
METHODS OF REDUCING THE PROLIFERATION AND VIABILITY OF MICROBIAL AGENTS 1.
PRIORITY [0001] This application claims the benefit of United States
Provisional Application No. 61/150,288, filed February 5, 2009, the
contents of which are hereby incorporated by reference in its entirety. 2.
FIELD OF INVENTION [0002] The invention relates to formulations of an
antimicrobial agent, a lipid, and optionally a surfactant, and uses thereof
for reducing the proliferation and viability of microbial agents. 3.
BACKGROUND OF THE INVENTION [0003] The treatment of various diseases in
humans, animals and plants is often hampered by the presence of barriers
that have low permeability to therapeutic agents. The skin, for example, is
fairly impenetrable and as such, many common therapeutic agents must be
applied parenterally, i.e., via intravenous, intramuscular, or intradermal
administration. Fingernails and toenails also serve as barriers in the
treatment of onychomycosis, a fungal infection of the fingernails and
toenails that results in thickening, discoloration, splitting of the nails
and lifting of the nails from the nail bed. In the case of bacterial
infections, gramnegative bacteria, mycobacteria and mycoplasma are
unusually successful in surviving in the presence of toxic compounds
because they produce effective permeability barriers, comprising the outer
membrane and the mycolate-containing cell wall, on the cell surface. In
addition, the transport of different agents into plant tissues is subject
to even more severe constraints due to the high permeability barrier of the
cuticular wax layers. Thus, noninvasive delivery of therapeutic agents
across biological barriers would be advantageous in treating several
diseases. 4. SUMMARY OF THE DISCLOSURE [0004] Applicant has surprisingly
determined that the efficacy of action of an antimicrobial agent can be
significantly enhanced by formulation with appropriate lipids and
optionally surfactants. In one example, applicant has determined that the
action of an antifungal agent can be accelerated {e.g., there is a faster
killing time) and that an antifungalagent can even have a different
mechanism of action when present in such formulations. Applicant has also
determined that such antifungal formulations result in a more even
distribution of an antifungal agent throughout a mycotic agent and thus
leads to more comprehensive killing of the fungus. Applicant has further
determined that such antifungal formulations can lead to a decrease in
sporulation of mycotic agents. These findings allow other antimicrobial
agents to be formulated with appropriate lipids and optionally surfactants
to enhance their activity and thereby allow use of otherwise poorly active
agents for new treatment regimes. In an embodiment, the efficacy of action
of an antimicrobial agent can be enhanced by formulation in a lipid based
particulate. [0005] Provided herein are antimicrobial formulations which
may be used to reduce the proliferation or viability of a microbial agent,
including fungi, bacteria, and mycoplasma. For example, the formulations
are used to inhibit sporulation of a microbial agent. The formulations are
also used for screening compounds for antimicrobial activity. The
formulations provided herein comprise one or more antimicrobial agents, one
or more lipids, 



and optionally one or more surfactants in a pharmaceutically acceptable
carrier. [0006] Provided herein are examples of antimicrobial agents that
may be efficaciously formulated to treat a human, an animal, or a plant
that has been infected with a microbial agent, including fungi, bacteria,
and mycoplasma. [0007] Specific examples of antifungals include, but are
not limited to, 5-fluorocytosine, Abafungin, Acrisorcin, Amorolfme,
Albaconazole, Albendazole, Amorolfme, Amphotericin B, Anidulafungin,
Arasertaconazole, Azithromycin, Becliconazole, Benzodithiazole, Bifonazole,
Butenafine, Butoconazole, Calbistrin, Caspofungin, Chloroxine,
Chlorphenesin, Ciclopiroxolamine, Ciclopirox, Cioteronel, Clotrimazole,
Croconazole, Cytoporins, Deoxymulundocandin, Eberconazole, Econazole,
Efungumab, Fenticonazole, Flavanoid glycosides, Fluconazole, Flutrimazole,
Flucytosine, Fosfluconazole, Genaconazole, Gentian violet, Griseofulvin,
Griseofulvin-PEG, Haloprogin, Hydroxy itraconazole, Isoconazole,
Itraconazole, Ketoconazole, Lanoconazole, Letrazuril, Liranaftate,
Luliconazole, Micafungin, Miconazole, Mycophenolic acid, Naftifine,
N-chlorotaurine, Natamycin, Nitazoxanide, Nitroethylene based antifungals,
Nystatin, Omoconazole, Oxiconazole, Polyene macrolide, Posaconazole,
Pramiconazole, Quinolone analogs, Rapamycin, Ravuconazole, Rilopirox,
Samidazole, Sertaconazole, Sitamaquine, Sordaricin, Squalestatin, Squalene,
a Squaline Expoxidase Inhibitor, Sulconazole, Sultriecin, Tafenoquine,
Terbinafme, Terconazole, Tioconazole, Tolnaftate, and Voriconazole, or a
compound of Formula I :or a single enantiomer, a mixture of enantiomers, or
a mixture of diastereomers thereof; or a pharmaceutically acceptable
solvate, hydrate, or salt thereof; where R is C1-12 alkyl, C1-12 acyl, or
heteroaryl-C6-i4 aryl; X is halo; Y is N or CH; and Z is CH or O, or
combinations of any of the above. In certain embodiments, the antifungal
formulations provided herein comprise one of itraconazole, ketoconazole,
posaconazole, saperconazole, SCH-50002, terconazole, butenafme, and
griseofulvin; and hydrates, solvates, and salts thereof; one or more
phospholipids, and optionally one or more nonionic surfactants. In an
embodiment of the invention, two or more antifungal agents may be
formulated together. The disclosure relates to formulations, such as
solutions, suspensions, gels, fluid gels, emulsions, emulsion gels,
lotions, ointments, film forming solutions, creams, sprays, and lacquers.
In one embodiment, the antifungal formulations provided herein comprise an
antifungal agent that is from a class of antifungal agents that include,
but are not limited to antimetabolites, macrolides, echinocadins,
imidazoles, triazoles, benzylamines, echinocadins, griseofulvins,
allylamines, polyenes, thiocarbamates, and halogenated phenol ethers.
[0008] The antifungal formulations provided herein facilitate the uptake of
the antifungal by the phospholipid membranes of the hypha of a mycotic
agent. In certain embodiments, the antifungal formulations facilitate the
uptake of the antifungal by the Spitzenkorper or Polarisome regions of the
hypha of a mycotic agent. Embodiments provided herein are useful in
preparations for the application, administration and/or transport of the
antifungal, especially for medicinal or biological purposes, into and
through barriers and constrictions, such as phospholipid membranes of the
Spitzenkorper or Polarisome regions of the hypha of a mycotic agent. [0009]
In particular, the disclosure encompasses methods for reducing the
proliferation or viability of a mycotic agent comprising contacting said
mycotic agent with an effective amount of an antifungal agent, wherein said
antifungal agent is formulated with a lipid and a 



surfactant, and wherein said antifungal agent is adsorbed by phospholipid
membranes of theSpitzenkorper or Polarisome regions of the hypha of said
mycotic agent. The disclosure also encompasses methods of inhibiting the
sporulation of a mycotic agent, comprising contacting said mycotic agent
with an effective amount of one or more antifungal agents, wherein said
antifungal agent is formulated with a lipid and a surfactant, and wherein
said antifungal agent is adsorbed up by phospholipid membranes of the
Spitzenkorper or Polarisome regions of the hypha of said mycotic agent. The
disclosure further encompasses methods of screening compounds for
antifungal activity comprising contacting a mycotic agent with an effective
amount of a compound, wherein said compound is formulated with a lipid and
a surfactant, and detecting a reduction in the proliferation or viability
of said mycotic agent, wherein said compound is adsorbed by the
phospholipid membranes of the Spitzenkorper or Polarsiome regions of the
hypha of said mycotic agent. [0010] Specific examples of mycotic agents
include, but are not limited to, Aspergillus flavus, Aspergillus fumigatus,
Dermatophytes, Trichophyton rubrum, Trichophyton mentagrophytes, and
Epidermophyton floccusum, Candida albicans, Malassezia furfur , Microsporum
canis Trichophyton tonsurans, Microsporum audouini, Microsporum gypseum,
Trichophyton rubrum, Trichophyton tonsurans, Trichophyton mentagrophytes,
Trichophyton interdigitalis, Trichophyton verrucosum, Trichophyton
sulphureum, Trichophyton schoenleini, Trichophyton megnini, Trichophyton
gallinae, Trichophyton crateriform, Trichomonas and Haemophilus vaginalis,
Trypanosoma brucei, and Trypanosoma cruzi. Further examples of mycotic
agents can be found in Section 4.1.1. [0011] Also provided herein are
antibacterial formulations which may be used to reduce the proliferation or
viability of bacterial agents. The formulations can, for example, comprise
one or more antibacterial agents, one or more lipids, and optionally one or
more surfactants in a pharmaceutically acceptable carrier, wherein the
antibacterial is benzyl alcohol, methyl paraben ethanol, isopropanol,
glutaraldehyde, formaldehyde, a chlorine compound, and iodine compound,
hydrogen peroxide, peracetic acid, ethylene oxide, triclocarban,
chlorhexidine, alexidine, triclosan, hexachlorophene, polymeric biguanides,
formaldehyde, aminoglycoside antibiotics, glycopeptides, amphenicol
antibiotics, ansamycin antibiotics, cephalosporins, cephamycins
oxazolidinones, penicillins, quinolones, streptogamins, tetracyclins, and
analogs thereof. In one embodiment, the antibacterial agent is an
antibiotic. Specific examples of antibiotics include, but are not limited
to aminoglycoside antibiotics, glycopeptides, amphenicol antibiotics,
ansamycin antibiotics, cephalosporins, cephamycins oxazolidinones,
penicillins, quinolones, streptogamins, tetracyclins, and analogs
thereof.[0012] The antibacterial formulations provided herein facilitate
the uptake of the antibacterial by the phospholipid membranes of a
bacterium. In an embodiment, the antibacterial formulations are used to
inhibit sporulation of a bacterium. Embodiments provided herein are useful
in preparations for the application, administration and/or transport of the
antibacterial, especially for medicinal or biological purposes, into and
through barriers and constrictions, such as phospholipid membranes of a
bacterium. [0013] In particular, the disclosure encompasses methods for
reducing the proliferation or viability of a bacterium, comprising
contacting said bacterium with an effective amount of one or more
antibacterial agents, wherein said antibacterial agent is formulated with a
lipid and optionally a surfactant, and wherein said antibacterial agent is
adsorbed by the phospholipid membranes of the bacterium. The disclosure
also encompasses methods of 



inhibiting the sporulation of a bacterium, comprising contacting said
bacterium with an effective amount of an antibacterial agent, wherein said
antibacterial agent is formulated with a lipid and a surfactant, and
wherein said antibacterial agent is adsorbed by the phospholipid membranes
of the bacterium. Specific examples of bacteria include, but are not
limited to E. coli, Klebsiella, Staphylococcus , Streptococcus, Haemophilus
influenzae, Neisseria gonorrhoeae, Pseudomonas, Clostridium, Enterococcus,
Bacillus, Acinetobacter baumannii, M. tuberculosis, Chlamydia, N.
gonorrhea, Shigella, Salmonella, Proteus, Gardnerella, Nocardia, Nocardia
asteroides, Planococcus, Corynebacteria, Rhodococcus, Vibrio, Cholera,
Treponema pallidua, Pseudomonas, Bordetella pertussis, Brucella,
Franciscella tulorensis, Helicobacter pylori, Leptospria interrogaus,
Legionella pneumophila, Yersinia, Pneumococcus, Meningococcus, Hemophilus
influenza, Toxoplasma gondic, Complylobacteriosis, Moraxella catarrhalis,
Donovanosis, and Actinomycosis. Further examples of bacteria can be found
herein, in Section 4.1.2. [0014] In one embodiment, the bacterium is a
mycobacterium. In a specific embodiment, the mycobacterium is Mycobacterium
tuberculosis. Examples of antibacterials that can be used to inhibit the
proliferation or viability of Mycobacterium tuberculosis include, but are
not limited to Isoniazid, Rifampin, Pyrazinamide, Ethambutol, and
Streptomycin. [0015] In another embodiment, the bacterium is a mycoplasma.
Examples of mycoplasma include, but are not limited to, Mycoplasma (M.)
buccale, M.faucium, M.fermentans, M. Genitalium, M. hominis, M. lipophilum,
M. oral, M. penetrans, M. pneumoniae, M. salivarium, or M. spermatophilum.
Examples of agents, in particular antibiotics, that can beused to inhibit
the proliferation or viability of a mycoplasma include, but are not limited
to, erythromycin, azithromycin, clarithromycin, tetracycline, doxycycline,
minocycline, clindamycin, ofloxacin, and chloramphenicol. [0016] Many
assays well-known in the art can be used to assess the proliferation and
viability of microbial agents following exposure to the formulations
provided herein. For example, proliferation of microbial agents can be
assayed by measuring Bromodeoxyuridine (BrdU) incorporation, (3H) thymidine
incorporation, by direct cell count, or by detecting changes in
transcription, translation or activity of known genes such as
proto-oncogenes (e.g., fos, myc) or cell cycle markers (Rb, cdc2, cyclin A,
Dl, D2, D3, E, etc). The levels of such protein and mRNA and activity can
be determined by any method well known in the art. For example, protein can
be quantitated by known immunodiagnostic methods such as ELISA, Western
blotting or immunoprecipitation using antibodies, including commercially
available antibodies. mRNA can be quantitated using methods that are well
known and routine in the art, for example, using northern analysis, RNase
protection, or polymerase chain reaction in connection with reverse
transcription. [0017] Cell viability can be assessed by using trypan-blue
staining or other cell death or viability markers known in the art. In a
specific embodiment, the level of cellular ATP is measured to determined
cell viability. In specific embodiments, cell viability is measured in
three-day and seven-day periods using an assay standard in the art, such as
the CellTiter-Glo Assay Kit (Promega) which measures levels of
intracellular ATP. A reduction in cellular ATP is indicative of a cytotoxic
effect. In another specific embodiment, cell viability can be measured in
the neutral red uptake assay. In other embodiments, visual observation for 



morphological changes may include enlargement, granularity, formation of
vacuoles, cells with ragged edges, a filmy appearance, rounding, detachment
from the surface of the well, or other changes. These changes are given a
designation of T (100% toxic), PVH (partially toxic-very heavy-80%), PH
(partially toxic-heavy-60%), P (partially toxic-40%), Ps (partially
toxic-slight-20%), or 0 (no toxicity-0%), conforming to the degree of
cytotoxicity seen. A 50% cell inhibitory (cytotoxic) concentration (IC50)
is determined by regression analysis of these data. [0018] Any assay well
known in the art can be used to determine the spore count of microbial
agents following exposure to the formulations provided herein. For example,
the viable microbial spore count can be measured by colony counting, then
the total microbial spore count can be measured by direct microscopic
counting, the procedures for which aredescribed in more detail in Section
4.9. The ratio of viable to total microbial spore count yields the fraction
of spores that remain viable within a given sample. [0019] In one
embodiment, the formulations provided herein are administered to a human in
order to reduce the proliferation or viability of a microbial agent that
has infected said human. In another embodiment, the formulations provided
herein are administered to an animal in order to reduce the proliferation
or viability of a microbial agent that has infected said animal. In yet
another embodiment, the formulations provided herein are delivered to a
plant in order to reduce the proliferation or viability of a microbial
agent that has infected said plant. [0020] In one embodiment, the
formulations provided herein are administered to a human in order to reduce
the sporulation of a microbial agent that has infected said human. In
another embodiment, the formulations provided herein are administered to an
animal in order to reduce the sporulation of a microbial agent that has
infected said animal. In yet another embodiment, the formulations provided
herein is delivered to a plant in order to reduce the sporulation of a
microbial agent that has infected said plant. [0021] The formulations may
be administered to a human or animal topically, including mucosal delivery.
Mucosal delivery includes pulmonary, oropharyngeal, genitourinary, ocular,
and nasal delivery. Pulmonary administration can be employed, e.g., by use
of an inhaler or nebulizer, and formulation with an aerosolizing agent, or
via perfusion in a fluorocarbon or synthetic pulmonary surfactant. In
certain embodiments, the formulations provided herein can be formulated as
a suppository, with traditional binders and carriers such as triglycerides.
[0022] In an embodiment, the formulations provided therein are lyophilized
to allow for pulmonary delivery. The formulations provided herein can be
lyophilized by mixing the formulation with a diluent to form a liquid
composition and then lyophilizing the liquid composition to form a
lyophilate. The formulations may be lyophilized by any method known in the
art for lyophilizing a liquid. [0023] In one embodiment, the formulations
provided herein are to be administered or delivered for a period often to
twelve weeks. In another embodiment, the formulations are administered or
delivered for a prolonged period of time, up to forty eight weeks. The
formulation is to be administered or delivered for a period of time to
result in a microbial cure rate, preferably greater than about 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% in a subject.[0024] Examples of
lipid based formulations that can be used in the methods described 



