
REPROGRAMMING A CELL BY INDUCING A PLURIPOTENT GENE THROUGH USE OF A SMALL
MOLECULE MODULATOR CROSS-REFERENCE TO RELATED PATENT APPLICATIONS [0001]
This application is a continuation-in-part of U.S. Patent Application No.
11/497,064, filed August 1, 2006, which claims benefit under 35 U.S.C.
119(e) of U.S. Provisional Application 60/704,465, filed August 1, 2005,
and also claims benefit under 35 U.S.C.  119(e) of U.S. Provisional
Application 61/043,066, filed April 7, 2008; U.S. Provisional Application
61/042,890, filed April 7, 2008; U.S. Provisional Application 61/042,995,
filed on April 7, 2008; and U.S. Provisional Application 61/1 13,971, filed
November 12, 2008, each of which is incorporated herein by reference as if
set forth in its entirety. FIELD OF THE INVENTION [0002] Embodiments of the
invention relate to the fields of cell biology, stem cells, cell
differentiation, somatic cell nuclear transfer and cell-based therapeutics.
More specifically, embodiments of the invention are related to methods,
compositions and kits for reprogramming cells and cell-based therapeutics.
BACKGROUND OF THE INVENTION [0003] Regenerative medicine holds great
promise as a therapy for many human ailments, but also entails some of the
most difficult technical challenges encountered in modern scientific
research. The technical challenges to regenerative medicine include low
cloning efficiency, a short supply of potentially pluripotent tissues, and
a generalized lack of knowledge as to how to control cell differentiation
and what types of embryonic stem cells can be used for selected therapies.
While ES cells have tremendous plasticity, undifferentiated ES cells can
form teratomas (benign tumors) containing a mixture of tissue types. In
addition, transplantation of ES cells from one source to another likely
would require the administration of drugs to prevent rejection of the new
cells.[0004] Attempts have been made to identify new avenues for generating
stem cells from tissues that are not of fetal origin. One approach involves
the manipulation of autologous adult stem cells. The advantage of using
autologous adult stem cells for regenerative medicine lies in the fact that
they are derived from and returned to the same patient, and are therefore
not subject to immune-mediated rejection. The major drawback is that these
cells lack the plasticity and pluripotency of ES cells and thus their
potential is uncertain. Another approach is aimed at reprogramming somatic
cells from adult tissues to create pluripotent ES-like cells. However, this
approach has been difficult as each cell type within a multi-cellular
organism has a unique epigenetic signature that is thought to become fixed
once cells differentiate or exit from the cell cycle. [0005] Cellular DNA
generally exists in the form of chromatin, a complex comprising nucleic
acid and protein. Indeed, most cellular RNA molecules also exist in the
form of nucleoprotein complexes. The nucleoprotein structure of chromatin
has been the subject of extensive research, as is known to those of skill
in the art. In general, chromosomal DNA is packaged into nucleosomes, A
nucleosome comprises a core and a linker. The nucleosome core comprises an
octamer of core histones (two each of H2A, H2B, H3 and H4) around which is
wrapped approximately 150 base pairs of chromosomal DNA. In addition, a
linker DNA segment of approximately 50 base pairs is associated with linker
histone Hl . Nucleosomes are organized into a higher-order chromatin fiber
and chromatin fibers are organized into chromosomes. See, for example,
Wolffe "Chromatin: Structure and Function" 3.sup.rd Ed., Academic Press,
San Diego, 1998. [0006] Chromatin structure is not static, but is subject
to modification by processes collectively known as chromatin remodeling.
Chromatin remodeling can serve, for example, to remove nucleosomes from a
region of DNA; to move nucleosomes from one region of DNA to another; to
change the spacing between nucleosomes; or to add 



nucleosomes to a region of DNA in the chromosome. Chromatin remodeling can
also result in changes in higher order structure, thereby influencing the
balance between transcriptionally active chromatin (open chromatin or
euchromatin) and transcriptionally inactive chromatin (closed chromatin or
heterochromatin).[0007] Chromosomal proteins are subject to numerous types
of chemical modification. One mechanism for the posttranslational
modification of these core histones is the reversible acetylation of the
epsilon-amino groups of conserved highly basic N-terminal lysine residues.
The steady state of histone acetylation is established by the dynamic
equilibrium between competing histone acetyltransferase(s) and histone
deacetylase(s) herein referred to as HDAC. Histone acetylation and
deacetylation has long been linked to transcriptional control. The
reversible acetylation of histones can result in chromatin remodeling and
as such act as a control mechanism for gene transcription. In general,
hyperacetylation of histones facilitates gene expression, whereas histone
deacetylation is correlated with transcriptional repression. Histone
acetyltransferases were shown to act as transcriptional coactivators,
whereas deacetylases were found to belong to transcriptional repression
pathways. [0008] The dynamic equilibrium between histone acetylation and
deacetylation is essential for normal cell growth. Inhibition of histone
deacetylation results in cell cycle arrest, cellular differentiation,
apoptosis and reversal of the transformed phenotype. [0009] Another group
of proteins involved in the regulation of gene expression are the DNA
methyltransferases (DNMTs), which are responsible for the generation of
genomic methylation patterns that lead to transcriptional silencing. DNA
methylation is central to many mammalian processes including embryonic
development, Xinactivation, genomic imprinting, and regulation of gene
expression. DNA methylation in mammals is achieved by the transfer of a
methyl group from Sadenosyl- methionine to the C5 position of cytosine.
This reaction is catalyzed by DNA methyltransferases and is specific to
cytosines in CpG dinucleotides. Seventy percent (70%) of all cytosines in
CpG dinucleotides in the human genome are methylated and prone to
deamination, resulting in a cytosine to thymine transition. This process
leads to an overall reduction in the frequency of guanine and cytosine to
about 40% of all nucleotides and a further reduction in the frequency of
CpG dinucleotides to about a quarter of their expected frequency. [0010]
Four active DNA methyltransferases have been identified in mammals. They
are named DNMTl, DNMT2, DNMT3A and DNMT3B. In addition, DNMT3Lis a protein
that is closely related to DNMT3A and DNMT3B structurally and that is
critical for DNA methylation, but appears to be inactive on its own. The
methylation of cytosines in promoter regions containing CpG islands leads
to transcriptional inactivation of the downstream coding sequence in
vertebrate cells. [0011] A family of proteins known as methyl-CpG binding
proteins (MBD1to 4) is thought to play an important role in
methylation-mediated transcriptional silencing. MeCP2 was the first member
of this family to be characterized and contains a methyl- CpG binding
domain (MBD) and a transcriptional-repression domain (TRD), which
facilitates an interaction with, and targets the Sin3A/HDAC complex to,
methylated DNA. Like MeCP2,MBDl, MBD2, and MBD3 have been shown to be
potent transcriptional repressors. MBD4 is a DNA glycosylase, which repairs
G:T mismatches. Each member of this family, with the exception of MBD3,
forms complexes with methylated DNA in mammalian cells, and all but MBDl
and MBD4 have been placed in known chromatin-remodeling complexes. The Mi-2
complex couples DNA methylation to chromatin remodeling and histone
deacetylation. [0012] Another group of proteins involved in epigenetic
regulation are histone methyltransferases (HMT), which are enzymes,
histone-lysine N-methyltransferase and histone-arginine N-methyltransferase
that catalyze the transfer of one to three methyl groups from the cofactor
S-Adenosyl methionine to lysine and arginine 



residues of histone proteins. Methylated histones bind DNA more tightly,
which inhibits transcription. [0013] The structure of chromatin also can be
altered through the activity of macromolecular assemblies known as
chromatin remodeling complexes. See, for example, Cairns (1998) Trends
Biochem. Sci. 23:20 25; Workman et al. (1998) Ann. Rev. Biochem. 67:545
579; Kingston et al. (1999) Genes Devel. 13:2339 2352 and Murchardt et al.
(1999) J. MoI. Biol. 293:185 197. Chromatin remodeling complexes have been
implicated in the disruption or reformation of nucleosomal arrays,
resulting in modulation of transcription, DNA replication, and DNA repair
(Bochar et al. (2000) PNAS USA 97(3): 1038 43). Many of these chromatin
remodeling complexes have different subunit compositions, but all rely on
ATPase enzymes for remodeling activity. There are also several examples of
a requirement for the activity of chromatin remodeling complexes for gene
activation in vivo[0014] The development of pluripotent or totipotent cells
into a differentiated, specialized phenotype is determined by the
particular set of genes expressed during development. Gene expression is
mediated directly by sequence-specific binding of gene regulatory proteins
that can effect either positive or negative regulation. However, the
ability of any of these regulatory proteins to directly mediate gene
expression depends, at least in part, on the accessibility of their binding
site within the cellular DNA. As discussed above, accessibility of
sequences in cellular DNA often depends on the structure of cellular
chromatin within which cellular DNA is packaged. [0015] Therefore, it would
be useful to identify methods, compositions and kits that can induce the
expression of genes required for pluripotency, including methods,
compositions, and kits that can inhibit the activity of proteins involved
in transcriptional repression. BRIEF SUMMARY OF THE INVENTION [0016] The
invention relates to methods, compositions and kits for reprogramming a
cell. Embodiments of the invention relate to methods comprising inducing
the expression of a pluripotent or multipotent gene. In yet another
embodiment, the invention further relates to producing a reprogrammed cell.
In still yet another embodiment, the invention relates to a method
comprises inhibiting the activity of a protein that is involved in
transcriptional repression. In yet another embodiment, the invention
relates to a method for reprogramming a cell comprising altering the
activity, expression or activity and expression of a regulatory protein.
The method further comprises inducing the expression of a pluripotent or
multipotent gene, and reprogramming the cell. [0017] Embodiments of the
invention also relate to methods for reprogramming a cell comprising
contacting a cell, a population of cells, a cell culture, a subset of cells
from a cell culture, a homogeneous cell culture or a heterogeneous cell
culture with an agent that inhibits the activity, expression or activity
and expression of a protein involved in transcriptional repression,
inducing the expression of a pluripotent or multipotent gene, and
reprogramming the cell. The method further comprises redifferentiating the
reprogrammed cell.[0018] In yet another embodiment, the invention relates
to a method for reprogramming a cell comprising exposing a cell to a small
molecule modulator that alters the expression, activity or expression and
activity of a regulatory protein, inducing the expression of a pluirpotent
or mulitpotent gene, and selecting a cell, wherein differentiation
potential has been restored to said cell. [0019] An agent that alters the
activity, expression or activity and expression of a protein involved in
transcriptional repression or a regulatory protein includes but is not
limited to a small molecule, small molecule inhibitor and a small molecule
activator. [0020] An agent that induces the expression of a pluripotent or
multipotent gene includes but is not limited to a small molecule, a small
molecule inhibitor and a small molecule inhibitor. [0021] Any protein
involved in transcriptional repression can be inhibited by the 



methods of the invention including but not limited to DNA
methyltransferases, histone deacetylases, methyl binding domain proteins,
histone methyltransferases, components of the SWI/SNF complex, components
of the NuRD complex, and components of the INO80 complex. [0022] In some
embodiments, at least one small molecule inhibitor can be used to inhibit
the activity of a DNA methyltransferase, a histone deacetylase, a methyl
binding domain protein, or a histone methyltransferase. In still yet
another embodiment, more than one small molecule inhibitor can be used to
inhibit the activity of more than one protein involved in transcriptional
repression including but not limited to a DNA methyltransferase, a histone
deacetylase, a methyl binding domain protein, or a histone
methyltransferase. [0023] In still yet another embodiment, the invention
relates to a method comprising contacting a cell with a small molecule
inhibitor that inhibits the activity of at least one DNMT; demethylating at
least one CpG dinucleotide; inducing the expression of at least one gene
that contributes to a cell being pluripotent or multipotent, and
reprogramming the cell. [0024] In still another embodiment, the invention
relates to a method comprising exposing a cell with a first phenotype to a
small molecule modulator that alters the activity, expression, or activity
and expression of at least one regulatory protein; comparing the first
phenotype of the cell to a phenotype obtained after exposing thecell to a
small molecule modulator, and selecting the cell that has been
reprogrammed, and is pluripotent or multipotent. In yet another embodiment,
the method comprises comparing the genotype of a cell prior to exposing the
cell to a small molecule modulator to a genotype of the cell obtained after
treatment with a small molecule modulator. In still yet another embodiment,
the method comprises comparing the phenotype and genotype of a cell prior
to exposing the cell to a small molecule modulator to the phenotype and
genotype of the cell after exposing the cell to a small molecule modulator.
[0025] In yet another embodiment, the invention relates to a method for
reprogramming a cell comprising: exposing a cell to a small molecule
modulator that induces expression of a pluripotent or multipotent gene; and
selecting a cell, wherein differentiation potential has been restored to
said cell. In yet another embodiment, the invention relates to a method for
reprogramming a cell comprising: exposing a cell to a small molecule
modulator that alters the expression, activity or expression and activity
of a regulatory protein, inducing expression of a pluripotent or
multipotent gene; and selecting a cell, wherein differentiation potential
has been restored to said cell. [0026] In still another embodiment, the
method comprises culturing or expanding the selected cell to a population
of cells. In yet another embodiment, the method comprises isolating cells
using an antibody that binds to a protein coded for by a pluripotent or
multipotent gene or an antibody that binds to a multipotent marker or a
pluripotent marker, including but not limited to SSEA3, SSEA4, Tra-1-60,
and Tra-1- 81. In still another embodiment, the invention further comprises
comparing chromatin structure of a pluripotent or multipotent gene prior to
exposure to said small molecule modulator to the chromatin structure
obtained after exposure to said small molecule modulator. Cells may also be
isolated using any method efficient for isolating cells including but not
limited to a fluorescent cell activated sorter, immunohistochemistry, and
ELISA. In another embodiment, the method comprises selecting a cell that
has a less differentiated state than the original cell. [0027] In another
embodiment, the invention relates to a method for reprogramming a cell
comprising: exposing a cell with a first transcriptional pattern to a small
molecule modulator that induces expression of a pluripotent or multipotent
gene; comparing the first transcriptional pattern of the cell to a
transcriptional patternobtained after exposure to said modulator; and
selecting a cell, wherein differentiation potential has been restored to
said cell. In another embodiment, selecting a cell comprises selecting a
cell that has a less differentiated state than the original cell. 



