
DIMERIC IAP ANTAGONISTS [0001] This application claims
priority to and benefit of U.S. Provisional
Application No. 60/820,156 entitled "Dimeric IAP
inhibitors" filed on July 24, 2006; the entire
contents of which is hereby incorporated by reference
in its entirety. [0002] Apoptosis (programmed cell
death) plays a central role in the development and
homeostasis of all multi-cellular organisms. Apoptosis
can be initiated within a cell from an external factor
such as a chemokine (an extrinsic pathway) or via an
intracellular event such a DNA damage (an intrinsic
pathway). Alterations in apoptotic pathways have been
implicated in many types of human pathologies,
including developmental disorders, cancer, autoimmune
diseases, as we]] as neurodegenerative disorders. One
mode of action of chemotherapeutic drugs is cell death
via apoptosis. f0003J Apoptosis is conserved across
species and executed primarily by activated caspases,
a family of cysteine proteases with aspartate
specificity in their substrates. These cysteine
containing aspartate specific proteases ("caspases")
are produced in cells as catalytically inactive
zymogens and are proteolytically processed to become
active proteases during apoptosis. Once activated,
effector caspases are responsible for proteolytic
cleavage of a broad spectrum of cellular targets that
ultimately lead to ceU death. In norma} surviving
cells that have not received an apoptotic stimulus,
most caspases remain inactive. If caspases are
aberrantly activated, their proteolytic activity can
be inhibited by a family of evolutionarily conserved
proteins called IAPs (inhibitors of apoptosis
proteins). [0004} The IAP family of proteins
suppresses apoptosis by preventing the activation of
procaspases and inhibiting the enzymatic activity of
mature caspases. Several distinct mammalian IAPs
including XIAP, c-IAPl, C-IAP2, ML-IAP, NAIP (neuronal
apoptosis inhibiting protein), Bruce, and survivin,
have been identified, and they all exhibit
anti-apoptoticactivity in cell culture. IAPs were
originally discovered in baculovirus by their
functional ability to substitute for P35 protein, an
anti-apoptotic gene. IAPs have been described in
organisms ranging from Drosophila to human, and are
known to be overexpressed in many human cancers.
Generally speaking, IAPs comprise one to three
Baculovirus IAP repeat (BIR) domains, and most of them
also possess a carboxyl-terminal RING finger motif.
The BIR domain itself is a zinc binding domain of
about 70 residues comprising 4 alpha-helices and 3
beta strands, with cysteine and histidine residues
that coordinate the zinc ion. It is the BIR domain
that is believed to cause the anti-apoptotic effect by
inhibiting the caspases and thus inhibiting apoptosis.
XIAP is expressed ubiquitously in most adult and fetal
tissues. Overexpression of XIAP in tumor cells has
been demonstrated to confer protection against a
variety of pro-apoptotic stimuli and promotes
resistance to chemotherapy. Consistent with this, a
strong correlation between XIAP protein levels and
survival has been demonstrated for patients with acute
myelogenous leukemia. Down-regulation of XIAP
expression by antisense oligonucleotides has been
shown to sensitize tumor cells to death induced by a
wide range of pro-apoptotic agents, both in vitro and
in vivo. Smac/DIABLO-derived peptides have also been
demonstrated to sensitize a number of different tumor
cell lines to apoptosis induced by a variety of
pro-apoptotic drugs. [0005] In normal cells signaled
to undergo apoptosis, however, the IAP-mediated
inhibitory effect must be removed, a process at least
in part performed by a mitochondrial protein named
Smac (second mitochondrial activator of caspases).
Smac (or, DIABLO), is synthesized as a precursor
molecule of 239 amino acids; the N-terminal 55
residues serve as the mitochondria targeting sequence
that is removed after import. The mature form of Smac
contains 184 amino acids and behaves as an oligomer in
solution, Smac and various fragments thereof have been
proposed for use as targets for identification of
therapeutic agents.[0006] Smac is synthesized in the
cytoplasm with an N-terminal mitochondrial targeting
sequence that is proteolytically removed during
maturation to the mature polypeptide and is then
targeted to the inter-rnembrane space of mitochondria.
At the time of apoptosis induction, Smac is released
from mitochondria into the cytosol, together with
cytochrome c, where it binds to IAPs, and enables
caspase activation, therein eliminating the inhibitory
effect of IAPs on apoptosis. Whereas cytochrome c
induces multimerization of Apaf-1 to activate
rrocaspase-9 and -3, Smac eliminates the inhibitory
effect of multiple IAPs. Smac interacts with 



essentially all IAPs that have been examined to date
including XIAP, c-IAP 1, C-IAP2, ML-IAP, and survivin.
Thus, Smac appears to be a master regulator of
apoptosis in mammals. [0007] It has been shown that
Smac promotes not only the proteolytic activation of
procaspases, but also the enzymatic activity of mature
caspase, both of which depend upon its ability to
interact physically with IAPs. X-ray crystallography
has shown that the first four amino acids (AVPI) of
mature Smac bind to a portion of IAPs. This N-terminal
sequence is essential for binding IAPs and blocking
their anti-apoptotic effects. [0008] Current trends in
cancer drug design focus on selective targeting to
activate the apoptotic signaling pathways within
tumors while sparing normal cells. The rumor specific
properties of specific chemotherapeutic agents, such
as TRAIL have been reported. The tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) is
one of several members of the rumor necrosis factor
(TNF) superfamily that induce apoptosis through the
engagement of death receptors, TRAIL interacts with an
unusually complex receptor system, which in humans
comprises two death receptors and three decoy
receptors. TRAIL has been used as an anti cancer agent
alone and in combination with other agents including
ionizing radiation. TRAIL can initiate apoptosis in
cells that overexpress the survival factors Bcl-2 and
BcI-XL, and mayrepresent a treatment strategy for
tumors that have acquired resistance to
chemotherapeutic drugs. TRAIL binds its cognate
receptors and activates the caspase cascade utilizing
adapter molecules such as TRADD. TRAIL signaling can
be inhibited by overexpression of cIAP-1 or 2,
indicating an important role for these proteins in the
signaling pathway. Currently, five TRAIL receptors
have been identified. Two receptors TRAIL-Rl (DR4) and
TRAIL-R2 (DR5) mediate apoptotic signaling, and three
non-functional receptors, DcRl, DcR2, and
osteoprotegerin (OPG) may act as decoy receptors.
Agents that increase expression of DR4 and DR5 may
exhibit synergistic anti-tumor activity when combined
with TRAIL. [0009J The basic biology of how IAP
antagonists work suggests that they may complement or
synergize other chemotherapeutic/anti-neoplastic
agents and/or radiation.
Chemotherapeutic/anti-neoplastic agents and radiation
would be expected to induce apoptosis as a result of
DNA damage and/or the disruption of cellular
metabolism. [0010] Inhibition of the ability of a
cancer cell to replicate and/or repair DNA damage will
enhance nuclear DNA fragmentation and thus will
promote the cell to enter the apoptotic pathway.
Topoisomerases, a class of enzymes that reduce
supercoiling in DNA by breaking and rejoining one or
both strands of the DNA molecule, are vital to
cellular processes, such as DNA replication and
repair. Inhibition of this class of enzymes impairs
the cells ability to replicate as well as to repair
damaged DNA and activates the intrinsic apoptotic
pathway. [0011] The main pathways leading from
topoisomerase-mediated DNA damage to cell death
involve activation of caspases in the cytoplasm by
proapoptotic molecules released from mitochondria,
such as Smac. The engagement of these apoptotic
effector pathways is tightly controlled by upstream
regulatory pathways that respond to DNA
lesions-induced by topoisomerase inhibitors in cells
undergoing apoptosis. Initiation of cellular responses
to DNAlesions-induced by topoisomerase inhibitors is
ensured by the protein kinases which bind to DNA
breaks. These kinases (non-limiting examples of which
include Akt, JNK and P38) commonly called "DNA
sensors" mediate DNA repair, cell cycle arrest and/or
apoptosis by phosphorylating a large number of
substrates, including several downstream kinases,
[00121 Platinum chemotherapy drugs belong to a general
group of DNA modifying agents. DNA modifying agents
may be any highly reactive chemical compound that
bonds with various nucleophilic groups in nucleic
acids and proteins and cause mutagenic, carcinogenic,
or cytotoxic effects. DNA modifying agents work by
different mechanisms, disruption of DNA function and
cell death; DNA damage/the formation of cross-bridges
or bonds between atoms in the DNA; and induction of
mispairing of the nucleotides leading to mutations, to
achieve the same end result. Three non-limiting
examples of a platinum containing DNA modifying agents
are cisplatin, carboplatin and oxaliplatin. [0013]
Cisplatin is believed to kill cancer cells by binding
to DNA and interfering with its repair mechanism,
eventually leading to cell death. Carboplatin and
oxaliplatin are cisplatin derivatives that share the
same mechanism of action. Highly reactive platinum
complexes are 



formed intracellularly and inhibit DNA synthesis by
covalently binding DNA molecules to form intrastrand
and interstrand DNA crosslinks. [0014] Non-steroidal
anti-inflammatory drugs (NSAIDs) have been shown to
induce apoptosis in colorectal cells. NSAIDs appear to
induce apoptosis via the release of Smac from the
mitochondria (PNAS, November 30, 2004, vol. 101
:16897-1 6902). Therefore, the use of NSAIDs in
combination with Smac mimetics would be expected to
increase the activity each drug over the activity of
either drug independently,[0015J Many naturally
occurring compounds isolated from bacterial, plant,
and animals can display potent and selective
biological activity in humans including anticancer and
antineoplastic activities. In fact, many natural
products, or semi-synthetic derivatives thereof, which
possess anticancer activity, are already commonly used
as therapeutic agents; these include paclitaxel,
etoposide, vincristine, and camptothecin amongst
others. Additionally, there are many other classes of
natural products such as the indolocarbazoles and
epothilones that are undergoing clinical evaluation as
anticancer agents. A reoccurring structural motif in
many natural products is the attachment of one or more
sugar residues onto an aglycone core structure. In
some instances, the sugar portion of the natural
product is critical for making discrete proteinligand
interactions at its site of action (i.e.,
pharmacodynamics) and removal of the sugar residue
results in significant reductions in biological
activity. In other cases, the sugar moiety or moieties
are important for modulating the physical and
pharmacokinetic properties of the molecule.
Rebeccamycin and staurosporine are representative of
the sugar-linked indolocarbazole family of anticancer
natural products with demonstrated anti-kinase and
antitopoisomerase activity. SUMMARY OF THE INVENTION
[0016J The present invention provides IAP antagonists
that are peptidomimetic compounds that mimic the
tertiary binding structure and activity of the
N-terminal four amino acids of mature Smac to IAPs.
The invention also provides methods of using these
mimetics to modulate apoptosis and further for
therapeutic purposes. [0017] In one aspect of the
present invention, an IAP antagonist that is a
homodimeric or heterodimeric compound having the
general formula (I), depicted below, and
pharmaceutically acceptable salts thereof. Solvates
including hydrates, stereoisomers
includingenantiomers, crystalline forms including
polymorphs, and the like are encompassed within the
scope of the invention. [0018] Another embodiment of
the present invention is the therapeutic combination
of compounds of the present invention with TRAIL or
other chemical or biological agents which bind to and
activate the TRAIL receptor(s). TRAIL has received
considerable attention recently because of the finding
that many cancer cell types are sensitive to
TRAIL-induced apoptosis, while most normal cells
appear to be resistant to this action of TRAIL.
TRAIL-resistant cells may arise by a variety of
different mechanisms including loss of the receptor,
presence of decoy receptors, or overexpression of FLIP
which competes for zymogen caspase-8 binding during
DISC formation. In TRAIL resistance, Smac mimetics
increase tumor cell sensitivity to TRAIL leading to
enhanced cell death, the clinical correlations of
which are expected to be increased apoptotic activity
in TRAIL resistant tumors, improved clinical response,
increased response duration, and ultimately, enhanced
patient survival rate. In support of this, reduction
in XIAP levels by in vitro antisense treatment has
been shown to cause sensitization of resistant
melanoma cells and renal carcinoma cells to TRAIL
(Chawla-Sarkar, et al., 2004). The Smac mimetics
disclosed herein bind to IAPs and inhibit their
interaction with caspases, therein potentiating
TRAIL-induced apoptosis. [0019] Another embodiment of
the present invention provides Smac mimetics which act
synergistically with topoismerase inhibitors to
potentiate their apoptotic inducing effect.
Topoisomerase inhibitors inhibit DNA replication and
repair, thereby promoting apoptosis and have been used
as chemothernotherapeutic agents. Topoisomerase
inhibitors promote DNA damage by inhibiting the
enzymes that are required in the DNA repair process.
Therefore,export of Smac from the mitochondria into
the cell cytosol is provoked by the DNA damage caused
by topoisomerase inhibitors. [0020] Topoisomerase
inhibitors of both the Type I class (camptothecin,
topotecan, SN- 