herein include, but are not limited to, emulsions, nanoemulsions, vesicles,
liposomes, micelles, microspheres, nanospheres, emulsions, lipid discs, and
non-specific lipid conglomerates. [0025] The formulations provided herein
may have a range of lipid to surfactant ratios. The ratios may be expressed
in terms of molar terms (mol lipid /mol surfactant). The molar ratio of
lipid to surfactant in the formulations provided herein may be from about
1:2 to about 10:1. In certain embodiments, the ratio is from about 1:1 to
about 2:1, from about 2:1 to about 3:1, from about 3:1 to about 4:1, from
about 4:1 to about 5:1, or from about 5:1 to about 10:1. In specific
embodiments, the lipid to surfactant ratio is about 1.0, about 1.25, about
1.5, about 1.75, about 2.0, about 2.5, about 3.0, or about 4.0. [0026] The
formulations provided herein may have varying ratios of the antimicrobial
to lipid. The ratios may be expressed in terms of molar ratios (mol
antimicrobial /mol lipid). The molar ratio of the antimicrobial to lipid in
the formulations provided herein may be from about 1:50 to about 50:1, from
about 1:25 to about 25:1, from about 1:10 to about 10:1, from about 1:5 to
about 5:1, from about 1:50 to about 50: 1, or from about 0.2: 1 to about
2:1. In certain embodiments, the ratio is from about 0.2:1 to about 0.7:1,
from about 0.7:1 to about 1.2: 1, from about 1.2: 1 to about 1.7: 1, or
from about 1.7:1 to about 2:1. [0027] In some embodiments, the lipid in the
formulations provided herein is a phospholipid. In one embodiment, the
ratio of phospholipid to surfactant is 1/1 to 5/1 w/w. In another
embodiment, the formulation contains 2.0-10.0% by weight phospholipid. In a
more specific embodiment, the formulation contains 1.0-5.0% by weight
surfactant. In a particular embodiment, the phospholipid is
phosphatidylcholine. [0028] In one embodiment, the surfactant is a nonionic
surfactant selected from the group consisting of: polyoxyethylene
sorbitans, polyhydroxyethylene stearates or polyhydroxy ethylene
laurylethers. In a more specific embodiment, the surfactant is polysorbate
80 (Tween 80). [0029] In some embodiments, the formulations provided herein
comprise from about 1 to about 20 mg of the antimicrobial. For instance,
the formulations can comprise about 1, about 2, about 3, about 4, about 5,
about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13,
about 14, about 15, about 16, about 17, about 18, about 19, or about 20 mg
of the antimicrobial.[0030] In some embodiments, the formulations provided
herein comprise from about 1 to about 500 mg of the antimicrobial. For
instance, the formulations can comprise about 1, about 25, about 50, about
75, about 100, about 125, about 150, about 175, about 200, about 225, about
250, about 275, about 300, about 325, about 350, about 375, about 400,
about 425, about 450, about 475, or about 500 mg of the antimicrobial.
[0031] In certain embodiments, the formulations provided herein form
vesicles or other extended surface aggregates (ESAs), wherein the vesicular
preparations have improved permeation capability through the semi-permeable
barriers. While not to be limited to any mechanism of action, the
formulations provided herein are able to form vesicles characterized by
their deformability and/or adaptability. The vesicles' deformability and/or
adaptability allow the vesicles to penetrate the pores of the skin and/or
nails and deliver the antimicrobial to the site of infection in an amount
sufficient to treat the infection. The vesicles' deformability and/or
adaptability also allow an antifungal to be adsorbed the phospholipid 



membranes of the Spitzenkorper or Polarisome regions of the hypha of a
mycotic agent. The vesicles' deformability and/or adaptability also allow
an antibacterial to be adsorbed by the phospholipid membranes of a
bacterium. The adaptability or deformability of the vesicles may be
determined by the ability of the vesicles to penetrate a barrier with pores
having an average pore diameter at least 50% smaller than the average
vesicle diameter before the penetration. [0032] The disclosure further
encompasses a method for treating inhalation anthrax in a human subject
that has been exposed to Bacillus anthracis spores, said method comprising
administering to said human subject a composition comprising an
antibacterial agent that is formulated with a lipid and a surfactant, and
wherein said antibacterial agent is adsorbed by the phospholipid membrane
of said Bacillus anthracis. [0033] The disclosure also encompasses a method
for method of preventing the development of inhalation anthrax in a human
subject that has been exposed to Bacillus anthracis spores, said method
comprising administering to said human subject a composition comprising an
antibacterial agent that is formulated with a lipid and a surfactant, and
wherein said antibacterial agent is adsorbed the phospholipid membrane of
said Bacillus anthracis. [0034] The disclosure also encompasses a method of
treating tuberculosis in a human subject that has been infected with
Mycobacterium tuberculosis, said method comprising administering to said
human subject a composition comprising an antibacterial agent that
isformulated with a lipid and a surfactant, and wherein said antibacterial
agent is adsorbed by the phospholipid membrane of said Mycobacterium
tuberculosis. [0035] The disclosure also encompasses a method of treating
pneumonia in a human subject that has been infected with Mycoplasma
pneumoniae, said method comprising administering to said human subject a
composition comprising an antibacterial agent that is formulated with a
lipid and a surfactant, and wherein said antibacterial agent is adsorbed up
by the phospholipid membrane of said Mycoplasma pneumoniae. [0036] The
disclosure also encompasses a method of reducing the proliferation or
viability of a mycotic agent comprising contacting said mycotic agent with
an effective amount of one or more antifungal agents, wherein said
antifungal agent is formulated with a phospholipid and a surfactant. The
disclosure also encompasses a method of reducing the proliferation or
viability of a mycotic agent comprising contacting said mycotic agent with
an effective amount of a combination of antifungal agents, wherein one or
more of the antifungal agents is/are formulated with a phospholipid and a
surfactant. The effect of contacting a mycotic agent with a combination of
one or more antifungal agents, wherein one or more of the antifungal agents
is/are formulated with a phospholipid and a surfactant may result in a
synergistic effect, i.e., the combined effect of one or more antifungal
agents on reducing the prolfieration or viablity of a mycotic agent may be
greater than the effect of a single antifungal agent on reducing the
proliferation or viability of a mycotic agent. In one particular
embodiment, the method of reducing the proliferation or viability of a
mycotic agent comprises contacting said mycotic agent with an effective
amount of a combination of terbinafme and voriconazole with either
antifungal or both being formulated with a phospholipid and surfactant. In
another embodiment, the method of reducing the proliferation or viability
of a mycotic agent comprises contacting said mycotic agent with an
effective amount of a combination of terbinafme formulation and
voriconazole formulated 



with a phospholipid and a surfactant. In a specific embodiment, the method
of reducing the proliferation or viability of a mycotic agent comprises
contacting an Aspergillus, such as A. fumigatus or A.flavus, with an
effective amount of a combination of terbinafme formulation and
voriconazole formulated in Transfersome(r). [0037] In certain embodiments
of the methods, the methods comprise administering to a subject the topical
antifungal formulations as described herein in combination with a second
antifungal formulation (either topically administered or otherwise). In
certain embodiments,the methods comprise contacting a mycotic agent with a
combination of more than one antifungal, each independently formulated,
e.g., in a Transfersome(r) or otherwise. 5. DETAILED DESCRIPTION OF THE
DISCLOSURE [0038] To facilitate understanding of the disclosure set forth
herein, a number of terms are defined below. [0039] Generally, the
nomenclature used herein and the laboratory procedures in organic
chemistry, medicinal chemistry, and pharmacology described herein are those
well known and commonly employed in the art. Unless defined otherwise, all
technical and scientific terms used herein generally have the same meaning
as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. [0040] The term "hypha" refers to a long, branching
filamentous cell of a fungus. [0041] The term "Polarisome" refers to a
protein complex found at the tip of a growing fungal hypha and that has a
role in determining cell polarity of a fungus. [0042] The term
"Spitzenkorper" refers to is an intracellular organelle associated with tip
growth of a fungal hypha. It is composed of an aggregation of membrane
-bound vesicles that is part of the endomembrane of fungi. [0043] The term
"subject" refers to an animal, including, but not limited to, a primate
(e.g., human), cow, sheep, goat, pig, horse, dog, cat, rabbit, rat, or
mouse. The terms "subject" and "patient" are used interchangeably herein in
reference, for example, to a mammalian subject, such as a human subject.
[0044] The term "treat," "treating," or "treatment of means that the
severity of a subject's condition is reduced or at least partially improved
or ameliorated and/or that some alleviation, mitigation or decrease in at
least one clinical symptom is achieved and/or there is an inhibition or
delay in the progression of the condition and/or delay in the progression
of the onset of disease or illness. The term "treat," "treating," or
"treatment of also means managing the disease state, e.g., onychomycosis.
[0045] The term "pharmaceutically acceptable" when used in reference to the
formulations provided herein denotes that a formulation does not result in
an unacceptable level of irritation in the subject to whom the formulation
is administered. Preferably such level will be sufficiently low to provide
a formulation suitable for approval by regulatory authorities.[0046] The
term "sufficient amount," "amount effective to," or an "amount sufficient
to" achieve a particular result refers to an amount of an antimicrobial or
a salt thereof that is effective to produce a desired effect, which is
optionally a therapeutic effect (i.e., by administration of a
therapeutically effective amount). Alternatively stated, a "therapeutically
effective" amount is an amount that provides some alleviation, mitigation,
and/or decrease in at least one clinical symptom. Clinical symptoms
associated with the disorder that can be treated by the methods provided
herein are well-known to those skilled in the art. Further, 



those skilled in the art will appreciate that the therapeutic effects need
not be complete or curative, as long as some benefit is provided to the
subject. For example, a "sufficient amount" or "an amount sufficient to"
can be an amount that is effective to treat onychomycosis, may be defined
as a mycological cure. [0047] As used herein with respect to numerical
values, the term "about" means a range surrounding a particular numeral
value which includes that which would be expected to result from normal
experimental error in making a measurement. For example, in certain
embodiments, the term "about" when used in connection with a particular
numerical value means 1%, 2%, 3%, 4%, 5%, 10%, 15%, or 20% of the numerical
value. [0048] The term "alkyl" refers to a linear or branched saturated
monovalent hydrocarbon radical, wherein the alkyl may optionally be
substituted with one or more substituents Q as described herein. The term
"alkyl" also encompasses both linear and branched alkyl, unless otherwise
specified. In certain embodiments, the alkyl is a linear saturated
monovalent hydrocarbon radical that has 1 to 20 (C1-20), 1 to 15 (C1-15), 1
to 12 (C1-12), 1 to 10 (C1-10), or 1 to 6 (C1-6) carbon atoms, or a
branched saturated monovalent hydrocarbon radical of 3 to 20 (C3-20), 3 to
15 (C3-15), 3 to 12 (C3-12), 3 to 10 (C3-10), or 3 to 6 (C3-6) carbon
atoms. As used herein, linear Ci_6 and branched C alkyl groups are also
referred as "lower alkyl." Examples of alkyl groups include, but are not
limited to, methyl, ethyl, propyl (including all isomeric forms), n-propyl,
isopropyl, butyl (including all isomeric forms), n-butyl, isobutyl,
sec-butyl, t-butyl, pentyl (including all isomeric forms), and hexyl
(including all isomeric forms). For example, Ci_6 alkyl refers to a linear
saturated monovalent hydrocarbon radical of 1 to 6 carbon atoms or a
branched saturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.
[0049] The term "aryl" refers to a monocyclic aromatic group and/or
multicyclic monovalent aromatic group that contain at least one aromatic
hydrocarbon ring. In certain embodiments, the aryl has from 6 to 20
(C6-20), from 6 to 15 (C6-15), or from 6 to 10 (C6-I0)ring atoms. Examples
of aryl groups include, but are not limited to, phenyl, naphthyl,
fluorenyl, azulenyl, anthryl, phenanthryl, pyrenyl, biphenyl, and
terphenyl. Aryl also refers to bicyclic or tricyclic carbon rings, where
one of the rings is aromatic and the others of which may be saturated,
partially unsaturated, or aromatic, for example, dihydronaphthyl, indenyl,
indanyl, or tetrahydronaphthyl (tetralinyl). In certain embodiments, aryl
may also be optionally substituted with one or more substituents Q as
described herein. [0050] The term "heteroaryl" refers to a monocyclic
aromatic group and/or multicyclic aromatic group that contain at least one
aromatic ring, wherein at least one aromatic ring contains one or more
heteroatoms independently selected from O, S, and N. Each ring of a
heteroaryl group can contain one or two O atoms, one or two S atoms, and/or
one to four N atoms, provided that the total number of heteroatoms in each
ring is four or less and each ring contains at least one carbon atom. The
heteroaryl may be attached to the main structure at any heteroatom or
carbon atom which results in the creation of a stable compound. In certain
embodiments, the heteroaryl has from 5 to 20, from 5 to 15, or from 5 to 10
ring atoms. Examples of monocyclic heteroaryl groups include, but are not
limited to, pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, furanyl, thienyl,
oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, and triazinyl.
Examples of bicyclic heteroaryl groups include, but are not limited to,
indolyl, benzothiazolyl, 



benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl,
isobenzofuranyl, chromonyl, coumarinyl, cinnolinyl, quinoxalinyl,
indazolyl, purinyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl,
dihydroisoindolyl, and tetrahydroquinolinyl. Examples of tricyclic
heteroaryl groups include, but are not limited to, carbazolyl, benzindolyl,
phenanthrollinyl, acridinyl, phenanthridinyl, and xanthenyl. In certain
embodiments, heteroaryl may also be optionally substituted with one or more
substituents Q as described herein. [0051] The term "alkenoyl" as used
herein refers to -C(O)-alkenyl. The term "alkenyl" refers to a linear or
branched monovalent hydrocarbon radical, which contains one or more, in one
embodiment, one to five, carbon-carbon double bonds. The alkenyl may be
optionally substituted with one or more substituents Q as described herein.
The term "alkenyl" also embraces radicals having "cis" and "trans"
configurations, or alternatively, "Z" and "E" configurations, as
appreciated by those of ordinary skill in the art. As used herein, the term
"alkenyl" encompasses both linear and branched alkenyl, unless otherwise
specified. For example, C -6 alkenyl refers to a linear unsaturated
monovalent hydrocarbon radical of 2 to 6carbon atoms or a branched
unsaturated monovalent hydrocarbon radical of 3 to 6 carbon atoms. In
certain embodiments, the alkenyl is a linear monovalent hydrocarbon radical
of 2 to 30 (C2-30), 2 to 24 (C2-24), 2 to 20 (C2-20), 2 to 15 (C2-15), 2 to
12 (C2-12), 2 to 10 (C2-10), or 2 to 6 (C2-6) carbon atoms, or a branched
monovalent hydrocarbon radical of 3 to 30 (C3_3o), 3 to 24 (C3-24), 3 to 20
(C3-20), 3 to 15 (C3-15), 3 to 12 (C3-12), 3 to 10 (C3-10), or 3 to 6
(C3-6) carbon atoms. Examples of alkenyl groups include, but are not
limited to, ethenyl, propen-1- yl, propen-2-yl, allyl, butenyl, and
4-methylbutenyl. In certain embodiments, the alkenoyl is mono-alkenoyl,
which contains one carbon-carbon double bond. In certain embodiments, the
alkenoyl is di-alkenoyl, which contains two carbon-carbon double bonds. In
certain embodiments, the alkenoyl is poly-alkenoyl, which contains more
than two carbon-carbon double bonds. [0052] The term "heterocyclyl" or
"heterocyclic" refers to a monocyclic non-aromatic ring system and/or
multicyclic ring system that contains at least one non-aromatic ring,
wherein one or more of the non-aromatic ring atoms are heteroatoms
independently selected from O, S, or N; and the remaining ring atoms are
carbon atoms. In certain embodiments, the heterocyclyl or heterocyclic
group has from 3 to 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4 to
7, or from 5 to 6 ring atoms. In certain embodiments, the heterocyclyl is a
monocyclic, bicyclic, tricyclic, or tetracyclic ring system, which may
include a fused or bridged ring system, and in which the nitrogen or sulfur
atoms may be optionally oxidized, the nitrogen atoms may be optionally
quaternized, and some rings may be partially or fully saturated, or
aromatic. The heterocyclyl may be attached to the main structure at any
heteroatom or carbon atom which results in the creation of a stable
compound. Examples of such heterocyclic radicals include, but are not
limited to, acridinyl, azepinyl, benzimidazolyl, benzindolyl,
benzoisoxazolyl, benzisoxazinyl, benzodioxanyl, benzodioxolyl,
benzofuranonyl, benzofuranyl, benzonaphthofuranyl, benzopyranonyl,
benzopyranyl, benzotetrahydrofuranyl, benzotetrahydrothienyl,
benzothiadiazolyl, benzothiazolyl, benzothiophenyl, benzotriazolyl,
benzothiopyranyl, benzoxazinyl, benzoxazolyl, benzothiazolyl, b-carbolinyl,
carbazolyl, chromanyl, chromonyl, cinnolinyl, coumarinyl,
decahydroisoquinolinyl, dibenzofuranyl, dihydrobenzisothiazinyl,
dihydrobenzisoxazinyl, 