[0028] In still another embodiment, selecting a cell comprises identifying
a cell with a transcriptional pattern that is at least 5-10%, 10-20%,
20-30%, 30-40%, 40- 50%, 50-60%, 60-70%, 70-80%, 80-90%, 90-94%, 95%, or
95-99% similar to an analyzed transcriptional pattern of an embryonic stem
cell. The entire transcriptional pattern of an embryonic stem cell need not
be compared, although it may. Instead, a subset of embryonic genes may be
compared including but not limited to 1-5, 5-10, 10-25, 25-50, 50-100,
100-200, 200-500, 500-1,000, 1,000-2,000, 2,000-2,500, 2,500- 5,000,
5,000-10,000 and greater than 10,000 genes. The transcriptional patterns
may be compared in a binary fashion, Le., the comparison is made to
determine if the gene is transcribed or not. In another embodiment, the
rate and/or extent of transcription for each gene or a subset of genes may
be compared. Transcriptional patterns can be determined using any methods
known in the art including but not limited to RT-PCR, quantitative PCR, a
microarray, southern blot and hybridization. [0029] In yet another
embodiment, the invention relates to a method for reprogramming a cell
comprising: exposing a cell to a small molecule modulator that interferes
with the activity, expression, or activity and expression of a first
regulatory protein; exposing said cell to a second agent that inhibits the
activity, expression or expression and activity of a second regulatory
protein, wherein said second regulatory protein has a distinct function
from the first regulatory protein, inducing expression of a pluripotent or
multipotent gene, and selecting a cell, wherein differentiation potential
has been restored to said cell. In another embodiment, the cell or
population of cells may be exposed to the first and second agents
simultaneously or sequentially. The second agent includes but is not
limited to a small molecule, a small molecule inhibitor, a small molecule
activator, a nucleic acid sequence, and an shRNA construct. [0030]
Embodiments of the invention also include methods for treating a variety of
diseases using a reprogrammed cell produced according to the methods
disclosed herein. In yet another embodiment, the invention also relates to
therapeutic uses for reprogrammed cells and reprogrammed cells that have
been re-differentiated.[0031] Embodiments of the invention also relate to a
reprogrammed cell produced by the methods of the invention. The
reprogrammed cell can be re-differentiated into a single lineage or more
than one lineage. The reprogrammed cell can be multipotent or pluripotent.
[0032] In yet another embodiment, the invention relates to an enriched
population of reprogrammed cells produced according to a method comprising
the steps of: exposing a cell to a small molecule modulator that induces
expression of a pluripotent or multipotent gene; and selecting a cell,
wherein differentiation potential has been restored to said cell, and
culturing said selected cell to produce population of cells. In still
another embodiment, the reprogrammed cell expresses a cell surface marker
selected from the group consisting of: SSEA3, SSEA4, Tra-1-60, and
Tra-1-81. In yet another embodiment, the reprogrammed cells account for at
least 5-10%, 10-20%, 20- 30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%,
80-90%, 90-95%, 96-98%; or at least 99% of the enriched population of
cells. [0033] Embodiments of the invention also relate to kits for
preparing the methods and compositions of the invention. The kit can be
used for, among other things, reprogramming a cell and generating ES-like
and stem cell-like cells. BRIEF DESCRIPTION OF THE DRAWINGS [0034] FIG. 1
is a bar graph reporting the up-regulation of Oct-4 and Nanog in primary
human lung fibroblasts treated with a DNMT inhibitor (500 mM RGl 08). MC is
the control medium. [0035] FIG. 2 is a bar graph reporting as increase in
expression of several pluripotent genes in the presence of VPA in several
cell types. HDFa means adult human dermal fibroblasts; HDFf means fetal
human dermal fibroblasts; HDFn means neonatal human dermal fibroblasts; and
BJF means BJ fibroblasts (foreskin). 



[0036] FIG. 3 is a bar graph reporting the effects on expression of HDACl 1
and HDAC9 in adult and fetal human dermal fibroblasts treated with VPA.
[0037] FIG. 4 is a bar graph reporting an increase in expression of Oct-4
in adult human dermal fibroblasts treated with nicotinamide for four days.
[0038] FIG. 5 is a bar graph reporting an increase in expression of Oct-4
in adult human dermal fibroblasts treated with sodium phenylbutyrate for
four days.[0039] FIG. 6 is a bar graph reporting an increase in expression
of Oct-4 in adult human dermal fibroblasts treated with valproxam for four
days. [0040] FIG. 7 is a bar graph reporting an increase in expression of
Oct-4 in BJ fibroblasts treated with 2-PCPA (histone/lysine 1 demethylase
inhibitor) for eight days. [0041] FIG. 8A is a photograph of adult human
dermal fibroblasts in fibroblast growth medium. [0042] FIG. 8B is a
photograph of adult human dermal fibroblasts in DMEM/F12 medium. [0043]
FIG. 8C is a photograph of VPA treated (500 mM) adult human dermal
fibroblasts in mTeSR hES cell medium on matrigel. [0044] FIG. 8D is a
photograph of VPA treated (500 mM) adult human dermal fibroblasts in mTeSR
hES cell medium on matrigel. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT [0045] Definitions [0046] The numerical ranges in this
disclosure are approximate, and thus may include values outside of the
range unless otherwise indicated. Numerical ranges include all values from
and including the lower and the upper values, in increments of one unit,
provided that there is a separation of at least two units between any lower
value and any higher value. As an example, if a compositional, physical or
other property, such as, for example, molecular weight, melt index,
temperature etc., is from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, etc., and sub ranges, such as 100 to 144,
155 to 170, 197 to 200, etc., are expressly enumerated. For ranges
containing values which are less than one or containing fractional numbers
greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to be
0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single
digit numbers less than ten (e.g., 1 to 5), one unit is typically
considered to be 0.1. These are only examples of what is specifically
intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered to be
expressly stated in this disclosure. Numerical ranges are provided within
this disclosure for,among other things, relative amounts of components in a
mixture, and various temperature and other parameter ranges recited in the
methods. [0047] "Cell" or "cells," unless specifically limited to the
contrary, includes any somatic cell, embryonic stem (ES) cell, adult stem
cell, an organ specific stem cell, nuclear transfer (NT) units, and
stem-like cells. The cell or cells can be obtained from any organ or
tissue. The cell or cells can be human or other animal. For example, a cell
can be mouse, guinea pig, rat, cattle, horses, pigs, sheep, goats, etc. A
cell also can be from non-human primates. [0048] "Culture Medium" or
"Growth Medium" means a suitable medium capable of supporting growth of
cells. [0049] "Differentiation" means the process by which cells become
structurally and functionally specialized during embryonic development.
[0050] "DNA methyltransferase inhibitor" and "inhibitor of DNA
methyltransferase" mean a compound that is capable of interacting with a
DNA methyltransferase and inhibiting its activity. "Inhibiting DNA
methyltransferase activity" means reducing the ability of a DNA
methyltransferase to methylate a particular substrate, such as a CpG
dinucleotide sequence. In some embodiments, such reduction of DNA
methyltransferase activity is at least about 25% at least about 50%, in
other embodiments at least about 75%, and still in other embodiments at
least about 



90%. In yet another embodiment, DNA methyltransferase activity is reduced
by at least 95% and in another embodiment by at least 99%. [0051]
"Epigenetics" means the state of DNA with respect to heritable changes in
function without a change in the nucleotide sequence. Epigenetic changes
can be caused by modification of the DNA, such as by methylation and
demethylation, without any change in the nucleotide sequence of the DNA.
[0052] "Histone" means a class of protein molecules found in chromosomes
responsible for compacting DNA enough so that it will fit within a nucleus.
[0053] "Knock down" means to suppress the expression of a gene in a
genespecific fashion. A cell that has one or more genes "knocked down," is
referred to as a knock-down organism or simply a "knock-down." [0054]
"Pluripotent" means capable of differentiating into cell types of the 3
germ layers or primary tissue types.[0055] "Pluripotent gene" means a gene
that contributes to a cell being pluripotent. [0056] "Pluripotent cell
cultures" are said to be "substantially undifferentiated" when that display
morphology that clearly distinguishes them from differentiated cells of
embryo or adult origin. Pluripotent cells typically have high
nuclear/cytoplasmic ratios, prominent nucleoli, and compact colony
formation with poorly discernable cell junctions, and are easily recognized
by those skilled in the art. It is recognized that colonies of
undifferentiated cells can be surrounded by neighboring cells that are
differentiated. Nevertheless, the substantially undifferentiated colony
will persist when cultured under appropriate conditions, and
undifferentiated cells constitute a prominent proportion of cells growing
upon splitting of the cultured cells. Useful cell populations described in
this disclosure contain any proportion of substantially undifferentiated
pluripotent cells having these criteria. Substantially undifferentiated
cell cultures may contain at least about 20%, 40%, 60%, or even 80%
undifferentiated pluripotent cells (in percentage of total cells in the
population). [0057] "Regulatory protein" means any protein that regulates a
biological process, including regulation in a positive and negative
direction. The regulatory protein can have direct or indirect effects on
the biological process, and can either exert affects directly or through
participation in a complex. [0058] "Reprogramming" means removing
epigenetic marks in the nucleus, followed by establishment of a different
set of epigenetic marks. During development of multicellular organisms,
different cells and tissues acquire different programs of gene expression.
These distinct gene expression patterns appear to be substantially
regulated by epigenetic modifications such as DNA methylation, histone
modifications and other chromatin binding proteins. Thus each cell type
within a multicellular organism has a unique epigenetic signature that is
conventionally thought to become "fixed" and immutable once the cells
differentiate or exit the cell cycle. However, some cells undergo major
epigenetic "reprogramming" during normal development or certain disease
situations. [0059] "Small molecule modulator" is meant to encompass
compounds that are small molecule inhibitors or small molecule activators.
A small molecule modulator may function as a small molecule inhibitor in
some physiological contexts and as a small molecule activator in another
physiological context. A small moleculemodulator may function as a small
molecule inhibitor with regard to one target, and as a small molecule
activator with regard to another target. The same small molecule modulator
may function as both a small molecule activator and as a small molecule
inhibitor. [0060] "Totipotent" means capable of developing into a complete
embryo or organ. [0061] Embodiments of the invention relate to methods
comprising inducing expression of at least one gene that contributes to a
cell being pluripotent or multipotent. In some embodiments, the methods
induce expression of at least one gene that contributes to a cell being
pluripotent or multipotent and producing 



