claimed subject matter is not limited by the order
of the blocks, as some blocks may occur in different
orders and/or concurrently with other blocks from what
is depicted and described herein. Moreover, not all
illustrated blocks may be required to implement the
methodologies described hereinafter. Additionally, it
should be further appreciated that the methodologies
disclosed hereinafter and throughout this
specification are capable of being stored on an
article of manufacture to facilitate transporting and
transferring such methodologies to computers. The
terms apparatus and article of manufacture, as used,
are intended to encompass a computer program
accessible from any computer-readable device, device
in conjunction with a carrier, or storage medium.
[0086] Fig. 9 depicts a flowchart of an example
methodology 900 for providing paging control for an
OFDMA wireless AN according to aspects disclosed
herein. At 902, method 900 can divide a wireless
signal into a plurality of signal time frames. The
number of signal time frames can be based on an
integer raised to a constant power. In some aspects,
the integer can be the number two, or other suitable
integer. Furthermore, the constant can, in some
aspects, comprise a constant associated with a DRX
cycle of the wireless signal. By employing such a
formula to generate signal time frames, devices can
efficiently enter and leave a wireless network
employing the divided wireless signal. [0087] At 904,
method 900 can select a number, N, of signal time
frames as paging occasions. Furthermore, the number N
can be a subset of the signal time frames. The signal
time frames can be assigned to various remote devices
in conjunction with establishing paging controls for
mobile communication. Such communication can be in
accordance with protocols pertinent to a mobile
communication network, such as an FDM, FDMA, OFDMA,
E-UTRAN, or like communication and/or access
network.The paging controls can be utilized to
facilitate efficient idle mobility and power reduction
for mobile devices communicatively coupled with the
mobile communication network. [0088] Fig. 10
illustrates a flowchart of an example methodology 1000
for providing paging resources of a wireless signal
determined from a power of two based formula. At 1002,
method 1000 can determine signal paging occasions from
signal time frames of a wireless signal utilizing a
power of two formula, as described herein, and
discussed below. At 1004, method 1000 can select N
paging occasions from a subset of the signal time
frames based on the formula. At 1006, a determination
is made as to whether the paging occasions are grouped
within the wireless signal (e.g. , in one or more
contiguous signal time frames of a DRX cycle(s) of the
signal), or distributed throughout the wireless
signal. If grouped, method 1000 can proceed to 1008;
otherwise method 1000 can proceed to 1012. 



[0089] At 1008, method 1000 can select a set of paging
occasions from the time frames of the wireless signal
based on a first power of two formula. In some aspects
of the subject disclosure, the power of two formula
can be: frame number mod 2 L K <= N-I as described
herein. At 1010, method 1000 can group the selected
set of paging occasions into a portion of a DRX cycle
of the wireless signal. In some aspects, the portion
can be repeated in multiple DRX cycles of the wireless
signal. For instance, the paging occasions can
periodically be in portions of multiple DRX cycles. In
another example, the paging occasions can be present
in select DRX cycles, but not in other cycles. It
should be appreciated that various suitable
arrangements wherein the paging occasion group is
modulated within a plurality of DRX cycles is
contemplated as within the scope of the subject
disclosure. From reference number 1010, method 1000
can proceed to 1016. [0090] At 1012, method 1000 can
select a set of distributed paging occasions from the
time frames of the wireless signal based on a second
power of two formula. In some aspects of the subject
disclosure, the power of two formula can be: Frame
number mod 2 L (K-L) = 0 as described herein. At 1014,
method 1000 can distribute the paging occasions of the
set throughout one or more signal time frames of the
wireless signal as determined by the power of two
formula. For instance, the formula can be utilized to
select whichsignal time frames of a DRX cycle are
allocated to paging occasions. Method 1000 can proceed
from 1014 to 1016. [0091] At 1016, method 1000 can
assign a plurality of paging groups for the determined
paging occasions. In some aspects of the disclosure,
the paging groups can be distinguished utilizing
identifiers of a mobile device(s) assigned to a paging
group. Thus, method 1000 can provide for time and/or
identity based allocation of paging resources, as
described herein. At 1018, method 1000 can create a
common paging channel group for all remote devices
served by an access point of a wireless AN. The paging
channel can be utilized to efficiently broadcast
system information to all such remote devices.