dihydrofuryl, dihydropyranyl, dioxolanyl, dihydropyrazinyl,
dihydropyridinyl, dihydropyrazolyl, dihydropyrimidinyl, dihydropyrrolyl,
dioxolanyl, 1,4-dithianyl, furanonyl, furanyl, imidazolidinyl,
imidazolinyl, imidazolyl, imidazopyridinyl, imidazothiazolyl, indazolyl,
indolinyl, indolizinyl, indolyl,
isobenzotetrahydrofuranyl,isobenzotetrahydrothienyl, isobenzothienyl,
isochromanyl, isocoumarinyl, isoindolinyl, isoindolyl, isoquinolinyl,
isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl, morpholinyl,
naphthyridinyl, octahydroindolyl, octahydroisoindolyl, oxadiazolyl,
oxazolidinonyl, oxazolidinyl, oxazolopyridinyl, oxazolyl, oxiranyl,
perimidinyl, phenanthridinyl, phenathrolinyl, phenarsazinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
4-piperidonyl, pteridinyl, purinyl, pyrazinyl, pyrazolidinyl, pyrazolyl,
pyridazinyl, pyridinyl, pyridopyridinyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofliryl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydropyranyl, tetrahydrothienyl, tetrazolyl,
thiadiazolopyrimidinyl, thiadiazolyl, thiamorpholinyl, thiazolidinyl,
thiazolyl, thienyl, triazinyl, triazolyl, and 1,3,5-trithianyl. In certain
embodiments, heterocyclic may also be optionally substituted with one or
more substituents Q as described herein. [0053] The term "halogen",
"halide" or "halo" refers to fluorine, chlorine, bromine, and/or iodine.
[0054] The term "optionally substituted" is intended to mean that a group,
including alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl,
and heterocyclyl, may be substituted with one or more substituents Q, in
one embodiment, one, two, three or four substituents Q, where each Q is
independently selected from the group consisting of cyano, halo, oxo,
nitro, Ci_6 alkyl, halo-Ci_6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3_7
cycloalkyl, C -I aryl, C7-I4 aralkyl, heteroaryl, heterocyclyl, -C(O)R e,
-C(O)OR , -C(O)NR fRg, - C(NR e)NR fRg, -OR e, -OC(O)R , -OC(O)OR ,
-0C(0)NR fRg, -0C(=NR 6)NR fRg, - OS(O)R 6, -OS(O) 2R6, -OS(O)NR fRg,
-OS(O) 2NRfRg, -NR fRg, -NR 6C(0)R f, -NR 6C(0)0R f, -NR 6C(0)NR fRg, -NR
6C(=NR h)NR fRg, -NR 6S(0)R f, -NR 6S(O) 2Rf, -NR 6S(0)NR fRg, - NR6S(O)
2NRfRg, -SR 6, -S(O)R 6, -S(O) 2R6, and -S(O) 2NRfRg, wherein each R6, Rf,
Rg, and Rh is independently hydrogen, Ci_6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3_7 cycloalkyl, C6-I4 aryl, C7_i 4 aralkyl, heteroaryl, or
heterocyclyl; or Rf and Rg together with the N atom to which they are
attached form heterocyclyl. [0055] The terms "optically active" and
"enantiomerically active" refer to a collection of molecules, which has an
enantiomeric excess of no less than about 50%, no less than about 70%, no
less than about 80%, no less than about 90%, no less than about 91%, no
less than about 92%, no less than about 93%, no less than about 94%, no
less than about 95%, no less than about 96%, no less than about 97%, no
less than about 98%, no less than about 99%, no less than about 99.5%, or
no less than about 99.8%.[0056] In describing an optically active compound,
the prefixes R and S are used to denote the absolute configuration of the
molecule about its chiral center(s). The (+) and (-) are used to denote the
optical rotation of the compound, that is, the direction in which a plane
of polarized light is rotated by the optically active compound. The (-)
prefix indicates that the compound is levorotatory, that is, the compound
rotates the plane of polarized light to the left or counterclockwise. The
(+) prefix indicates that the compound is dextrorotatory, that is, the
compound rotates the plane of polarized light to the right or clockwise.
However, the sign of optical rotation, (+) and (-), is not related to the
absolute configuration of the 



molecule, R and S. [0057] The term "solvate" refers to a compound provided
herein or a salt thereof, which further includes a stoichiometric or
non-stoichiometric amount of solvent bound by noncovalent intermolecular
forces. Where the solvent is water, the solvate is a hydrate. [0058] The
formulations provided herein comprise an antifungal or an antibacterial, a
lipid, preferably a phospholipid, a surfactant, preferably a nonionic
surfactant, and an aqueous solution, having a pH ranging from 3.5 to 9.0,
preferably from 4 to 7.5. The antifungal formulations provided herein may
contain an antifungal, or a pharmaceutically acceptable solvate, hydrate,
or salt of the antimicrobial. The formulations may optionally contain
buffers, antioxidants, preservatives, microbicides, antimicrobials, and/or
thickeners. In certain embodiments, a certain portion of the antimicrobial
in the pharmaceutical composition is in salt form. [0059] While not to be
limited by any mechanism of action, the formulations provided herein form
vesicles or other extended surface aggregates (ESAs), wherein the vesicular
preparations have improved permeation capability through the semi-permeable
barriers, such as skin and/or nails. The vesicles or extended surface
aggregates provided herein comprise of an antifungal or an antibacterial, a
lipid, and one or more membrane destabilizing agents, such as surfactants.
4.1. MICROBIAL AGENTS 4.1.1. MYCOTIC AGENTS [0060] Specific examples of
mycotic agents that can infect humans and animals include, but are not
limited to, Trichophyton rubrum, Trichophyton mentagrophytes,
andEpidermophyton floccusum, Candida (e.g., Candida (C) albicans, C
glabrata, C krusei, C tropicalis), Cryptococcus (e.g., Cryptococcus
neoformans), Dermatophytes, Malassezia furfur, Microsporum canis,
Trichophyton tonsurans, Microsporum audouini, Microsporum gypseum,
Trichophyton rubrum, Trichophyton tonsurans, Trichophyton mentagrophytes,
Trichophyton interdigitalis, Trichophyton verrucosum, Trichophyton
sulphureum, Trichophyton schoenleini, Trichophyton megnini, Trichophyton
gallinae, Trichophyton crateriform, Trichomonas and Haemophilus vaginalis,
Blastomyces dermatitidis, Coccidioides immitis, Histoplasma capsulatum, and
Sporothrix schenckii, Trypanosoma (e.g., Trypanosoma (T.) ambystoma, T
avium, T boissoni, T brucei, T carassii, T cruzi, T congolense, T equinum,
T. equiperdum, T. evansi, T. everetti, T. hosei, T. levisi, T. melophagium,
T. paddai, T. parroti, T. percae, T. rangeli, T. rotatorium, T. rugosae, T.
sergenti, T. simiae, T. sinipercae, T. suis, T. theileri, T. teleosts, T.
nagana), Aspergillus fumigatus, Aspergillus flavus, and Aspergillus
clavatus. [0061] Specific examples of mycotic agents that can infect plants
include, but are not limited to, Basidiomycetes (e.g., Puccinia spp.,
Cronartium ribicola, and Gymnosporangium juniperi-virginianae), the smut
fungi, (e.g., Ustilago spp.), Gaeumannomyces graminis var tritici,
Physoderma alfalfae, Glomerella cingulata, Gymnosporangium
juniperi-virginianae, Venturia inaequalis, Fusarium oxysporum f cubense,
Ustilago nuda Rostr., Septoria apiicola, Fusarium oxysporum f apii
Claviceps purpurea, Puccinia spp., P. graminis, Phytopthera infestans, and
Armillaria mellae. 4.1.2. BACTERIAL AGENTS [0062] Specific examples of
bacterial agents that can infect humans and animals include, 



but are not limited to, E. coli, Klebsiella (e.g.., Klebsiella pneumoniae
and Klebsiella oxytoca), Staphylococcus (e.g., Staphylococcus aureus),
Streptococcus (e.g., Streptococcus pneumoniae), Haemophilus influenzae,
Neisseria gonorrhoeae, Pseudomonas (e.g., Pseudomonas aeruginosa),
Clostridium (e.g., Clostridium (C) tetani, C botulinum, C perfringens),
Enterococcus, Bacillus (e.g., Bacillus (B.) anthracis, B. cereus, B.
circulans, B. subtilis, B. megaterium), Acinetobacter baumannii, M.
tuberculosis, Chlamydia, N. gonorrhea, Shigella, Salmonella, Proteus,
Gardnerella, Nocardia, Nocardia asteroides, Planococcus, Corynebacteria,
Rhodococcus, Vibrio (e.g., Vibrio Cholera, Treponema pallidua, Pseudomonas,
Bordetella pertussis, Brucella, Franciscella tulorensis, Helicobacter
pylori, Leptospria interrogaus, Legionella pneumophila, Yersinia (e.g.
Yersinia (Y.) pestis Y.enterocolitical, Y. pseudotuberculosis,
Streptococcus (types A and B), Pneumococcus, Meningococcus, Hemophilus
influenza (type b), Toxoplasma gondic, Complylobacteriosis, Moraxella
catarrhalis, Donovanosis, and Actinomycosis. [0063] In one embodiment, the
bacterium is a mycobacterium. In a specific embodiment, the mycobacterium
is Mycobacterium tuberculosis. [0064] In another embodiment, the bacterium
is a mycoplasma. Examples of mycoplasma include, but are not limited to,
Mycoplasma (M.) buccale, M. faucium, M. fermentans, M. Genitalium, M.
hominis, M. lipophilum, M. oral, M. penetrans, M. pneumoniae, M.
salivarium, or M. spermatophilum. [0065] In an embodiment, the bacterium is
a methicillin-resisitant stapholococcus aureus (MRSA). In an embodiment,
the bacteria used in the methods of the invention are antibiotic resistant.
[0066] Specific examples of bacteria that can infect plants include, but
are not limited to, Erwinia, Pectobacterium, Pantoea, Agrobacterium,
Pseudomonas, Ralstonia, Burkholderia, Acidovorax, Xanthomonas, Clavibacter,
Streptomyces, Xylella, Spiroplasma, and Phytoplasm. 4.2. ANTIFUNGALS 4.2.1.
ALLYAMINES [0067] Allyamines that are suitable for use in the topical
antifungal formulations provided herein include, but are limited to,
amorolfme, butenafine, and naftifine. [0068] In one embodiment, the
allyamine in the topical antifungal formulations provided herein is
amorolfme having the structure of: [0069] In another embodiment, the
allyamine in the topical antifungal formulations provided herein is
butenafine having the structure of:[0070] In yet another embodiment, the
allyamine in the topical antifungal formulations provided herein is
naftifine having the structure of: [0071] The allyamine may be used in the
formulations provided herein in its free base, or its pharmaceutically
acceptable solvate, hydrate, or salt form. In a specific embodiment, the
allyamine is used as a hydrochloride (HCl) salt. The term "allyamine" as
used herein includes the free base form of the compound as well as
pharmaceutically acceptable solvate, hydrate, or salt form. Suitable salt
forms include, but not are limited to chloride, bromide, iodide, acetate,
and fumarate. [0072] The pharmaceutical formulations provided herein allow
for the topical administration of the allyamine, and comprise a
therapeutically effective amount of the allyamine and at least one lipid
and at least one surfactant, wherein the formulation comprises 



0.25-25.0% of the allyamine in terms of dry "total lipid" weight being
defined as the sum total of dry weights of all included lipids,
surfactants, lipophilic excipients, and the allyamine. The formulations
provided herein may also comprise 0.25 to 30% by weight of the allyamine.
In specific embodiments, the topical formulations may comprise from about
0.25% to about 0.5%, from about 0.5% to about 1%, from about 1% to about
1.5%, from about 1.5% to about 2%, from about 2% to about 2.5%, from about
2.5% to about 3%, from about 3% to about 4%, from about 4% to about 5%,
from about 5% to about 6%, from about 6% to about 7%, from about 7% to
about 8%, from about 8% to about 9%, from about 9% to about 10%, from about
10% to about 12%, from about 12 % to about 14%, from about 14% to about
16%, from about 16% to about 18%, from about 18% to about 20%, from about
22% to about 24%, from about 26% to about 28%, or from about 28% to about
30% by weight of the allyamine.[0073] The pharmaceutical formulations
provided herein contain the allyamine in an amount ranging from about 0.25
mg/g to about 200 mg/g. In certain embodiments, the amount of the allyamine
in the pharmaceutical formulations may range from about 0.25 mg/g to about
200 mg/g, from about 0.5 mg/g to about 175 mg/g, from about 0.5 mg/g to
about 150 mg/g, from about 0.5 mg/g to about 100 mg/g, from about 0.5 mg/g
to about 75 mg/g, from about 0.5 mg/g to about 50 mg/g, from about 0.5 mg/g
to about 25 mg/g, from about 0.5 mg/g to about 20 mg/g, from about 0.5 mg/g
to about 10 mg/g, from about 0.5 mg/g to about 5 mg/g, from about 0.5 mg/g
to about 4 mg/g, from about 0.5 mg/g to about 3 mg/g, from about 0.5 mg/g
to about 2 mg/g, or from about 0.5 mg/g to about 1.5 mg/g. [0074] In
certain embodiments, the topical formulations provided herein also comprise
a polar liquid medium. In certain embodiments, the topical formulations
provided herein are administered in an aqueous medium. The topical
formulations provided herein may be in the form of a solution, suspension,
gel, fluid gel, emulsion, emulsion gel, cream, lotion, ointment, spray,
film forming solution, lacquer or a patch soaked with the formulation.
4.2.2. TRIAZOLES AND IMIDAZOLES [0075] Triazole and imidazole antifungals
that are suitable for use in the topical antifungal formulations provided
herein have the structure of Formula I : or a single enantiomer, a mixture
of enantiomers, or a mixture of diastereomers thereof; or a
pharmaceutically acceptable solvate, hydrate, or salt thereof; wherein: R
is Ci_i2 alkyl, Ci_i2 acyl, or heteroaryl-C - aryl; X is halo; Y is N or
CH; and Z is CH2 or O.[0076] The groups, R, X, Y, and Z in Formula I are
further defined herein. All combinations of the embodiments provided herein
for such groups are within the scope of this disclosure. [0077] In certain
embodiments, R is C1-12 alkyl. In certain embodiments, R is isopropyl. In
certain embodiments, R is C1-12 acyl. In certain embodiments, R is acetyl.
In certain embodiments, R is heteroaryl-C - aryl. In certain embodiments, R
is 1-sec-butyl- IH- 1,2,4- triazol-5(4H)-one-4-yl,
l-(2-hydroxypentan-3-yl)-l H-l,2,4-triazol-5(4 H)-one-4-yl, or 1-
((2,S,3i?)-2-riydroxypentan-3-yl)- IH-1,2,4-triazol-5(4H)-one-4-yl. [0078]
In certain embodiments, each X is independently fluoro or chloro. In
certain embodiments, X is fluoro. In certain embodiments, X is chloro. 



[0079] In certain embodiments, Y is N. In certain embodiments, Y is CH.
[0080] In certain embodiments, Z is CH2. In certain embodiments, Z is O.
[0081] In one embodiment, provided herein is a compound of Formula I,
wherein R is isopropyl, acetyl, 1-sec-butyl- IH- l,2,4-triazol-5(4
H)-one-4-yl, l-(2-hydroxypentan-3-yl)-l Hl, 2,4-triazol-5(4 H)-one-4-yl, or
l-((25',3i?)-2-hydroxypentan-3-yl)-l H-l,2,4-triazol-5(4 H)- one-4-yl; each
X is independently fluoro or chloro; Y is N or CH; and Z is CH2 or O.
[0082] In one embodiment, the compound of Formula I is itraconazole having
the structure of: or a single enantiomer or a mixture of diastereomers
thereof; or a pharmaceutically acceptable solvate, hydrate, or salt
thereof. [0083] In another embodiment, the compound of Formula I is
ketoconazole having the structure:or a pharmaceutically acceptable solvate,
hydrate, or salt thereof. [0084] In yet another embodiment, the compound of
Formula I is posaconazole having the structure of: or a pharmaceutically
acceptable solvate, hydrate, or salt thereof. [0085] In yet another
embodiment, the compound of Formula I is terconazole having the structure
of: or a pharmaceutically acceptable solvate, hydrate, or salt thereof.
[0086] In yet another embodiment, the compound of Formula I is SCH-50002
having the structure of: or a single enantiomer or a mixture of
diastereomers thereof; or a pharmaceutically acceptable solvate, hydrate,
or salt thereof. [0087] In still another embodiment, the compound of
Formula I is saperconazole having the structure of:or a single enantiomer
or a mixture of diastereomers thereof; or a pharmaceutically acceptable
solvate, hydrate, or salt thereof. [0088] Triazole and imidazole
antifungals as provided herein may be used in the formulations provided
herein as a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable solvate, hydrate,
or salt thereof. In a specific embodiment, triazole and imidazole
antifungals are used in their free base forms. The term "a triazole and
imidazole antifungal" as used herein includes the free base form of the
compound, including single enantiomers, mixtures of enantiomers, and
mixtures of diastereomers of the compound; as well as pharmaceutically
acceptable solvates, hydrates, and salts of the compound, including its
single enantiomers, mixtures of enantiomers, and mixtures of diastereomers.
[0089] The pharmaceutical formulations provided herein allow for the
topical administration of triazole and imidazole antifungals, particularly,
itraconazole, ketoconazole, posaconazole, saperconazole, SCH-50002, and
terconazole, and comprise a therapeutically effective amount of a triazole
or imidazole antifungal provided herein, and at least one lipid and at
least one surfactant, wherein the formulation comprises 0.25-25% of the
antifungal in terms of dry "total lipid" weight being defined as the sum
total of dry weights of all included lipids, surfactants, lipophilic
excipients, and the antifungal. The formulations provided herein may also
comprise 0.25 to 30% by weight of the antifungal. In specific embodiments,
the topical antifungal formulations may comprise from about 0.25% to about
0.5%, from 