reprogrammed cells that are capable of directed differentiation into at
least one lineage. [0062] Embodiments of the invention also relate to a
method comprising modifying chromatin structure, and reprogramming a cell
to be pluripotent or multipotent. In yet another embodiment, modifying
chromatin structure comprises using a small molecule modulator to alter the
activity of at least one regulatory protein involved in the regulation of
transcription. [0063] In yet another embodiment, modifying chromatin
structure comprises using a small molecule inhibitor to inhibit the
activity of at least one protein involved in transcriptional repression.
[0064] Embodiments of the invention also relate to a method comprising
modifying a promoter region or upstream DNA sequence of a gene that
contributes to a cell being pluripotent or multipotent. In still another
embodiment, modifying the promoter structure or upstream DNA sequence
comprises using a small molecule modulator to alter the activity,
expression or activity and expression of at least one regulatory protein
involved in transcription. [0065] In another embodiment, the invention
relates to a method comprising using a small molecule modulator to alter
the activity, expression, or activity and expression of at least one
regulatory protein involved in transcription, and inducing expression of at
least one gene that contributes to a cell being pluripotent or multipotent.
In yet another embodiment, the method comprises inhibiting the activity of
at least one DNA methyltransferase and producing a reprogrammed cell.[0066]
In still another embodiment, the method comprises using a small molecule
inhibitor to inhibit the activity of at least one DNA methyltransferase,
demethylating at least one cytosine in a CpG dinucleotide, and inducing the
expression of at least one gene that contributes to a cell being
pluripotent or multipotent. [0067] In yet another embodiment, the method
comprises contacting a cell with a small molecule inhibitor; inhibiting the
activity of at least one protein involved in transcriptional repression;
and inducing the expression of at least one gene that contributes to a cell
being pluripotent or multipotent. In yet another embodiment, the method
further comprises producing a reprogrammed cell. The reprogrammed cell can
be pluripotent or multipotent. [0068] In still another embodiment, the
invention relates to a method for reprogramming a cell comprising: exposing
a cell to a small molecule modulator that induces expression of a
pluripotent or multipotent gene; and selecting a cell, wherein
differentiation potential has been restored to said cell. In yet another
embodiment, the invention relates to a method for reprogramming a cell
comprising: exposing a cell to a small molecule modulator that alters the
activity, the expression, or the activity and expression of at least one
regulatory protein, inducing the expression of a pluripotent or multipotent
gene, and selecting a cell, wherein differentiation potential has been
restored to said cell. The pluripotent or multipotent gene may be induced
by any fold increase in expression including but not limited to 0.25-0.5,
0.5-1, 1.0-2.5, 2.5-5, 5-10, 10-15, 15-20, 20-40, 40-50, 50-100, 100-200,
200-500, and greater than 500. In another embodiment, the method comprises
plating differentiated cells, exposing said differentiated cell to a small
molecule modulator, culturing said cells, and identifying a cell that has
been reprogrammed. [0069] In another embodiment, altering the activity,
expression, or expression and activity of a regulatory protein can lead to
an increase in the activity of a regulatory protein, an increase in the
expression of a regulatory protein, a decrease in the activity of a
regulatory protein or a decrease in the expression of a regulatory protein.
The activity or expression of a regulatory protein can be increased or
decreased by any amount including but not limited to 1-5%, 5-10%, 10-20%,
20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90%, 90-95%, and 95-99%,
99-200%, 200-300%, 300- 400%, 400-500% and greater than 500%..[0070] In yet
another embodiment, the method further comprises selecting a cell 



using an antibody directed to a protein or a fragment of a protein coded
for by a pluripotent or multipotent gene or an antibody directed to a
pluripotent or multipotent marker. Any type of antibody can be used
including but not limited to a monoclonal, a polyclonal, a fragment of an
antibody, a peptide mimetic, an antibody to the active region, and an
antibody to the conserved region of a protein In still another embodiment,
the method comprises selecting a cell and expanding or culturing said cell
to a pluripotent cell culture. [0071] In still another embodiment, the
method further comprises selecting a cell using a reporter driven by a
pluripotent or mulitpotent gene or a pluripotent or mulitpotent surface
marker. Any type of reporter can be used including but not limited to a
fluorescent protein, green fluorescent protein, cyan fluorescent protein
(CFP), a yellow fluorescent protein (YFP), bacterial luciferase, jellyfish
aequorin, enhanced green fluorescent protein, chloramphenicol
acetyltransferase (CAT), dsRED, b- galactosidase, and alkaline phosphatase.
[0072] In still another embodiment, the method further comprises selecting
a cell using resistance as a selectable marker including but not limited to
resistance to an antibiotic, a fungicide, puromycin, hygromycin,
dihydrofolate reductase, thymidine kinase, neomycin resistance (neo), G418
resistance, mycophenolic acid resistance (gpt), zeocin resistance protein
and streptomycin. [0073] In still another embodiment, the method further
comprises comparing the chromatin structure of a pluripotent or multipotent
gene of a cell that exists before exposure to a small molecule modulator to
the chromatin structure of a pluripotent or multipotent gene obtained after
treatment with a small molecule modulator. Any aspect of chromatin
structure can be compared including but not limited to euchromatin,
heterochromatin, histone acetylation, histone methylation, the presence and
absence of histone or histone components, the location of histones, the
arrangement of histones, and the presence or absence of regulatory proteins
associated with chromatin. The chromatin structure of any region of a gene
may be compared including but not limited to an enhancer element, an
activator element, a promoter, the TATA box, regions upstream of the start
site of transcription, regions downstream of the start site of
transcription, exons and introns.[0074] A small molecule inhibitor or
"small molecular compound" refers to a compound useful in the methods,
compositions, and kits of the invention having measurable or inhibiting
activity. In some embodiments, the small molecule inhibitors have a
relative molecular weight of not more than 1000 D, and in still other
embodiments, of not more than 500 D. The small molecule inhibitor can be of
organic or inorganic nature. In addition to small organic and inorganic
compounds, peptides, antibodies, cyclic peptides and peptidomimetics are
contemplated as being useful in the disclosed methods. [0075] The small
molecule modulator may be any of the compounds contained in a small
molecule library or a modified compound derived from a compound contained
in small molecule libraries. Several small molecule libraries are available
from commercial sources including but not limited to BIOMOL INTERNATIONAL
(now Enzo Life Sciences), and include but are not limited to Bioactive
Lipid Library, Endocannabinoid Library, Fatty acid library, ICCB Known
Bioactives Library, Ion Channel Ligand Library, Kinase Inhibitor Library,
Kinase/Phosphatase Inhibitor Library, Neurotransmitter Library, Natural
Products Library, Nuclear Receptor Library, Orphan Ligand Library, Protease
Inhibitor Library, Phosphatase Inhibitor Library, and Rare Natural Products
Library. [0076] Small molecule inhibitors can be used to inhibit any
protein involved in transcriptional repression including but not limited to
histone deacetylases (HDAC), methyl binding domain proteins (MBD), methyl
adenosyltransferases (MAT), DNA methyltransferases (DNMT), histone
methyltransferase, and methyl cycle enzymes. [0077] Preferably, such
inhibition is specific, i.e., for a DNMT small molecule 



inhibitor, the DNMT inhibitor reduces the ability of a DNA
methyltransferase to methylate a particular substrate or reduces the
ability of a DNA methyltransferase to interact with another component
required for methylation, at a concentration that is lower than the
concentration of the inhibitor that is required to produce another,
unrelated biological effect. Preferably, the concentration of the inhibitor
required for DNA methyltransferase inhibitory activity is at least 2-fold
lower, more preferably at least 5-fold lower, even more preferably at least
10-fold lower, and most preferably at least 20-fold lower than the
concentration required to produce an unrelated biological effect.[0078] Any
number, any combination and any concentration of small molecule modulators
can be used to alter the activity, expression, or activity and expression
of a protein or more than one protein involved in transcriptional
regulation including but not limited to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11-15, 16-20, 21-25, 25-50, 50-100, 100-250, and greater than 250. The
small molecule modulator can be directed toward a specific protein or more
than one protein, a specific class of proteins or more than one class of
proteins, a specific family of proteins or more than one family of proteins
or general transcriptional components. [0079] A small molecule modulator
may have an irreversible mechanism of action or a reversible mechanism of
action. A small molecule modulator can have any binding affinity including
but not limited to millimolar (mM), micromolar (mM), nanomolar (nM),
picomolar (pM), and fentamolar (fM). A small molecule modulator can bind to
a regulatory region or a catalytic region of the protein. [0080] A
representative list of proteins that may be inhibited by the methods of the
invention is provided in Table I . [0081] Table I. Representative list of
Proteins involved in transcriptional repression[0082] For example, a methyl
binding domain protein, e.g., MeCP2, binds to methylated cytosines and
recruits histone deacetylases that then deacetylate histone proteins,
resulting in a condensed chromatin structure, which inhibits transcription.
The methods of the invention can inhibit a protein involved in
transcriptional repression and thereby induce transcription of pluripotency
genes. [0083] Therefore, based on the above representative description of a
repression complex, a small molecule inhibitor can be used to inhibit the
activity of MeCP2, thereby significantly reducing the recruitment of HDACs
to chromatin structure. This can lead to the up-regulation of genes
critical for a cell being pluripotent or multipotent and thereby increase
differentiation capacity in somatic cells. Similarly, a small molecule
inhibitor can be used to inhibit a DNMT, which would similarly lead to the
up-regulation of genes that contribute to a cell being pluripotent or
multipotent. Moreover, a small molecule inhibitor directed toward a DNA
methyltransferase, and a small molecule inhibitor directed toward a methyl
binding protein can be used simultaneously or sequentially to reduce the
activity of at least one protein involved in repression complexes, which
could lead to the induction of a pluripotent gene, and hence, the
reprogramming of a cell. The above discussion is meant for illustrative
purposes only and should not be construed to limit the scope of the
invention. [0084] A DNMT small molecule inhibitor may interact with and
inhibit any DNA methyltransferase including but not limited to DNMTl,
DNMT2, DNMT3A, and DNMT3B, and DNMT3L. DNMTl is likely the most abundant
DNA methyltransferase in mammalian cells, and considered to be involved in
maintenance methyltransferase in mammals. DNMTl predominantly methylates
hemimethylated CpG di-nucleotides in the mammalian genome. The enzyme is
7-20 fold more active on hemimethylated DNA as compared with unmethylated
substrate in vitro, but it is still more active at de novo methylation than
other DNMTs. The enzyme is about 1620 amino acids long. The first 1100
amino acids constitute the regulatory domain of the enzyme, and the
remaining residues constitute the catalytic domain. These are joined by
Gly-Lys repeats. Both domains are required for the catalytic function of 



DNMTl.[0085] DNMT2 has strong sequence similarities with 5-methylcytosine
methyltransferases of both prokaryotes and eukaryotes. DNMT2 also has been
shown to methylate position 38 in aspartic acid transfer RNA. [0086] DNMT3
is a family of DNA methyltransferases that can methylate hemimethylated and
unmethylated CpG dinucleotides at the same rate. The architecture of DNMT3
enzymes is similar to DNMTl with regulatory region attached to a catalytic
domain. DNMT3A and DNMT3B are responsible for the establishment of DNA
methylation patterns during development. The DNMT3A and DNMT3B proteins are
expressed at different stages of embryogenesis. DNMT3B appears to be
expressed in totipotent embryonic cells, such as inner cell mass, epiblast
and embryonic ectoderm cells, while DNMT3A appears to be ubiquitously
expressed after E10.5 [0087] DNMT3L contains DNA methyltransferase motifs
and is involved in establishing maternal genomic imprints. DNMT3L is also
thought to play a role in transcriptional repression. [0088] A DNMT small
molecule inhibitor used in the methods, compositions, and kits of the
invention may interact with a DNMTl, DNMT2, DNMT3A, DNMT3B or DNMT3L. A
DNMT inhibitor may interact with one type of DNMT, all types of DNMTs or
with multiple types of DNMTs including but not limited to including DNMTl
and DNMT2; DNMTl and DNMT3A; DNMTl and DNMT3B; DNMTl and DNMT3L; DNMT2 and
DNMT3A, DNMT2 and DNMT3B, DNMT2 and DNMT3L; DNMT3A and DNMT3B, DNMT3A and
DNMT3L, DNMT3B and DNMT3L; DNMTl, DNMT2, DNMT3A; DNMTl, DNMT2, and DNMT3B;
DNMTl, DNMT2, and DNMT3L; DNMT2, DNMT3A, and DNMT3B, DNMT2, DNMT3A and
DNMT3L; DNMT2, DNMT3B, and DNMT3L and DNMTl, DNMT2, DNMT3A, and DNMT3B. A
DNMT inhibitor of the invention may also interact with a DNMT that does not
fall into one of the known types or is of yet unclassified. [0089] In
another embodiment, the DNMT inhibitor may act by binding to the regulatory
domain or the catalytic domain of a DNMT. In another embodiment, the DNMT
inhibitor may be a nucleoside analogue (incorporated into the DNA or RNA)
or a non-nucleoside analogue. In another embodiment, the DNMT inhibitor may
be an anti-sense oligonucleotide to a DNMT including but not limited to
DNMTl, DNMT2,DNMT3A, DNMT3B, or DNMT3L. In still yet another embodiment, a
DNMT inhibitor also may act by blocking protein-protein interactions.
[0090] In yet another embodiment, to inhibit Dnmt activity and cytosine
methylation, cells may be grown in the following media: [0091] (a) media
treated with Dnmtl, 2, 3a, and/or 3b siRNA (Dharmacon, Inc.); [0092] (b)
media treated with RG108 (Analytical Systems Laboratory, LSU School of
Veterinary Medicine); [0093] (c) media treated with 5-AzadCyd (Sigma).
[0094] Table II provides a representative list of small molecule inhibitors
that can inhibit a DNMT. A DNMT inhibitor used in the methods,
compositions, and kits of the invention include derivatives and analogues
of a DNMT inhibitor herein mentioned. [0095] Table IL Representative
Examples of Nucleoside Analogues and Non- Nucleoside Analogues that are
DNMT Inhibitors [0096] Table HI is a representative list of small molecule
modulators that can be used to induce, up-regulate or alter the expression
of a gene involved in reprogramming. The small molecule modulator may
target a component of the basal transcriptional machinery, a component of
transcriptional activation, a component of a chromatin remodeling complex,
a component of transcriptional repression, a component of DNA repair, a
component of mismatch repair, and a component involved in maintaining the
methylation state of a cell. Small molecule modulatorsinclude but are not
limited to a histone deacetylase inhibitor (HDACi,), a histone
acetyltransferase inhibitor (HATi), a histone acetyltransferase activator,
a lysine 