Accordingly, methodology provides for at least one
paging channel for each such device, a dedicated
channel, a common channel, or both. [0092] Fig. 11
depicts a flowchart of an example methodology 1100
that facilitates paging controls in an OFDMA wireless
AN. Method 1100, at 1102, can register for wireless
communication with a wireless AN. Registration can at
least comprise, for instance, submitting an identifier
(e.g., an IMSI) of a mobile device to the wireless AN.
At 1104, method 1100 can obtain a paging group
assigned to the identifier. The paging group can be
determined, in at least one example, based on the
identifier of the mobile device and a number of
available paging groups for a wireless signal. In one
particular example, the paging group can be obtained
from an algorithm such as IMSI mode M, where M is the
number of available paging groups. The paging group
can be submitted over a DL channel and received by an
antenna(s) and receiver at the mobile device. In
addition, the paging group can be associated with a
paging occasion of the DL channel. Such paging
occasion can further be determined from a formula
comprising an integer (e.g., T) raised to a constant
power (e.g., determined from a DRX cycle of the
wireless signal). 



[0093] At 1106, method 1100 can monitor the received
paging group assigned to the identifier. At 1108,
method 1100 can determine whether a paging signal is
included in a resource addressed for the paging group.
If so, at 1110, method 1100 can initiate an access
procedure to the wireless AN. The access procedure can
inform the AN that the mobile device can be reached
via a particular base station, and that the mobile
device is ready to receive inbound communication for
such device. [0094] Fig. 12 illustrates a block
diagram of an example system 1200 for providing paging
controls in an OFDMA wireless AN. System 1200 can
comprise amodule 1202 for dividing a wireless signal
into a plurality of signal time frames. The module
1200 can determine a number of such signal time frames
based, for instance, on a formula comprising an
integer raised to a constant power. In at least one
aspect, the integer can comprise the number two, or
other suitable integer that provides a efficient
integration of mobile devices from external systems
(e.g., CDMA, W-CDMA) into a local system (e.g., FDM,
OFDMA, E-UTRAN, etc.). Additionally, the constant
power can comprise a constant K, determined at least
in part from a DRX cycle associated with the wireless
signal. In addition to the foregoing, system 1200 can
comprise a module 1204 for selecting paging occasions
from the signal time frames. In some aspects, the
module 1204 can select a subset of the signal time
frames as paging occasions. Furthermore, the paging
occasions can be scheduled by module 1204 into various
portions of the wireless signal, such as a contiguous
group(s) of time frames of the signal (or, e.g., of
one or more DRX cycles of such signal), or to
distributed time frames, determined from a power of
two based formula. In one example, the continuous time
frames can be selected based on the formula: frame
number mod 2 L K <= N-I . In at least one alternative
example, the distributed time frames can be selected
based on the formula: frame number mod 2 L (K-L) = 0.
Arrangement of paging occasions within the signal,
whether in a contiguous portion(s) or distributed, can
be provided to remote devices (not depicted) to
facilitate synchronization of paging channels between
the remote devices and system 1200. [0095] Fig. 13
illustrates a block diagram of a sample system 1300
that facilitates paging controls in an OFDMA wireless
AN. System 1300 can comprise a module 1302 for
registering for wireless communication. Registration
can be, for instance, with a mobile communication
network via a wireless access point coupled to such
network. In some aspects, the module 1302 can include
an identifier of a mobile device in conjunction with
the registration, where the identifier is a global
identifier (e.g., IMSI, MAC address), or semi-global
or local identifier (e.g., IP address, MSI, data
session identifier, and so on). Additionally, system
1300 can comprise a module 1304 for obtaining a paging
group by way of wireless communication. Furthermore,
the paging group can be associated with the identifier
by an access point of a wireless AN (e.g., E-UTRAN).
In at least one aspect, the paging group can be
associated with a paging occasion that is selected
from a subset of signal time frames of a DL signal.