about 0.5% to about 1%, from about 1% to about 1.5%, from about 1.5% to
about 2%, from about 2% to about 2.5%, from about 2.5% to about 3%, from
about 3% to about 4%, from about 4% to about 5%, from about 5% to about 6%,
from about 6% to about 7%, from about 7% to about 8%, from about 8% to
about 9%, from about 9% to about 10%, from about 10% to about 12%, from
about 12 % to about 14%, from about 14% to about 16%, from about 16% to
about 18%, from about 18% to about 20%, from about 22% to about 24%, from
about 26% to about 28%, or from about 28% to about 30% by weight of the
triazole or imidazole antifungal.[0090] The pharmaceutical formulations
provided herein contain the triazole or imidazole antifungal in an amount
ranging from about 0.25 mg/g to about 200 mg/g. In certain embodiments, the
amount of the triazole or imidazole antifungal in the pharmaceutical
formulations may range from about 0.25 mg/g to about 200 mg/g, from about
0.5 mg/g to about 175 mg/g, from about 0.5 mg/g to about 150 mg/g, from
about 0.5 mg/g to about 100 mg/g, from about 0.5 mg/g to about 75 mg/g,
from about 0.5 mg/g to about 50 mg/g, from about 0.5 mg/g to about 25 mg/g,
from about 0.5 mg/g to about 20 mg/g, from about 0.5 mg/g to about 10 mg/g,
from about 0.5 mg/g to about 5 mg/g, from about 0.5 mg/g to about 4 mg/g,
from about 0.5 mg/g to about 3 mg/g, from about 0.5 mg/g to about 2 mg/g,
or from about 0.5 mg/g to about 1.5 mg/g. [0091] In certain embodiments,
the antifungal formulations provided herein also comprise a polar liquid
medium. In certain embodiments, the antifungal formulations provided herein
are administered in an aqueous medium. The antifungal formulations provided
herein may be in the form of a solution, suspension, gel, fluid gel,
emulsion, emulsion gel, cream, lotion, ointment, spray, film forming
solution, lacquer or a patch soaked with the formulation. [0092] The
antifungals provided herein are intended to encompass all possible
stereoisomers, including enantiomers and diastereomers and mixtures
thereof, unless a particular stereochemistry is specified. Where an
antifungals provided herein contains an alkenyl or alkenylene group, the
antifungal may exist as a cis (Z) or trans (E) isomer or as a mixture of
geometric cisltrans (or Z/E) isomers. Where structural isomers are
interconvertible via a low energy barrier, the antifungal may exist as a
single tautomer or a mixture of tautomers. This can take the form of proton
tautomerism in the antifungal that contains, for example, an imino, keto,
or oxime group; or so-called valence tautomerism in the antifungal that
contain an aromatic moiety. It is understood that a single antifungal may
exhibit more than one type of isomerism. [0093] The antifungals provided
herein may be enantiomerically pure, such as a single enantiomer or a
single diastereomer, or may be stereoisomeric mixtures, such as a mixture
of enantiomers, a racemic mixture, or a diastereomeric mixture. As such,
one of skill in the art will recognize that administration of a compound in
its (R) form is equivalent, for compounds that undergo epimerization in
vivo, to administration of the compound in its (S) form. Conventional
techniques for the preparation/isolation of individual enantiomers include
synthesis from a suitable optically pure precursor, asymmetric synthesis
from achiral startingmaterials, or resolution of an enantiomeric mixture,
for example, chiral chromatography, recrystallization, resolution,
diastereomeric salt formation, or derivatization into diastereomeric
adducts followed by separation. [0094] When the antifungals provided herein
contain an acidic or basic moiety, they may 



also be provided as pharmaceutically acceptable salts (See, Berge et al, J.
Pharm. ScL 1977, 66, 1-19; and "Handbook of Pharmaceutical Salts,
Properties, and Use," Stahl and Wermuth, Ed.; Wiley-VCH and VHCA, Zurich,
2002). [0095] Suitable acids for use in the preparation of pharmaceutically
acceptable salts include, but are not limited to, acetic acid,
2,2-dichloroacetic acid, acylated amino acids, adipic acid, alginic acid,
ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid, 4-
acetamidobenzoic acid, boric acid, (+)-camphoric acid, camphorsulfonic
acid, (+)-(15)- camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid,
cyclohexanesulfamic acid, dodecylsulfuric acid, ethane- 1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid,
D-gluconic acid, D-glucuronic acid, L-glutamic acid, a-oxoglutaric acid,
glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,
hydroiodic acid, (+)-L-lactic acid, ()-DL-lactic acid, lactobionic acid,
lauric acid, maleic acid, (-)-L-malic acid, malonic acid, ()-DL-mandelic
acid, methanesulfonic acid, naphthalene-2-sulfonic acid, naphthalene-
1,5-disulfonic acid, l-hydroxy-2-naphthoic acid, nicotinic acid, nitric
acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
perchloric acid, phosphoric acid, L-pyroglutamic acid, saccharic acid,
salicylic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic
acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid,
p-toluenesulfonic acid, undecylenic acid, and valeric acid. [0096] Suitable
bases for use in the preparation of pharmaceutically acceptable salts
include, but are not limited to, inorganic bases, such as magnesium
hydroxide, calcium hydroxide, potassium hydroxide, zinc hydroxide, or
sodium hydroxide; and organic bases, such as primary, secondary, tertiary,
and quaternary, aliphatic and aromatic amines, including L-arginine,
benethamine, benzathine, choline, deanol, diethanolamine, diethylamine,
dimethylamine, dipropylamine, diisopropylamine, 2-(diethylamino)-ethanol,
ethanolamine, ethylamine, ethylenediamine, isopropylamine,
N-methyl-glucamine, hydrabamine, lH-imidazole, L-lysine, morpholine,
4-(2-hydroxyethyl)-morpholine, methylamine, piperidine, piperazine,
propylamine, pyrrolidine, l-(2-hydroxyethyl)-pyrrolidine, pyridine,
quinuclidine, quinoline, isoquinoline, secondary amines, triethanolamine,
trimethylamine,triethylamine, N-methyl-D-glucamine,
2-amino-2-(hydroxymethyl)-l,3-propanediol, and tromethamine. 4.2.3.
LIRANAFTATE AND TOLNAFTATE [0097] Liranaftate is an antifungal having the
structure of: [0098] Tolnaftate is an antifungal having the structure of:
[0099] Liranaftate or tolnaftate may be used in the formulations provided
herein in its free form, or its pharmaceutically acceptable solvate,
hydrate, or salt form. In a specific embodiment, liranaftate or tolnaftate
is used in its free form. The term "liranaftate" as used herein includes
the free form of the compound as well as pharmaceutically acceptable
solvate, hydrate, or salt form. The term "tolnaftate" as used herein
includes the free form of the compound as well as pharmaceutically
acceptable solvate, hydrate, or salt form. [00100] The pharmaceutical
formulations provided herein allow for the topical administration of
liranaftate or tolnaftate, and comprise a therapeutically effective amount
of liranaftate or tolnaftate and at least one lipid and at least one
surfactant, wherein the formulation comprises 0.25-25% liranaftate or
tolnaftate in terms of dry "total lipid" weight 



being defined as the sum total of dry weights of all included lipids,
surfactants, lipophilic excipients, and liranaftate or tolnaftate. The
formulations provided herein may also comprise 0.25 to 30% by weight of
liranaftate or tolnaftate. In specific embodiments, the topical
formulations may comprise from about 0.25% to about 0.5%, from about 0.5%
to about 1%, from about 1% to about 1.5%, from about 1.5% to about 2%, from
about 2% to about 2.5%, from about 2.5% to about 3%, from about 3% to about
4%, from about 4% to about 5%, from about 5% to about 6%, from about 6% to
about 7%, from about 7% to about 8%, from about 8% to about 9%, from about
9% to about 10%, from about 10% to about 12%, from about 12 % to about 14%,
from about 14% to about 16%, from about 16% to about 18%, from about 18% to
about 20%, from about 22% to about 24%, from about 26% to about 28%, or
from about 28% to about 30% by weight of liranaftate or tolnaftate.[00101]
The pharmaceutical formulations provided herein contain liranaftate or
tolnaftate in an amount ranging from about 0.25 mg/g to about 200 mg/g. In
certain embodiments, the amount of liranaftate or tolnaftate in the
pharmaceutical formulations may range from about 0.25 mg/g to about 200
mg/g, from about 0.5 mg/g to about 175 mg/g, from about 0.5 mg/g to about
150 mg/g, from about 0.5 mg/g to about 100 mg/g, from about 0.5 mg/g to
about 75 mg/g, from about 0.5 mg/g to about 50 mg/g, from about 0.5 mg/g to
about 25 mg/g, from about 0.5 mg/g to about 20 mg/g, from about 0.5 mg/g to
about 10 mg/g, from about 0.5 mg/g to about 5 mg/g, from about 0.5 mg/g to
about 4 mg/g, from about 0.5 mg/g to about 3 mg/g, from about 0.5 mg/g to
about 2 mg/g, or from about 0.5 mg/g to about 1.5 mg/g. [00102] In certain
embodiments, the topical formulations provided herein also comprise a polar
liquid medium. In certain embodiments, the topical formulations provided
herein are administered in an aqueous medium. The topical formulations
provided herein may be in the form of a solution, suspension, gel, fluid
gel, emulsion, emulsion gel, cream, lotion, ointment, spray, film forming
solution, lacquer or a patch soaked with the formulation. 4.2.4.
GRISEFULVIN [00103] Griseofulvin is an antifungal having the structure of:
[00104] Griseofulvin may be used in the formulations provided herein in its
free form, or its pharmaceutically acceptable solvate, hydrate, or salt
form. In a specific embodiment, griseofulvin is used in its free form. The
term "griseofulvin" as used herein includes the free form of the compound
as well as pharmaceutically acceptable solvate, hydrate, or salt form.
[00105] The pharmaceutical formulations provided herein allow for the
topical administration of griseofulvin, and comprise a therapeutically
effective amount of griseofulvin and at least one lipid and at least one
surfactant, wherein the formulation comprises 0.25-25% griseofulvin in
terms of dry "total lipid" weight being defined as the sum total of dry
weights of all included lipids, surfactants, lipophilic excipients, and
griseofulvin. The formulations provided herein may also comprise 0.25 to
30% by weight of griseofulvin. In specific embodiments, the topical
griseofulvin formulations may comprisefrom about 0.25% to about 0.5%, from
about 0.5% to about 1%, from about 1% to about 1.5%, from about 1.5% to
about 2%, from about 2% to about 2.5%, from about 2.5% to about 3%, from
about 3% to about 4%, from about 4% to about 5%, from about 5% to about 6%,
from about 6% to about 7%, from about 7% to about 8%, from about 8% to
about 9%, from about 9% to about 10%, from about 10% to about 12%, from
about 12 % to about 14%, from about 14% to about 16%, from about 16% to
about 18%, from about 18% to about 20%, from about 22% to about 24%, from
about 26% to about 28%, or from about 28% to about 30% by 



weight of griseofulvin. [00106] The pharmaceutical formulations provided
herein contain griseofulvin in an amount ranging from about 0.25 mg/g to
about 200 mg/g. In certain embodiments, the amount of griseofulvin in the
pharmaceutical formulations may range from about 0.25 mg/g to about 200
mg/g, from about 0.5 mg/g to about 175 mg/g, from about 0.5 mg/g to about
150 mg/g, from about 0.5 mg/g to about 100 mg/g, from about 0.5 mg/g to
about 75 mg/g, from about 0.5 mg/g to about 50 mg/g, from about 0.5 mg/g to
about 25 mg/g, from about 0.5 mg/g to about 20 mg/g, from about 0.5 mg/g to
about 10 mg/g, from about 0.5 mg/g to about 5 mg/g, from about 0.5 mg/g to
about 4 mg/g, from about 0.5 mg/g to about 3 mg/g, from about 0.5 mg/g to
about 2 mg/g, or from about 0.5 mg/g to about 1.5 mg/g. [00107] In certain
embodiments, the griseofulvin formulations provided herein also comprise a
polar liquid medium. In certain embodiments, the griseofulvin formulations
provided herein are administered in an aqueous medium. The griseofulvin
formulations provided herein may be in the form of a solution, suspension,
gel, fluid gel, emulsion, emulsion gel, cream, lotion, ointment, spray,
film forming solution, lacquer or a patch soaked with the
formulation.[00108] In an embodiment of the invention, the antifungal agent
is not Terbinafme. In an embodiment of the invention, the antifungal agent
is not Amphotericin B. 4.3. ANTIBACTERIALS [00109] Antibacterials that are
suitable for use in the antibacterial formulations provided herein include,
but are limited to, benzyl alcohol, methyl paraben ethanol, isopropanol,
glutaraldehyde, formaldehyde, chlorine compounds, iodine compounds,
hydrogen peroxide, peracetic acid, ethylene oxide, triclocarban,
chlorhexidine, alexidine, triclosan, hexachlorophene, polymeric biguanides,
formaldehyde, aminoglycoside antibiotics, glycopeptides, amphenicol
antibiotics, ansamycin antibiotics, cephalosporins, cephamycins
oxazolidinones, penicillins, quinolones, streptogamins, tetracyclins, and
analogs thereof. [00110] In one embodiment, the antibacterial agent is
selected from the group consisting of ampicillin, amoxicillin,
ciprofloxacin, gentamycin, kanamycin, neomycin, penicillin G, streptomycin,
sulfanilamide, and vancomycin. In another embodiment, the antibacterial
agent is selected from the group consisting of azithromycin, cefonicid,
cefotetan, cephalothin, cephamycin, chlortetracycline, clarithromycin,
clindamycin, cycloserine, dalfopristin, doxycycline, erythromycin,
linezolid, mupirocin, oxytetracycline, quinupristin, rifampin,
spectinomycin, and trimethoprim.[00111] Additional, non-limiting examples
of antibiotics include the following: aminoglycoside antibiotics (e.g. ,
apramycin, arbekacin, bambermycins, butirosin, dibekacin, neomycin,
neomycin, undecylenate, netilmicin, paromomycin, ribostamycin, sisomicin,
and spectinomycin), amphenicol antibiotics (e.g. , azidamfenicol,
chloramphenicol, florfenicol, and thiamphenicol), ansamycin antibiotics
(e.g., rifamide and rifampin), carbacephems (e.g., loracarbef), carbapenems
(e.g., biapenem and imipenem), cephalosporins (e.g., cefaclor, cefadroxil,
cefamandole, cefatrizine, cefazedone, cefozopran, cefpimizole, cefpiramide,
and cefpirome), cephamycins (e.g. , cefbuperazone, cefmetazole, and
cefminox), folic acid analogs (e.g., trimethoprim), glycopeptides (e.g.,
vancomycin), lincosamides (e.g., clindamycin, and lincomycin), macrolides
(e.g., azithromycin, carbomycin, clarithomycin, dirithromycin,
erythromycin, and erythromycin acistrate), monobactams (e.g. , aztreonam,
carumonam, and tigemonam), nitrofurans (e.g., furaltadone, and furazolium
chloride), 



oxacephems (e.g., flomoxef, and moxalactam), oxazolidinones (e.g.,
linezolid), penicillins (e.g. , amdinocillin, amdinocillin pivoxil,
amoxicillin, bacampicillin, benzylpenicillinic acid, benzylpenicillin
sodium, epicillin, fenbenicillin, floxacillin, penamccillin, penethamate
hydriodide, penicillin o benethamine, penicillin 0, penicillin V,
penicillin V benzathine, penicillin V hydrabamine, penimepicycline, and
phencihicillin potassium), quinolones and analogs thereof (e.g., cinoxacin,
ciprofloxacin, clinafloxacin, flumequine, grepagloxacin, levofloxacin, and
moxifloxacin), streptogramins (e.g., quinupristin and dalfopristin),
sulfonamides (e.g., acetyl sulfamethoxypyrazine, benzylsulfamide,
noprylsulfamide, phthalylsulfacetamide, sulfachrysoidine, and sulfacytine),
sulfones (e.g., diathymosulfone, glucosulfone sodium, and solasulfone), and
tetracyclines (e.g., apicycline, chlortetracycline, clomocycline, and
demeclocycline). Additional examples include cycloserine, mupirocin,
tuberin amphomycin, bacitracin, capreomycin, colistin, enduracidin,
enviomycin, and 2,4 diaminopyrimidines (e.g., brodimoprim). [001 12]
Examples of antibacterials that can be used to inhibit the proliferation or
viability of Mycobacterium tuberculosis include, but are not limited to
Isoniazid, Rifampin, Pyrazinamide, Ethambutol, and Streptomycin. [001 13]
Examples of antibacterials that can be used to inhibit the proliferation or
viability of a mycoplasma include, but are not limited to, erythromycin,
azithromycin, clarithromycin, tetracycline, doxycycline, minocycline,
clindamycin, ofloxacin, and chloramphenicol. 4.4. LIPID[00114] In the sense
of this disclosure, a "lipid" is any substance, which has properties like
or similar to those of a fat. As a rule, it has an extended apolar group
(the "chain", X) and generally also a water-soluble, polar hydrophilic
part, the "head" group (Y) and has the basic Formula II: X-Y n (II) wherein
n is equal to or larger than zero. [00115] Lipids with n=0 are referred to
as apolar lipids and lipids with n>l are referred to as polar lipids. In
this sense, all amphiphilic substances, including, but not limited to
glycerides, glycerophospholipids, glycerophosphinolipids,
glycerophosphonolipids, sulfolipids, sphingolipids, isoprenoid lipids,
steroids or sterols and carbohydrate-containing lipids can generally be
referred to as lipids, and are included as such in this disclosure. A list
of relevant lipids and lipid related definitions is provided in EP 0 475
160 Al (see, e.g. p. 4, 1. 8 to p. 6, 1. 3) and U.S. Patent No. 6,165,500
(see, e.g., col. 6, 1. 10 to col. 7, 1. 58), which are herewith
incorporated by reference. [00116] A phospholipid is, for example, a
compound of Formula III: R1-CH2- CHR2- CR3H- O-PHO2- O-R4 (III) wherein R1
and R2 cannot both be hydrogen, OH or a C1-C3 alkyl group, and typically
are independently, an aliphatic chain, most often derived from a fatty acid
or a fatty alcohol; R generally is a hydrogen. [00117] The OH-group of the
phosphate is a hydroxyl radical or hydroxyl anion (i.e., hydroxide) form,
dependent on degree of the group ionization. Furthermore, R4 may be a
proton or a short-chain alkyl group, substituted by a tri-short-chain
alkylammonium group, such as a trimethylammonium group, or an
amino-substituted short-chain alkyl group, such as 2-trimethylammonium
ethyl group (cholinyl) or 2-dimethylammonium short alkyl group. 