methyltransferase inhibitor (LMTi,), a histone methyltransferase inhibitor
(HMTi,), a Trichostatin A inhibitor (TSAi,), a histone demethylase
inhibitor (HdeMi,), a lysine demethylase inhibitor (LdeMi), a sirtuin
inhibitor (SIRTi,), and a sirtuin activator (SIRTa,). [0097] Table III.
Representative list of small molecule modulators that can be used to
reprogram a cell [0098] Any small molecule modulator that functions as a
histone acetyltransferase inhibitor can be used including but not limited
to anacardic acid, garcinol, curcumin, isothiazolones, butyrolactone, and
MC1626 (2-methyl-3-carbethoxyquinoline), polyisoprenylated Benzophenone,
epigallocatechin-3-gallate (EGCG), and CPTH2
(cyclopentylidene-[4-(4'-chlorophenyl)thiazol-2-yl)hydrazone). [0099] Any
small molecule modulator that functions as a histone demethylase inhibitor
can be used including but not limited to lysine specific demethylase, LSDl
(KIAA0601 or BHCl 10), flavin-dependent amine oxidase, and jumonji.[00100]
Any small molecule modulator that functions as a sirtuin activator can be
used including but not limited to resveratrol, a polyphenol, a sirtuin
activating compound, activators of SIRT1-SIRT7, and SRT-1720. [00101] In
one embodiment, the DNA methylation inhibitor is a cytidine analog or
derivative. Examples of the cytidine analog or derivative include but art
not limited to 5-azacytidine and 5-aza-2'-deoxycytidine (5-aza-CdR or
decitabine). [00102] 5-aza-CdR is an antagonist of its related natural
nucleoside, deoxycytidine. The only structural difference between these two
compounds is the presence of a nitrogen at position 5 of the cytosine ring
in 5-aza-CdR as compared to a carbon at this position for deoxycytidine.
5-aza-CdR functions as a mechanism-dependent suicide inhibitor of DNA
methyltransferases. To be most effective, 5-aza-CdR is incorporated into
DNA, which may require modification of the compound through metabolic
pathways. DNA methyltransferases recognize 5-azacytosine as natural
substrate and initiate the methylation reaction. However, the analogue
prevents the resolution of a covalent reaction intermediate and the enzyme
thus becomes trapped and degraded. [00103] Zebularine, also known as l
-b-ribofuranosyl-l,2-dihydropyrimidin-2-one and l
-b-ribofuranosyl-2(lH)-pyrimidinone, has been attributed with cytidine
deaminase inhibiting activity (see, e.g., Kim et al., J. Med. Chem.
29:1374-1380, 1986; McCormack et al., Biochem Pharmacol. 29:830-832, 1980).
[00104] Any number, any combination and any concentration of DNMT
inhibitors can be used to inhibit a protein or more than one protein
including but not limited to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11-15, 16-20,
and 21-25. [00105] Proteins in other complexes involved in chromatin
remodeling also can be inhibited by methods of the invention including but
not limited to the SWI/SNF complex, the NuRD complex, the Sin3 complex, and
INO80. The hSWI/SNF complex is a multisubunit protein complex that is known
to play a key role in regulation of chromatin accessibility. Any component
of the hSWI/SNF complex can be inhibited by the methods of the invention
including but not limited to SNF5 NI1 , BRGl , BRM, BAF155, and BAF170.
SWI/SNF was originally identified in yeast as required for activation of a
variety of genes. The hSWFSNF complexes have been shown to be essential for
regulation of several developmentally specific gene expression
programs.[00106] Any component of the Sin3 complex can be inhibited by the
methods of the invention including but not limited to HDACl, HDAC2, RbAp46,
RbAp48, Sin3A, SAP30, and SAPl 8. [00107] Any component of the NuRD complex
can be inhibited by the methods of the invention including but not limited
to Mi2, p70, and p32. [00108] Any component of the ENO80 complex can be
inhibited by the methods of the invention including but not limited to
Tip49A, Tp49B, the SNF2 family helicase Ino80, actin related proteins ARP4,
ARP5, and Arp8, YEATS domain family member Tafl4, HMG-domain protein,
NhplO, and six additional proteins designated Iesl-6. [00109] Any number of
small molecule modulators can be used to induce the 



expression of a gene that contribute to a cell being pluripotent or
multipotent including but not limited to 1-5, 6-10, 11-15, 16-20, 21-25,
26-30, 31-35, 36-40, 41-45, 46-50, and greater than 50 small molecule
modulators. [00110] The invention provides a reprogrammed cell that is
obtained in the absence of eggs, embryos, embryonic stem cells, or somatic
cell nuclear transfer (SCNT). A reprogrammed cell produced by the methods
of the invention may be pluripotent or multipotent. A reprogrammed cell
produced by the methods of the invention can have a variety of different
properties including embryonic stem cell like properties. For example, a
reprogrammed cell may be capable of proliferating for at least 10, 15, 20,
30, or more passages in an undifferentiated state. In other forms, a
reprogrammed cell can proliferate for more than a year without
differentiating. Reprogrammed cells can also maintain a normal karyotype
while proliferating and/or differentiating. Some reprogrammed cells also
can be cells capable of indefinite proliferation in vitro in an
undifferentiated state. Some reprogrammed cells also can maintain a normal
karyotype through prolonged culture. Some reprogrammed cells can maintain
the potential to differentiate to derivatives of all three embryonic germ
layers (endoderm, mesoderm, and ectoderm) even after prolonged culture.
Some reprogrammed cells can form any cell type in the organism. Some
reprogrammed cells can form embryoid bodies under certain conditions, such
as growth on media that do not maintain undifferentiated growth. Some
reprogrammed cells can form chimeras through fusion with a blastocyst, for
example.[00111] Reprogrammed cells can be defined by a variety of markers.
For example, some reprogrammed cells express alkaline phosphatase. Some
reprogrammed cells express SSEA-I, SSEA-3, SSEA-4, TRA-1-60, and/or
TRA-1-81. Some reprogrammed cells express Oct 4, Sox2, and Nanog. It is
understood that some reprogrammed cells will express these at the mRNA
level, and still others will also express them at the protein level, on for
example, the cell surface or within the cell. [00112] A reprogrammed cell
can have any combination of any reprogrammed cell property or category or
categories and properties discussed herein. For example, a reprogrammed
cell can express alkaline phosphatase, not express SSEA-I, proliferate for
at least 20 passages, and be capable of differentiating into any cell type.
Another reprogrammed cell, for example, can express SSEA-I on the cell
surface, and be capable of forming endoderm, mesoderm, and ectoderm tissue
and be cultured for over a year without differentiation. [00113] A
reprogrammed cell can be alkaline phosphatase (AP) positive, SSEA-I
positive, and SSEA-4 negative. A reprogrammed cell also can be Nanog
positive, Sox2 positive, and Oct-4 positive. A reprogrammed cell also can
be Tell positive, and Tbx3 positive. A reprogrammed cell can also be Cripto
positive, Stellar positive and Dazl positive. A reprogrammed cell can
express cell surface antigens that bind with antibodies having the binding
specificity of monoclonal antibodies TRA-1-60 (ATCC HB-4783) and TRA-1-81
(ATCC HB-4784). Further, as disclosed herein, a reprogrammed cell can be
maintained without a feeder layer for at least 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 passages or for over a year. [00114] A reprogrammed cell may
have the potential to differentiate into a wide variety of cell types of
different lineages including fibroblasts, osteoblasts, chondrocytes,
adipocytes, skeletal muscle, endothelium, stroma, smooth muscle, cardiac
muscle, neural cells, hemiopoetic cells, pancreatic islet, or virtually any
cell of the body. A reprogrammed cell may have the potential to
differentiate into all cell lineages. A reprogrammed cell may have the
potential to differentiate into any number of lineages including 1, 2, 3,
4, 5, 6-10, 11-20, 21-30, and greater than 30 lineages. [00115] Any gene
and associated family members of that gene that contribute to a cell being
pluripotent or multipotent may be induced by the methods of the invention
including but not limited to glycine N-methyltransf erase (Gnmt), Octamer-4
(Oct4),Nanog, GABRB3, LEFTB, NR6A1, PODXL, PTEN, SRY (sex determining
region Y)-box 2 (also known as Sox2), Myc, REX-I (also known as Zfp-42),
Integrin a-6, 



Rox-1, LEF-R, TDGFl (CRIPTO), SALL4 (sal-like 4), Leukocyte cell derived
chemotaxin 1 (LECTl), BUBl, FOXD3, NR5A2, TERT, LIFR, SFRP2, TFCP2L1,
LIN28, XIST, and Kriippel-like factors (KIf) such as Klf4 and Klf5. Any
number of genes that contribute to a cell being pluripotent or multipotent
can be induced by the methods of the invention including but not limited to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11-20, 21-30, 31 -0, 41-50, and greater than
50 genes. [00116] Further, Ramalho-Santos et al. (Science 298, 597 (2002),
Ivanova et al. (Science 298, 601 (2002) and Fortunel et al. (Science 302,
393b (2003)) (all incorporated by reference in their entirety) each
compared three types of stem cells and identified a list of commonly
expressed "sternness" genes, proposed to be important for conferring the
functional characteristics of stem cells. Any of the genes identified in
the above-mentioned studies may be induced by the methods of the invention.
Table in provides a list of genes thought to be involved in conferring the
functional characteristics of stem cells. In addition to the genes listed
in Table IV, 93 expressed sequence tags (EST) clusters with little or no
homology to known genes were also identified by Ramalho-Santos et al. and
Ivanova et al, and are included within the methods of the invention.
[00117] Table IV. Genes implicated in conferring stem cell
characteristicsTRANSMISSION OF OVERHEAD CHANNELS WITH TIMING OFFSETAND
BLANKING The present application claims priority to provisional U.S.
Application Serial No. 61/043,102, entitled "RANGE EXTENSION WITH TIMING
OFFSET," filed April 7, 2008, and provisional U.S. Application Serial No.
61/055,130, entitled "LONG TERM INTERFERENCE AVOIDANCE WITH FORWARD LINK
CONTROL BLANKING," filed May 21, 2008, both assigned to the assignee hereof
and incorporated herein by reference. BACKGROUND I. Field The present
disclosure relates generally to communication, and more specifically to
techniques for transmitting overhead channels in a wireless communication
network. II. Background Wireless communication networks are widely deployed
to provide various communication content such as voice, video, packet data,
messaging, broadcast, etc. These wireless networks may be multiple-access
networks capable of supporting multiple users by sharing the available
network resources. Examples of such multipleaccess networks include Code
Division Multiple Access (CDMA) networks, Time Division Multiple Access
(TDMA) networks, Frequency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA (SC-FDMA)
networks. A wireless communication network may include a number of base
stations that can support communication for a number of user equipments
(UEs). A base station may transmit various overhead channels to UEs within
its coverage. The overhead channels from the base station may observe
interference due to transmissions from neighbor base stations. The
interference may be strong at some UEs and may degrade the performance of
these UEs. There is therefore a need in the art for techniques to mitigate
interference on the overhead channels in order to improve
performance.SUMMARY Techniques for mitigating interference on overhead
channels in a wireless communication network are described herein. A base
station may transmit various overhead channels to UEs within its coverage.
An overhead channel may comprise any channel or signal used to support
network operation and may be sent to all UEs. For example, an overhead
channel may be a broadcast channel, a control channel, a synchronization
channel, a paging channel, etc. A channel may also be referred to as a
signal, a transmission, etc. In an aspect, interference on the overhead
channels may be mitigated by (i) sending the 