Selection of the paging occasion from the signal time
frames can, in at least oneexample, be based on a
formula comprising an integer (e.g. , the number two)
raised to a constant power. Location of the paging
group within the DL signal can be obtained from such
signal, either directly or indirectly by employing the
formula and identifier. [0096] What has been described
above includes examples of aspects of the claimed
subject matter. It is, of course, not possible to
describe every conceivable 



combination of components or methodologies for
purposes of describing the claimed subject matter, but
one of ordinary skill in the art may recognize that
many further combinations and permutations of the
disclosed subject matter are possible. Accordingly,
the disclosed subject matter is intended to embrace
all such alterations, modifications and variations
that fall within the spirit and scope of the appended
claims. Furthermore, to the extent that the terms
"includes," "has" or "having" are used in either the
detailed description or the claims, such terms are
intended to be inclusive in a manner similar to the
term "comprising" as "comprising" is interpreted when
employed as a transitional word in a claimCLAIMS What
is claimed is: 1. A method of paging remote devices in
a wireless network, comprising: dividing a wireless
signal into a plurality of signal time frames defined
as an integer raised to a constant power, Int L K; and
selecting a number, N, of the signal time frames as
paging occasions where N is a subset of the signal
time frames. 2. The method of claim 1, further
comprising employing at least one of the following
formulae to select the paging occasions: frame number
mod 2LK <= N-I ; or frame number mod 2L(K-L) = 0,
where L is a constant utilized to determine a number,
N, of paging occasions of the wireless signal. 3. The
method of claim 1, wherein the integer, Int, is 2. 4.
The method of claim 1, wherein the constant, K, is a
coefficient of a DRX cycle. 5. The method of claim 1,
further comprising employing a formula: paging
occasion = (IMSI div L) mod N to select one of the N
paging occasions for a remote device, where IMSI is
the international mobile subscriber identity of the
remote device. 6. The method of claim 1, further
comprising assigning a plurality of paging groups for
a paging occasion.7. The method of claim 6, further
comprising: assigning an identifier of a remote device
to one of the plurality of paging groups; and paging
the remote device on the paging group of the paging
occasion. 8. The method of claim 1, further comprising
creating a common identity for all remote devices in a
cell and utilizing the common identity in a specified
paging group to page all the remote devices in the
cell. 9. An apparatus for paging remote devices in a
wireless network, comprising: a timing module that
divides a wireless signal into a plurality of signal
time frames defined as an integer raised to a constant
power, Int L K; and a selection module that selects a
number, N, of the signal time frames as paging
occasions where N is a subset of the signal time
frames. 10. The apparatus of claim 9, further
comprising: an allocation module that groups the N
paging occasions into a contiguous portion of a DRX
cycle of the wireless signal; and a broadcast module
that creates a common identity for all remote devices
in a 



cell and utilizes the common identity in a specified
paging group to page all the remote devices in the
cell. 11. The apparatus of claim 9, further comprising
a calculation module that selects the N paging
occasions based at least on one of the following
formulae: frame number mod 2LK <= N-I ; or frame
number mod 2L(K-L) = 0. 12. The apparatus of claim 11,
wherein the calculation module employs a formula:
paging occasion = (IMSI div L) mod N to select one or
more of the N paging occasions for a remote device,
where IMSI is the international mobile subscriber
identity of the remote device.13. The apparatus of
claim 9, wherein the timing module at least one of:
employs the number two as the integer, Int; or employs
a coefficient of a DRX cycle as the constant, K. 14.