38 (irinotecan active metabolite) and the Type II
class (etoposide) show potent synergy with the Smac
mimetics of the invention in a multi-resistant
glioblastoma cell line (T98G), breast cancer line
(MDA-MB-231), and ovarian cancer line (OVCAR-3) among
others. Further examples of topoisomerase inhibiting
agents that may be used include, but are not limited
to, irinotecan, topotecan, etoposide, amsacrine,
exatecan, girnatecan, etc. Other topoisomerase
inhibitors include, for example, Aclacinomycin A,
camptothecin, daunorubicin, doxorubicin, ellipticine,
epirubicin, and mitaxantrone. [0021] In another
embodiment of the invention, the
chemotherapeutic/anti-neoplastic agent may be a
platinum containing compound. In one embodiment of the
invention the platinum containing compound is
cisplatin. Cisplatin can synergize with a Smac
peptidomimetic and potentiate the inhibition of an
IAP, such as but not limited to XIAP, cIAP-1, c-IAP-2,
MLIAP3 etc. In another embodiment a platinum
containing compound is carboplatin. Carboplatin can
synergize with a Smac peptidomimetic and potentiate
the inhibition of an IAP, including, but not limited
to, XIAP, cIAP-1, c-IAP-2, ML-IAP, etc." In another
embodiment a platinum containing compound is
oxaliplatin. The oxaliplatin can synergize with a Smac
peptidomimetic and potentiate the inhibition of an
IAP, including, but not limited to, XIAP, cIAP-1,
c-IAP-2, ML-IAP, etc. [0022] In another embodiment of
the invention, the chemotherapeutic/anti-neoplastic
agent that synergizes with a compound according to the
present invention is a taxane. Taxanesare
anti-mitotic, mitotic inhibitors or microtubule
polymerization agents. Taxanes include but are not
limited to, docetaxel and paclitaxel. [0023] Taxanes
are characterized as compounds that promote assembly
of microtubules by inhibiting tubulin
depolymerization, thereby blocking cell cycle
progression through centrosomal impairment, induction
of abnormal spindles and suppression of spindle
microtubule dynamics. The unique mechanism of action
of taxane is in contrast to other microtubule poisons,
such as Vinca alkaloids, colchicine, and
cryptophycines, which inhibit tubulin polymerization.
Microtubules are highly dynamic cellular polymers made
of alpha-beta-tubulin and associated proteins that
play key roles during mitosis by participating in the
organization and function of the spindle, assuring the
integrity of the segregated DNA. Therefore, they
represent an effective target for cancer therapy.
[0024] In another embodiment, any agent that activates
the intrinsic apoptotic pathway and/or causes the
release of Smac or cytochrome c from the mitochondria
has the potential to act synergistically with a Smac
mimetic. [0025] A combination of a Smac peptidomimetic
and a chemotherapeutic/anti neoplastic agent and/or
radiation therapy of any type that activates the
intrinsic pathway may provide a more effective
approach to destroying rumor cells. Smac
peptidomimetics interact with IAP's, such as XIAP,
cIAP-1, cIAP-2, ML-IAP, etc., and block the IAP
mediated inhibition of apoptosis while
chemotherapeutics/anti neoplastic agents and/or
radiation therapy kills actively dividing cells by
activating the intrinsic apoptotic pathway leading to
apoptosis and cell death. As is described in more
detail below, embodiments of the invention provide
combinations of a Smac pepidomimetc and a
chemotherapeutic/anti-neoplastic agent and/or
radiation which provide a synergistic action against
unwanted cell proliferation. This synergistic action
betweena Smac peptidomiraetic and a
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy can improve the efficiency of the
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy. This will allow for an increase in
the effectiveness of current
chemotherapeutic/antineoplastic agents or radiation
treatment allowing the dose of the
chemotherapeutic/antineoplastic agent to be lowered,
therein providing both a more effective dosing
schedule as well as a more tolerable dose of
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy. [0026] For simplicity and
illustrative purposes, the principles of the invention
are described by referring mainly to specific
illustrative embodiments thereof. In addition, in the
following description, numerous specific details are
set forth in order to provide a thorough understanding
of the invention. It will be apparent however, to one
of ordinary skill in the art, that the invention may
be practiced without limitation to these specific
details. In other instances, well known methods and
structures have not been described in detail so as not
to 



unnecessarily obscure the invention. Definitions
[0027] "Alkyl" and "alkylene" mean a branched or
unbranched, saturated or unsaturated (i. e. alkenyl,
alkenylene, alkynyl, alkynylene) non-cyclic aliphatic
hydrocarbon group, having up to 12 carbon atoms unless
otherwise specified. (However, if alkenylene is
specified but alkynylene is not, then alkynylene is
excluded. E.g., "alkylene or alkenylene" excludes
alkynylene.) When used as part of another term, for
example, "alkylamino", the alkyl portion may be a
saturated hydrocarbon chain, however also includes
unsaturated hydrocarbon carbon chains such as
"alkenylamino" and "alkynylamino". Examples of
particular alkyl groups include methyl, ethyl,
n-propyl, isopropyl, n- butyl, iso-butyl, sec-butyl,
tert-butyl, n-pentyl, 2- methylbutyl, 2,2-dimethylpro
ryl, n-hexyl, 2- methylpentyl, 2,2-dimethylbutyl,
n-heptyl, 3-heptyl, 2-methylhexyl, and the like. The
terms "lower alkyl", "C|-C4 alkyl" and "alkyl ofl to 4
carbon atoms" are synonymous and used interchangeably
to mean methyl, ethyl, 1-propyl, isopropyl,
cyclopropyl, 1-butyl, sec-butyl or t-butyl. Unless
specified, optionally substituted alkyl groups may
contain one, two, three or four substituents which may
be the same or different. Examples of the above
substituted alkyl groups include, but are not limited
to; cyanomethyl, nitromethy], hydroxymethyl,
trityloxymethyl, propionyloxymethyl, aminomethyl,
carboxymethyl, carboxyethyl, carboxypropyl,
alkyloxycarbonylmethyl, allyloxycarbonylaminornethyl,
carbamoyloxymethyl, methoxymethyl, ethoxymethyl,
tbutoxymethyl, acetoxymethyl, chloromethyl,
bromomethyl, iodomethyl, trifluoromethyl, 6-
hydroxyhexyl, 2,4-dichloro (n-butyl), 2-amino
(iso-propyl), 2-carbamoyloxyethyl and the like. The
alkyl group may also be substituted with a carbocycle
group. Examples include cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, and
cyclohexylmethyl groups, as well as the
corresponding-ethyl, -propyl, -butyl, -pentyl, -hexyl
groups, etc. Particular substituted alkyls are
substituted methyl groups. Examples of the substituted
methyl group include groups such as hydroxymethyl,
protected hydroxymethyl (e.g.,
tetrahydropyranyloxymethyl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethyl, chloromethyl,
carboxymethyl, bromomethyl and iodomethyl. [0028]
"Cycloalkyl" means a saturated or unsaturated cyclic
aliphatic hydrocarbon group, having up to 12 carbon
atoms unless otherwise specified and includes cyclic
and polycyclic, including fused cycloalkyl. [0029]
"Amino" denotes primary (i.e., -NH ), secondary (i.e.,
-NRH) and tertiary (i.e., - NRR) amines.[0030]
Particular secondary and tertiary amines are
alkylamine, dialkylamine, arylamine, diarylamine,
aralkylamine and diaralkylamine. Particular secondary
and tertiary amines are methylamine, ethylamine,
propylamine, isopropylamine, phenylamine, benzylamine
dimethylamine, diethylamine, dipropylamine and
disopropylami pe. [0031] "Aryl" when used alone or as
part of another term means a carbocyclic aromatic
group whether or not fused having the number of carbon
atoms designated or if no number is designated, up to
14 carbon atoms. Particular aryl groups include
phenyl, naphthyl, biphenyl, phenanthrenyl,
naphthacenyl, and the like (see e . g. Lang's Handbook
of Chemistry (Dean, J . A., ed) 13th ed. Table 7-2
[1985]). In a particular embodiment an aryl group is
phenyl. Optionally substituted phenyl or optionally
substituted aryl denotes a phenyl group or aryl group
that may be substituted with one, two, three, four or
five substituents chosen, unless otherwise specified,
from halogen (F, Cl, Br, I), hydroxy, protected
hydroxy, cyano, nitro, alkyl (such as Q-C 6 alkyl),
alkoxy (such as Q-C alkoxy), benzyloxy, carboxy,
protected carboxy, carboxymethyl, protected
carboxymethyl, hydroxymethyl, protected hydroxymethyl,
aminomethyl, protected aminomethyl, trifluoromethyl,
alkylsulfonylamino, arylsulfonylamino,
heterscyclylsulfonylamino, heterocyclyl, aryl, or
other groups specified. One or more methyne (CH)
and/or methylene (CH2) groups in these substituents
may in turn be substituted with a similar group as
those denoted above. Examples of the term "substituted
phenyl" includes but is not limited to a mono-or di
(halo) phenyl group such as 2-chlorophenyl, 2-
bromophenyl, 4-chIorophenyl, 2,6- dichlorophenyl,
2,5-dichlorophenyl, 3,4-dichlorophenyl, 3-
chlorophenyl, 3-bromophenyl, 4- bromophenyl,
3,4-dibromophenyl, 3-chloro-4-fluorophenyl, 2-
fluorophenyl and the like; a 