[00118] A sphingophospho lipid is, for example, a compound of Formula IIIB:
R1-Sphingosine-O-PHO2- O-R4 (IIIB) wherein R1 is a fatty-acid attached via
an amide bond to the nitrogen of the sphingosine and R4 has the meanings
given under Formula III. [00119] A lipid preferably is a substance of
formulae III or IIIB, wherein R1 and/or R2 are acyl or alkyl, n-hydroxyacyl
or n-hydroxyalkyl, but may also be branched, with one or more methyl groups
attached at almost any point of the chain; usually, the methyl group is
near the end of the chain (iso or anteiso). The radicals R1 and R2 may
moreover either be saturated or unsaturated (mono-, di- or
poly-unsaturated). R3 is hydrogen and R4 is 2-trimethylammoniumethyl (the
latter corresponds to the phosphatidyl choline head group),
2-dimethylammonium ethyl, 2-methylammonium ethyl or 2-aminoethyl
(corresponding to the phosphatidyl ethanolamine head group). R4 may also be
a proton (giving phosphatidic acid), a serine (giving phosphatidylserine),
a glycerol (giving phosphatidylglycerol), an inositol (giving
phosphatidylinositol), or an alkylamine group (giving
phosphatidylethanolamine in case of an ethylamine), if one chooses to use a
naturally occurring glycerophospho lipid. Otherwise, any other sufficiently
polar phosphate ester, such that will form a lipid bilayer, may be
considered as well for making the formulations of the disclosure. [00120]
Table 2 lists preferred phospholipids in accordance with the
disclosure.[0001] METHOD AND AN APPARATUS FOR PROVIDING CONTROL INFORMATION
FOR MULTI-CARRIER UPLINK TRANSMISSION [0002] CROSS REFERENCE TO RELATED
APPLICATIONS [0003] This application claims the benefit of U.S. provisional
application Nos. 61/109,978 filed October 31, 2008, 61/117,851 filed
November 25, 2008, 61/141,638 filed December 30, 2008, 61/148,818 filed
January 30, 2009, 61/232,531 filed August 10, 2009, 61/245,734 filed
September 25, 2009, and 61/250,097 filed October 9, 2009, which are
incorporated by reference as if fully set forth. [0004] FIELD OF INVENTION
[0005] This application is related to wireless communications. [0006]
BACKGROUND [0007] Wireless communication systems keep evolving to meet the
needs for providing continuous and faster access to a data network. In
order to meet these needs, a multi-carrier system that is capable of using
multiple carriers for the transmission of data has been proposed. The use
of multiple carriers is expanding in both cellular and non-cellular
wireless systems. [0008] A multi-carrier system may increase the bandwidth
available in a wireless communication system according to a multiple of how
many carriers are made available. For instance, dual-cell high speed
downlink packet access (DC-HSDPA) has been introduced in the Release 8
specifications of the third generation partnership project (3GPP) for
universal mobile telecommunication systems (UMTS). With this feature, base
stations (also referred to as a Node-B) communicate to WTRUs over two
distinct carriers simultaneously. [0009] For dual cell operation, each WTRU
is assigned an anchor downlink carrier, which carries all dedicated and
shared control channels 



used for high speed downlink shared channel (HS-DSCH), enhanced
dedicatedchannel (E-DCH), and dedicated channel (DCH) operations (e.g.,
fractional dedicated physical channel (F-DPCH), E-DCH HARQ indicator
channel (EHICH), E-DCH relative grant channel (E-RGCH), E-DCH absolute
grant channel (E-AGCH), common pilot channel (CPICH), high speed shared
control channel (HS-SCCH), and high speed physical dedicated control
channel (HSPDCCH)). In addition, the WTRU may be assigned a supplementary
downlink carrier, which carries CPICH, HS-SCCH and HS-PDSCH for the WTRU.
The uplink (UL) transmission remains on a single carrier as in the current
systems. The HS-DPCCH feedback information is provided on this UL carrier
to the Node-B and contains information for each downlink carrier. [0010]
Figure 1 shows the conventional medium access control (MAC) architecture
for DC-HSDPA operations. The MAC layer architecture of DCHSDPA includes one
hybrid automatic repeat request (HARQ) entity per HSDSCH transport channel.
[0011] As data rates continue to increase in the downlink (DL) via the
introduction of multiple carriers, the capacity of the UL carrier would be
consumed with control channels, (e.g., transmission control protocol (TCP)
positive acknowledgement (ACK)/negative acknowledgement (NACK), radio link
control (RLC) ACK/NACK and HARQ feedback). In order to increase data rates
and capacity in the UL, it would be desirable to introduce dual cell or
multi carrier uplink E-DCH transmissions. Since the achievable data rate
grows linearly with the number of additional uplink carriers, E-DCH data
rates of up to 23 Mbps could be achieved in dual-carrier high speed uplink
packet access (HSUPA), for example. [0012] The E-DCH, introduced in Release
6 of the specifications of the 3GPP, is based on a grant mechanism. At a
high level, each Node-B has a means to control the level of interference
caused by WTRUs by increasing or decreasing the serving grant. The serving
grant represents the amount of power a WTRU is allowed to use for the
E-DCH, which translates to a data rate. The amount of grant a WTRU gets is
determined by the network based on the system load and the traffic offered.
To help the network make suitabledecisions, the WTRU provides buffer and
power headroom information to the serving Node-B via scheduling information
(SI) and happy bit. [0013] SUMMARY [0014] A method and an apparatus for
providing control information for multi-carrier uplink transmission are
disclosed. A WTRU may set a happy bit for E-DCH transmissions on each
uplink carrier considering aggregate transmission capability of all uplink
carriers. The happy bit is set for each uplink carrier to "unhappy" if the
WTRU is transmitting as much scheduled data on the uplink carrier as
allowed by a current serving grant, the WTRU has enough power available on
the uplink carrier to transmit at a higher data rate, and total E-DCH
buffer status (TEBS) requires more than a preconfigured time period to be
transmitted with a current effective data rate aggregated over all uplink
carriers. The WTRU may send scheduling 



information including power headroom as measured on the anchor uplink
carrier and/or power headroom as measured on the supplementary uplink
carrier. For the power headroom measurements on the supplementary carrier,
the WTRU may initiate a short-lived power control loop on the supplementary
uplink carrier. [0015] BRIEF DESCRIPTION OF THE DRAWINGS [0016] A more
detailed understanding may be had from the following description, given by
way of example in conjunction with the accompanying drawings wherein:
[0017] Figure 1 shows the conventional medium access control (MAC)
architecture for DC-HSDPA operations; [0018] Figure 2 shows a wireless
communication system including a plurality of WTRUs, a Node B, a
controlling radio network controller (CRNC), a serving radio network
controller (SRNC), and a core network; [0019] Figure 3 is a functional
block diagram of the WTRU and the Node B of the wireless communication
system of Figure 2;[0020] Figure 4 shows an example that a WTRU transmits
two uplink carriers to the UTRAN; [0021] Figure 5 is a functional block
diagram wherein two uplink carriers are controlled by transmit power
control (TPC) commands transmitted to a WTRU on two downlink carriers;
[0022] Figures 6 and 7 are functional block diagrams wherein two uplink
carriers are controlled by transmit power control (TPC) commands
transmitted to a WTRU on a single downlink carrier; [0023] Figure 8 shows
an example F-DPCH slot format in accordance with one embodiment; [0024]
Figure 9 is a functional block diagrams wherein transmit power control
(TPC) commands are sent in the uplink in a multiple uplink carrier
environment; [0025] Figure 10 is a flow diagram of an example process for
E-TFC selection and MAC-e or MAC-i PDU generation while utilizing two
uplink carriers; and [0026] Figure 11 shows scheduling information format
in accordance with one embodiment. [0027] DETAILED DESCRIPTION [0028] When
referred to hereafter, the terminology "WTRU" includes but is not limited
to a user equipment (UE), a mobile station, a fixed or mobile subscriber
unit, a pager, a cellular telephone, a personal digital assistant (PDA), a
computer, a machine-to-machine (M2M) device, a sensor, or any other type of
device capable of operating in a wireless environment. When referred to
hereafter, the terminology "Node-B" includes but is not limited to a base
station, a site controller, an access point (AP), or any other type of
interfacing device capable of operating in a wireless environment. [0029]
The network may assign at least one downlink and/or at least 



one uplink carrier as an anchor downlink carrier and an anchor uplink
carrier, respectively. For example, the anchor carrier may be defined as
thecarrier for carrying a specific set of control information for
downlink/uplink transmissions. Any carrier that is not assigned as an
anchor carrier is a supplementary carrier. Alternatively, the network may
not assign an anchor carrier and no priority, preference, or default status
may be given to any downlink or uplink carriers. Hereinafter, the
terminologies "anchor carrier" and "primary carrier", and "supplementary
carrier" and "secondary carrier" will be used interchangeably,
respectively. The "first carrier" (or "second carrier") may be either the
anchor carrier or the supplementary carrier. For multi-carrier operation
more than one supplementary carriers or secondary carriers may exist.
[0030] The embodiments are provided for generating and transmitting control
information enabling uplink scheduling for multi-carrier operations. The
control information may comprise measurements indicative of WTRU power
situation, buffer information, measurements indicative of the need of the
WTRU for more uplink transmission resources. Even though embodiments are
described in terms of dual uplink carrier, it should be understood that the
embodiments described herein are applicable to multiple uplink carriers as
well. Even though the embodiments are disclosed with reference to control
channels and data channels associated to wideband code division multiple
access (WCDMA), it should be noted that the embodiments are applicable to
any wireless communication technologies that are currently existing or will
be developed in the future, such as long term evolution (LTE) or LTE-A. It
should also be noted that the embodiments described herein may be
applicable in any order or combinations. [0031] Figure 2 shows a wireless
communication system 100 including a plurality of WTRUs 110, a Node B 120,
a controlling radio network controller (CRNC) 130, a serving radio network
controller (SRNC) 140, and a core network 150. The Node B 120 and the CRNC
130 with the SRNC 140 may collectively be referred to as the universal
terrestrial radio access network (UTRAN).[0032] As shown in Figure 2, the
WTRUs 110 are in communication with the Node B 120, which is in
communication with the CRNC 130 and the SRNC 140. Although three WTRUs 110,
one Node B 120, one CRNC 130, and one SRNC 140 are shown in Figure 2, it
should be noted that any combination of wireless and wired devices may be
included in the wireless communication system 100. [0033] Figure 3 is a
functional block diagram of the WTRU 110 and the Node B 120 of the wireless
communication system 100 of Figure 2. As shown in Figure 3, the WTRU 110 is
in communication with the Node B 120 and both are configured to perform a
method of providing control information for multicarrier uplink
transmission. The WTRU 110 includes a processor 115, a receiver 116, a
transmitter 117, a memory 118, an antenna 119, and other components (not
shown) that may be found in a typical WTRU. The memory 



118 is provided to store software including operating system, application,
etc. The processor 115 is provided to perform, alone or in association with
the software, a method of providing control information for multi-carrier
uplink transmission in accordance with embodiments disclosed below. The
receiver 116 and/or the transmitter 117 are capable of receiving and/or
transmitting over multiple carriers. Alternatively, multiple receivers or
transmitters may be included in the WTRU 110. The receiver 116 and the
transmitter 117 are in communication with the processor 115. The antenna
119 is in communication with both the receiver 116 and the transmitter 117
to facilitate the transmission and reception of wireless data. [0034] The
Node B 120 includes a processor 125, a receiver 126, a transmitter 127, a
memory 128, an antenna 129, and other components (not shown) that may be
found in a typical base station. The processor 125 is configured to support
a method of providing control information for multicarrier uplink
transmission in accordance with embodiments disclosed below. The receiver
126 and the transmitter 127 are in communication with the processor 125.
The receiver 126 and/or the transmitter 127 are capable of receiving and/or
transmitting over multiple carriers. Alternatively, multiplereceivers or
transmitters may be included in the Node B 120. The antenna 129 is in
communication with both the receiver 126 and the transmitter 127 to
facilitate the transmission and reception of wireless data. [0035]
Embodiments for indicating by the WTRU for the need or no need of
additional uplink resource for multi-carrier operations are described
hereafter. In the context of HSPA operations, the need or no-need of the
additional uplink resource is indicated by a single-bit indication called
"happy bit" carried on the uplink control channel, (i.e., E-DPCCH). A happy
bit is a single bit indicating whether or not a WTRU is currently "happy"
with its current allowed uplink transmission data rate. The happy bit is
transmitted by the WTRU every E-DCH transmission and is carried on the
E-DPCCH. The WTRU reports that it is happy when it has ability to empty its
transmission buffer in a certain configured amount of time given the
current grant and the number of active HARQ processes. [0036] Under the
current 3GPP standards, for every E-DCH transmission, the happy bit is set
to "unhappy" if the following three criteria are met: (1) the WTRU is
transmitting as much scheduled data as allowed by the current Serving_Grant
in E-DCH transport format combination (E-TFC) selection; (2) the WTRU has
enough power available to transmit at higher data rate; and (3) based on
the same power offset as the one selected in E-TFC selection to transmit
data in the same transmission time interval (TTI) as the happy bit, the
total E-DCH buffer status (TEBS) would require more than
Happy_Bit_Delay_Condition ms to be transmitted with the current 



Serving_Grant x the ratio of active HARQ processes to the total number of
HARQ processes. The first criterion is true for a deactivated HARQ process
and the ratio of the third criterion is 1 for 10 ms TTI. If at least one of
the above three criteria is not met, the happy bit is set to "happy."[0037]
In the context of DC-HSUPA, setting of the happy bit is defined when two
uplink carriers are used. With two uplink carriers configured, the happy
bit may be sent on each uplink carrier and may take a different value on
each uplink carrier. [0038] When only one transport block is transmitted on
an E-DCH in a TTI, (i.e., only one uplink carrier is transmitting E-DPDCH
and E-DPCCH), the WTRU may use the 3GPP Release 8 or earlier rules to the
active uplink carrier. [0039] When two transport blocks are transmitted on
an E-DCH on two uplink carriers in a TTI, (i.e., both uplink carriers are
transmitting E-DPDCH and E-DPCCH), one happy bit is sent per uplink
carrier. The first two criteria for setting the happy bit (criteria (1) and
(2) above) are applied to each carrier independently. The third criterion
(3) above considers the aggregate transmission capability of both carriers.
This may be achieved by first calculating the total effective data rate and
then comparing it with the TEBS and the delay condition. The happy bit may
be set to "unhappy" for a given carrier when a WTRU is using all its grant
on that carrier, has sufficient headroom to support higher data rates on
that carrier, and the time it would take in the current state taking both
carriers into consideration to empty the buffer is longer than a given
threshold. In the context of DC-HSUPA, the happy bit setting rules may be
rewritten as follows. [0040] If one transport block is transmitted over an
E-DCH, the happy bit may be set to "unhappy" if the three following
criteria are met: (1) the WTRU is transmitting as much scheduled data as
allowed by the current Serving_Grant in E-TFC selection; (2) the WTRU has
enough power available to transmit at higher data rate; and (3) based on
the same power offset as the one selected in E-TFC selection to transmit
data in the same TTI as the happy bit, the TEBS would require more than
Happy_Bit_Delay_Condition ms to be transmitted with the current
Serving_Grant x the ratio of active processes to the total number
ofprocesses. The first criterion is true for a deactivated HARQ process and
the ratio of the third criterion is one (1) for 10ms TTI. Otherwise, the
happy bit may be set to "happy." If two transport blocks are transmitted
over an E-DCH, the happy bit for each carrier may be set to "unhappy" if
the three following criteria are met: (4) the WTRU is transmitting as much
scheduled data on the carrier as allowed by the current Serving_Grant in
E-TFC selection for that carrier; (5) the WTRU has enough power available
on that carrier to transmit at a higher data rate; and (6) TEBS would
require more than a threshold amount of time (for 



example, Happy_Bit_Delay_Condition_2TB in millisecond) to be transmitted
with the current effective data rate aggregated over all uplink carriers.
For each uplink carrier, the effective data rate is calculated based on the
same power offset as the one selected in E-TFC selection to transmit data
in the same TTI and the carrier as the happy bit, and for each carrier
using the current specific Serving_Grant x the specific ratio of active
HARQ processes to the total number of HARQ processes. The current data rate
aggregated over all uplink carriers is obtained by summing the effective
data rate of all uplink carriers. The first criterion is true for a
deactivated HARQ process and the ratio of the third criterion is one (1)
for 10ms TTI. Otherwise, the happy bit may be set to "happy." [0041] The
threshold amount of time (e-g-, Happy_Bit_Delay_Condition_2TB value) may be
signaled by the network. Alternatively, the Happy_Bit_Delay_Condition_2TB
value may be the same as the conventional Happy_Bit_Delay_Condition value
that is used where one transport block, (i.e., one uplink carrier), is
transmitted. [0042] In accordance with another embodiment, the happy bit on
each uplink carrier may be set according to the respective power headroom
conditions and individual grants of each uplink carrier. This means that
the happy bit may be set to "happy" on one uplink carrier while the happy
bit isset to "unhappy" on the other uplink carrier, if, for instance, there
is enough power headroom to transmit at a higher data rate on the other
uplink carrier, or if the grant on the other uplink carrier is lower.
[0043] Alternatively, the happy bit on one uplink carrier (e.g., the anchor
uplink carrier) is set according to the combined conditions (grant and
power headroom) of both uplink carriers. In this case, the happy bit may be
set to "unhappy" (1) if the WTRU is transmitting as much scheduled data as
allowed by the current serving grants on both uplink carriers in E-TFC
selection for both uplink carriers, (2) if the WTRU has enough power
available to transmit at a higher data rate on any or all of the uplink
carriers; or (3) based on the same power offset(s) as the one selected in
E-TFC selection (on both uplink carriers) to transmit data in the same TTI
as the happy bit, if total E-DCH buffer status (TEBS) would require more
than a threshold amount of time, (e.g., Happy_Bit_Delay_Condition ms, or
other value), to be transmitted with the current serving grants, taking
into account the ratio of active processes to the total number of processes
on each carrier. [0044] If the happy bit on one uplink carrier is set
according to the combined conditions of both uplink carriers, the happy bit
on the second uplink carrier may be re-interpreted in one or a combination
of the following: (1) The happy bit may be set to "happy" if the power
headroom on the second uplink carrier is larger than the power headroom on
the first uplink carrier, and "unhappy" otherwise. This information helps
the network determine which carrier the grant should be increased on; or 