overhead channels from different base stations in non-overlapping time
intervals and (ii) having each interfering base station reduce its transmit
power during the time intervals in which the overhead channels are sent by
neighbor base stations. This may allow UEs to reliably receive the overhead
channels from the base stations even in dominant interference scenarios. In
one design, a UE may receive an overhead channel from a first base station
in a first time interval. The overhead channel may be sent from a second
base station in a second time interval that is non-overlapping with the
first time interval. The UE may process the overhead channel from the first
base station to recover information for the first base station. The first
base station may have a first frame timing, and the second base station may
have a second frame timing. In one design, the first frame timing may be
offset from the second frame timing by an integer number of subframes. In
this design, the first and second time intervals may belong in
non-overlapping subframes with the same subframe index determined based on
the first and second frame timing. In another design, the first frame
timing may be offset from the second frame timing by an integer number of
symbol periods. In this design, the first and second time intervals may
cover non-overlapping symbol periods with the same symbol period index
determined based on the first and second frame timing. In yet another
design, the first frame timing may be offset from the second frame timing
by an integer number of subframes and an integer number of symbol periods.
In this design, the first and second time intervals may belong in
non-overlapping subframes with the same subframe index or may cover
non-overlapping symbol periods with the same symbol period index. In yet
anotherdesign, the first and second base stations may have the same frame
timing, and the first and second time intervals may cover non-overlapping
symbol periods with different symbol period indices. The first and second
time intervals may also be defined in other manners. In one scenario, the
first base station may be a low-power base station and the second base
station may be a high-power base station. In another scenario, the first
base station may have unrestricted access and the second base station may
have restricted access. In both scenarios, the second base station may
reduce its transmit power during the first time interval in order to reduce
interference to the overhead channel from the first base station. The first
base station may also reduce its transmit power during the second time
interval in order to reduce interference to the overhead channel from the
second base station. The techniques described herein may also be used to
mitigate interference on reference signals/pilots and possibly data
channels. Various aspects and features of the disclosure are described in
further detail below. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 shows a
wireless communication network. FIG. 2 shows an example frame structure.
FIG. 3 shows transmission of overhead channels by two base stations. FIGS.
4A and 4B show transmission of overhead channels with subframe offset.
FIGS. 5A and 5B show transmission of overhead channels with symbol offset.
FIG. 6 shows transmission of overhead channels with subframe offset and
symbol offset. FIG. 7 shows transmission of overhead channels with time
division multiplexing (TDM). FIG. 8 shows a process for receiving an
overhead channel. FIG. 9 shows an apparatus for receiving an overhead
channel. FIG. 10 shows a process for sending an overhead channel. FIG. 11
shows an apparatus for sending an overhead channel. FIG. 12 shows a block
diagram of a base station and a UE.DETAILED DESCRIPTION The techniques
described herein may be used for various wireless communication 



networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other networks. The
terms "network" and "system" are often used interchangeably. A CDMA network
may implement a radio technology such as Universal Terrestrial Radio Access
(UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other
variants of CDMA. cdma2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA network may implement a radio technology such as Global System for
Mobile Communications (GSM). An OFDMA network may implement a radio
technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB),
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM(r), etc.
UTRA and E-UTRA are part of Universal Mobile Telecommunication System
(UMTS). 3GPP Long Term Evolution (LTE) and LTE-Advanced (LTE-A) are new
releases of UMTS that use E-UTRA, which employs OFDMA on the downlink and
SC-FDMA on the uplink. UTRA, EUTRA, UMTS, LTE, LTE-A and GSM are described
in documents from an organization named "3rd Generation Partnership
Project" (3GPP). cdma2000 and UMB are described in documents from an
organization named "3rd Generation Partnership Project 2" (3GPP2). The
techniques described herein may be used for the wireless networks and radio
technologies mentioned above as well as other wireless networks and radio
technologies. For clarity, certain aspects of the techniques are described
below for LTE, and LTE terminology is used in much of the description
below. FIG. 1 shows a wireless communication network 100, which may be an
LTE network or some other network. Wireless network 100 may include a
number of evolved Node Bs (eNBs) 110 and other network entities. An eNB may
be a station that communicates with the UEs and may also be referred to as
a base station, a Node B, an access point, etc. Each eNB 110 provides
communication coverage for a particular geographic area. The term "cell"
can refer to a coverage area of an eNB and/or an eNB subsystem serving this
coverage area, depending on the context in which the term is used. An eNB
may provide communication coverage for a macro cell, a pico cell, a femto
cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers in radius) and may allow
unrestricted access by UEs with service subscription. A pico cell may cover
a relatively small geographic area and mayallow unrestricted access by UEs
with service subscription. A femto cell may cover a relatively small
geographic area (e.g., a home) and may allow restricted access by UEs
having association with the femto cell, e.g., UEs belonging to a closed
subscriber group (CSG). An eNB for a macro cell may be referred to as a
macro eNB. An eNB for a pico cell may be referred to as a pico eNB. An eNB
for a femto cell may be referred to as a femto eNB or a home eNB. In the
example shown in FIG. 1, eNBs 110a, 110b and 110c may be macro eNBs for
macro cells 102a, 102b and 102c, respectively. eNB 110x may be a pico eNB
for a pico cell 102x. eNB HOy may be a femto eNB for a femto cell 102y.
Different types of eNBs may have different transmit power levels. For
example, macro eNBs may have a high transmit power level (e.g., 20 Watts)
whereas pico and femto eNBs may have a low transmit power level (e.g., 1
Watt). Wireless network 100 may also include relay stations. A relay
station is a station that receives transmission of data and/or other
information from an upstream station and sends transmission of the data
and/or other information to a downstream station. The upstream station may
be an eNB, another relay station, or a UE. The downstream station may be a
UE, another relay station, or an eNB. A relay station may also be a
terminal that relays transmissions for other terminals. A network
controller 130 may couple to a set of eNBs and provide coordination and
control for these eNBs. Network controller 130 may be a single network
entity or a collection of network entities. Network controller 130 may
communicate with eNBs 110 via a backhaul. eNBs 110 may also communicate
with one another, e.g., directly or indirectly via wireless or wireline
interface. UEs 120 may be dispersed throughout the wireless network, and
each UE may be stationary or mobile. A UE may also be referred to as a
mobile station, a terminal, an 



access terminal, a subscriber unit, a station, etc. A UE may be a cellular
phone, a personal digital assistant (PDA), a wireless modem, a wireless
communication device, a handheld device, a laptop computer, a cordless
phone, a wireless local loop (WLL) station, etc. A UE may communicate with
an eNB via the downlink and uplink. The downlink (or forward link) refers
to the communication link from the eNB to the UE, and the uplink (or
reverse link) refers to the communication link from the UE to the eNB. In
FIG. 1, a solid line with a single arrow indicates a desired transmission
from an eNB to a UE. A dashed line with a single arrow indicates an
interfering transmission from an eNB to a UE. Uplink transmissions are not
shown in FIG. 1 for simplicity.FIG. 2 shows a frame structure used in LTE.
The transmission timeline for the downlink may be partitioned into units of
radio frames. Each radio frame may have a predetermined duration (e.g., 10
milliseconds (ms)) and may be partitioned into 10 subframes with indices of
0 through 9. Each subframe may include two slots. Each radio frame may thus
include 20 slots with indices of 0 through 19. Each slot may include L
symbol periods, e.g., L = 7 symbol periods for a normal cyclic prefix (as
shown in FIG. 2) or L = 6 symbol periods for an extended cyclic prefix. The
2L symbol periods in each subframe may be assigned indices of 0 through
2L-1. In LTE, a primary synchronization signal (denoted as "PSC") and a
secondary synchronization signal (denoted as "SSC") may be sent in symbol
periods 6 and 5, respectively, in each of subframes 0 and 5 in each radio
frame with the normal cyclic prefix, as shown in FIG. 2. The
synchronization signals may be used by the UEs for acquisition. A physical
broadcast channel (PBCH) may be sent in four symbol periods in slot 1 of
four consecutive radio frames. The PBCH may carry a broadcast channel
(BCH), which may further carry a master information block (MIB) containing
the number of resource blocks, the number of transmit antennas, a system
frame number, other system information, etc. A physical control format
indicator channel (PCFICH), a physical downlink control channel (PDCCH),
and a physical HARQ indicator channel (PHICH) may be sent in the first M
symbol periods of each subframe, where 1< M < 3. For simplicity, only the
PCFICH is shown in FIG. 2. The PCFICH may convey the OFDM symbol(s) used
for the PDCCH. The PDCCH may carry information on resource allocation for
UEs and for downlink channels. The PHICH may carry information to support
hybrid automatic retransmission (HARQ). The synchronization signals, PBCH,
PCFICH, PDCCH and PHICH may be considered as different types of overhead
channels. Other overhead channels may also be sent on the downlink. The
overhead channels in LTE are described in 3GPP TS 36.211, entitled "Evolved
Universal Terrestrial Radio Access (EUTRA); Physical Channels and
Modulation," which is publicly available. FIG. 3 shows transmission of
overhead channels by two eNBs A and B in a synchronous network. The eNBs
may have the same frame timing in a synchronous network, and subframe 0 may
start at approximately the same time To for both eNBs. Inthis case, the
PSC, SSC, PBCH and PCFICH of the two eNBs would be aligned in time (as
shown in FIG. 3) and may interfere with each other at the UEs. Wireless
network 100 may be a heterogeneous network with different types of eNBs,
e.g., macro eNBs, pico eNBs, femto eNBs, etc. These different types of eNBs
may transmit at different power levels, have different coverage areas, and
have different impact on interference in the wireless network. A UE may be
within the coverage of multiple eNBs. One of these eNBs may be selected to
serve the UE. The serving eNB may be selected based on various criteria
such as signal-to-noise ratio (SNR), pathloss, etc. The UE may operate in a
dominant interference scenario in which the UE may observe high
interference from one or more interfering eNBs. A dominant interference
scenario may occur due to range extension, which is a scenario in which the
UE connects to an eNB with lower pathloss and lower SNR. The UE may receive
signals from two eNBs X and Y and may obtain lower received power for eNB X
than eNB Y. Nevertheless, it may be desirable for the UE to connect to eNB
X if the pathloss for eNB X is lower 



than the pathloss for eNB Y. This may be the case if eNB X (which may be a
pico eNB) has much lower transmit power as compared to eNB Y (which may be
a macro eNB). By having the UE connect to eNB X with lower pathloss, less
interference may be caused to the network to achieve a given data rate. A
dominant interference scenario may also occur due to restricted
association. The UE may be close to eNB Y and may have high received power
for eNB Y. However, eNB Y may have restricted access, and the UE may not be
allowed to connect to eNB Y. The UE may then connect to unrestricted eNB X
with lower received power and may then observe high interference from eNB
Y. In an aspect, interference on overhead channels may be mitigated by (i)
sending the overhead channels from different eNBs in non-overlapping time
intervals and (ii) having each interfering eNB reduce its transmit power
during the time intervals in which the overhead channels are sent by
neighbor eNBs. This may allow the UEs to reliably receive the overhead
channels from the eNBs even in dominant interference scenarios. In one
design, subframe offset may be used to mitigate interference on overhead
channels sent in only some of the subframes. With subframe offset, the
frame timing of an eNB may be shifted by an integer number of subframes
with respect to the frametiming of another eNB. Subframe offset may be used
to mitigate interference on the PSC, SSC, PCFICH and other overhead
channels sent in subframes 0 and 5 of each frame. FIG. 4A shows a design of
transmission of overhead channels with subframe offset in a range extension
scenario. In this design, a high-power eNB (e.g., a macro eNB) may have a
first frame timing with the start of subframe 0 occurring at time T1. A
lowpower eNB (e.g., a pico or femto eNB) may have a second frame timing
with the start of subframe 0 occurring at time T2. The second frame timing
may be offset from the first frame timing by an offset of T SF OS, which
may be equal to one subframe in the example shown in FIG. 4A. The subframes
of the low-power eNB may thus be shifted by one subframe from the subframes
of the high-power eNB. For example, subframe 0 of the low-power eNB may be
time aligned with subframe 1 of the high-power eNB, subframe 1 of the
low-power eNB may be time aligned with subframe 2 of the high-power eNB,
etc. The high-power eNB may send its overhead channels in subframes 0 and 5
determined based on the first frame timing. The low-power eNB may have much
lower transmit power and may not cause high interference to the overhead
channels of the high-power eNB. The low-power eNB may transmit in subframes
9 and 4, which may overlap with subframes 0 and 5 of the high-power eNB.
The low-power eNB may send its overhead channels in subframes 0 and 5
determined based on the second frame timing. Subframes 0 and 5 of the
low-power eNB may overlap with subframes 1 and 6 of the high-power eNB. The
high-power eNB may cause high interference to the overhead channels of the
low-power eNB and may thus reduce its transmit power in subframes 1 and 6.
UEs receiving the overhead channels from the low-power eNB may then observe
less interference from the high-power eNB. FIG. 4B shows a design of
transmission of overhead channels with subframe offset in a restricted
association scenario. In this design, an unrestricted eNB (e.g., a macro
eNB) may have a first frame timing with the start of subframe 0 occurring
at time T1. A first restricted eNB (e.g., a femto eNB) may have a second
frame timing with the start of subframe 0 occurring at time T2. A second
restricted eNB (e.g., another femto eNB) may have a third frame timing with
the start of subframe 0 occurring at time T . The second frame timing may
be offset from the first frame timing by an offset of TSF OS, which may be
equal to one subframe. The third frame timing may be offset from thesecond
frame timing by an offset of TSF OS- The subframes of the first restricted
eNB may thus be shifted by one subframe from the subframes of the
unrestricted eNB. The subframes of the second restricted eNB may also be
shifted by one subframe from the subframes of the first restricted eNB. 