mono-or di (hydroxy) phenyl group such as
4-hydroxyphenyl, 3- hydroxyphenyl, 2,4-
dihydroxyphenyl, the protected-hydroxy derivatives
thereof and the like; a nitrophenyl groupsuch as 3-or
4-nitrophenyl; a cyanophenyl group, for example,
4-cyanophenyl; a mono-or di (lower alkyl) phenyl group
such as 4-methylphenyl, 2,4-dimethylpheny], 2-
methylphenyl, 4- (iso-propyl) phenyl, 4-ethylphenyl,
3- (n-propyl) phenyl and the like; a mono or di
(alkoxy) phenyl group, for example,
3,4-dimethoxyphenyl, 3-methoxy-4-benzyloxyphenyl, 3-
methoxy-4- (1-chloromethyl) benzyloxy-phenyl,
3-ethoxyphenyl, 4- (isopropoxy) phenyl, 4- (t-butoxy)
phenyl, 3-ethoxy-4-methoxyphenyl and the like; 3-or
4-trifluoromethylrhenyl; a mono- or dicarboxyphenyl or
(protected carboxy) phenyl group such
4-carboxyphenyl,; a mono-or di (hydroxymethyl) phenyl
or (protected hydroxymethyl) phenyl such as 3-
(protected hydroxymethyl) phenyl or 3,4-di
(hydroxymethyl) phenyl; a mono-or di (aminomethyl)
phenyl or (protected aminomethyl) phenyl such as 2-
(aminomethyl) phenyl or 2, 4- (protected aminomethyl)
phenyl; or a mono-or di (N- (methylsulfonylamino))
phenyl such as 3- (Nmethylsulfonylamino) ) phenyl.
Also, the term" substituted phenyl" represents
disubstituted phenyl groups where the substituents are
different, for example, 3-methyl-4-hydroxyphenyl, 3-
chloro-4-hydroxyphenyl, 2-methoxy-4-bromophenyl,
4-ethyl-2-hydroxyphenyl, 3-hydroxy-4- nitrophenyl,
2-hydroxy-4-chlorophenyl, and the like, as well as
trisubstituted phenyl groups where the substituents
are different, for example
3-methoxy-4-benzyloxy-6-methyl sulfonylamino, 3-
methoxy-4-benzyloxy-6-phenyl sulfonylamino, and
tetrasubstituted phenyl groups where the substituents
are different such as
3-methoxy-4-benzyloxy-5-methyl-6-phenyl sulfonylamino.
Particular substituted phenyl groups are
2-chlorophenyl, 2-aminophenyl, 2- bromophenyl, 3-
methoxyphenyl, 3-ethoxy-phenyl, 4-benzyloxyphenyl,
4-methoxyphenyl, 3- ethoxy-4- benzyloxyphenyl,
3,4-diethoxyphenyl, 3-methoxy-4-benzyloxyphenyl,
3-methoxy-4- (1- chloromethyl) benzyloxy-phenyl,
3-methoxy-4- (l-chloromethyl)benzyloxy-6-methyl
sulfonyl aminophenyl groups. Fused aryl rings may also
be substituted with the substituentsspecified herein,
for example with 1, 2 or 3 substituents, in the same
manner as substituted alkyl groups. [0032]
"Heterocyclic group", "heterocyclic", "heterocycle",
"heterocyclyl", or "heterocyclo" alone and when used
as a moiety in a complex group such as a
heterocycloalkyl group, are used interchangeably and
refer to any mono-, bi-, or tricyclic, saturated or
unsaturated, non-aromatic ring systems having the
number of atoms designated, generally from 5 to about
4 ring atoms, where the ring atoms are carbon and at
least one heteroatom (nitrogen, sulfur or oxygen). In
a particular embodiment the group incorporates 1 to 4
heteroatoms. Typically, a 5- membered ring has 0 to 2
double bonds and 6-or 7-membered ring has 0 to 3
double bonds and the nitrogen or sulfur heteroatoms
may optionally be oxidized (e. g. SO, SO2), and any
nitrogen heteroatom may optionally be quatemized.
Particular non-aromatic heterocycles include
morpholinyl (morpholino), pyrrolidinyl, oxiranyl,
oxetanyl, tetrahydrofuranyl, 2,3- dihydrofuranyl,
2H-pyranyl, tetrahydropyranyl, aziridinyl, azetidiny],
l-methyl-2-pyrrolyl, piperazinyl and piperidinyl. For
the avoidance of doubt, "heterocycloalkyl includes
heterocycloalkyl alkyl. [0033] "Heteroaryl" alone and
when used as a moiety in a complex group such as a
heteroaralkyl group, refers to any mono-, bi-, or
tricyclic aromatic ring system having the number of
atoms designated where at least one ring is a 5-, 6-or
7-membered ring containing from one to four
heteroatoms selected from the group nitrogen, oxygen,
and sulfur (Lang's Handbook of Chemistry, supra).
Included in the definition are any bicyclic groups
where any of the above heteroaryl rings are fused to a
benzene ring. The following ring systems are examples
of the heteroaryl (whether substituted or
unsubstituted) groups denoted by the term
"heteroaryl": thienyl, furyl, imidazolyl, pyrazolyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
triazolyl,thiadiazolyl, oxadiazolyl, tetrazolyl,
thiatria2olyl, oxatriazolyl, pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, thiazipyl, oxazinyl,
triazinyl, thiadiazinyl, oxadiazinyl, dithiazinyl,
dioxazinyl, oxathiazinyl, tetrazinyl, thiatriazinyl,
oxatriazinyl, dithiadiazinyl, imidazolinyl,
dihydropyrimidyl, tetrahydropyrimidyl, tetrazolo [1,
5-b] pyridazinyl and purinyl, as well as benzo- fused
derivatives, for example benzoxazolyl, benzofuryl,
benzothiazolyl, benzothiadiazolyl, benzotriazolyl,
benzoimidazolyl and indolyl. Particularly"heteroaryls"
include; I 13~thiazol-2-yl, 4-
(carboxymethyl)-5-methyl-l, 3- thiazol-2-yl, 4-
(carboxymethyl)-5- 



methyl-1, 3-thiazol-2-yl sodium salt, 1,
2,4-thiadiazol-5-yl, 3- methyl-1, 2,4-thiadiazol-5-yl,
1, 3,4-triazol-5-yl, 2-methyl-l, 3,4-triazol-5-yl,
2-hydroxy-l, 3,4- triazol-5-yl, 2-carboxy~4-methyl- 1,
3,4-triazol-5-yl sodium salt, 2-carboxy-4-methyl-l,
3,4-triazol- 5-yl, 1, 3-oxazol-2-yl, 1, 3,4-
oxadiazo]-5-yl, 2-methyl-l, 3,4-oxadiazol-5-yl, 2-
(hydroxymethyl)- 1, 3,4-oxadiazol-5-yl, 1,
2,4-oxadiazol-5-yl, 1, 3,4-thiadiazol-5-yl, 2-thiol-l,
3,4-thiadiazol-5-yl, 2- (methylthio)-l, 3,4-
thiadiazol-5-yl, 2-amino-l, 3,4-thiadiazol-5-yl,
lH-tetrazol-5-yl, 1-methyl-1H- tetrazol-5-yl, 1-
(l-(dimethylamino) eth-2-yl)-l H-tetrazol-5-yl,
l-(carboxymethyl)-l H-tetrazol-5-yl, 1-
(carboxytpethyl)-lH-tetrazo]-5-yl sodium salt, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
2-methyl-lH-tetrazol-5-yl, 1, 2,3-triazol-5-yl,
1-methyl-1, 2,3 -triazol-5-yl, 2-methyl-l,
2,3-triazol-5-yl, 4-methyl-l, 2,3-triazol-5-yl,
pyrid-2-yl N- oxide, 6-methoxy-2-
(n-oxide)-pyridaz-3-yl, 6-hydroxypyridaz-3-yl,
l-methylpyrid-2-yl, 1- methylpyrid-4-yl,
2-hydroxypyrimid-4-yl, 1,4, 5,6-tetrahydro-5,
6-dioxo-4-methyl-as-triazin-3- yl, 1, 4,5,
6-tetrahydro-4- (formylmethyl)-5,
6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-6- hydroxy-
astriazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-as-triazin-3-yl sodium
salt, 2,5-dihydro-5- oxo-6-
hydroxy-2-methyl-astriazm-3-yl sodium salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-astriazin- 3-yl,
2,5-dihydro-5-oxo-6-methoxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-astriazin-3-yl, 2,5-
dihydro-5-oxo-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-2, 6-dimethyl-astriazin- 3-yl,
tetrazolo [1, 5-b] pyridazin-6-yl and 8-aminotetrazolo
[1, 5-b] -pyridazin-6-yl. An alternative group of
"heteroaryl" includes: 4- (carboxymethyl)-5-methyl-l,
3-thiazol-2-yl, 4- (carboxymethyl)-5-methyl-l,
3-thiazol-2-yl sodium salt, 1, 3,4-triazoI-5-yI,
2-methyl-l, 3,4- triazol-5-yl, lH-tetrazol-5-yl,
1-methyl- lH-tetrazol-5-yl, l-(l-(dimethylamino)
eth-2~yl)~lHtetrazol- 5-y], l-(carboxymethy )-
lH-tetrazol-5-yl, l-Ccarboxyrnethy^-lH-tetrazol-S-yl
sodium salt, 1- (methylsulfonic acid)-lH-
tetrazol-5-yl, 1- (methylsulfonic
acid)-lH-tetrazol-5-y] sodium salt, 1,
2,3-triazol-5-yl, 1,4, 5,6-
tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, 1, 4,5,
6- tetrahydro-4- (2-formylmethyl)-5, 6-dioxo-
as-triazin-3-yl, 2, 5-dihydro-5-oxo-6-hydroxy-2-
methyl-as-triazin-3-y  sodium salt, 2,5-dihydro-5-
oxo-6-hydroxy-2-methyl-as~triazin-3-yl, tetrazolo [1,
5-b] pyridazin-6-yl, and 8-aminotetrazolo [1, 5- b]
pyridazin-6-yl. [0034] For the avoidance of doubt,
aryl includes fused aryl which includes, for example,
naphthyl, indenyl; cycloalkyl includes fused
cycloalkyl which includes, for example,
tetrahydronaphthyl and indanyl; heteroaryl includes
fused heteroaryl which includes, for example, indoyl,
benzofuranyl, benzothienyl; fused heterocyclo includes
fused heterocycloalkyl which includes, for example,
indolinyl, isoindolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl. [0035] "Optionally
substituted" means that a H atom can be, but is not
necessarily, replaced by one or more different atoms.
One of skill in the art will readily know, or can
readily ascertain, what atoms or moieties can be
substituted for a hydrogen atom or atoms in a given
position. Typical optional substiruents are any one or
more of hydroxy, alkyl, lower alkyl, alkoxy, lower
alkoxy, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, halogen, pseudohalogen, haloaJkyl,
pseudohaloalkyl, carbonyl, carboxyl, mercapto, amino,
nitro, and thiocarbonyl, butother moieties can also be
optional substituents. So, for example, optionally
substituted nitrogen can mean an amide, sulfonamide,
urea, carbamate, alkylamines, dialkylamines,
arylamines, etc; optionally substituted alkyl includes
methyl, ethyl, propyl, isopropyl, t-butyl, etc.;
optionally substituted aryl includes phenyl, benzyl,
tolyl, pyridine, naphthyl, imidazole, etc. Reference
to a group as "optionally substituted" encompasses
that group when it is substituted as described above
or, alternatively, when it is unsubstituted. When
"optionally substituted" is used in front of or at the
end of a listing of chemical groups, all such groups
are optionally substituted (unless otherwise indicated
by context.) [0036] A "Linker" is a bond or linking
group whereby two chemical moieties are directly
covalently linked one to the other or are indirectly
linked via a chemical moiety that covalently links the
two chemical moieties, in either case, to form a homo-
or heterodimer, A Linker (L), therefore, is a single,
double, or triple covalent bond or is a contiguous
chain, branched or unbranched, substituted or
unsubstituted, of 1 to about 100 atoms, typically 1 to
about 20 atoms and typically up to about 500 MW, e.g.,
alkyl, alkylene, alkylyne, alkyloxyalkyl,
alkylarylalkyl, or optionally-substituted alkyl,
alkylene, alkylyne, alkyloxyalkyl, alkylarylalkyl 



chain of 1 to 12 atoms. Illustrative Linkers are
described, e.g., in US 20050197403 as well as in US
Patent Application Serial Number 11/363,387 filed
2/27/2006, both of which are incorporated herein by
reference as though fully set forth. [0037]
"Pseudohalogens" are binary inorganic compounds of the
general form XY, where X is a cyanide, cyanate,
thiocyanate etc. group and Y is any of X, or a true
halogen. Not all combinations are known to be stable.
Examples include cyanogen, (CN)2 and iodine cyanide,
ICN. These anions behave as halogens and the presence
of the internal double bonds or triple bonds do not
appear to affect their chemical behavior.[00381
"Inhibitor" or "antagonists" means a compound which
reduces or prevents the binding of IAP proteins to
caspase proteins or which reduces or prevents the
inhibition of apoptosis by an IAP protein, or which
binds to an IAP BIR domain in a manner similar to the
amino terminal portion of Smac, thereby freeing Smac
to inhibit the action of an IAP. [0039]
"Pharmaceutically acceptable salts" include both acid
and base addition salts. "Pharmaceutically acceptable
acid addition salt" refers to those salts which retain
the biological effectiveness and properties of the
free bases and which are not biologically or otherwise
undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, carbonic acid, phosphoric acid and the
like, and organic acids may be selected from
aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclic, carboxylic, and sulfonic classes of
organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, gluconic acid, lactic
acid, pyruvic acid, oxalic acid, malic acid, maleic
acid, maloneic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, asparh'c acid, ascorbic
acid, glutamic acid, anthranilic acid, benzoic acid,
cinnamic acid, mandelic acid, embonic acid,
phenylacetic acid, methanesulfonic acid,
erhanesulfonic acid, p-toluenesulfonic acid,
salicyclic acid and the like. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS [0040] It must also be noted
that as used herein and in the appended claims, the
singular forms "a", "an", and "the" include plural
reference unless the context clearly dictates
otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the
art. Although any methods similar or equivalent to
those described herein can be used in the practice or
testing of embodiments of the present invention, the
preferred methods are now described. All publications
and references mentioned herein are incorporated by
reference. Nothing herein is to be construed as
anadmission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
[0041] The terms "mimetic," "peptide mimetic" and
"peptidomimetic" are used interchangeably herein, and
generally refer to a peptide, partial peptide or
non-peptide molecule that mimics the tertiary binding
structure or activity of a selected native peptide or
protein functional domain (e.g., binding motif or
active site). These peptide mimetics include
recombinantly or chemically modified peptides, as well
as non-peptide agents such as small molecule drug
mimetics, as further described below. [0042] As used
herein, the terms "pharmaceutically acceptable",
"physiologically tolerable" and grammatical variations
thereof, as they refer to compositions, carriers,
diluents and reagents, are used interchangeably and
represent that the materials can be administered to a
human being. [0043] As used herein "subject" or
"patient" refers to an animal or mammal including, but
not limited to, human, dog, cat, horse, cow, pig,
sheep, goat, chicken, monkey, rabbit, rat, mouse, etc.
[0044] As used herein, the term "therapeutic" means an
agent utilized to treat, combat, ameliorate, prevent
or improve an unwanted condition or disease of a
patient. Embodiments of the present invention are
directed to promote apoptosis, and thus cell death.
[0045] The terms "therapeutically effective amount" or
"effective amount", as used herein, may be used
interchangeably and refer to an amount of a
therapeutic compound component of the present
invention. For example, a therapeutically effective
amount of a therapeutic compound is a predetermined
amount calculated to achieve the desired effect, i.e.,
toeffectively promote apoptosis, preferably by
eliminating an IAP inhibition of apoptosis, more
preferably by inhibiting an IAP binding to a caspase. 