(2) Alternatively, the happy bit on the second uplink carrier may be set as
per the conventional rules for happy bit setting considering the grant and
power headroom conditions on the second uplink carrier only (or on the
first uplink carrier only). [0045] Alternatively, additional information
for uplink scheduling may be transmitted via the happy bits by the WTRU.
For example, the two happy bits (one happy bit per uplink carrier) may be
optioned for different usages. For instance, one happy bit may be used to
indicate overall happiness statusof the WTRU in accordance with one of the
embodiments disclosed herein, while the other happy bit may carry
information totally different. Hereinafter, the former one is referred to
as "a primary happy bit" and the later one is referred to as "a secondary
happy bit". [0046] The secondary happy bit may be set (to either "0" or
"1") depending on a condition that the power headroom of the anchor carrier
is larger than the power headroom of the secondary carrier. The power
headroom may correspond to, or may be equivalent to, one or a combination
of the following measurements: DPCCH power (i.e., the carrier with the
lowest DPCCH power translates to the carrier with the highest power
headroom), uplink power headroom value (per carrier UE power headroom (UPH)
value calculated and reported in the SI), or an averaged DPCCH power of
each carrier, for example over N slots, where N is a integer that may be
predetermined in the WTRU or configured by the network. For example, the
number of slots for averaging may be three (3), which is equivalent to the
averaged DPCCH used in the NRPM calculation. [0047] Alternatively, the
secondary happy bit may be set (to either "0" or "1") depending on at least
one of the conditions that the power headroom of the anchor carrier is
larger than the power headroom of the secondary carrier by a configured
threshold, (i.e., the power headroom difference is above a threshold), that
the power headroom of the anchor carrier is larger than the power headroom
of the secondary carrier for a configured or predetermined period of time,
optionally by a configured threshold, or that the DPCCH power of the anchor
carrier averaged across a number of sub-frames or slots is no larger than
that of the secondary carrier (optionally, by a pre-defined or
preconfigured threshold). Alternatively, the secondary happy bit may be set
(to either "0" or "1") based on comparison results (optionally averaged
across multiple sub-frames or slots) that are generated, at each sub-frame,
by comparing the DPCCH power of the anchor carrier to that of the secondary
carrier. Alternatively, the secondary happy bit may be set (to either "0"
or "1") based on comparison results (optionally averaged across multiple
sub-framesor slots) that are generated, at each sub-frame, by comparing the
power headroom of the anchor carrier to that of the secondary carrier. The
averaging method may be either arithmetic average with truncation or
majority vote, or the like. [0048] The E-TFC selection procedure may select
only one carrier for EDCH transmission in a TTI (that is, only one carrier
is E-DCH active and thus 



transmitting E-DPDCH and E-DPCCH). In this case, only one E-DPCCH (and thus
only one happy bit) is transmitted on the E-DCH active carrier and no happy
bit is transmitted over the E-DCH inactive carrier. The WTRU may transmit a
single happy bit on either the anchor carrier or the supplementary carrier.
The primary happy bit may be transmitted over the anchor carrier and the
secondary happy bit may be transmitted over the supplementary carrier, or
vice versa, regardless of the number of active E-DCH carriers. [0049] When
both carriers are E-DCH active, the primary happy bit may be transmitted
over the anchor carrier and the secondary happy bit may be transmitted over
the secondary carrier, or vice versa. If only one carrier is E-DCH active,
the primary happy bit may be transmitted on the E-DCH active carrier
(regardless of whether or not it is the anchor carrier) and the secondary
happy bit may not be transmitted. [0050] It should be noted that although
the above embodiments are described in the context of two uplink carriers,
the same may be used for the case of more than two uplink carriers. [0051]
In accordance with another embodiment, the rules for setting the happy bits
may be applied individually to each carrier regardless of the number of
transport blocks being transmitted. Alternatively, the conventional (3GPP
Release 8 or earlier) rules for happy bit may be used on each carrier
individually. Optionally, the WTRU may use two different values for the
Happy_Bit_Delay_Condition for each uplink carrier as configured by the
network: one associated with the anchor uplink carrier and the other
associated with the supplementary uplink carrier.[0052] Embodiments for
triggering, and transmitting, WTRU control information (i.e., scheduling
information) for multi-carrier operations are described hereafter. In HSUPA
single -carrier operations with improved L2 on the uplink (e.g., a WTRU is
configured with a MAC-is/i), several triggers are defined to transmit SI.
Transmission of SI is triggered when a WTRU cannot transmit data at all
(due to HARQ processes being not activated, grant being too low, etc.) and
the size of the transmit buffer becomes larger than 0; when the serving
grant is zero and new higher priority data than what is currently in the
transmission buffer arrives (this is used to inform the Node-B that new
higher priority data has arrived); when periodic SI is triggered as
configured by the network; or when there is a change of E-DCH serving cell
and the new serving E-DCH cell is on a different Node-B. These mechanisms
need to be adapted or changed to function properly in the context of
multi-carrier operations, for example DC-HSUPA. The actual changes may
depend on the information carried on the SI. [0053] For multi-carrier
operations, the scheduling information (SI) may be modified such that it
provides the UL power headroom measurement for each carrier individually.
More specifically, the format of the SI may be expanded to include UPH for
the supplementary carrier, as shown in Figure 11, where UPHA and UPHs,
correspond to the ratio of the maximum WTRU 



transmission power and the corresponding anchor and supplementary DPCCH
code power, respectively. [0054] Alternatively, the WTRU may report one UPH
measurement, and the Node-B may infer the UPH of the other carrier based on
Node-B internal measurements and parameters, such as a noise rise
difference between the carriers and/or the DPCCH signal-to-interference
ratio (SIR) target on each carrier. [0055] Alternatively, a single UPH may
be calculated and reported as: UPH =P / Equation (1) / \ r DPCCH r DPCCH2
)where Pmaxtt is the total maximum output power that can be transmitted by
the WTRU and PDPCCHl and PDPCCH2 represent the transmitted code power on
DPCCH of carrier 1 and carrier 2, respectively. In the case where
per-carrier maximum transmission powers are configured, Pm tx may represent
the sum of the per-carrier maximum transmission powers. [0056]
Alternatively, the conventional scheduling information format remains
unchanged, but the WTRU may report the SI individually in each carrier. For
instance, if the SI is sent over the anchor carrier it reports the UPH of
the anchor carrier (UPHA), and if it sent over the supplementary carrier it
reports the UPH of the supplementary carrier (UPHs). More specifically, the
UPH for the anchor carrier (UPHA) is the ratio of the maximum WTRU
transmission power and the DPCCH code power on the anchor carrier, and the
UPH for the supplementary carrier (UPHs) is the ratio of the maximum WTRU
transmission power and the DPCCH code power on the supplementary carrier.
[0057] The buffer information fields (i.e., TEBS, highest priority logical
channel ID (HLID), and highest priority logical channel buffer status
(HLBS) of the two SIs may carry common information or may be different.
Sending the scheduling information (SI) over the two uplink carriers
independently with the common buffer status information would be
inefficient. This problem would be overcome by the embodiments disclosed
herein. [0058] Multiple different SI types are defined herein. [0059] SI
type A: This SI contains the same information fields as the 3GPP Release 8
SI, where the UPH carries the headroom as measured on the anchor carrier.
The SI type A carries the following fields: UPH of anchor carrier (UPHA),
TEBS, highest priority logical channel buffer status (HLBS), and highest
priority logical channel ID (HLID). [0060] SI type S: This SI contains the
same information fields as the SI type A but the UPH carries the headroom
as measured on the supplementary carrier instead of anchor carrier. The SI
type S carries the following fields: UPH of supplementary carrier (UPHs),
TEBS, HLBS, and HLID.[0061] SI type AS: This SI contains the same
information fields as the SI type A but the UPH carries the headroom of
both anchor and supplementary carriers. The SI type AS carries the
following fields: UPHA, UPHs, TEBS, HLBS, and HLID. Alternatively, the two
fields UPHA and 



UPHs may be carried in one field carrying the combined information. It
should be noted that the number of bits assigned to each field may be the
same as in the current (3GPP Release 8) SI, or the number of bits may be
changed to accommodate the additional information. This SI type may also be
interpreted as a legacy SI (e.g., Release 8) with an additional field
carrying the UPH of the supplementary carrier. [0062] SI type E: This SI
contains the same information fields as the SI type A but the UPH carries
the headroom of either anchor carrier or supplementary carrier. The SI type
E carries the following fields: UPHA or UPHs, TEBS, HLBS, HLID, and an
additional field to indicate whether the first field corresponds to UPHA or
UPHs. The SI type E may replace SI type A and SI type S as it carries the
same information fields (except for the indication bit). [0063] SI type R:
This SI accounts for the fact that the other SI already contains the buffer
status information (TEBS, HLBS, HLBS, HLID) such that the space for the
buffer status information may be used for other purposes. The SI type R may
carry UPHA or UPHs, and the spare fields may be used for other purposes.
For example, the spare fields may be used to indicate the causes of the SI
reporting triggering, as an extension of the TEBS for bigger MAC buffer
size, for SI type indication as described below, etc. [0064] In the case
where the SI type requires more than 18 bits (the size of the 3GPP Release
8 SI), then a new entry may be defined in the conventional E-DCH transport
block size tables or the conventional E-DCH transport block size tables may
be modified to support the new SI size. Alternatively, the value of the
first non-zero entry in the E-DCH transport block size tables may depend on
whether or not the WTRU is configured to transmit a specific SI type (e.g.,
SI type AS). For example, if the WTRU is notconfigured to transmit SI type
AS, then the value of the first non-zero entry (or the entry for SI
stand-alone transmission) for all E-DCH transport block size tables remains
18 bits as in the 3GPP Release 8 E-DCH transport block size tables, whereas
if the WTRU is configured to transmit SI type AS, then the first non-zero
entry (or the entry for SI stand-alone transmission) in the EDCH transport
block size tables may be different, (for example, 23 bits if the number of
bits for UPHA and UPHs are both 5 bits as the 3GPP Release 8).
Alternatively, the SI type containing more than 18 bits may be transmitted
only when piggybacked to other data. [0065] Alternatively, additional SI
formats may be defined for the case where some fields of the 3GPP Release 8
SI may not be necessary. For instance, the 3GPP Release 8 SI includes TEBS,
HLBS, HLID and UPH, but it may not be necessary to transmit the HLBS, HLID,
and/or TEBS every time if the reason for sending the SI is to convey
information about power headroom on the carriers. In this case, the size of
the SI may be maintained less than or equal to 18 bits thus avoiding the
need for defining additional transport block size entry or having to define
additional E-TFC transport block size tables. In 



the case where the total number of bits required for the subset of SI
fields is less than 18, the remaining bits may be set to pre-defined values
or may be defined as spare. [0066] Optionally, if SI triggering is
configured on both uplink carriers, the WTRU may be configured with an SI
format that contains only UPHs, (or both UPHs and UPHA). Other information,
(i.e., TEBS, HLID, and HLBS), in this SI may not be provided, as it is
assumed that they have already been provided with the SI on the other
uplink carrier, (e.g., anchor carrier). This will allow the WTRU not to
duplicate the same information. [0067] To distinguish the different SI
types, an SI type indication may be provided. For example, for the SI type
indication, a new field may be included in the MAC header, or a logical
channel ID may be reserved for this purpose. Alternatively, the carrier
over which the SI is transmitted may carry this information, (e.g., the
WTRU transmits SI type S over the supplementaryuplink carrier only).
Alternatively, the LCH-ID 0, (i.e., LCH-ID field in the MAC header set to
1111), or alternatively LCH-ID 0 followed by a new reserved value of the
spare bits after the LCH-ID 0 may be used to indicate the presence of the
SI. Alternatively, the time when the SI is transmitted or the HARQ process
number may also be used to distinguish SI types. [0068] Alternatively, one
or several spare value(s) of the MAC-i header may be used to distinguish
the SI types. Alternatively, the TEBS field set to '0' along with HLID
field or of certain bits of the HLID field set to a value different than
'0' may be used to distinguish between different SI types. In 3GPP Release
8, the HLID field is constrained to be set to '0' in case TEBS is set to
O.' Thus, the use of a value different than '0' for the HLID field when
TEBS is set to '0' may be used to indicate a special format of the SI. This
special format either may not contain the TEBS, HLID, and/or HLBS
information, or may contain the TEBS, HLID, and/or HLBS information in
additional fields, (e.g., TEBSprime, HLIDprime, HLBSprime). [0069]
Alternatively, the WTRU may be configured by higher layers to only use one
specific SI type for transmission on a given UL carrier. This removes the
need for additional signaling to indicate the SI type, at the expense of
flexibility. For example, SI type A may be transmitted over the anchor
carrier and SI type S may be transmitted over the secondary carrier. [0070]
When the supplementary uplink carrier is disabled, (i.e., there is no DPCCH
being transmitted on the supplementary uplink carrier), the WTRU may only
send SI type A in accordance with the conventional rules. Alternatively,
the WTRU may still send SI type S or AS along with SI type A in that case
with the UPHs set to zero. [0071] Embodiments for triggering transmission
of control information for enabling uplink scheduling are disclosed. More
specifically for HSPA operations, this control information may comprise the
scheduling information (SI). The triggers may be applicable not only to SI
type S and type AS, but also to SI type A (legacy) and SI type E or R.
Furthermore, these rules and 



triggers may be independently applied to both anchor and secondary
uplinkcarriers. The rules for triggering transmission of the SI type A may
be the same as the conventional rules to transmit the SI in 3GPP Release 8.
[0072] Alternatively, a periodic measurement may be configured by the
network where a short-lived power control loop is initiated to measure the
headroom on the supplementary carrier, for example when it is de-activated.
For example, in HSPA operations, the short-lived DPCCH loop comprises the
transmission and reception of uplink DPCCH and downlink DPCCH(s) or FDPCH(
s) for a short duration to establish power control loop and measure the
power headroom on the supplementary uplink carrier. SI type S or SI type AS
may be transmitted over either the anchor uplink carrier or the
supplementary uplink carrier once the measurement and the power headroom
calculation on the supplementary uplink carrier is complete. At this point,
the WTRU may turn off the DPCCH transmission on the supplementary carrier.
Alternatively, the WTRU may be configured to wait for a given time before
turning off the DPCCH transmission on the supplementary carrier.
Alternatively, the WTRU may wait for an explicit signal from the network to
turn off (or continue) the DPCCH transmission on the supplementary carrier.
For example, the WTRU may monitor an E-AGCH associated to the supplementary
uplink carrier or an HS-SCCH for a specific command regarding the state of
the DPCCH transmission on the supplementary uplink carrier. Optionally, the
WTRU may stop monitoring the network indication and turn off the DPCCH
transmission on the supplementary carrier after a given wait timer has
expired. [0073] The short-lived power control loop itself and/or the power
headroom measurement on the supplementary uplink carrier may be triggered
by one or a combination of the following events: when UPHA becomes smaller
than a threshold, when TEBS becomes larger than a threshold, when the time
it would take to empty the transmission buffer given the current grant,
HARQ power offset and the ratio of active HARQ processes (on the anchor
uplink carrier) is longer than a configured value, when a periodic timer
has expired, (i.e., the power headroom measurement and/or theshort-lived
power control loop is triggered periodically), when SI transmission is
triggered on the anchor carrier (for any reason), when the grant on the
anchor carrier is zero and data becomes available in the buffer, and/or
when periodic SI transmission is triggered on the anchor carrier.
Optionally, any of the above triggers necessitating power headroom
measurement on the supplementary carrier may be carried out with the
short-lived power control loop. [0074] When the supplementary uplink
carrier is enabled, (i.e., there is a DPCCH being transmitted on the uplink
supplementary carrier), one or more of the following rules may be used, in
any order or combination. [0075] (1) SI type A, or alternatively SI type
AS, may be transmitted in accordance with the 3GPP Release 8 rules.
Optionally, only SI type AS may be transmitted in this case based on the
3GPP Release 8 SI triggering rules. 