The unrestricted eNB may send its overhead channels in subframes 0 and 5
determined based on the first frame timing. The first and second restricted
eNBs may cause high interference to UEs that are near their vicinity but
cannot access these restricted eNBs. These UEs may connect to the
unrestricted eNB and may observe high interference from the restricted
eNBs. The first restricted eNB may thus reduce its transmit power in its
subframes 9 and 4, which may overlap with subframes 0 and 5 of the
unrestricted eNB. The second restricted eNB may reduce its transmit power
in its subframes 8 and 3, which may overlap with subframes 0 and 5 of the
unrestricted eNB. UEs receiving the overhead channels from the unrestricted
eNB may then observe less interference from the restricted eNBs. The first
restricted eNB may send its overhead channels in subframes 0 and 5
determined based on the second frame timing. The unrestricted eNB may not
cause high interference to the overhead channels of the first restricted
eNB and may thus be able to transmit in its subframes 1 and 6, which may
overlap with subframes 0 and 5 of the first restricted eNB. The second
restricted eNB may cause high interference to the overhead channels of the
first restricted eNB and may thus reduce its transmit power in its
subframes 9 and 4, which may overlap with subframes 0 and 5 of the first
restricted eNB. UEs receiving the overhead channels from the first
restricted eNB may then observe less interference from the second
restricted eNB. The second restricted eNB may send its overhead channels in
subframes 0 and 5 determined based on the third frame timing. The
unrestricted eNB may not cause high interference to the overhead channels
of the second restricted eNB and may thus be able to transmit in its
subframes 2 and 7, which may overlap with subframes 0 and 5 of the second
restricted eNB. The first restricted eNB may cause high interference to the
overhead channels of the second restricted eNB and may thus reduce its
transmit power in its subframes 1 and 6, which may overlap with subframes 0
and 5 of the second restricted eNB. UEs receiving the overhead channels
from the second restricted eNB may then observe less interference from the
first restricted eNB.FIGS. 4A and 4B show designs in which the frame timing
of different eNBs is offset by one subframe from one other. In general, the
frame timing of different eNBs may be offset by any suitable amount. For
example, the frame timing may be offset by multiple subframes or a fraction
of a subframe (e.g., a slot). In another design, symbol offset may be used
to mitigate interference on overhead channels sent in only some of the
symbol periods in a subframe. With symbol offset, the frame timing of an
eNB may be shifted by an integer number of symbol periods with respect to
the frame timing of another eNB. Symbol offset may be used to avoid
collision of the overhead channels (e.g., the PCFICH, PHICH and PDCCH) sent
in symbol periods 0 through M-I of each subframe. Symbol offset may also be
used to avoid or mitigate interference on a cell-specific reference signal
that may be sent in some designated symbol periods of each subframe, except
for Multicast Broadcast Multimedia Services (MBMS) Single Frequency Network
(MBSFN) subframes. FIG. 5A shows a design of transmission of overhead
channels with symbol offset in a range extension scenario. In this design,
a high-power eNB may have a first frame timing with the start of subframe 0
occurring at time T1. A low-power eNB may have a second frame timing with
the start of subframe 0 occurring at time T2. The second frame timing may
be offset or delayed from the first frame timing by an offset of TSYM_os,
which may be equal to one symbol period in the example shown in FIG. 5A.
Alternatively, the second frame timing may be advanced relative to the
first frame timing by TSYM os- In either case, the subframes of the
low-power eNB may be shifted by one symbol period from the subframes of the
high-power eNB. In the example shown in FIG. 5A, the high-power eNB may
send an overhead channel (e.g., the PCFICH) in symbol period 0 of each
subframe determined based on the first frame timing. The low-power eNB may
not cause high interference to the overhead channel of the high-power eNB
and may thus transmit in symbol period 13 of each 



subframe, which may overlap with symbol period 0 of each subframe of the
high-power eNB. The low-power eNB may send an overhead channel in symbol
period 0 of each subframe determined based on the second frame timing,
which may overlap with symbol period 1 of each subframe of the high-power
eNB. The high-power eNB may cause high interference to the overhead channel
of the low-power eNB and may thus reduce its transmit power in symbol
period 1 of each subframe in order to reduceinterference to the low-power
eNB. UEs receiving the overhead channel from the lowpower eNB may then
observe less interference from the high-power eNB. The highpower eNB may
transmit at a nominal power level in the remaining symbol periods of each
subframe. Alternatively, the high-power eNB may reduce its transmit power
for the rest of a subframe in order to reduce interference to a data
channel and/or a reference signal from the low-power eNB. FIG. 5B shows a
design of transmission of overhead channels with symbol offset in a
restricted association scenario. In this design, an unrestricted eNB may
have a first frame timing with the start of subframe 0 occurring at time
T1. A first restricted eNB may have a second frame timing with the start of
subframe 0 occurring at time T2. A second restricted eNB may have a third
frame timing with the start of subframe 0 occurring at time T3. The second
frame timing may be offset from the first frame timing by an offset of TSYM
os, which may be equal to one symbol period. The third frame timing may be
offset from the second frame timing by an offset of TSYM os- The subframes
of the second restricted eNB may thus be shifted by one symbol period from
the subframes of the first restricted eNB, which may be shifted by one
symbol period from the subframes of the unrestricted eNB. The unrestricted
eNB may send an overhead channel in symbol period 0 of each subframe
determined based on the first frame timing. The first and second restricted
eNBs may cause high interference to UEs located near their vicinity but
connected to the unrestricted eNB due to inability to access the restricted
eNBs. The first restricted eNB may thus reduce its transmit power in symbol
period 13 of each subframe. The second restricted eNB may reduce its
transmit power in symbol period 12 of each subframe. UEs receiving the
overhead channel from the unrestricted eNB may then observe less
interference from the restricted eNBs. The first restricted eNB may send an
overhead channel in symbol period 0 of each subframe determined based on
the second frame timing. The unrestricted eNB may not cause high
interference to the overhead channel of the first restricted eNB and may
thus be able to transmit in symbol period 1 of each subframe. The second
restricted eNB may cause high interference to the overhead channel of the
first restricted eNB and may thus reduce its transmit power in symbol
period 13 of each subframe. UEs receiving the overhead channel from the
first restricted eNB may then observe less interference from the second
restricted eNB.The second restricted eNB may send an overhead channel in
symbol period 0 of each subframe determined based on the third frame
timing. The unrestricted eNB may not cause high interference to the
overhead channel of the second restricted eNB and may thus be able to
transmit in symbol period 2 of each subframe. The first restricted eNB may
cause high interference to the overhead channel of the second restricted
eNB and may thus reduce its transmit power in symbol period 1 of each
subframe. UEs receiving the overhead channel from the second restricted eNB
may then observe less interference from the first restricted eNB. FIGS. 5A
and 5B show designs in which the frame timing of different eNBs is offset
by one symbol period from one other. In general, the frame timing of
different eNBs may be offset by any suitable amount in order to avoid
interference on the overhead channel(s). For example, the frame timing may
be offset by M symbol periods if the overhead channel(s) are sent in M
symbol periods. In yet another design, a combination of subframe offset and
symbol offset may be used to mitigate interference on overhead channels.
Subframe offset may be used to mitigate 



interference on overhead channels sent in certain subframes. Symbol offset
may be used to mitigate interference on overhead channels sent in certain
symbol periods of a subframe. FIG. 6 shows a design of transmission of
overhead channels with subframe offset and symbol offset. In this design, a
high-power or restricted eNB Y (e.g., a macro eNB or a femto eNB) may have
a first frame timing with the start of subframe 0 occurring at time T1. A
low-power or unrestricted eNB X (e.g., a pico eNB) may have a second frame
timing with the start of subframe 0 occurring at time T2. The second frame
timing may be offset from the first frame timing by an offset of Tos, which
may be equal to one subframe plus one symbol period in the example shown in
FIG. 6. In the example shown in FIG. 6, eNB Y may send an overhead channel
(e.g., the PCFICH) in symbol period 0 of each subframe and may send other
overhead channels (e.g., the PSC, SSC and PBCH) in subframes 0 and 5
determined based on the first frame timing. eNB X may not cause high
interference to the overhead channels of eNB Y and may thus transmit during
the time intervals in which eNB Y sends the overhead channels. eNB X may
send an overhead channel in symbol period 0 of each subframe and may send
other overhead channels in subframes 0 and 5 determined based on the
secondframe timing. eNB Y may cause high interference to the overhead
channels of eNB X and may thus reduce its transmit power during the time
intervals in which eNB X sends the overhead channels. UEs receiving the
overhead channel from eNB X may then observe less interference from eNB Y.
In general, different eNBs may utilize only subframe offset (e.g., as shown
in FIG. 4A or 4B), or only symbol offset (e.g., as shown in FIG. 5A or 5B),
or both subframe offset and symbol offset (e.g., as shown in FIG. 6), or
some other frame timing offset. The frame timing offset between different
eNBs may be determined based on the time intervals (e.g., the symbol
periods and subframes) in which overhead channels are sent, whether high
interference is observed, etc. The frame timing offset may be applicable
for any duration and may be conveyed to the affected eNBs, e.g., via the
backhaul. The designs in FIGS. 4A, 4B and 6 may enable reception of the
overhead channels (e.g., the PSC, SSC and PBCH) from each eNB in subframes
0 and 5 without having to modify the LTE standards. The designs in FIGS.
5A, 5B and 6 may enable reception of the overhead channel (e.g., the
PCFICH) from each eNB in symbol period 0 to M-I of each subframe without
having to modify the LTE standards. The designs in FIGS. 4A, 5A and 6 may
also allow a UE to connect to a low-power eNB having low SNR in the
presence of a high-power eNB causing high interference. The designs in
FIGS. 4B, 5B and 6 may allow a UE located close to a restricted eNB to
acquire overhead channels (e.g., the PSC, SSC, PBCH and PCFICH) from an
unrestricted eNB and other restricted eNBs. In yet another design,
different eNBs may have the same frame timing but may send their overhead
channels in different symbol periods with time division multiplexing (TDM)
in order to avoid interference on the overhead channels. An interfering eNB
may also reduce its transmit power in order to mitigate interference on the
overhead channels. FIG. 7 shows transmission of overhead channels with TDM.
In this design, a highpower or restricted eNB Y may send its overhead
channel(s) in symbol periods 0 and 1 of a subframe. A low-power or
unrestricted eNB X may (i) reduce its transmit power in symbol periods 0
and 1 or (ii) transmit during symbol periods 0 and 1 if it does not cause
high interference to the overhead channel(s) of eNB Y. eNB X may send its
overhead channel(s) in symbol period 2 of the subframe. eNB Y may cause
high interference to the overhead channel(s) of eNB X and may thus reduce
its transmitpower in symbol period 2. UEs may be able to receive the
overhead channels of eNBs X and Y with less interference. The remaining
symbol periods in the subframe may be used for data transmission by eNB X
and/or eNB Y, depending on the amount of interference caused by the eNBs. 