[0046] It has been demonstrated in accordance with the
present invention that the IAPbinding compounds of the
present invention are capable of potentiating
apoptosis of cells. The following compounds are
illustrative of dimers of the present invention.
wherein Z ]a, Z a, Z)b, and Z2b are independently CH
or N; Ria and Rib are independently H or optionally
substituted hydroxy!, alkyl, cycloalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, or
heteroarylalkyl; and when R2a' is H then R a and Ria
can together form an aziridine or azetidine ring and
when R2b' is H then R b and Rib can together form an
aziridine or azetidine ring; R a, R 1, R b and R b'
are independently H or optionally substituted alkyl,
cycloalkyl, or heterocycloalkyl; or when R2a' is H
then R a and Ria can together form an aziridine or
azetidine ring and when R2b' is H then R b and Rib can
together form an aziridine or azetidine ring; R3a,
Rjb, R4a and R4b are independently H or optionally
substituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl; or, R4a and
R3a, or R4b and R3b,or both, are carbon atoms linked
by an optionally-substituted alkylene or alkenylene
group of 1 to 8 carbon atoms where one to three carbon
atoms can be replaced by N, O, S(0)n, or C=O; R.5a,
Rea, R b, and R b are independently H or optionally
substituted hydroxyl, alkyl, cycloalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroary], or
heteroarylalkyl; or R5a and R a or R5b and R b or
both, are carbon atoms linked by an
optionally-substituted alkylene or alkenylene group of
1 to 8 carbon atoms where one to three carbon atoms
can be replaced by N, O, S(O) n, or C=O; R7a, Ryb,
Rga, Rgb are independently H or optionally substituted
hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyJ; or R7a and
Rga, or R7b and Rgb, or both, can be linked by an
optionally- substituted alkylene or alkenylene group
of 3 to 8 carbon atoms where one to three carbon atoms
can be replaced by N, O, S(O),,, or C=O to form an
aromatic or non-aromatic ring; n can be the same or
different in each usage and is O 1, or 2; Xa is -O-
-N(La-R] Oa)-, -S-, optionally-substituted -C(O)-O- -
C(O)-N(La-R 1Qa)-, -N=C(La-R, oa>; Xb is -O-
-N(Lb-Riob)-, -S- optionally-substituted -C(Lb-R,
ob)=CH-, -C(O)-O-, - C(0)-N(Lb-R,ob)- , -N=C(Lb-Ri
Ob)-; La and Lb are independently a covalent bond or
C1-C4 alkylene; Wa, Wb, Rjoa, and R,ob are defined in
paragraphs (a) through (e), which follow: (a) when Wa
and Wb together are a Linker, then Xa or Xb are
independently -O-, -S-, Or-C(O)-O-; Rioa and Riob,
respectively, are absent; or (b) when Wa and Wb
together are a Linker; Xa is -N(La-R 10a)-, -C(La-Ri
oa)=CH-, - N=C(La-R 10a) - , or -C(O)-N(La-Ri 0S)-; Xb
is -N(Lb-R 10b)-, -C(Lb-R, ob)=CH-, -N=C(Lb- R,ob) - ,
or -C(O)-N(Lb-RiQb)-; R10a and Riob are independently
H or optionally substituted hydroxy], alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
or(c) when Wa and Wb together are a Linker; Xa is
-N(La-R] oa)-, -C(La-R ioa)=CH-, - N=C(La-R, oa) - or
-C(O)-N(La-R ,oa)-; Xb is -N(Lb-R, ob)-,
-C(Lb-RiOb)=CH-, -N=C(Lb- Riob) - , or -C(O)-N(Lb-Ri
ob)-; Rioa and Riob together are a Linker; or (d) when
Wa and Wb are not covalently bound, Wa and Wb are
independently H, Cl, Br, F, CN, COOH, or optionally
substituted hydroxyl, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; Xa is -N(La-Ri
Oa)-, -C(La-Ri Oa)=CH-, -N=C(La-R, oa)-, or
-C(O)-N(La-Ri oa)-; Xb is -N(Lb-Riob)-, -C(Lb-R,
()b)=CH-, -N=C(Lb-R, ob)-, or -C(O)-N(Lb-R 10b)-; Rioa
and R Ob together are a Linker; or (e) when Wa and Wb
are not covalently bound, Wa is H, Ci, Br, F, CN,
COOH, or optionally substituted hydroxyl, alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; Xa
is - N(La-Rioa)- -C(La-R iOa)=CH- -N=C(La-R 10a)- or
-C(O)-N(La-Ri 0a)-; Xb is -O- -N(Lb- Riob)- -S-,
-C(O)-N(Lb-R 10b)-; and Lb is a covalent bond, and
Riob is absent or is H or optionally substituted
hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl,
or heteroaryl; and Wb and Rioa together are a Linker.
[0047] Illustrative compounds have formula (II):
whereinXa is -N-, -C=C(R, 6a)~, -N=C- or -C(O)N-; 



Xb is -N-, -C=C(R 16b)-, -N=C- Or-C(O)N-; La and Lb
are independently a covalent bond or Ci-C alkylene; Ya
is -C-, -N-, or - N+- ; such that, When Ya is -C- then
Rioa, Rua, R a, R-i3a, Ru a , Risa, and Ri a are,
independently, -H, halogen, or optionally substituted
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
hydroxyl, alkoxy, polyalkylether, amino, alkylamino,
dialkylamino, alkoxyalkyl, sulfonate, aryloxy,
heteroaryloxy, acyl, acetyl, carboxylate, sulfonate,
sulfone, imine, or oxime; provided that when Xa is -N-
or -C(O)-N-, -Li-Rjoa is bound to the -N- atom; and,
when Xa is -C=C(R^a)- or - N=C-, -Li-R ioa is bound to
the -C= atom; and When Ya is -N- or - N+- , then Ri,a
is absent or -0-, and Rioa, Rua, R a, R a, R)5a, and
R16a are, independently, -H, halogen, or optionally
substituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, hydroxyl, alkoxy, polyalkylether, amino,
alkylamino, dialkylamino, alkoxyalkyl, sulfonate,
aryloxy, heteroaryloxy, acyl, acetyl, carboxylate,
sulfonate, sulfone, imine, or oxime; provided that
when X is -N- or -C(O)-N-, -Li-Rio is bound to the -
N- atom; and, when X is -C=C(Ri a)- or -N=C-, -Li-Rioa
is bound to the -C= atom; Yb is -C-, -N-, or - N+- ;
such that, When Yb is -C- then Riob, R]ib, R]2b, R b,
R b, Risb, and Ri6b are, independently, - H, halogen,
or optionally substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, hydroxyl, alkoxy,
polyalkylether, amino, alkylamino, dialkylamino,
alkoxyalkyl, sulfonate, aryloxy, heteroaryloxy, acyl,
acetyl, carboxylate, sulfonate, sulfone, imine, or
oxime; provided that when Xb is -N- or -C(O)-N-,
-Li-Riob is bound to the -N- atom; and, when Xb is -
C=C(Ri 6b)- or-N=C- -Ll-Riob is bound to the -C= atom;
and When Yb is -N- or - N+- , then R )b is absent or
-0-, and Riob, R b, Ri3b, R b, Risb, and Ri b are,
independently, -H, halogen, or optionally substituted
alkyl, cycloalkyl, heterocycloalkyl,aryl, heteroaryl,
hydroxyl, alkoxy, polyalkylether, amino, alkylamino,
dialkylamino, alkoxyalkyl, sulfonate, aryloxy,
heteroaryloxy, acyl, acetyl, carboxylate, sulfonate,
sulfone, imine, or oxime; provided that when Xb is -N-
or -C(O)-N-, -Ll-Ri Ob is bound to the -N- atom; and,
when Xb is -C=C(R^b)- or -N=C-, -Li-Riob is bound to
the -C= atom.[0048J Illustrative compounds have
formula (IV): [0049] In illustrative compounds of
formula I, II, or IV, when Zia is N and Z a is CH, and
Zib is N and Z2b is CH then at least one of the
following is true: (i) Rsa and R a are not both carbon
atoms linked by a single covalent bond; (ii) Rsa and R
a are both carbon atoms linked by a single covalent
bond and Rsa is disubstituted; (iii) Rsa and R a are
both carbon atoms linked by a single covalent bond and
R a is mono- or disubstituted; (iv) Rsa and Rea are
both carbon atoms linked by a single covalent bond and
R a and R4a are both carbon atoms linked by a covalent
bond or by an optionally-substituted alkylene or
alkenylene group of 1 to 8 carbon atoms where one to
three carbon atoms can be replaced by N, O, S(O)n or
C=O. (v) Rsa and R a are both carbon atoms linked by a
single covalent bond and neither R2a nor R2a' are
H.[0050J In illustrative embodiments of compounds of
formula I, II, or IV, one or any two or more of the
following limitations may apply: R a, R4a, R b, and
R4b are independently selected from H, methyl, ethyl,
isopropyl, isobutyl, sec-butyl, tert-butyl,
cycloalkyl, heterocycloalkyl, aryl, arylalkyl,
heteroaryl, or heteroarylalkyl, optionally-substituted
with hydroxyl, mercapto, sulfonyl, alkylsulfonyl,
halogen, pseudohalogen, amino, carboxyl, alkyl,
haloalky, pseudohaloalkyl, alkoxy, or alkylthio; or
R.3a, R4a, R3b, and R b are independently optionally
substituted lower alkyl or C -Cs cycloalkyl wherein
the optional substituents are hydroxy or lower alkoxy;
R a and R b are independently selected from -H,
methyl, fiuoromethyl, difluoromethyl, ethyl,
fluoroethyl, hydroxyethyl, and cycloalkyl; Ria and R)b
are independently selected from H, methyl, ally!,
propargyl, ethyl, hydroxyethyl, cycloalkyl, or
cycloalkylmethyl; 