[0076] (2) For periodic SI triggering (for both cases of zero and non-zero
grant), the network may configure separate and independent cycles for
sending SI type A, SI type S, and/or SI type AS. Optionally, SI type A and
either of SI type S or SI type AS may be transmitted. [0077] (3) The
network may configure a single periodic SI trigger cycle for transmission
of both SI type A and SI type S or alternatively for SI type A and SI type
AS. The SI type transmitted may alternate in time, according to a known
pattern by the WTRU and the network. For instance, this pattern may be
pre-defined or based on one or a combination of the connection frame number
(CFN), HARQ process, E-DCH radio network temporary identity (ERNTI) and
other configured parameters. This scheme may be applied to one or both
periodic SI triggers, (i.e., triggers related to T_SING and T_SIG timers).
[0078] (4) The WTRU may be configured to use one or more common timers,
(for example, T_SING and/or T_SIG), for transmission of both SI type A and
SI type S or alternatively for SI type AS. The WTRU may use each common
timer for triggering the SI for all uplink carriers. Alternatively, the
WTRU may use independent timers with the same value and start time
totrigger the SI. Since T_SING and T_SIG are used when SG = 0 and when SG
is non-zero, respectively, there may be situations where one carrier has
zero grant, while the other carrier has a non-zero grant. In this case, the
timer used in each carrier may be different and the timer may expire at
different times, but when SG=O on both carriers or SG <> 0 on all uplink
carriers the timers will be common and synchronized, and therefore may
expire at the same time. Alternatively, in order to reduce complexity and
allow the SIs to be triggered together, one timer or one timer value,
(either T_SING or T_SIG), may be allowed to be used at a time by all uplink
carriers. The WTRU may use different timer values under these conditions,
but once SI is triggered, the WTRU may reset them all to keep
synchronization. Once the timer in use is triggered, both SI type A and S
(or alternatively SI type AS) may be generated and reported. [0079] In
order to determine which timer or timer value to use in different
situations a set of rules may be defined depending on the serving grant
status of the two carriers. T_SING may be utilized for the case where none
of the carriers has SG allocated for the WTRU, and T_SIG may be used for
the case where the WTRU has SG for both carriers. In the cases that one
carrier has SG while the other does not, the two carriers may still share a
common timer or timer value, which may be either T_SING or T_SIG, or
alternatively a third timer that may be configured or used differently in
either cycle or start timing. [0080] Optionally, determining the use of the
timers may be based on network configuration of the HARQ processes for the
two carriers. T_SING may be utilized for the case where all HARQ processes
are deactivated by the network on both carriers, and T_SIG may be used for
the case where each 



carrier has at least one activated HARQ process configured. In the case
where one carrier has at least one HARQ process activated while the other
has none, the two carriers may share a common timer, which may be either
T_SING or T_SIG, or alternatively a third timer that may be configured
differently in either cycle or start timing.[0081] The grant status and
HARQ process configuration may be jointly taken into account when deciding
the use of the timers. More specifically, the conditions of use of each
timer may be as follows: [0082] For example, if both carriers have zero
serving grant, regardless the condition of HARQ processes, T_SING may be
used and started in both carriers. If none of the two carries has any HARQ
process activated, regardless of the grant status, T_SING may be used and
started in both carriers. If one carrier has zero serving grant regardless
of its HARQ configuration status, and one carrier has no HARQ process
activated regardless of its grant status, T_SING may be used and started.
If both carriers have non-zero serving grant and at least one HARQ process
is activated on each carrier, T_SIG may be used and started in both
carriers. If one carrier has non-zero serving grant and at least one HARQ
process is activated on that carrier, and the other carrier has zero
serving grant regardless of its HARQ configuration status, either T_SIG or
T_SING, or a third timer may be used and started. If one carrier has
non-zero serving grant and at least one HARQ process is activated on that
carrier, and the other carrier has no activated HARQ processes regardless
its grant status, either T_SIG or T_SING, or a third timer may be used and
started. Even though not listed in detail, other forms of combination of
the HARQ configuration and serving grant status may also apply. [0083] As
an example of the above periodic SI triggering rules may be rewritten as
follows. This example is illustrative only, other embodiments that are
equivalent are contemplated as well, and the present invention is not
limited to any of the particular approaches illustrated herein. If the
Serving_Grant has the value "Zero_Grant" or all processes are deactivated
on both carriers: RRC may also configure MAC with periodic Scheduling
Information triggering. The periodic trigger timer TJSING (Timer Scheduling
Information - "Zero_Grant") is started once the Serving_Grant variable
becomes "Zero_Grant" or all processes are deactivated on bother carriers
and TEBS is larger than zero.When TJSING expires, the transmission of a
Scheduling Information is triggered on both carriers. TJSING is restarted
when the transmission of a Scheduling Information is triggered. TJSING is
stopped and reset once the ServingjGrant variable of either carrier in the
Serving Grant Updatefunction takes a value other than "Zero_Grant" and at
least one process is activated on that carrier. 



Triggering when SG <> "ZerojGrant" on at least one carrier and at least one
process is activated on that carrier: RRC may configure MAC with periodic
triggering also for the case when the variable Serving_Grant <>
"ZerojGrant" on at least one carrier and at least one process is activated
on that carrier. The periodic trigger timer T SIG (Timer Scheduling
Information - different from "ZerojGrant") can be configured to a different
value than TJSING. T SIG is started once the ServingjGrant variable becomes
<> "ZerojGrant" on at least one carrier and at least one process is
activated on that carrier. When T SIG expires, the transmission of a new
Scheduling Information is triggered on both carriers. T SIG is stopped and
reset once the ServingjGrant variable on both carriers in the Serving Grant
Updatefunction becomes equal to "ZerojGrant" or all processes are
deactivated on both carriers. T SIG is restarted when the transmission of a
Scheduling Information is triggered. [0084] (5) The WTRU may not transmit
SI type S or SI type AS when the grant associated to the supplementary
carrier is zero. Optionally, this condition may only be applied to periodic
SI triggering or alternatively to nonperiodic SI triggering. [0085] (6) The
WTRU may trigger transmission of SI(s), for example either SI type S and/or
SI type A and/or SI type AS, when a certain configured condition on the
power headroom for the anchor and/or supplementary uplink carrier is
reached. For instance, one or more of the following conditions maybe used
as a trigger: when UPHs becomes larger or smaller than UPHA by a given
threshold, when UPHs becomes larger or smaller than a given threshold, when
UPHA becomes smaller than a given threshold and UPHs is larger than a given
threshold, when UPHs becomes smaller than a given threshold and UPHA is
larger than a given threshold, and/or when the difference between UPHA and
UPHs becomes larger or smaller than a given threshold, when UPHs falls
below a configured threshold, when UPHA falls below a configured threshold,
when both UPHs and UPHA fall below configured threshold, and/or when UPH
goes above a configured threshold (this may be useful if the conditions on
the UPH have been changed and the WTRU has additional headroom and does not
need to be disabled, for instance, when UPHs goes above a configured
threshold, when UPHA goes above a configured threshold, when both UPHs and
UPHA go above a configured threshold). Optionally, the above conditions may
be considered to be met if the above conditions last for a given period of
time. [0086] (7) SI transmission may be conditional on UPH and grant. The
WTRU may transmit SI type A or SI type AS when UPHA becomes larger than
UPHs by a pre-defined or configured threshold and the grant on the anchor 



carrier is smaller than the grant on the supplementary carrier by a pr e
defined or configured threshold. Similarly, the WTRU may transmit SI type S
or SI type AS when UPHs becomes larger than UPHA by a pre-defined or
configured threshold and the grant on the supplementary carrier is smaller
than the grant on the anchor carrier by a pre-defined or configured
threshold. Alternatively, the SI transmission may be conditioned on that
the absolute UPH conditions are above or below a threshold and/or the grant
on the primary or secondary carrier are above a threshold. [0087] (8) The
SI transmission may be conditional on UPH and deactivated HARQ processes.
The WTRU may transmit SI type A or SI type AS when UPHA becomes larger than
UPHs by a pre-defined or configured threshold and no HARQ processes are
activated on the anchor carrier. Similarly, the WTRU may transmit SI type S
or SI type AS when UPHsbecomes larger than UPHA by a pre-defined or
configured threshold and no HARQ processes are activated on the
supplementary carrier. [0088] The above conditional rules (7) and (8) may
also be combined to create a set of conditional rules based on the UPH and
deactivated HARQ processes or grant. [0089] (9) Transmission of the SI type
S or SI type AS may be conditional on a combination of the buffer status,
the current grant and configured parameters such as the
Happy_Bit_Delay_Condition. For instance, the WTRU may only transmit SI type
S or SI type AS whenever the current grant situation does not allow the
WTRU to empty its buffer within the configured time (e.g.,
Happy_Bit_Delay_Condition). This condition may apply only to a subset of
the SI type S and SI type AS trigger mechanisms (e.g., it applies only to
periodic or alternatively non-periodic SI triggers). [0090] (10) The SI
transmission may be conditional based on TEBS. If the WTRU has a non-zero
grant on the anchor carrier and at least one active HARQ process on the
anchor carrier and if the TEBS becomes larger than a pre-defined or
configured threshold, and the supplementary carrier has zero grant or all
HARQ processes on the supplementary carrier are deactivated, the WTRU may
transmit an SI type S or SI type AS and/or SI type A. If the WTRU has a
non-zero grant on the anchor carrier and at least one active HARQ process
on the anchor carrier and if the supplementary carrier has zero grant or
all HARQ processes on the supplementary carrier are deactivated and the
WTRU is fully utilizing its grant or available power headroom on the anchor
carrier, the WTRU may transmit an SI type S or SI type AS and/or SI type A.
Alternatively, if the WTRU has a non-zero grant on the anchor carrier and
at least one active HARQ process on the anchor carrier and if the
supplementary carrier has zero grant or all HARQ processes on the
supplementary carrier are deactivated and if the time it would take to
empty the transmission buffer given the current grant, HARQ power offset
and ratio of active HARQ processes is longer than a configured value, then
the WTRU may transmit an SI type S or SI type AS and/or SI type A.
Optionally, if theWTRU has a non-zero grant on the anchor carrier and at
least one active 



HARQ process on the anchor carrier and if the WTRU is power-limited in the
anchor carrier but not on the supplementary carrier, the SI is triggered
for the above 2 conditions. It should be understood that the above
conditions are equally applicable for the opposite cases, i.e.,
interchanging the conditions for anchor and supplementary carriers. In an
alternate embodiment, the SI may be triggered if the TEBS becomes larger
than or equal to a predefined threshold. Alternatively, the SI may also be
triggered if the TEBS becomes lower than a predefined threshold. It is
understood that the SI may be triggered on both carriers when any of these
conditions are met, or alternatively, it may be triggered only on the
carrier for which the conditions were met. [0091] Alternatively, if the UPH
on either carrier becomes above or below a threshold and the TEBS becomes
above or below a threshold, the WTRU may transmit SI type A, SI type S, or
SI type AS. Alternatively, if the UPH on the supplementary carrier become
above a threshold, the WTRU may trigger the transmission of an SI. [0092]
(11) If an E-DCH serving cell change occurs and the new E-DCH serving cell
was not part of the previous serving E-DCH radio link set (RLS), and if
both uplink carriers have a non-zero grant and at least one HARQ process
per carrier is activated, the WTRU may transmit SI type AS, or SI type A
and SI type S possibly at some later point in time (pre-defined or
configured by the network). If only the anchor carrier has a non-zero grant
and at least one HARQ process is activated, then the WTRU may transmit SI
type A. If only the supplementary carrier has a non-zero grant and at least
one HARQ process is activated, then the WTRU may transmit SI type AS (if
supported) or SI type S. [0093] (12) If both uplink carriers have zero
grant or none of the HARQ processes are activated, and if the TEBS becomes
non-zero or if data with higher priority than the data contained in the
transmission buffer arrives, the WTRU may transmit only SI type A.
Alternatively, the WTRU may transmitonly SI type S. Alternatively, the WTRU
may transmit only SI type AS. Alternatively, the WTRU may transmit SI type
A and SI type S possibly at some later point in time (pre-defined or
configured by the network). [0094] (13) The transmission of the SI may also
be conditional on the WTRU ability to transmit a certain transport block
size or E-TFCI. For example, the WTRU may be configured with a special
E-TFCI value ETFCIthresh. If the E-TFCIthresh is in a supported state for a
configured period of time, or alternatively if the E-TFCIthresh is in a
blocked state for a configured period of time, the WTRU may transmit an SI.
[0095] (14) The transmission of the SI may be conditional on the Normalized
Remaining Power Margin (NRPM) being above or below or threshold, optionally
for a predefined period of time. [0096] Optionally, for all the conditions
disclosed above, the triggering conditions described above may need to
persist for a predefined or configured 



amount of time for the SI to be triggered. [0097] It should be understood
that when referring to transmitting only SI type A throughout this
disclosure, the WTRU may also transmit SI type AS or S with the UPHs field
set to zero. This would allow a constant SI format to be sent in all
scenarios, even when the secondary carrier is deactivated. Even though some
of the triggers to sent SI type S are described, it should be noted that
when this conditions are met and the WTRU triggers the SI type S, the WTRU
may also send SI type A, or alternatively, the triggers between the two
carriers may be independent. [0098] These rules may be applied in any
combination and may depend on whether or not the WTRU supports SI type S
and SI type AS together. For example, a WTRU may only support one of the
two types. Although these triggers apply to the SI, they may also apply to
higher layer measurements (e.g., events 6x) or any other type measurement
identity that may be introduced for these purposes. For example, when one
or more of the above condition or trigger is met, the WTRU transmits an RRC
MEASUREMENT REPORT.[0099] The WTRU may be configured with UPH threshold
value, a TEBS threshold value, an E-TFCI threshold value, and optionally a
time value by the network. When the UPH is larger than the configured UPH
threshold value, the TEBS is larger than the configured TEBS threshold
value and an ETFCI corresponding to the configured E-TFCI threshold value
is in a supported state for a configured period of time, the WTRU may
transmit an SI. Alternatively, the WTRU may transmit a MEASUREMENT REPORT
when these conditions are met. This mechanism may allow the WTRU to
indicate grant or bandwidth limited conditions to the network. Optionally,
this trigger only applies when the secondary carrier is de-activated. This
trigger may apply only to the anchor carrier. [00100] Alternatively or in
addition, when the UPH is smaller than the configured UPH threshold value,
the TEBS is larger than the configured TEBS threshold value and an E-TFCI
corresponding to the configured E-TFCI threshold value is in a blocked
state for a configured period of time, the WTRU may transmit an SI.
Alternatively, the WTRU may transmit a MEASUREMENT REPORT when these
conditions are met. This mechanism may allow the WTRU to indicate
power-limited conditions to the network. Optionally, this trigger only
applies when the secondary carrier is activated. This trigger may apply
only to the secondary carrier, or optionally to all active uplink carriers.
[00101] Embodiments for SI delivery are described hereafter. [00102] Once
SI reporting is triggered, either by an event or timer, or any other
criteria listed above, a pair of UPHs are generated respectively for the
two carriers, which need to be delivered to network by uplink transmission
along with the buffer status information. From network scheduling
perspective, these two UPH values may be required to be processed 



simultaneously or within a short period of time in order to attain
meaningful power information pertaining to this particular WTRU. [00103] In
the cases where the two UPHs are placed in separate SIs for transmission,
such as in the format of SI types A and S, they may not arriveat the
network in the same time due to limitation or uncertainty of the physical
channel resources. Thus, there is normally a variable delay from the time
of the triggering to the time the network actually receives both UPH
values. This delay may be caused, for example, by the fact that the current
HARQ process of a given carrier may already be taken by the retransmission
from a previous TTI data transmission, that the current HARQ process of a
given carrier is deactivated by the network via E-AGCH, or restricted by
RRC, or that many retransmissions are required due to difficult channel
conditions, etc. [00104] Certain level of delay may be tolerated due to the
fact the UPH is a relatively slow statistics averaged over a certain time
period. In accordance with one embodiment, a parameter is specified that
defines the maximum duration within which the two SIs are required to be
transmitted to the physical channels. This parameter may be either a
counter (e.g., that counts the number of TTIs in the duration), or a timer
(e.g., in terms of milliseconds). The parameter may be predefined or
pre-configured by the network based on channel conditions and available
physical channel resources. This parameter is denoted by T_SIMD hereafter.
[00105] Given that certain delay is allowed as specified by T_SIMD, a WTRU
may take advantage of the possible presence of spare bits owing to the
quantized size of the transport block, within which SI may be piggybacked
to data to reduce overhead. In other words, when a physical channel
resource becomes available, the WTRU does not necessarily transmit SI
immediately. Instead, the WTRU may wait for a certain period until finding
the most suitable TTI according to specified criteria that are designed to
minimize the overhead under the delay constraint. [00106] The criteria to
determine the suitable TTI over a given carrier may be defined by one or
any combinations of the following: (1) There is sufficient space (e.g., 18
bits) left in the E-DCH transport block due to quantization of transport
block size;(2) The current HARQ process is not taken by the retransmission
of a previously transmitted transport block; (3) The current HARQ process
is not deactivated by the network via E-AGCH or restricted by RRC; (4)
There is E-DCH data transmission in the TTI period; or (5) The carrier is
not in DTX state. [00107] At the time the SI reporting is triggered, either
by event or timer, a pair of SIs may be generated with distinct UPHs. The
SI carrying the UPH for anchor carrier is denoted by SI_A and the SI with
the UPH for supplementary carrier is denoted by SI_S. With T_SIMD and the
criteria being specified, there are a number of possible realizations by
which the SIs 