In general, each eNB may be assigned any number of symbol periods to send
its overhead channels. The number of symbol periods may be determined based
on the amount of information to send in the overhead channels, the system
bandwidth, the desired coverage, etc. Different eNBs may be assigned
different symbol periods so that their overhead channels do not overlap in
time, e.g., as shown in FIG. 7. In one design, the symbol periods assigned
to the eNBs may be conveyed via a control format indicator (CFI). Different
CFI values may be defined for different sets of symbol periods to use for
overhead channels. For example, a CFI value may specify the starting symbol
period as well as the number of symbol periods to use for overhead channels
by an eNB. The assigned symbol periods (or CFI values) for different eNBs
may be sent, e.g., via the backhaul. From the perspective of the overhead
channels, the design in FIG. 7 with the same frame timing and different
symbol periods for the overhead channels from different eNBs may be
equivalent to the designs in FIGS. 5A and 5B with different frame timing
and same symbol periods for the overhead channels. Thus, the frame timing
of eNB X may be considered to be two symbol periods later than the frame
timing of eNB Y in FIG. 7. However, other aspects of network operation may
differ depending on whether the same or different frame timing is used for
the eNBs. For example, certain transmissions may be sent in specific time
intervals given relative to the start of subframe 0. These transmissions
may be sent at different times and may or may not overlap depending on
whether the same or different frame timing is used for the eNBs. With TDM,
the overhead channels (e.g., the PCFICH) of eNB X may collide with the
overhead channels (e.g., the PSC, SSC and/or PBCH) of eNB Y in subframes 0
and 5. In this case, subframes 0 and 5 may be reserved for eNB Y, and eNB X
may skip sending the overhead channels in these subframes in order to avoid
causing interference to the overhead channels of eNB Y. Wireless network
100 may utilize orthogonal frequency division multiplexing (OFDM) on the
downlink. OFDM partitions the system bandwidth into multiple (K) orthogonal
subcarriers, which are also commonly referred to as tones, bins, etc. Each
subcarriermay be modulated with data. The spacing between adjacent
subcarriers may be fixed, and the total number of subcarriers (K) may be
dependent on the system bandwidth. For example, K may be equal to 128, 256,
512, 1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz,
respectively. An eNB may send one or more overhead channels on all or a
subset of the K total subcarriers in a symbol period using OFDM. The eNB
may or may not send other information in the remaining subcarriers not used
for the overhead channel(s). Different eNBs may (i) send overhead channels
in non-overlapping time intervals and (ii) send other transmissions
concurrently in other time intervals. These eNBs may thus send
transmissions in a different manner than base stations in a TDMA network,
which may perform part (i) but not part (ii) above. FIGS. 4A to 7 show
example designs of mitigating interference on overhead channels.
Interference mitigation may also be performed in other manners. The
techniques described herein may mitigate control-on-control interference,
which is interference on an overhead channel from an eNB due to overhead
channels from neighbor eNBs. In particular, control-on-control interference
may be avoided by offsetting the frame timing of each eNB so that the
overhead channels of adjacent eNBs are sent in non-overlapping time
intervals. Non-overlapping of the overhead channels of different eNBs may
be achieved with subframe offset in FIGS. 4A and 4B, symbol offset in FIGS.
5A and 5B, both subframe offset and symbol offset in FIG. 6, or TDM in FIG.
7. Non-overlapping of overhead channels may also be achieved in other
manners. The techniques described herein may also mitigate data-on-control
interference, which is interference on an overhead channel from an eNB due
to data from neighbor eNBs. In particular, data-on-control interference may
be mitigated by having each interfering 



eNB reduce its transmit power in time intervals in which neighbor eNBs send
their overhead channels, e.g., as shown in FIGS. 4A to 7. eNBs that do not
cause high interference may not need to reduce their transmit power. An
interfering eNB may reduce data-on-control interference in a given time
interval in various manners. In a first design, the eNB may reduce its
transmit power during the time interval to a lower level or possibly zero.
In a second design, the eNB may reduce interference by designating a
subframe as an MBSFN subframe. The eNB may send only control information in
a small part (e.g., in symbol period 0) of the MBSFNsubframe and may avoid
sending data and reference signals in the remaining part of the MBSFN
subframe. The control information may identify the subframe as an MBSFN
subframe and/or may provide other information. In a third design, the eNB
may reduce it transmit power during the time interval and may send
reference signals in the normal manner or at lower power during the time
interval. In a fourth design, the eNB may spatially steer its transmission
during the time interval in a manner to reduce interference to one or more
UEs observing high interference from the eNB. For example, the eNB may
perform precoding to place a spatial null in the direction of the affected
UE(s). Data-on-control interference may also be mitigated in other manners.
The time interval may cover the transmission time of the PSC, SSC, PBCH,
PCFICH and/or other overhead channels. Control-on-data interference, which
is interference on data from an eNB due to overhead channels from neighbor
eNBs, may also occur. For example, in FIG. 5A, a UE may receive data from
the low-power eNB in symbol period 13 and may observe high interference
from the overhead channel of the high-power eNB. Control-on-data
interference may be mitigated in various manners. In a first design, the UE
may discard data symbols observing high interference from overhead channels
of neighbor eNBs. The UE may insert erasures for the discarded data symbols
in the decoding process. An erasure may have equal likelihood of being '0'
or '1'. The inserted erasures may thus result in the discarded data symbols
being given no weight in the decoding process. The UE may estimate
interference in each symbol period and may discard data symbols received in
the symbol period if the estimated interference is sufficiently high (e.g.,
exceeds a high threshold). In a second design, an eNB may avoid sending
data in symbol periods with high interference from overhead channels of
neighbor eNBs. For the example in FIG. 5A, the low-power eNB may avoid
sending data in symbol period 13 of each subframe. Data-on-data
interference, which is interference on data from an eNB due to data from
neighbor eNBs, may also occur and may be mitigated in various manners. In
one design, a serving eNB may send data to its UEs in assigned subframes
that may have low interference from the data of interfering eNBs. The
serving eNB may be a lowerpower eNB, and the interfering eNBs may be
high-power eNBs, e.g., as shown in FIGS. 4A and 5A. The serving eNB may
also be an unrestricted eNB, and the interfering eNBs may be restricted
eNBs, e.g., as shown in FIGS. 4B and 5B. In any case, eachinterfering eNB
may reduce interference in the assigned subframes by (i) setting these
subframes to MBSFN subframes and not transmitting data in the subframes,
(ii) reducing transmit power in the subframes to a sufficiently low level
or possibly zero, (iii) performing spatial steering in the subframes,
and/or (iv) performing other actions to reduce interference in the
subframes. The assigned subframes may be selected based on negotiation
between the eNBs or by a network controller. The assigned subframes may
also be selected based on various factors such as the loading at each eNB,
the desired handoff boundary between the eNBs, the quality-of-service (QoS)
requirements and/or the priority of the data and/or the UEs served by the
eNBs, etc. The assigned subframes may be conveyed to the affected eNBs,
e.g., via the backhaul. In one design, interference mitigation may be
performed independently for the overhead channels and data. Interference
mitigation for the overhead channels may be performed as described above
and may affect only time intervals in which the overhead channels are sent.
These time intervals may cover only a portion of each affected subframe. 



Interference mitigation for data may be performed by assigning different
subframes to different eNBs and/or by reducing transmit power. Each eNB may
independently schedule its UEs for data transmission in its assigned
subframes. Control information to support data transmission may be sent for
each subframe with scheduled data and may be sent in similar manner as the
overhead channels. FIG. 8 shows a design of a process 800 for receiving an
overhead channel in a wireless communication network. Process 800 may be
performed by a UE, as described below, or by some other entity. The UE may
receive an overhead channel from a first base station (e.g., an eNB, a
relay station, etc.) in a first time interval (block 812). The overhead
channel may comprise the primary synchronization signal, the secondary
synchronization signal, the PBCH, the PCFICH, the PDCCH, the PHICH and/or
other channels or signals. The overhead channel may also be sent from a
second base station (e.g., an eNB, a relay station, etc.) in a second time
interval that is non-overlapping with the first time interval. The overhead
channel may be sent by each base station with OFDM or some other
multiplexing scheme. The UE may process the overhead channel from the first
base station to recover information for the first base station (block 814).
The first base station may have a first frame timing, and the second base
station may have a second frame timing. In one design, for subframe offset,
the first frame timing may be offset from the second frame timing by an
integer number of subframes, e.g., asshown in FIG. 4A or 4B. The first and
second time intervals may belong in nonoverlapping subframes with the same
subframe index (e.g., subframe 0 in FIG. 4A) determined based on the first
and second frame timing. In another design, for symbol offset, the first
frame timing may be offset from the second frame timing by an integer
number of symbol periods, e.g., as shown in FIG. 5A or 5B. The first and
second time intervals may cover non-overlapping symbol periods with the
same symbol period index (e.g., symbol period 0 in FIG. 5A) determined
based on the first and second frame timing. In yet another design, for
subframe offset and symbol offset, the first frame timing may be offset
from the second frame timing by an integer number of subframes and an
integer number of symbol periods, e.g., as shown in FIG. 6. The first and
second time intervals may cover non-overlapping symbol periods with the
same symbol period index (e.g., symbol period 0 in FIG. 6) determined based
on the first and second frame timing. The first and second time intervals
may also belong in non-overlapping subframes with the same subframe index
(e.g., subframe 0 in FIG. 6) determined based on the first and second frame
timing. In yet another design, for TDM, the first and second base stations
may have the same frame timing, e.g., as shown in FIG. 7. The first and
second time intervals may cover non-overlapping symbol periods with
different symbol period indices. For example, the first time interval may
cover symbol periods 0 and 1, and the second time interval may cover symbol
period 2 in FIG. 7. The first and second time intervals may also belong in
non-overlapping subframes with different subframe indices. The overhead
channel may be sent by the first and second base stations in a subset of a
plurality of subframes in each frame, e.g., in subframes 0 and 5 of each
frame. The overhead channel may also be sent by the first and second base
stations in a subset of a plurality of symbol periods in each subframe. In
general, the overhead channel may be sent in one or more specific symbol
periods in one or more specific subframes. In one scenario, the first base
station may have a first transmit power level that is lower than a second
transmit power level of the second base station. In another scenario, the
first base station may have unrestricted access and the second base station
may have restricted access. In both scenarios, the second base station may
reduce its transmit power during the first time interval in order to reduce
interference to the overhead channel from the first base station.
Alternatively or additionally, the first base stationmay reduce its
transmit power during the second time interval in order to reduce
interference to the overhead channel from the second base station. Each
base station may reduce transmit power by lowering its transmit power
(possibly to zero), by 



spatially steering its transmission away from the UE, or by setting a
subframe covering the time interval in which the overhead channel is sent
by the other base station as an MBSFN subframe. The UE may also receive the
overhead channel from the second base station in the second time interval
and may process the overhead channel to recover information for the second
base station. The type of information obtained for each base station may be
dependent on the type of the overhead channel. For example, the overhead
channel may comprise the primary and secondary synchronization signals. The
UE may then detect for each base station based on the synchronization
signals received from that base station. The overhead channel may also
comprise the PBCH, PCFICH, PDCCH, PHICH, etc. The UE may then obtain
broadcast information, control information, and/or other information from
the overhead channel. In one design, the UE may receive data from the first
base station in a third time interval that may be non-overlapping with the
first and second time intervals (block 816). The second base station may
reduce its transmit power during the third time interval in order to reduce
interference to the data from the first base station. In another design,
the UE may receive a reference signal from the first base station in a
third time interval. The reference signal may be sent from the second base
station in a fourth time interval that is non-overlapping with the third
time interval. The UE may process the reference signal from the first base
station to obtain channel information (e.g., a channel response estimate, a
channel quality estimate, etc.) for the first base station. FIG. 9 shows a
design of an apparatus 900 for receiving an overhead channel in a wireless
communication network. Apparatus 900 includes a module 912 to receive an
overhead channel from a first base station in a first time interval, with
the overhead channel being sent from a second base station in a second time
interval non-overlapping with the first time interval, a module 914 to
process the overhead channel from the first base station to recover
information for the first base station, and a module 916 to receive data
from the first base station in a third time interval non-overlapping with
the first andsecond time intervals, with the second base station reducing
its transmit power during the third time interval to reduce interference to
the data from the first base station. FIG. 10 shows a design of a process
1000 for sending an overhead channel in a wireless communication network.
Process 1000 may be performed by a first base station (e.g., an eNB, a
relay station, etc.), as described below, or by some other entity. The
first base station may generate an overhead channel comprising information
for the first base station (block 1012). The overhead channel may comprise
any of the channels and signals described above. The first base station may
send the overhead channel in a first time interval (block 1014). The
overhead channel may also be sent from a second base station (e.g., an eNB,
a relay station, etc.) in a second time interval that may be nonoverlapping
with the first time interval. For subframe offset, the first and second
time intervals may belong in non-overlapping subframes with the same
subframe index determined based on different frame timing for the two base
stations, e.g., as shown in FIG. 4A. For symbol offset, the first and
second time intervals may cover non-overlapping symbol periods with the
same symbol period index determined based on different frame timing, e.g.,
as shown in FIG. 5A. For subframe offset and symbol offset, the first and
second time intervals may belong in non-overlapping subframes with the same
subframe index or may cover nonoverlapping symbol periods with the same
symbol period index determined based on different frame timing, e.g., as
shown in FIG. 6. For TDM, the first and second time intervals may cover
non-overlapping symbol periods with different symbol period indices
determined based on the same frame timing, e.g., as shown in FIG. 7. The
first base station may reduce its transmit power during the second time
interval in order to reduce interference to the overhead channel from the
second base station (block 1016). The first base station may lower its
transmit power (possibly to zero) or may 