Wa and Wb together are a covalent bond or optionally
substituted alkylene, cycloalkyl, or aryl, of 2 to 20
carbon atoms where one or more carbon atoms can be
replaced with N, O, or S(O)n; and Xa and Xb are
independently O- , -S-, Or-C(O)-O-; or Wa and Wb are
not covalently bound, and Wa and Wb are independently
H, Cl, Br, F, CN, COOH, or optionally substituted
hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl; or Wb and
Rioa (or Wa and Riob) together are a covalent bond or
optionally substituted alkylene, cycloalkyl or aryl,
of 2 to 20 carbon atoms where one or more carbon atoms
can be replaced with N, O, or S(O)n; La and Lb are
each a covalent bond; Rioa and Riob are independently
H or optionally substituted hydroxyl, alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; or
R a and R b together are an
optionally-substitutedalkylene, cycloalkyl, or aryl of
2 to 20 carbon atoms where one or more carbon atoms
can be replaced with N, O, or S(O)n; Zia and Zib are
both N and Z2a and Z2b are both C; Rioa and Rjob are
not heterocycloalky] or heteroaryl. [0051] In
illustrative embodiments, Wa, Wb, Rioa, and Riob are
defined in paragraphs (a) through (e), which follow:
(a) when Wa and Wb together are -L- and form, for
example, a covalent bond, alkylene, cycloalkyl,
heterocycloalkyl, aryi, or heteroaryl, or an
optionally-substituted alkylene, chain of 2 to 20
carbon atoms where one or more carbon atoms can be
replaced with N, O, or S(O)n; and Xa and Xb are
respectively -O-, -S-, or -C(O)-O-; R a and RiOb are
absent; (b) when Wa and Wb together are -L- and form,
for example, a covalent bond, alkylene, cycloalkyl,
hetercycloalkyl, aryl, arylalkylene,
arylalkylalkylene, heteroaryl, heteroarylalkylene, or
an optionally-substituted alkylene, chain of 2 to 20
carbon atoms where one or more carbon atoms can be
replaced with N, O, or S(O)n; and Xa and Xb are
respectively -N(La-RiOa)-, optionally-substituted or
-C(O)-N(La-R iOa or-N(Lb-Ri 0b)-,
optionallysubstituted -C(Lb-Riob)=CH-, or
-C(O)-N(Lb-Ri ob)-; RiOa and R|Ob are independently H,
hydroxyl, hydroxyalkyl, alkyl, alkoxy, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, in each case
optionally-substituted; or (c) when Wa and Wb together
are -L- and form, for example, a covalent bond,
alkylene, cycloalkyl, hetercycloalkyl, aryl, or
heteroaryl, or an optionally-substituted alkylene
chain of 2 to 20 carbon atoms where one or more carbon
atoms can be replaced with N, O, or S(O)n; and Xa and
Xb are respectively -N(LaRioa)-,
optionally-substituted -C(La-R ioa)=CH-, Or-C(O)-N(La-
Rioa)-, or-N(Lb-Riob)-, optionally-substituted
-C(Lb-R, ob)=CH-, or -C(O)-N(Lb-R, ob)-; R,oaand Riob
together are-L-and fopn , for example, an
optionally-substituted alkylene, or alkyloxyalkylene
chain of 2 to 20 carbon atoms where one or more carbon
atoms can be replaced with N, O, or S(O)11 ; or (d)
when Wa andWb are not covalently bound, Wa and Wb are
independently H, Cl, Br, F, CN, CO2H, alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or
optionally-substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; Xa and Xb are
respectively -N(La-Ri oa)-, optionally-substituted
-C(La-Rioa)=CH-, or -C(O)-N(La-R iOa)- or -N(Lb-R
iOb)-, optionallysubstituted or-C(0)-N(Lb-Riob)-; and
Rioa and Riob together are -L- and form, for example,
an optionally-substituted alkylene, or
alkyloxyalkylene chain of 2 to 20 carbon atoms where
one or more carbon atoms can be replaced with N, O, or
S(O)n; or (e) when Wa and Wb are not covalently bound,
Wa is H, Cl, Br, F, CN, CO2H, alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, or
optionally-substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; Xa is -N(La-Ri
oa)-, optionally-substituted -C(La- RiOa)=CH-, or
-C(O)-N(La-Ri oa)-; Xb is -0-, -N(Lb-Riob)-, -S-,
optionally-substituted - C(Lb-R, ob)=CH- -C(O)-O-,
-C(O)-N(Lb-R, 0b)-; and RK)b is absent or H, hydroxyl,
hydroxyalkyl, alkyl, alkoxy, alkoxyalkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, in each case
optionally-substituted; and Wb and Rioa together are
-L- and form, for example, a bond, alkylene,
cycloalkyl, aryl, or heteroaryl, or an
optionally-substituted alkylene, chain of 2 to 20
carbon atoms where one or more carbon atoms can be
replaced with N, O, or S(O)n. [0052] Illustrative
compounds are compounds having the formulawherein Ria,
Rib, R a, R2b, R a, and R-}b are independently lower
alkyl, lower alkoxy, 



lower alkanol, or C3-C6 cycloalkyl; Rj4a and R b are
independently -OH, lower alkoxy or lower alkyl; Ri ia,
Rub, R! a, Rub, R a, R13 are independently - H or
halogen. [0053] Illustrative compounds are compounds
having the formula: wherein Rja, R)b, R2a, R b, R a,
and R b are independently lower alkyl, lower alkoxy,
lower alkanol, or Cj-Ce cycloalkyl; R 7a and R b are
independently -OH, lower alkoxy or lower alkyl; Ri2a
and R b are independently - H or halogen. [0054]
Illustrative Chemistry Schemes: [0055] Abbreviations
used in the following preparations, which are
illustrative of synthesis of compounds of the
invention generally, are: Cbz: Benzyloxycarbonyl; Boc:
tertbutyloxycarbonyl; THF: tetrahydrofuran; DCM:
dichloromethane; DDQ:2,3-dichloro-5,6-
dicyano-l,4-benzoquinone; NMP: N-methylpyrrolidinone;
DMF: dimethylformamide; TFA; trifluoroacetic acid;
HOAc or AcOH: acetic acid; Hex: hexanes; HPLC: high
performance liquidchromatography; TLC: thin layer
chromatography; EtOAc: ethyl acetate; DIPEA:
diisopropylethylamine; TEA: triethylamine; HATU:
2-(7-Aza-lH~benzotriazole-l-yl)-l,l,3,3-
tetramethyluronium hexafluorophosphate. [0056]
Compounds of formula 8 can be prepared using methods
outlined in Angiolini et al. (Eur. J. Org. Chem. 2000,
2571-2581), Harris et al. (Org. Lett. 2003, 5,
1847-1850), O'Neil et al. (Bioorg. Med. Chem. Lett.
2005, 15, 5434-5438), Grossmith et al. (Synlert 1999,
IQ, 1660- 1662), and in U.S. Patent Application
Publication Number 20060025347 and US Patent
Application Serial Number 11/363,387 filed 2/27/2006,
all of which are incorporated by reference herein as
though fuly set forth, and described in Schemes I and
II. Scheme I Scheme II[0057] Compounds of formula 18
can be prepared using methods outlined in Schemes III
and IV and described in Jako et al. (J. Org. Chem.
1991, 56, 5729-5733), Kozikowski et al. (J. Am. Chem.
Soc. 1995, 117, 6666-6672), Sheppard et al. (J. Med.
Chem. 1994, 37, 201 1-2032), and in U.S. Patent
Application Publication Number 20060025347 and US
Patent Application Serial Number 11/363,387 filed
2/27/2006, all of which are incorporated by reference
herein as though fully set forth, and descpbed in
Schemes III and IV.METHODS AND APPARATUS FOR PROVIDING
A HANDOVER CONTROL SYSTEM ASSOCIATED WITH A WIRELESS
COMMUNICATION NETWORK TECHNICAL FIELD [0001] The
present disclosure relates generally to wireless
communication systems, and more particularly, to
methods and apparatus for providing a handover control
system associated with a wireless communication
network. BACKGROUND [0002] As wireless communication
becomes more and more popular at offices, homes,
schools, etc., different wireless technologies and
applications may work in tandem to meet the demand for
computing and communications at anytime and/or
anywhere. For example, a variety and/or plurality of
wireless communication networks may coexist to provide
a wireless environment with more computing and/or
communication capability, greater mobility, and/or
eventually seamless roaming. [0003] In particular,
wireless personal area networks (WPANs) may offer
fast, short-distance connectivity within a relatively
small space such as an office workspace or a room
within a home. Wireless local area networks (WLANs)
may provide broader range than WPANs within office
buildings, homes, schools, etc. Wireless metropolitan
area networks (WMANs) may cover a greater distance
than WLANs by connecting, for example, buildings to
one another over a broader geographic area. Wireless
wide area networks (WWANs) may provide the broadest
range as such networks are widely deployed in cellular
infrastructure. Although each of the above-mentioned
wireless communication networks may support different
usages, coexistence among these networks may provide a
more robust environment with anytime and anywhere
connectivity. BRIEF DESCRIPTION OF THE DRAWINGS 



[0004] FIG. 1 is a schematic diagram representation of
an example wireless communication system according to
an embodiment of the methods and apparatus disclosed
herein.[0005] FIG. 2 is a block diagram representation
of an example wireless local area network (WLAN).
[0006] FIG. 3 depicts an example handover control
system of the example WLAN of FIG. 2. [0007] FIG. 4
depicts one manner in which an example subscriber
station of the example handover control system of FIG.
2 may be configured. [0008] FIG. 5 depicts one manner
in which an example access point (AP) of the example
handover control system of FIG. 2 may be configured.
[0009] FIG. 6 depicts one manner in which an example
AP controller of the example handover control system
of FIG. 2 may be configured. [0010] FIG. 7 is a block
diagram representation of an example processor system
that may be used to implement an example wireless
communication platform of the example subscriber
station of FIG. 2. DETAILED DESCRIPTION [0011] In
general, methods and apparatus for providing a
handover control system associated with a wireless
communication network are described herein. The
methods and apparatus described herein are not limited
in this regard. [0012] Referring to FIG. 1, an example
wireless communication system 100 may include one or
more wireless communication networks, generally shown
as 110, 120, and 130. In particular, the wireless
communication system 100 may include a wireless
personal area network (WPAN) 110, a wireless local
area network (WLAN) 120, and a wireless metropolitan
area network (WMAN) 130. Although FIG. 1 depicts three
wireless communication networks, the wireless
communication system 100 may include additional or
fewer wireless communication networks. For example,
the wireless communication system 100 may include
additional WPANs, WLANs, and/or WMANs. The methods and
apparatus described herein are not limited in this
regard. [0013] The wireless communication system 100
may also include one or more subscriber stations,
generally shown as 140, 142, 144, 146, and 148. For
example, the subscriber stations 140, 142, 144, 146,
and 148 may include wireless electronic devices such
as a desktop computer, a laptop computer, a handheld
computer, a tablet computer, a cellular telephone, a
pager, an audio and/or video player (e.g., an
MP3player or a DVD player), a gaming device, a video
camera, a digital camera, a navigation device (e.g., a
GPS device), a wireless peripheral (e.g., a printer, a
scanner, a headset, a keyboard, a mouse, etc.), a
medical device (e.g., a heart rate monitor, a blood
pressure monitor, etc.), and/or other suitable fixed,
portable, or mobile electronic devices. Although FIG.
1 depicts five subscriber stations, the wireless
communication system 100 may include more or less
subscriber stations. [0014] Each of the subscriber
stations 140, 142, 144, 146, and 148 may be authorized
or allowed to access services provided by one or more
of the wireless communication networks 110, 120,
and/or 130. The subscriber stations 140, 142, 144,
146, and 148 may use a variety of modulation
techniques such as spread spectrum modulation (e.g.,
direct sequence code division multiple access
(DS-CDMA) and/or frequency hopping code division
multiple access (FH-CDMA)), time-division multiplexing
(TDM) modulation, frequency-division multiplexing
(FDM) modulation, orthogonal frequency-division
multiplexing (OFDM) modulation (e.g., orthogonal
frequency-division multiple access (OFDMA)),
multi-carrier modulation (MDM), and/or other suitable
modulation techniques to communicate via wireless
links. In one example, the laptop computer 140 may
operate in accordance with suitable wireless
communication protocols that require very low power
such as Bluetooth (r), ultra-wide band (UWB), and/or
radio frequency identification (RFID) to implement the
WPAN 110. In particular, the laptop computer 140 may
communicate with devices associated 



with the WPAN 110 such as the video camera 142 and/or
the printer 144 via wireless links. [0015] In another
example, the laptop computer 140 may use direct
sequence spread spectrum (DSSS) modulation and/or
frequency hopping spread spectrum (FHSS) modulation to
implement the WLAN 120 (e.g., the 802.1 1 family of
standards developed by the Institute of Electrical and
Electronic Engineers (IEEE) and/or variations and
evolutions of these standards). For example, the
laptop computer 140 may communicate with devices
associated with the WLAN 120 such as the printer 144,
the handheld computer 146 and/or the smart phone 148
via wireless links. The laptop computer 140 may also
communicate with an access point (AP) 150 via a
wireless link. The AP 150 may be operatively coupled
to a router 152 as described in further detailbelow.
Alternatively, the AP 150 and the router 152 may be
integrated into a single device (e.g., a wireless
router). [0016] The laptop computer 140 may use OFDM
modulation to transmit large amounts of digital data
by splitting a radio frequency signal into multiple
small subsignals, which in turn, are transmitted
simultaneously at different frequencies. In
particular, the laptop computer 140 may use OFDM
modulation to implement the WMAN 130. For example, the
laptop computer 140 may operate in accordance with the
802.16 family of standards developed by IEEE to
provide for fixed, portable, and/or mobile broadband
wireless access (BWA) networks (e.g., the IEEE std.
802.16-2004 (published September 18, 2004), the IEEE
std. 802. 16e (published February 28, 2006), the IEEE
std. 802. 16f (published December 1, 2005), etc.) to
communicate with base stations, generally shown as
160, 162, and 164, via wireless link(s). [0017]
Although some of the above examples are described
above with respect to standards developed by IEEE, the
methods and apparatus disclosed herein are readily
applicable to many specifications and/or standards
developed by other special interest groups and/or
standard development organizations (e.g., Wireless
Fidelity (Wi-Fi) Alliance, Worldwide Interoperability
for Microwave Access (WiMAX) Forum, Infrared Data
Association (IrDA), Third Generation Partnership
Project (3GPP), etc.). The methods and apparatus
described herein are not limited in this regard.
[0018] The WLAN 120 and WMAN 130 may be operatively
coupled to a common public or private network 170 such
as the Internet, a telephone network (e.g., public
switched telephone network (PSTN)), a local area
network (LAN), a cable network, and/or another
wireless network via connection to an Ethernet, a
digital subscriber line (DSL), a telephone line, a
coaxial cable, and/or any wireless connection, etc. In
one example, the WLAN 120 may be operatively coupled
to the common public or private network 170 via the AP
150 and/or the router 152. In another example, the
WMAN 130 may be operatively coupled to the common
public or private network 170 via the base station(s)
160, 162, and/or 164. [0019] The wireless
communication system 100 may include other suitable
wireless communication networks. For example, the
wireless communication system 100 may include a
wireless wide area network (WWAN) (not shown). The
laptop computer 140 may operate in accordance with
other wireless communication protocols to support
aWWAN. In particular, these wireless communication
protocols may be based on analog, digital, and/or
dual-mode communication system technologies such as
Global System for Mobile Communications (GSM)
technology, Wideband Code Division Multiple Access
(WCDMA) technology, General Packet Radio Services
(GPRS) technology, Enhanced Data GSM Environment
(EDGE) technology, Universal Mobile Telecommunications
System (UMTS) technology, 3GPP technology, standards
based on these technologies, variations and evolutions
of these standards, and/or other suitable wireless
communication standards. Although FIG. 1 depicts a
WPAN, a WLAN, and a WMAN, the wireless communication
system 100 may include other combinations of WPANs,
WLANs, WMANs, and/or WWANs. The methods and apparatus
described herein are not limited in this regard. 