An apparatus configured for paging remote devices in a
wireless network, comprising: means for dividing a
wireless signal into a plurality of signal time frames
defined as an integer raised to a constant power, Int
L K; and means for selecting a number, N, of the
signal time frames as paging occasions where N is a
subset of the signal time frames. 15. The apparatus of
claim 14, further comprising: means for grouping the N
paging occasions into a contiguous portion of a DRX
cycle of the wireless signal; means for creating a
common identity for all remote devices in a cell; and
means for utilizing the common identity in a specified
paging group to page all the remote devices in the
cell. 16. The apparatus of claim 14, further
comprising means for selecting the N paging occasions
based on at least on one of the following formulae:
frame number mod 2LK <= N-I ; or frame number mod
2L(K-L) = 0. 17. The apparatus of claim 14, further
comprising means for selecting one or more of the N
paging occasions for a remote device utilizing the
formula: paging occasion = (IMSI div L) mod N where
IMSI is the international mobile subscriber identity
of the remote device. 18. The apparatus of claim 14,
wherein the means for dividing the wireless signal
comprises: means for employing the number two as the
integer, Int; or means for employing a coefficient of
a DRX cycle as the constant, K.19. A computer-readable
medium, comprising: computer-readable instructions
configured for paging remote devices in a wireless
network, the instructions are executable by at least
one computer to: divide a wireless signal into a
plurality of signal time frames defined as an integer
raised to a constant power, Int L K; and select a
number, N, of the signal time frames as paging
occasions where N is a subset of the signal time
frames. 20. A method of identifying a paging signal
for wireless communications, comprising: 



registering for wireless communication with a wireless
network, said registering comprising at least
submitting an identifier of a mobile device; and
obtaining a paging group assigned to the identifier,
the paging group is associated with a paging occasion
selected from a subset of signal time frames
determined from a formula comprising the number two
raised to a constant power. 21. The method of claim
20, further comprising: receiving a location of the
paging occasion that is distributed among the signal
time frames of a wireless signal; determining whether
the paging group associated with the paging occasion
contains a paging signal; and initiating an access
procedure to the wireless network if the paging group
contains the paging signal. 22. The method of claim
20, further comprising: identifying the paging
occasion in a received wireless signal by employing a
formula of a form: paging occasion = (identifier div
L) mod N where L is a constant utilized to determine a
number, N, of paging occasions of the wireless signal;
determining whether the paging group contains a paging
signal; and initiating an access procedure to the
wireless network if the paging group contains the
paging signal.23. A mobile device configured to
identify a paging signal for wireless communication,
comprising: a transceiver configured for wireless data
exchange; a communication processor that provides an
identifier of the mobile device to a wireless network
in conjunction with registering the mobile device with
the wireless network; and a signal processor that
obtains a paging group assigned to the identifier, the
paging group is associated with a paging occasion
selected from a subset of signal time frames
determined from a formula comprising the number two
raised to a constant power. 24. The mobile device of
claim 23, further comprising: a calculation module
that employs a formula of a form: paging occasion =
(identifier div L) mod N where L is a constant
utilized to determine a number, N, of paging occasions
of the wireless signal, to identify the paging
occasion in a received wireless signal; and a paging
response module that determines whether the paging
group of the paging occasion contains a paging signal;
wherein the communication processor initiates an
access procedure to the wireless network if the paging
response module indicates the paging group contains
the paging signal. 25. An apparatus configured to
identify a paging signal for wireless communications,
comprising: means for registering for wireless
communication with a wireless network, said means for
registering comprises at least means for submitting an
identifier of a mobile 



device; and means for obtaining a paging group
assigned to the identifier, the paging group is
associated with a paging occasion selected from a
subset of signal time frames determined from a formula
comprising the number two raised to a constant
power.26. The apparatus of claim 25, further
comprising: means for receiving a location of the
paging occasion that is distributed among the signal
time frames of a wireless signal; means for
determining whether the paging group associated with
the paging occasion contains a paging signal; and
means for initiating an access procedure to the
wireless network if the paging group contains the
paging signal. 27. The apparatus of claim 25, further
comprising: means for identifying the paging occasion
in a received wireless signal by employing a formula
of a form: paging occasion = (identifier div L) mod N
where L is a constant utilized to determine a number,
N, of paging occasions of the wireless signal; means
for determining whether the paging group contains a
paging signal; and means for initiating an access
procedure to the wireless network if the paging group
contains the paging signal. 28. A computer-readable
medium, comprising: computer-readable instructions
configured to identify a paging signal for wireless
communications, the instructions are executable by at
least one computer to: register for wireless
communication with a wireless network, registration
comprises at least submitting an identifier of a
mobile device; and obtain a paging group assigned to
the identifier, the paging group is associated with a
paging occasion selected from a subset of signal time
frames determined from a formula comprising the number
two raised to a constant power. 