spatially steer its transmission away from one or more UEs. The first base
station may also set a subframe comprising the second time interval as an
MBSFN subframe, transmit control information for the MBSFN subframe in the
subframe, and not transmit in the remaining part of the subframe. The first
base station may send data to at least one UE in a third time interval that
may be non-overlapping with the first and second time intervals (block
1018). The second base station may reduce its transmit power during the
third time interval in order to reduce interference to the data from the
first base station.FIG. 11 shows a design of an apparatus 1100 for sending
an overhead channel in a wireless communication network. Apparatus 1100
includes a module 1112 to generate an overhead channel comprising
information for a first base station, a module 1 1 14 to send the overhead
channel from the first base station in a first time interval, with the
overhead channel being sent from a second base station in a second time
interval nonoverlapping with the first time interval, a module 1116 to
reduce transmit power of the first base station during the second time
interval to reduce interference to the overhead channel from the second
base station, and a module 1118 to send data from the first base station in
a third time interval non-overlapping with the first and second time
intervals, with the second base station reducing transmit power during the
third time interval to reduce interference to the data from the first base
station. The modules in FIGS. 9 and 11 may comprise processors, electronics
devices, hardware devices, electronics components, logical circuits,
memories, software codes, firmware codes, etc., or any combination thereof.
FIG. 12 shows a block diagram of a design of a base station/eNB 110 and a
UE 120, which may be one of the base stations/eNBs and one of the UEs in
FIG. 1. Base station 110 may be equipped with T antennas 1234a through
1234t, and UE 120 may be equipped with R antennas 1252a through 1252r,
where in general T > 1 and R > 1. At base station 110, a transmit processor
1220 may receive data for one or more UEs from a data source 1212, process
(e.g., encode, interleave, and modulate) the data, and provide data
symbols. Transmit processor 1220 may also receive information for overhead
channels from a controller/processor 1240, process the information, and
provide overhead symbols. A transmit (TX) multiple-input multiple-output
(MIMO) processor 1230 may perform spatial processing (e.g., precoding) on
the data symbols, the overhead symbols, and/or pilot symbols, if
applicable, and may provide T output symbol streams to T modulators (MODs)
1232a through 12321 Each modulator 1232 may process a respective output
symbol stream (e.g., for OFDM, etc.) to obtain an output sample stream.
Each modulator 1232 may further process (e.g., convert to analog, amplify,
filter, and upconvert) the output sample stream to obtain a downlink
signal. T downlink signals from modulators 1232a through 1232t may be
transmitted via T antennas 1234a through 1234t, respectively. At UE 120,
antennas 1252a through 1252r may receive the downlink signals from base
station 110 and may provide received signals to demodulators (DEMODs)
1254athrough 1254r, respectively. Each demodulator 1254 may condition
(e.g., filter, amplify, downconvert, and digitize) a respective received
signal to obtain received samples. Each demodulator 1254 may further
process the received samples (e.g., for OFDM, etc.) to obtain received
symbols. A MIMO detector 1256 may obtain received symbols from all R
demodulators 1254a through 1254r, perform MIMO detection on the received
symbols if applicable, and provide detected symbols. A receive processor
1258 may process (e.g., demodulate, deinterleave, and decode) the detected
symbols, provide decoded data for UE 120 to a data sink 1260, and provide
decoded information for overhead channels to a controller/processor 1280.
On the uplink, at UE 120, a transmit processor 1264 may receive and process
data from a data source 1262 and control information from
controller/processor 1280. The symbols from transmit processor 1264 may be
precoded by a TX MIMO processor 1266 if applicable, further processed by
modulators 1254a through 1254r, and transmitted to base station 110. At
base station 110, the uplink signals from UE 120 may be received 



by antennas 1234, processed by demodulators 1232, detected by a MIMO
detector 1236 if applicable, and further processed by a receive processor
1238 to obtain the data and control information sent by UE 120.
Controllers/processors 1240 and 1280 may direct the operation at base
station 110 and UE 120, respectively. Processor 1240 and/or other
processors and modules at base station 110 may perform or direct process
1000 in FIG. 10 and/or other processes for the techniques described herein.
Processor 1280 and/or other processors and modules at UE 120 may perform or
direct process 800 in FIG. 8 and/or other processes for the techniques
described herein. Memories 1242 and 1282 may store data and program codes
for base station 110 and UE 120, respectively. A scheduler 1244 may
schedule UEs for data transmission on the downlink and uplink and may
provide resource grants for the scheduled UEs. Those of skill in the art
would understand that information and signals may be represented using any
of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that
may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.Those of skill
would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure. The various
illustrative logical blocks, modules, and circuits described in connection
with the disclosure herein may be implemented or performed with a
general-purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be
a microprocessor, but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A
processor may 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 such configuration. The steps of a method or algorithm
described in connection with the disclosure herein may be embodied directly
in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the processor such that the
processor can read information from, and write information to, the storage
medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The
ASIC may reside in a user terminal. In the alternative, the processor and
the storage medium may reside as discrete components in a user terminal.In
one or more exemplary designs, the functions described may be implemented
in hardware, software, firmware, or any combination thereof. If implemented
in software, the functions may 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
may be any available media that can be accessed by a general purpose or
special purpose computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired
program code means in the form of instructions or data structures and that
can be accessed by a general-purpose or special-purpose computer, or a
general-purpose or special-purpose processor. Also, 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. The
previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to
the disclosure will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other variations
without departing from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and designs
described herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein. WHAT IS CLAIMED IS:CLAIMS
1. A method for wireless communication, comprising: receiving an overhead
channel from a first base station in a first time interval, the overhead
channel being sent from a second base station in a second time interval
non-overlapping with the first time interval; and processing the overhead
channel from the first base station to recover information for the first
base station. 2. The method of claim 1, further comprising: receiving the
overhead channel from the second base station in the second time interval;
and processing the overhead channel from the second base station to recover
information for the second base station. 3. The method of claim 1, wherein
the first base station has a first frame timing that is offset from a
second frame timing of the second base station by an integer number of
subframes, and wherein the first and second time intervals belong in
nonoverlapping subframes with same subframe index determined based on the
first and second frame timing. 4. The method of claim 1, wherein the first
base station has a first frame timing that is offset from a second frame
timing of the second base station by an integer number of symbol periods,
and wherein the first and second time intervals cover nonoverlapping symbol
periods with same symbol period index determined based on the first and
second frame timing. 5. The method of claim 1, wherein the first base
station has a first frame timing that is offset from a second frame timing
of the second base station by an integer number of subframes and an integer
number of symbol periods, and wherein the first and second time intervals
cover non-overlapping symbol periods with same symbol period index
determined based on the first and second frame timing.6. The method of
claim 1, wherein the first and second base stations have same frame timing,
and wherein the first and second time intervals cover nonoverlapping 



symbol periods with different symbol period indices. 7. The method of claim
1, wherein the second base station reduces transmit power during the first
time interval to reduce interference to the overhead channel from the first
base station. 8. The method of claim 1, wherein the first base station
reduces transmit power during the second time interval to reduce
interference to the overhead channel from the second base station. 9. The
method of claim 1, wherein the second base station sets a subframe
comprising the first time interval as a Multicast Broadcast Multimedia
Services (MBMS) Single Frequency Network (MBSFN) subframe, transmits
control information for the MBSFN subframe in the subframe, and does not
transmit in remaining part of the subframe. 10. The method of claim 1,
wherein the overhead channel comprises at least one of a primary
synchronization signal, a secondary synchronization signal, a physical
broadcast channel (PBCH), a physical control format indicator channel
(PCFICH), a physical downlink control channel (PDCCH), and a physical HARQ
indicator channel (PHICH). 11. The method of claim 1, wherein the overhead
channel is sent by the first and second base stations in a subset of a
plurality of subframes in each frame. 12. The method of claim 1, wherein
the overhead channel is sent by the first and second base stations in a
subset of a plurality of symbol periods in each subframe.13. The method of
claim 1, wherein the overhead channel comprises a primary synchronization
signal and a secondary synchronization signal, the method further
comprising: detecting for the first base station based on the primary and
secondary synchronization signals from the first base station; and
detecting for the second base station based on the primary and secondary
synchronization signals from the second base station. 14. The method of
claim 1, further comprising: receiving a reference signal from the first
base station in a third time interval, the reference signal being sent from
the second base station in a fourth time interval nonoverlapping with the
third time interval; and processing the reference signal from the first
base station to obtain channel information for the first base station. 15.
The method of claim 1, wherein the first base station has a first transmit
power level that is lower than a second transmit power level of the second
base station. 16. The method of claim 1, wherein the first base station has
unrestricted access and the second base station has restricted access. 17.
The method of claim 1, further comprising: receiving data from the first
base station in a third time interval non-overlapping with the first and
second time intervals, wherein the second base station reduces transmit
power during the third time interval to reduce interference to the data
from the first base station. 18. An apparatus for wireless communication,
comprising: means for receiving an overhead channel from a first base
station in a first time interval, the overhead channel being sent from a
second base station in a second time interval non-overlapping with the
first time interval; and means for processing the overhead channel from the
first base station to recover information for the first base station.19.
The apparatus of claim 18, wherein the first base station has a first frame
timing that is offset from a second frame timing of the second base station
by an integer number of subframes, and wherein the first and second time
intervals belong in nonoverlapping subframes with same subframe index
determined based on the first and second frame timing. 20. The apparatus of
claim 18, wherein the first base station has a first frame 



timing that is offset from a second frame timing of the second base station
by an integer number of symbol periods, and wherein the first and second
time intervals cover nonoverlapping symbol periods with same symbol period
index determined based on the first and second frame timing. 21. The
apparatus of claim 18, wherein the first and second base stations have same
frame timing, and wherein the first and second time intervals cover
nonoverlapping symbol periods with different symbol period indices. 22. The
apparatus of claim 18, further comprising: means for receiving data from
the first base station in a third time interval nonoverlapping with the
first and second time intervals, wherein the second base station reduces
transmit power during the third time interval to reduce interference to the
data from the first base station. 23. An apparatus for wireless
communication, comprising: at least one processor configured to receive an
overhead channel from a first base station in a first time interval, the
overhead channel being sent from a second base station in a second time
interval non-overlapping with the first time interval, and to process the
overhead channel from the first base station to recover information for the
first base station. 24. The apparatus of claim 23, wherein the first base
station has a first frame timing that is offset from a second frame timing
of the second base station by an integer number of subframes, and wherein
the first and second time intervals belong in nonoverlapping subframes with
same subframe index determined based on the first and second frame timing.
25. The apparatus of claim 23, wherein the first base station has a first
frame timing that is offset from a second frame timing of the second base
station by an integer number of symbol periods, and wherein the first and
second time intervals cover nonoverlapping symbol periods with same symbol
period index determined based on the first and second frame timing. 26. The
apparatus of claim 23, wherein the first and second base stations have same
frame timing, and wherein the first and second time intervals cover
nonoverlapping symbol periods with different symbol period indices. 27. The
apparatus of claim 23, wherein the at least one processor is configured to
receive data from the first base station in a third time interval
nonoverlapping with the first and second time intervals, and wherein the
second base station reduces transmit power during the third time interval
to reduce interference to the data from the first base station. 28. A
computer program product, comprising: a computer-readable medium
comprising: code for causing at least one computer to receive an overhead
channel from a first base station in a first time interval, the overhead
channel being sent from a second base station in a second time interval
non-overlapping with the first time interval, and code for causing the at
least one computer to process the overhead channel from the first base
station to recover information for the first base station. 29. A method for
wireless communication, comprising: generating an overhead channel
comprising information for a first base station; andsending the overhead
channel from the first base station in a first time interval, the overhead
channel being sent from a second base station in a second time interval
non-overlapping with the first time interval. 30. The method of claim 29,
wherein the first base station has a first frame timing that is offset from
a second frame timing of the second base station by an integer number of
subframes, and wherein the first and second time intervals belong in
nonoverlapping subframes with same subframe index determined based on the
first and second frame timing. 



31. The method of claim 29, wherein the first base station has a first
frame timing that is offset from a second frame timing of the second base
station by an integer number of symbol periods, and wherein the first and
second time intervals cover nonoverlapping symbol periods with same symbol
period index determined based on the first and second frame timing. 32. The
method of claim 29, wherein the first and second base stations have same
frame timing, and wherein the first and second time intervals cover
nonoverlapping symbol periods with different symbol period indices. 33. The
method of claim 29, further comprising: reducing transmit power of the
first base station during the second time interval to reduce interference
to the overhead channel from the second base station. 34. The method of
claim 29, further comprising: setting a subframe comprising the second time
interval as a Multicast Broadcast Multimedia Services (MBMS) Single
Frequency Network (MBSFN) subframe; transmitting control information for
the MBSFN subframe in the subframe; and not transmitting in remaining part
of the subframe. 35. The method of claim 29, wherein the overhead channel
comprises at least one of a primary synchronization signal, a secondary
synchronization signal, a physical broadcast channel (PBCH), a physical
control format indicator channel (PCFICH), aphysical downlink control
channel (PDCCH), and a physical HARQ indicator channel (PHICH). 36. The
method of claim 29, further comprising: sending data from the first base
station in a third time interval non-overlapping with the first and second
time intervals, wherein the second base station reduces transmit power
during the third time interval to reduce interference to the data from the
first base station. 37. An apparatus for wireless communication,
comprising: means for generating an overhead channel comprising information
for a first base station; and means for sending the overhead channel from
the first base station in a first time interval, the overhead channel being
sent from a second base station in a second time interval non-overlapping
with the first time interval. 38. The apparatus of claim 37, further
comprising: means for reducing transmit power of the first base station
during the second time interval to reduce interference to the overhead
channel from the second base station. 39. The apparatus of claim 37,
further comprising: means for sending data from the first base station in a
third time interval nonoverlapping with the first and second time
intervals, wherein the second base station reduces transmit power during
the third time interval to reduce interference to the data from the first
base station. 