[0020] The wireless communication system 100 may
include other WPAN, WLAN, WMAN, and/or WWAN devices
(not shown) such as network interface devices and
peripherals (e.g., network interface cards (NICs)),
access points (APs), redistribution points, end
points, gateways, bridges, hubs, etc. to implement a
cellular telephone system, a satellite system, a
personal communication system (PCS), a twoway radio
system, a one-way pager system, a two-way pager
system, a personal computer (PC) system, a personal
data assistant (PDA) system, a personal computing
accessory (PCA) system, and/or any other suitable
communication system. Although certain examples have
been described above, the scope of coverage of this
disclosure is not limited thereto. [0021] In the
example of FIG. 2, a wireless communication network
200 may include a subscriber station (STA) 210 and one
or more access points (AP), generally shown as 220,
222, and 224. The wireless communication network 200
may also include an AP controller 230 operatively
coupled to the APs 220, 222, and 224. For example, the
wireless communication network 200 may be a WLAN
operating in accordance with the IEEE 802.1 1 family
of standards, and/or variations and evolutions of
these standards (e.g., IEEE 802.1 1 Task Group k
(Radio Resource Measurement Enhancements), IEEE 802.1
1 Task Group r (Fast Roaming/Fast BSS Transition),
and/or IEEE 802. 11 Task Group v (Wireless Network
Management)). Although FIG. 2 depicts a WLAN, the
methods and apparatus described herein are readily
applicable to other types of wireless communication
networks such as WPANs, WMANs, WWANs,and/or wireless
mesh networks. In one example, the wireless
communication network 200 may be a WMAN or a WWAN with
one or more base stations instead of APs. Further,
while FIG. 2 depicts a single subscriber station, the
wireless communication network 200 may include
additional subscriber stations. The wireless
communication network 200 may also include additional
APs even thought FIG. 2 depicts three APs. [0022] In
general, the subscriber station 210 may be any one of
the wireless electronic devices mentioned above in
connection with FIG. 1 or any combination thereof. The
subscriber station 210 may include a network interface
device (NID) 240, an event recorder 250, a handover
monitor 260, a configuration adjuster 270, a request
generator 280, and a memory 285. The NID 240, the
event recorder 250, the handover monitor 260, the
configuration adjuster 270, the request generator 280,
and the memory 285 may be operatively coupled to each
other via a bus 290. While FIG. 2 depicts one or more
components of the subscriber station 210 coupling to
each other via the bus 290, these components may be
operatively coupled to each other via other suitable
direct or indirect connections (e.g., a point-to-point
connection or a point-to-multiple point connection).
[0023] The NID 240 may include a receiver 242, a
transmitter 244, and an antenna 246. For example, the
NID 240 may be a network interface card. The
subscriber station 210 may receive and/or transmit
data via the receiver 242 and the transmitter 244,
respectively. The antenna 246 may include one or more
directional or omni directional antennas such as
dipole antennas, monopole antennas, patch antennas,
loop antennas, microstrip antennas, and/or other types
of antennas suitable for transmission of radio
frequency (RF) signals. Although FIG. 2 depicts a
single antenna, the subscriber station 210 may include
additional antennas. For example, the subscriber
station 210 may include a plurality of antennas to
implement a multiple-input-multipleoutput (MIMO)
system. [0024] The event recorder 250 may record
information associated with one or more transition
events of the subscriber station 210. During each
transition event, the subscriber station 210 may
transition between two nodes (e.g., handover or
handoff of the subscriber station 210 from one AP to
another AP). For convenience, the terms "handover" and
"handoff may be used interchangeably throughout this
disclosure to refer to the transition of a connection
with a subscriber station from an AP to anotherAP. In
one example, the subscriber station 210 may transition
or roam from the AP 



220 to the AP 222 because the subscriber station 210
may move out of range from a coverage area of the AP
220 and into a coverage area of the AP 222. In
addition or alternatively, the AP 220 may be operating
at capacity so the connection with the subscriber
station 210 may be transferred to a neighbor AP of the
AP 220 such as the AP 222. Accordingly, a handover of
the connection with the subscriber station 210 may
occur between the AP 220 and the AP 222. In another
example, the subscriber station 210 may transition or
roam from the AP 220 to the AP 224. A handover of the
connection with the subscriber station 210 may occur
between the AP 220 and the AP 224. [0025] The handover
monitor 260 may monitor for a condition indicative of
frequent handover of the subscriber station 210 (e.g.,
hard handover, soft handover, softer handover, etc.).
In one example, the handover monitor 260 may monitor
for one or more transition events of the subscriber
station 210 within a time period. The handover monitor
260 may detect a condition indicative of frequent
handover of the subscriber station 210 if a predefined
number of transition events occur within the time
period (e.g., five transition events within one
minute). For example, the handover monitor 260 may
determine whether the number of transition events
within the time period exceeds a predefined threshold.
[0026] To avoid frequent handover, the configuration
adjuster 270 may adjust one or more configurations of
the subscriber station 210 such as transmit power,
roaming hysteresis, receive sensitivity, and/or clear
channel assessment. In one example, the configuration
adjuster 270 may adjust roaming hysteresis of the
subscriber station 210 in response to detecting a
condition indicative of frequent handover of the
subscriber station 210. In particular, the
configuration adjuster 270 may determine whether a
difference in signal strength between a signal
transmitted from an AP in communication with the
subscriber station 210 (e.g., the AP 220) and a signal
transmitted from a roaming candidate AP that may
provide the subscriber station 210 with wireless
communication services (e.g., the AP 222). For
example, the configuration adjuster 270 may increase
roaming hysteresis of the subscriber station 210 by
increasing the roaming hysteresis threshold. As a
result, the subscriber station 210 may require a
greater difference in signal strength of signals
received by thesubscriber station 210 before
transitioning from one AP to another AP. In addition,
the configuration adjuster 270 may also adjust one or
more configurations based on configuration information
from the AP 220 and/or the AP controller 230 as
described in detail below. [0027] The request
generator 280 may generate a roaming management
request including transition event information
associated with the transition events of the
subscriber station 210. For example, the transition
event information may include transition
identification information, transition timestamp
information, transition reason information, target
identification information, source identification
information, received signal strength indicator (RSSI)
information, received signal-to-noise indicator (RSNI)
information, transmit power information, roaming
hysteresis information, receive sensitivity
information, or clear channel assessment (CCA)
information associated with each of the transition
events of the subscriber station 210. [0028] In
general, the transition identification information may
identify each transition event. The transition
timestamp information may indicate when each
transition event occurred (e.g., date and/or time).
The transition reason information may indicate why
each transition event occurred. The target
identification information and the source
identification information may indicate the target AP
and the source AP of each transition event (e.g.,
BSSIDs of the target AP and the source AP). The RSSI
information may indicate the received signal strength
from the target AP at the subscriber station 210 for
each transition event. The RSNI information may
indicate the received signal-to-noise ratio from the
source AP at the subscriber station 210 for 



each transition event. [0029] The transmit power
information may indicate the transmit power associated
with a signal transmitted from the subscriber station
210 to the target AP and the source AP for each
transition event. The roaming hysteresis information
may indicate the difference in signal strength between
a signal transmitted from the target AP and a signal
transmitted from the source AP for each transition
event. The receive sensitivity information may
indicate a receive power associated with a signal
received by the subscriber station 210 from each of
the target AP and the source AP for each transition
event. The CCA information may indicate a CCA
associated with each of the target AP and the source
AP for each transition event. The CCA threshold may
account for noiseand/or interference associated with a
channel. To determine whether a particular channel is
available, the subscriber station 210 may determine
whether the receive power associated with a signal via
that channel is less than the CCA threshold. If the
receive power is less than the CCA threshold, that
particular channel may be available for the subscriber
station 210 to use. [0030] In one example, the request
generator 280 may generate the roaming management
request after the configuration adjuster 270 adjusted
roaming hysteresis of the subscriber station 210 but
the handover monitor 260 may still detect a condition
indicative of frequent handover of the subscriber
station 210. Accordingly, the NID 240 may transmit the
roaming management request to the AP 220. Based on the
transition event information, the AP 220 may adjust
one or more configurations of the AP 220. In one
example, the AP 220 may adjust roaming hysteresis of
the AP 220. The AP 220 may forward the transition
event information to the AP controller 230. In
particular, the AP 220 may generate a frequent
handover avoidance request including the transition
event information. Based on the transition event
information, the AP controller 230 may adjust one or
more configurations of an AP in communication with the
subscriber station 210 (e.g., the AP 220) and/or one
or more neighbor APs of the AP in communication with
the subscriber station 210 (e.g., the APs 222 and/or
224). For example, the AP controller 230 may adjust
transmit power, roaming hysteresis, receive
sensitivity, and/or clear channel assessment of the
APs 220, 222 and/or 224. [0031] In addition or
alternatively, the AP controller 230 may provide the
subscriber station 210 with recommendations to reduce
the number of transition events within a time period.
The AP controller 230 may generate configuration
information to adjust one or more configurations of
the subscriber station 210 such of transmit power,
roaming hysteresis, receive sensitivity, clear channel
assessment, or roaming node candidate. In one example,
the AP controller 230 may generate and transmit a
frequent handover avoidance response including the
configuration information to the AP 220. In turn, the
AP 220 may generate and transmit a roaming management
response including the configuration information to
the subscriber station 210. Based on the configuration
information, the configuration adjuster 270 may adjust
one or more configurations of the subscriber station
210 to reduce the number of transition events within a
time period.[0032] Although the components shown in
FIG. 2 are depicted as separate blocks within the
subscriber station 210, the functions performed by
some of these blocks may be integrated within a single
semiconductor circuit or may be implemented using two
or more separate integrated circuits. In one example,
although the receiver 242 and the transmitter 244 are
depicted as separate blocks within the NID 240, the
receiver 242 may be integrated into the transmitter
244 (e.g., a transceiver). In another example, the
event recorder 250, the handover monitor 260, the
configuration adjuster 270, and/or the request
generator 280 may integrated into a single component.
Further, some of the blocks within the subscriber
station 210 may be integrated into a network interface
card (NIC) (not shown). For example, the NID 240, the
event recorder 250, the handover monitor 260, the
configuration adjuster 270, and/or the request
generator 280 may be integrated into the NIC. 



[0033] The access points 220, 222, and 224 may be
associated with the same wireless communication
network or different wireless communication networks.
As described in detail below, the subscriber station
210 may be connected to two or more wireless
communication networks simultaneously or concurrently.
Although FIG. 2 depicts one or more basic service set
(BSS) networks, the methods and apparatus described
herein are readily applicable to other suitable
networks such as an independent basic service set
(IBSS) network. Further, while the above examples are
described with respect to APs and AP controllers
associated with WLANs, the methods and apparatus
described herein are readily applicable to base
stations (BS) and BS controllers associated with WMANs
and/or WWANs and/or subscriber stations associated
wireless mesh networks. The methods and apparatus
described herein are not limited in this regard.
[0034] In general, frequent handover of the subscriber
station 210 between APs may increase network load
because of re-association and key re-generation for
the subscriber station 210 to transition or roam from
one AP to another AP. Further, frequent handover of
the subscriber station 210 may cause interruption,
reduce quality of service, and/or increase jitter in
data, voice, and/or video streams. [0035] In the
example of FIG. 3, a handover control system 300 may
include a subscriber station (e.g., the subscriber
station 210 of FIG. 2) and an AP (e.g., the AP 220 of
FIG. X). The handover control system 300 may also
include an AP controller(e.g., the AP controller 230
of FIG. 2). Alternatively, the AP controller 230 may
be integrated into the AP 220 or the handover control
system 300 may not include the AP controller 230.
[0036] To illustrate the handover control system 300,
the subscriber station 210 may record information
associated with transition events of the subscriber
station 210 and monitor for a condition indicative of
frequent handover. In particular, the subscriber
station 210 may determine whether the number of
transition events within a time period exceeds a
predefined threshold. In one example, five transition
events within one minute may be indicative of frequent
handover. [0037] If the subscriber station 210 detects
a condition indicative of frequent handover, the
subscriber station 210 may increase roaming hysteresis
to stay in communication with the AP 220 instead of
switching to another AP (e.g., the AP 222 or 224 of
FIG. 2). As noted above, roaming hysteresis may
indicate a difference in signal strength between a
signal transmitted from the AP in communication with
the subscriber station 210 (e.g., the AP 220) and a
signal transmitted from another AP (e.g., the AP 222).
By increasing roaming hysteresis, for example, the
subscriber station 210 may reduce frequent handover as
a greater difference in signal strength between the
signal from the AP 220 and the signal from the AP 222
before the subscriber station 210 may switch from the
AP 220 to the AP 222. [0038] However, if the
subscriber station 210 still detects a condition
indicative of frequent handover after increasing
roaming hysteresis, the subscriber station 210 may
forward transition event information to the AP 220. In
one example, the subscriber station 210 may generate a
roaming management request including the transition
event information and transmit the roaming management
request to the AP 220 (310). In turn, the AP 220 may
generate a frequent handover avoidance request to
forward the transition event information to the AP
controller 230 (320). [0039] Based on the transition
event information, the AP controller 230 may adjust
configuration of one or more APs neighboring the AP
220 (e.g., the APs 222 and/or 224 of FIG. 2). The AP
controller 230 may also adjust roaming hysteresis
associated with the AP 220. Further, the AP controller
230 may provide recommendations to the subscriber
station 210 to avoid frequent handover. In particular,
the AP controller 230 may generate and transmit a
frequent handover avoidance response to the AP
220(330). The frequent handover avoidance response may
include configuration information. In particular, the
configuration information may include information 



associated with transmit power setting, receiving
sensitivity, and/or CCA threshold that the AP
controller 230 may suggest to the subscriber station
210. The configuration information may also include
information associated with one or more candidates
that the AP controller 230 may suggest to the
subscriber station 210 to roam to and connect with for
wireless communication services. [0040] Accordingly,
the AP 220 may generate a roaming management response
based on the frequent handover avoidance response from
the AP controller 230 (340). In addition to the
configuration information and the candidate
information as described above, the AP 220 may also
include information associated with roaming hysteresis
in the roaming management response. That is, the AP
220 may recommend to the subscriber station 210 to
adjust roaming hysteresis. Based on the roaming
management response from the AP 220, the subscriber
station 210 may adjust one or more configurations
and/or switch to another AP (e.g., the AP 222 or the
AP 224). The methods and apparatus described herein
are not limited in this regard. [0041] FIGs. 4, 5, and
6 depict one manner in which the handover control
system 300 of FIG. 3 may be configured to detect and
mitigate frequent handover. The example processes 400,
500, and 600 of FIGs. 4, 5, and 6, respectively, may
be implemented as machine-accessible instructions
utilizing any of many different programming codes
stored on any combination of machine-accessible media
such as a volatile or non-volatile memory or other
mass storage device (e.g., a floppy disk, a CD, and a
DVD). For example, the machine-accessible instructions
may be embodied in a machine-accessible medium such as
a programmable gate array, an application specific
integrated circuit (ASIC), an erasable programmable
read only memory (EPROM), a read only memory (ROM), a
random access memory (RAM), a flash memory, a magnetic
media, an optical media, and/or any other suitable
type of medium. [0042] Further, although a particular
order of actions is illustrated in each of FIGs. 4, 5,
and 6, these actions may be performed in other
temporal sequences (e.g., simultaneously or
concurrently). Again, the example processes 400, 500,
and 600 are merely provided and described in
conjunction with the wireless communication network of
FIG. 2 as an example of one way to provide a handover
control system.[0043] In the example of FIG. 4, the
process 400 may begin with the subscriber station 210
(e.g., via the event recorder 250 of FIG. 2) recording
information associated with one or more transition
events (block 410). The event recorder 250 may store
the information associated with the transition events
(e.g., statistics) in the memory 285. [0044] As noted
above, the subscriber station 210 may transition
between two APs during each transition event (e.g.,
handover of the subscriber station 210 from one AP to
another AP). To reduce network load and increase
quality of service, the subscriber station 210 may
monitor for a condition indicative of frequent
handover. In particular, the subscriber station 210
(e.g., via the handover monitor 260 of FIG. 2) may
monitor the number of transition events within a time
period and determine whether the number of transition
events exceeds a predefined handover threshold (block
420). [0045] If the number of transition events does
not exceed the predefined handover threshold, controls
may return to block 410 to continue recording
information associated with transition events.
Otherwise if the number of transition events exceeds
the predefined handover threshold at block 420, the
subscriber station 210 (e.g., via the configuration
adjuster 270 of FIG. 2) may determine whether to
adjust roaming hysteresis of the subscriber station
210 (block 430). [0046] If the subscriber station 210
did not previously adjust roaming hysteresis, the
subscriber station 210 (e.g., via the configuration
adjuster 270) may increase the roaming hysteresis
threshold (block 440). Accordingly, controls may
return to block 410 to record information associated
with transition events. [0047] Referring back to block
430, if the subscriber station 210 previously adjusted
roaming hysteresis, the subscriber station 210 (e.g.,
via the request generator 



280 of FIG. 2) may generate a roaming management
request (block 450). The roaming management request
may include transition event information. As noted
above, the transition event information may include
transition identification information, transition
timestamp information, transition reason information,
target identification information, source
identification information, RSSI information, RSNI
information, transmit power information, roaming
hysteresis information, receive sensitivity
information, or CCA information associated with each
of the transition events of the subscriber station
210. [0048] The subscriber station 210 (e.g., via the
NID 240 of FIG. 2) may transmit the roaming management
request to the AP 220 because the AP 220 is
incommunication with and provides services to the
subscriber station 210 (block 460). Accordingly, the
subscriber station 210 may monitor for a roaming
management response from the AP 220 (block 470). As
described in detail below in connection FIG. 5, the AP
220 may generate the roaming management response based
on the roaming management request from the subscriber
station 210. [0049] Turning to FIG. 5, for example,
the process 500 may begin with the AP 220 receiving
the roaming management request from the subscriber
station 210 (block 510). As noted above, the roaming
management request may include transition event
information. Based on the transition event
information, the AP 220 may generate a frequent
handover avoidance request (block 520). In particular,
the frequent handover avoidance request may include
the transition event information from the subscriber
station 210. The frequent handover avoidance request
may also include information associated with the AP
220 such as transmit power, receive sensitivity,
and/or CCA of the AP 220. Accordingly, the AP 220 may
transmit the frequent handover avoidance request to
the AP controller 230 (block 530). As described in
detail below in connection with FIG. 6, the AP
controller 230 may generate a frequent handover
avoidance response based on the frequent handover
avoidance request from the AP 220. [0050] In the
example of FIG. 6, the process 600 may begin with the
AP controller 230 receiving the frequent handover
avoidance request from the AP 220 (block 610). As
noted above, the frequent handover avoidance request
may include the transition event information from the
subscriber station 210 and/or other suitable
information from the AP 220. Based on the transition
event information, the AP controller 230 may adjust
configuration of one or more APs such as the APs 220,
222, and/or 224 (block 620). In one example, the AP
controller 230 may adjust configurations of one or
more neighbor APs of the AP 220 (e.g., the APs 222
and/or 224) such as transmit power, receive
sensitivity, and/or CCA. [0051] The AP controller 230
may also provide recommendations to adjust one or more
configurations of the subscriber station 210 to reduce
frequent handover. In addition or alternatively, the
AP controller 230 may recommend a roaming candidate AP
for the subscriber station 210 to switch to so that
the subscriber station 210 may avoid frequent
handover. In particular, the AP controller 230 may
generate a frequenthandover avoidance response (block
630). For example, the frequent handover avoidance
response may include configuration information such as
transmit power information, receive sensitivity
information, and/or CCA information. The configuration
information may indicate a roaming candidate AP that
the subscriber station 210 may transition to for
wireless communication services. Accordingly, the AP
controller 230 may transmit the frequent handover
avoidance response to the AP 220 (block 640). [0052]
Although the above example is described with to an AP
controller, the functions described in connection with
the process 600 may be performed by an AP such as the
AP 220. Further, while the above example is described
with respect to WLANs, the methods and apparatus
described herein may be implemented in other suitable
wireless communication networks such as a wireless
mesh network having a plurality of subscriber
stations. In particular, the functions described in
connection 



with the process 600 may be performed by one or more
of the plurality of subscriber stations. The methods
and apparatus described herein are not limited in this
regard. [0053] Turning back to FIG. 5, the AP 220 may
receive the frequent handover avoidance response from
the AP controller 230 (block 540). As noted above, the
frequent handover avoidance response may include the
configuration information for the subscriber station
210 and/or the AP 220. Based on the frequent handover
avoidance response, the AP 220 may generate a roaming
management response (block 550). In one example, the
roaming management response may include the
configuration information for the subscriber station
210. Accordingly, the AP 220 may transmit the roaming
management response to the subscriber station 210
(block 560). The methods and apparatus described
herein are not limited in this regard. [0054]
Referring back to block 470 of FIG. 4, if the
subscriber station 210 does not receive a roaming
management response from the AP 220, controls may
continue to monitor for a roaming management response.
Otherwise if the subscriber station 210 receives a
roaming management response, the subscriber station
210 (e.g., via the configuration adjuster 270) may
adjust one or more configurations of the subscriber
station 210 based on the roaming management response
(block 480). As noted above, the roaming management
response may include the configuration information for
the subscriber station 210. In one example, the
subscriber station 210 may adjust transmitpower,
roaming hysteresis, receive sensitivity, and/or CCA.
The configuration information may also include
information associated with a roaming candidate. As a
result, the subscriber station 210 may reduce the
frequency of handover. The methods and apparatus
described herein are not limited in this regard.
[0055] Although the above examples are described with
an AP controller, the methods and apparatus described
herein may be implemented without the AP controller or
with the AP controller integrated within an AP.
Referring to FIGs. 2 and 3 again, the AP 220 may
receive the transition event information from the
subscriber station 210 as described above. Instead of
forwarding the transition event information to an AP
controller (e.g., 320 of FIG. 3), the AP 220 may
adjust one or more configurations associated with the
AP 220 and/or the subscriber station 210. In one
example, the AP 220 may increase the transmit power of
the AP 220 to expand the coverage area of the AP 220
and/or cover one or more relatively weak portions of
the coverage area. The AP 220 may also increase the
roaming hysteresis of the subscriber station 210 so
that the subscriber station 210 may stay with the AP
220 instead of switching to another AP (e.g., the AP
230 or 240 of FIG. 2). The AP 220 may also provide
recommendations to adjust one or more configurations
associated with the subscriber station 210. For
example, the AP 220 may provide recommendations to
adjust transmit power, receive sensitivity, and/or CCA
associated with the subscriber station 210. [0056]
Further, while the above examples are described with
respect to WLANs, the methods and apparatus described
herein may be implemented in other suitable types of
wireless communication networks such as WPANs, WMANs,
WWANs, and/or wireless mesh networks. The methods and
apparatus described herein are not limited in this
regard. [0057] FIG. 7 is a block diagram of an example
processor system 2000 adapted to implement the methods
and apparatus disclosed herein. The processor system
2000 may be a desktop computer, a laptop computer, a
handheld computer, a tablet computer, a personal
digital assistant (PDA), a server, an Internet
appliance, and/or any other type of computing device.
[0058] The processor system 2000 illustrated in FIG. 7
may include a chipset 2010, which includes a memory
controller 2012 and an input/output (I/O) controller
2014. The chipset 2010 may provide memory and I/O
management functions as well as aplurality of general
purpose and/or special purpose registers, timers, etc.
that are accessible or used by a processor 2020. The
processor 2020 may be implemented using one or more
processors, WPAN components, WLAN components, WMAN 



components, WWAN components, and/or other suitable
processing components. For example, the processor 2020
may be implemented using one or more of the Intel(r)
Core(tm) technology, the Intel(r) Pentium(r)
technology, the Intel(r) Itanium(r) technology, the
Intel(r) Centrino(tm) technology, and/or the Intel(r)
Xeon(tm) technology. In the alternative, other
processing technology may be used to implement the
processor 2020. The processor 2020 may include a cache
2022, which may be implemented using a first-level
unified cache (Ll), a second-level unified cache (L2),
a third-level unified cache (L3), and/or any other
suitable structures to store data. [0059] The memory
controller 2012 may perform functions that enable the
processor 2020 to access and communicate with a main
memory 2030 including a volatile memory 2032 and a
non-volatile memory 2034 via a bus 2040. The volatile
memory 2032 may be implemented by synchronous dynamic
random access memory (SDRAM), dynamic random access
memory (DRAM), RAMBUS dynamic random access memory
(RDRAM), static random access memory (SRAM) and/or any
other type of random access memory device. The
non-volatile memory 2034 may be implemented by flash
memory, read only memory (ROM), electrically erasable
programmable read only memory (EEPROM), and/or any
other desired type of memory device. [0060] The
processor system 2000 may also include an interface
circuit 2050 that is coupled to the bus 2040. The
interface circuit 2050 may be implemented using any
type of interface standard such as an Ethernet
interface, a universal serial bus (USB), a third
generation input/output (3GIO) interface, and/or any
other suitable type of interface. [0061] One or more
input devices 2060 may be connected to the interface
circuit 2050. The input device(s) 2060 permit an
individual to enter data and commands into the
processor 2020. For example, the input device(s) 2060
may be implemented by a keyboard, a mouse, a
touch-sensitive display, a track pad, a track ball, an
isopoint, and/or a voice recognition system.[0062] One
or more output devices 2070 may also be connected to
the interface circuit 2050. For example, the output
device(s) 2070 may be implemented by display devices
(e.g., a light emitting display (LED), a liquid
crystal display (LCD), a cathode ray tube (CRT)
display, a printer and/or speakers). The interface
circuit 2050 may include, among other things, a
graphics driver card. [0063] The processor system 2000
may also include one or more mass storage devices 2080
to store software and data. Examples of such mass
storage device(s) 2080 include floppy disks and
drives, hard disk drives, compact disks and drives,
and digital versatile disks (DVD) and drives. [0064]
The interface circuit 2050 may also include a
communication device such as a modem or a network
interface card to facilitate exchange of data with
external computers via a network. The communication
link between the processor system 2000 and the network
may be any type of network connection such as an
Ethernet connection, a digital subscriber line (DSL),
a telephone line, a cellular telephone system, a
coaxial cable, etc. [0065] Access to the input
device(s) 2060, the output device(s) 2070, the mass
storage device(s) 2080 and/or the network may be
controlled by the I/O controller 2014. In particular,
the I/O controller 2014 may perform functions that
enable the processor 2020 to communicate with the
input device(s) 2060, the output device(s) 2070, the
mass storage device(s) 2080 and/or the network via the
bus 2040 and the interface circuit 2050. [0066] While
the components shown in FIG. 7 are depicted as
separate blocks within the processor system 2000, the
functions performed by some of these blocks may be
integrated within a single semiconductor circuit or
may be implemented using two or more separate
integrated circuits. For example, although the memory
controller 



2012 and the I/O controller 2014 are depicted as
separate blocks within the chipset 2010, the memory
controller 2012 and the I/O controller 2014 may be
integrated within a single semiconductor circuit.
[0067] Although certain example methods, apparatus,
and articles of manufacture have been described
herein, the scope of coverage of this disclosure is
not limited thereto. On the contrary, this disclosure
covers all methods, apparatus, and articles of
manufacture fairly falling within the scope of the
appended claims either literally orunder the doctrine
of equivalents. For example, although the above
discloses example systems including, among other
components, software or firmware executed on hardware,
it should be noted that such systems are merely
illustrative and should not be considered as limiting.
In particular, it is contemplated that any or all of
the disclosed hardware, software, and/or firmware
components could be embodied exclusively in hardware,
exclusively in software, exclusively in firmware or in
some combination of hardware, software, and/or
firmware.What is claimed is: 1. A method comprising:
monitoring for one or more transition events of a
subscriber station within a time period, the
subscriber station transitioning between two nodes of
a plurality of nodes associated with a wireless
communication network during each transition event;
and generating a roaming management request at the
subscriber station in response to detecting a
predefined number of transition events within the time
period, the roaming management request having
transition event information associated with the one
or more transition events. 2. A method as defined in
claim 1, wherein generating the roaming management
request comprises generating a request having
information associated with at least one of transition
identification, transition timestamp, transition
reason, target identification, source identification,
received signal strength indicator, received signalto-
noise indicator, transmit power, roaming hysteresis,
receive sensitivity, or clear channel assessment of
each of the one or more transition events. 3. A method
as defined in claim 1 further comprising recording
information associated with each of the one or more
transition events to generate the transition event
information. 4. A method as defined in claim 1 further
comprising increasing roaming hysteresis of the
subscriber station prior to generating the roaming
management request. 5. A method as defined in claim 1
further comprising transmitting the roaming management
request to a node of the plurality of nodes in
communication with the subscriber station, wherein the
node comprises at least one of an access point
associated with a wireless local area network, a base
station associated with a wireless metropolitan area
network, a base station associated with a wireless
wide area network, or another subscriber station
associated with a wireless mesh network.6. A method as
defined in claim 1 further comprising receiving a
roaming management response from a node of the
plurality of nodes in communication with the
subscriber station, the roaming management response
having configuration information for the subscriber
station to reduce handover of the subscriber station.
7. A method as defined in claim 1 further comprising
adjusting one or more configurations of the subscriber
station to reduce handover of the subscriber station
based on configuration information of a roaming
management response from a node in communication with
the subscriber station, the configuration information
having information associated with at least one of
transmit power, roaming hysteresis, receive
sensitivity, clear channel assessment, or roaming
candidate. 8. An article of manufacture including
content, which when accessed, causes a machine to:
monitor for one or more transition events of a
subscriber station within a time 



period, the subscriber station transitioning between
two or more nodes of a plurality of nodes associated
with a wireless communication network during each
transition event; and generate a roaming management
request at the subscriber station in response to
detecting a predefined number of transition events
within the time period, the roaming management request
having transition event information associated with
the one or more transition events. 9. An article of
manufacture as defined in claim 8, wherein the
content, when accessed, causes the machine to generate
the roaming management request by generating a request
having information associated with at least one of
transition identification, transition timestamp,
transition reason, target identification, source
identification, received signal strength indicator,
received signal-to-noise indicator, transmit power,
roaming hysteresis, receive sensitivity, or clear
channel assessment of each of the one or more
transition events.10. An article of manufacture as
defined in claim 8, wherein the content, when
accessed, causes the machine to increase roaming
hysteresis of the subscriber station prior to
generating the roaming management request. 11. An
article of manufacture as defined in claim 8, wherein
the content, when accessed, causes the machine to
transmit the roaming management request to a node of
the plurality of nodes in communication with the
subscriber station, wherein the node comprises at
least one of an access point associated with a
wireless local area network, a base station associated
with a wireless metropolitan area network, a base
station associated with a wireless wide area network,
or another subscriber station associated with a
wireless mesh network. 12. An article of manufacture
as defined in claim 8, wherein the content, when
accessed, causes the machine to receive a roaming
management response from a node of the plurality of
nodes in communication with the subscriber station,
the roaming management response having configuration
information for the subscriber station to reduce
handover of the subscriber station. 13. An article of
manufacture as defined in claim 8, wherein the
content, when accessed, cause the machine to adjust
one or more configurations of the subscriber station
to reduce handover of the subscriber station based on
configuration information of a roaming management
response from a node in communication with the
subscriber station, the configuration information
having information associated with at least one of
transmit power, roaming hysteresis, receive
sensitivity, clear channel assessment, or roaming
candidate. 14. An apparatus comprising: a transition
monitor to monitor for one or more transition events
of a subscriber station within a time period, the
subscriber station transitioning between two or more
nodes of a plurality of nodes associated with a
wireless communication network during each transition
event; anda request generator operatively coupled to
the transition monitor to generate a roaming
management request at the subscriber station in
response to detecting a predefined number of
transition events within the time period, the roaming
management request having transition event information
associated with the one or more transition events. 15.
An apparatus as defined in claim 14, wherein the
request generator is configured to generate a request
having information associated with at least one of
transition identification, transition timestamp,
transition reason, target identification, source
identification, received signal strength indicator,
received signal-to-noise indicator, transmit power,
roaming hysteresis, receive sensitivity, or clear
channel assessment of each of the one or more
transition events. 16. An apparatus as defined in
claim 14 further comprising a network interface device
to transmit the roaming management request to a node
of the plurality 



of nodes in communication with the subscriber station,
wherein the node comprises at least one of an access
point associated with a wireless local area network, a
base station associated with a wireless metropolitan
area network, a base station associated with a
wireless wide area network, or another subscriber
station associated with a wireless mesh network. 17.
An apparatus as defined in claim 14 further comprising
a network interface device to receive a roaming
management response from a node of the plurality of
nodes in communication with the subscriber station,
the roaming management response having configuration
information for the subscriber station to reduce
handover of the subscriber station. 18. An apparatus
as defined in claim 14 further comprising a
configuration adjuster to increase roaming hysteresis
of the subscriber station prior to the request
generator generating the roaming management
request.19. An apparatus as defined in claim 14
further comprising a configuration adjuster to adjust
one or more configurations of the subscriber station
to reduce handover of the subscriber station based on
configuration information of a roaming management
response from a node in communication with the
subscriber station, the configuration information
having information associated with at least one of
transmit power, roaming hysteresis, receive
sensitivity, clear channel assessment, or roaming
candidate. 20. A system comprising: an
omni-directional antenna; and a processor operatively
coupled to the antenna to monitor for one or more
transition events of a subscriber station within a
time period, and to generate a roaming management
request at the subscriber station in response to
detecting a predefined number of transition events
within the time period, wherein the subscriber station
transitions between two or more nodes of a plurality
of nodes associated with a wireless communication
network during each transition event, and wherein the
roaming management request includes transition event
information associated with the one or more transition
events. 2 1. A system as defined in claim 20, wherein
the processor is configured to generate a request
having information associated with at least one of
transition identification, transition timestamp,
transition reason, target identification, source
identification, received signal strength indicator,
received signal-to-noise indicator, transmit power,
roaming hysteresis, receive sensitivity, or clear
channel assessment of each of the one or more
transition events. 22. A system as defined in claim
20, wherein the processor is configured to increase
roaming hysteresis of the subscriber station prior to
generating the roaming management request.23. A system
as defined in claim 20, wherein the processor is
configured to adjust one or more configurations of the
subscriber station to reduce handover of the
subscriber station based on configuration information
of a roaming management response from a node in
communication with the subscriber station, the
configuration information having information
associated with at least one of transmit power,
roaming hysteresis, receive sensitivity, clear channel
assessment, or roaming candidate. 24. A method
comprising: adjusting one or more nodes of a plurality
of nodes associated with a wireless communication
network based on transition event information
associated with one or more transition events of a
subscriber station, the subscriber station
transitioning between two nodes of a plurality of
nodes associated with a wireless communication network
during each transition event; and generating
configuration information for the subscriber station
to adjust one or more configurations of the subscriber
station. 



25. A method as defined in claim 24, wherein adjusting
the one or more nodes comprises adjusting the one or
more nodes at a node controller configured to receive
a frequent handover avoidance request from a node in
communication with the subscriber station. 26. A
method as defined in claim 24, wherein adjusting the
one or more nodes comprises adjusting one or more
configurations of at least one of a node in
communication with the subscriber station or a
neighbor node of the node in communication with the
subscriber station, and wherein the one or more
configurations comprise at least one of transmit
power, roaming hysteresis, receive sensitivity, or
clear channel assessment. 27. A method as defined in
claim 24 further comprising generating a frequent
handover avoidance request in response to receipt of a
roaming management request, wherein the frequent
handover avoidance request includes the transition
event information.28. A method as defined in claim 24
further comprising generating a frequent handover
avoidance response having configuration information
for at least one of the subscriber station, a node in
communication with the subscriber station, or a
neighbor node of the node in communication with the
subscriber station. 29. A method as defined in claim
24 further comprising transmitting the configuration
information to the subscriber station via a roaming
management response, the configuration information
having information associated with at least one of
transmit power, roaming hysteresis, receive
sensitivity, clear channel assessment, or roaming
candidate. 30. A method as defined in claim 24,
wherein the plurality of nodes comprises at least one
of an access point associated with a wireless local
area network, a base station associated with a
wireless metropolitan area network, a base station
associated with a wireless wide area network, or
another subscriber station associated with a wireless
mesh network. 