can be delivered to network via uplink E-DCH transmission: [00108] In
accordance with one embodiment, SIs may be transmitted in only one carrier.
At the first TTI period after the SI triggering, E-TFC selection is
performed based on the power headroom and SG conditions on both carriers.
Over the SI carrying carrier, if the criterion to send SI is met, the WTRU
allocates a space and includes either SI_A or SI_S in the transport block.
For example, either SI_A or SI_S may be included depending on whether
current HARQ process is even or odd numbered. In case there is no matching
SI for this HARQ process, no SI transmission will take place over this TTI.
At the following TTI(s), the above procedure is repeated until all SIs are
transmitted as long as a counter condition on T_SIMD is not reached. When
the counter condition on T_SIMD is reached, the remaining SIs may be
transmitted unconditionally at the last TTI periods regardless the
criterion is met or not. [00109] In accordance with another embodiment, the
SIs are transmitted via two carriers. The SIs may be transmitted on the
carriers corresponding to their respective UPH measurement they are
carrying. With this scheme, there is no need for additional means to
identify the SIs as the carrier over which the SI is located implies which
UPH it is supposed to carry. At the first TTI period after the SI
triggering, E-TFC selection is performed based on thepower headroom (such
as UPH) and SG conditions on both carriers. If the criterion is met on
anchor carrier, space is allocated and SI_A is included in the transport
block on the anchor carrier. If the criterion is met on supplementary
carrier, space is allocated and SI_S is included in the transport block on
the supplementary carrier. If any of the two SIs is not transmitted because
the criterion is not met, the above procedure is repeated for the following
TTI(s) until all SIs are transmitted as far as a counter condition on
T_SIMD is not reached. When the counter condition on T_SIMD is reached, the
rest of SIs may be transmitted unconditionally at the last TTI period
regardless the criterion is met or not. [00110] In accordance with another
embodiment, SIs may be transmitted dynamically across two carriers based on
availability of the physical channel resources. For the first TTI after the
SI triggering, a first carrier is selected and E-TFC selection is performed
on the selected carrier based on the UPH and SG conditions. If the
criterion to send SI is met on this carrier, space is allocated and either
SI_A or SI_S is included in the transport block over this carrier. For
example, either SI_A or SI_S may be included depending on whether current
HARQ process is even or odd numbered. This serves as a means of identifying
SI types. In case there is no matching SI left for this HARQ process, no SI
transmission will take place over this TTI even the criterion is met. The
above procedure is repeated for the other carrier in the same TTI. [00111]
If any of the two SIs is not transmitted because of the criterion is not
met, the above procedure is repeated until all SIs are transmitted as far
as 



a counter condition on T_SIMD is not reached. When the counter condition on
T_SIMD is reached, the rest of SIs may be transmitted unconditionally at
the last TTI period regardless the criterion is met or not. [00112]
Although the above embodiments for the SI delivery are described under the
context of dual carrier operation, it should be noted that the same
approaches may be generalized to the case of multiple carriers.[00113] To
support the higher uplink data rates, a larger E-DCH transmission buffer
may be used. For example, a WTRU configured with dual-carrier HSUPA may
also need to double the E-DCH buffer size. In this context, the values in
the TEBS tables may be increased to reflect the larger E-DCH buffer size.
[00114] In one embodiment, when the WTRU is configured with dualcarrier
HSUPA, the TEBS values may point to a different mapping table (pr e defined
or configured by the network). Alternatively, when the WTRU is configured
with dual-carrier HSUPA, the values in the TEBS table may be modified
according to a given rule (e.g., the values are all multiplied by a given
factor). Alternatively, the mapping tables used may depend on the type of
SI transmitted. The same scheme may be applied to the HLBS table and
values. [00115] Referring now to Figure 5, embodiments to perform power
control on both uplink carriers 520, 540 (i.e., in a dual-carrier scenario)
and allocate power and data across the uplink carriers are described
hereafter. It is noted that while specific channels are shown being carried
by uplink and downlink carriers in Figures 5 - 7 and Figure 9, any channels
may be carried in such carriers. [00116] In accordance with one embodiment,
the transmission powers of the uplink dedicated physical control channel
(DPCCH) transmissions 525, 545 on both uplink carriers 520, 540 are
controlled by two separate transmit power control (TPC) commands
transmitted by the Node-B. One TPC command controls the power of the first
uplink carrier 520 and the other TPC command controls the power of the
second uplink carrier 540. The WTRU varies the power of the DPCCH 525, 545
on each uplink carrier 520, 540 based on the corresponding TPC command
[00117] A Node-B may transmit a TPC command for an uplink carrier over an
F-DPCH 560, 580 on a downlink carrier 570, 590 corresponding to that uplink
carrier 520, 540 respectively. A mapping between the uplink carrier and the
downlink carrier may be pre-defined. The WTRU typicallyobtains the TPC
commands by listening to two channels (e.g., F-DPCH) transmitted over two
different downlink carriers, but of course different channels may be used
for transmitting such commands. [00118] Alternatively, referring now to
Figure 6, the TPC commands for the two uplink carriers 520, 540 may be
transmitted on two different channels 562, 564 on the same downlink carrier
570 (either one of the downlink carriers 570 or 590 may be used, but 570 is
shown as being used in this embodiment). In this embodiment, the WTRU is
not required to listen to both downlink 



carriers 570 and 590 if there is no other activity on at least one of the
downlink carriers. [00119] In a further alternative embodiment, shown in
Figure 7, the TPC commands for the two uplink carriers 520, 540 may be
carried over a single channel 562 (e.g., F-DPCH) in a single downlink
carrier 570 (again, either one of the downlink carriers 570 or 590 may be
used, but 570 is shown as being used in this embodiment). Figure 8 shows an
example F-DPCH slot format in accordance with this alternative embodiment.
An F-DPCH slot format includes two TPC fields per slot, where TPCl and TCP2
each contain a power control command (UP or DOWN) for uplink carrier 1 and
uplink carrier 2, respectively. [00120] Referring again to Figure 7, in
another alternative embodiment, , where power control commands for both
uplink carriers are transmitted on a single channel 562 such as the F-DPCH
channel, the power control commands are time multiplexed. The
time-multiplexing of power control commands may be achieved in a number of
different ways. The power control commands may evenly alternate between
uplink carrier 1 520 and uplink carrier 2 540. For example, the uplink
carrier for which the power control command is destined may be determined
as: If (current connection frame number (CFN) + slot number) modulo 2 = 0,
then TPC is for uplink carrier 1; Else, TPC is for uplink carrier 2.[00121]
For example, power control commands for uplink carrier 1 520 may be carried
in radio slots # 0, 2, 4, 6, 8, 10, 12, and 14; whereas power control
commands for uplink carrier 2 540 may be carried in radio slots #1, 3, 5,
7, 9, 11, and 13, or vice versa. Alternatively, more power control commands
may be allocated to uplink carrier 1 520 than uplink carrier 2 540. For
example, power control commands for uplink carrier 1 520 may be carried in
radio slots # 0, 1, 3, 4, 6, 7, 9, 10, 12, and 13, whereas power control
commands for uplink carrier 2 540 may be carried in radio slots # 2, 5, 8,
11, and 14. This alternative may be used if there is a reason why providing
more power control commands will increase overall efficiency. Such a
scenario may be, for example, where uplink carrier 1 520 is carrying more
physical layer channels than uplink carrier 2 540. [00122] Synchronization
may also be defined on a per-carrier basis. The WTRU may apply the
synchronization procedure on both carriers separately. The WTRU may be
allowed to transmit on a carrier depending on the synchronization status on
that carrier. Radio link failure may be declared upon loss of
synchronization on both carriers. [00123] Still referring to Figure 7, in
yet another alternative of the scenario where power control commands for
both uplink carriers are transmitted on a single channel 562 such as the
F-DPCH, the transmission powers of the DPCCH transmissions on both uplink
carriers may be controlled by a single TPC command transmitted by the
Node-B on, in this scenario, the 



F-DPCH. When the TPC command from the Node-B indicates to increase the
power, the power is (e.g., equally) increased on both uplink carriers, and
when the TPC command indicates to decrease the power, the power is (e.g.,
equally) decreased on both uplink carriers. For example, the power control
commands may be joint-coded into a single TPC field. Example joint coding
of the TPC commands is shown in Table 1 for NTPC = 2 and NTPC = 4, where
NTPC is the number of TPC command bits.Table 1 [00124] Referring now to
Figure 9, the following embodiments are in relation to the uplink
transmission of transmit power control (TPC) commands from the WTRU to the
Node-B on the uplink DPCCH for purposes of downlink power control. The WTRU
may transmit a TPC command on the uplink DPCCH 925 of only one of the
uplink carriers (in this example 920). On another uplink carrier (in this
case 940), the WTRU may use either discontinuous transmission (DTX) in
place of transmitting the TPC bits, or a new slot format with no TPC field.
The TPC command may be derived from the quality measured on the downlink
carrier 970 on which a downlink channel such as, for example, the F-DPCH
975 is transmitted. This approach has an advantage of somewhat reducing the
interference from the WTRU. The WTRU may transmit the uplink DPCCH 925, 945
with only the pilot bits used for channel estimation by the Node-B. [00125]
Alternatively, the WTRU may transmit the same TPC command on the uplink
DPCCH 925, 945 of both uplink carriers 920, 940. The TPC command may be
derived from the quality measured on the downlink carrier 970 on which the
F-DPCH 975 is transmitted. The Node-B may combine the TPC command signals
from the two uplink DPCCHs 925, 945 to improve reliability of the TPC
signals from the WTRU. [00126] Alternatively, the WTRU may transmit
independent TPC commands on the uplink DPCCH 925, 945 of each uplink
carrier 920, 940. In this case, the TPC command sent on an uplink carrier
920, 940 may be derived based on the signal quality measured from the
corresponding downlink carrier(s) (not shown) independently of the downlink
carrier on which the F-DPCH 970 is transmitted. This scheme has the benefit
of providing the network with some additional information regarding the
downlink channel.[00127] Since the uplink channels 925, 927, 945 on the two
uplink carriers may not behave the same, it is possible that the channel
quality changes on one carrier 920 differently than on another carrier 940.
It is also possible that the channel quality on one carrier 920 changes
whereas channel quality does not change on another carrier 940. In one
example, channel quality degrades on one uplink carrier 920 while it
improves on the other uplink carrier 940. In this case the Node-B has
different options for setting the value of the TPC bits on the F-DPCH 975.
The Node-B may set the TPC bit to "up" whenever the quality from one of the
carriers 920, 940 is below a threshold, and "down" otherwise. This option
may result in the uplink 



DPCCH power being high on one of the carriers 920, 940 making channel
estimation easier for the Node-B. Alternatively, the Node-B may set the TPC
bit to "down" whenever the quality from one of the carriers 920, 940 is
above a threshold, and "up" otherwise. This option may result in the uplink
DPCCH 925, 945 power being lower than a threshold for one of the carriers
920, 940 so the Node-B may derive an acceptable channel estimate on this
carrier using the information from the other carrier. [00128] If the
average uplink interference (noise rise) level is not the same on both
uplink carriers 920, 940, there may be a long-term and significant
discrepancy in channel quality between the uplink carriers. The WTRU may
apply an offset to the transmission power of one of the uplink carriers
(e.g., 920) compared to the other uplink carrier (e.g., 940). This offset
may be signaled by the network via higher layer signaling, (e.g., RRC
signaling), or the like. The network may set the offset so that the average
signal quality from both uplink carriers 920, 940 would be the same or
similar. [00129] The network may define different sets of reference E-DCH
transport format combination index (E-TFCI) and corresponding gain factors
for the two uplink carriers 920, 940, so that the signal-to-interference
ratio (SIR) of the E-DPDCH 927, 947 (which contains data bits) is
approximately the same on both uplink carriers 920, 940. For instance, if
the DPCCH SIR ofuplink carrier 1 920 is -22 dB in average while the DPCCH
SIR of uplink carrier 2 940 is -19 dB in average, setting a reference gain
factor 3 dB lower for uplink carrier 2 (for the same reference E-TFCI)
would result in approximately the same E-DPDCH SIR for both uplink carriers
920, 940 and a given E-TFC (the reference gain factor of uplink carrier 2
940 may actually be set slightly lower than 3 dB below uplink carrier 1 920
given the better channel estimate with uplink carrier 2 940). [00130]
Synchronization may be defined on a per-carrier basis. The WTRU may apply
the synchronization procedure on both carriers separately. The WTRU may be
allowed to transmit on a carrier depending on the synchronization status on
that carrier. Radio link failure may be declared upon loss of
synchronization on both carriers. [00131] Still referring to Figure 9,
embodiments for E-TFC restriction and selection are described hereafter. A
WTRU transmission may be restricted by a maximum allowed transmit power.
The maximum allowed transmit power of the WTRU may be a minimum of a
signaled configured value and a maximum power allowed due to WTRU design
limitation. The maximum allowed transmit power of the WTRU may be
configured as a total maximum power in a given transmission time interval
(TTI) for both uplink carriers 920, 940, or may be carrier- specific. In
the latter case, the same maximum power value may be assigned to each
uplink carrier 920, 940 or a different maximum power value may be assigned
to each uplink carrier 920, 940. This may depend on the particular
configuration of the device, (e.g., the 



number of power amplifiers and antennas of the WTRU), and/or on network
control and configuration. The total maximum transmit power and the
percarrier maximum transmit power may be simultaneously configured. [00132]
The WTRU behavior and operation may be quite different in both cases (i.e.,
one total maximum transmit power or independent per-carrier maximum
transmit power). Therefore, the WTRU may indicate the power capabilities of
the WTRU, (i.e., one maximum power or a maximum power defined per carrier),
to the network so that the network knows whether theWTRU has a total
maximum power for both uplink carriers 920, 940 or a carrier- specific
maximum power for each uplink carrier 920, 940, and may schedule operations
and correctly interpret the uplink power headroom reported by the WTRU. If
the power requirements are specified in the standards the WTRU may not need
to signal these capabilities. [00133] Figure 10 is a flow diagram of an
example process 1000 for ETFC selection and MAC-i PDU generation while
utilizing two uplink carriers is shown. As mentioned above, specific terms
for referring to the carriers are used interchangeably herein, but it is
noted that in an HSPA+ type system, the two carriers may be referred to as
an anchor (or primary) carrier and a supplementary (or secondary) carrier
and these terms will be used for convenience in describing Figure 10. A
WTRU determines whether there are two (N in general, N being an integer
larger than one) new transmissions to be transmitted for the upcoming TTI
(step 502). If there is one new transmission for the upcoming TTI, (e.g.,
there are one new transmission and one retransmission of the previous
failed transmission), the WTRU selects an uplink carrier (the carrier for
the new transmission) for E-TFC selection and performs an E-TFC selection
procedure for the new transmission while the supported E-TFCIs for the new
transmission are determined after subtracting the power being used by the
retransmission (step 516). If there are two new transmissions to be
transmitted, the WTRU determines whether the WTRU is power limited, (i.e.,
sum of the total power that would be used by the WTRU in each carrier given
the grants (scheduled and non- scheduled) and control channels exceed the
maximum power allowed by the WTRU, optionally including backoff) (step
504). If not, the process 500 proceeds to step 508. If so, the WTRU
performs power allocation between the uplink carriers (step 506).
Alternatively, the WTRU may proceed to step 506 for power allocation
between the carriers without checking if the WTRU is power limited. Once
power allocation is performed the WTRU fills up the transport blocks
sequentially one carrier after the other.[00134] The WTRU determines the
MAC-d flow with the highest priority data to be transmitted, and the
multiplexing list and the power offset to use based on the HARQ profile of
the selected MAC-d flow (step 508). When determining the highest priority
MAC-d flow the WTRU may, for every carrier, determine the highest priority
MAC-d flow configured with data available amongst all MAC-d flows. In an
alternate embodiment, the WTRU may, for every carrier for which E-TFC
selection or highest priority MAC-d 



flow selection is being performed, determine the highest priority MAC-d
flow amongst all MAC-d flows allowed to be transmitted on the given
carrier. The WTRU performs an uplink carrier selection procedure to select
an uplink carrier among a plurality of uplink carriers to fill up with data
first (step 510). It should be noted that the steps of carrier selection,
MAC-d flow determination may not necessarily be performed in the order
described, but may be performed in any order). The WTRU selects an E-TFCI
or determines the number of bits that can be transmitted on the selected
carrier based on a maximum supported payload (i.e., set of supported
E-TFCIs), a remaining scheduled grant payload, a remaining non- scheduled
grant payload, data availability and logical channel priorities (step 511).
[00135] The WTRU generates a MAC-e or MAC-i PDU for E-DCH transmission via
the selected carrier based on the selected E-TFC (step 512). If scheduling
information (SI) needs to be sent for the selected carrier, the WTRU may
initially include the SI on this carrier before including any other data.
Once the WTRU has completed the available space on the selected carrier or
has exceeded the data in the buffer allowed to be transmitted in the TTI,
the WTRU determines whether there is another uplink carrier available and
data is still available (step 514). If not, the process 500 ends. If so,
the process 500 returns to step 510 (or alternatively to step 508) to
select the ETFCI of the next carrier. [00136] At this point, (in step 508),
the WTRU may optionally redetermine the highest priority MAC-d flow that
has data to be transmitted. The re-selected highest priority MAC-d flow may
be different than the onedetermined initially before filling up the
previously selected carrier. If a new highest MAC-d flow is selected, the
WTRU determines the power offset based on the HARQ profile of the newly
selected MAC-d flow, and may then determine the maximum supported payload
(or set of supported E-TFCs) and remaining scheduled grant payload
according to the new power offset. Alternatively, the WTRU may determine
the MAC-d flow priority only once at the beginning of the procedure (e.g.,
step 508) and apply the selected HARQ profile and multiplexing list to both
carriers. This implies that the WTRU determines the maximum supported
payload (or supported E-TFCs and remaining scheduled payload) for both
carriers either simultaneously in parallel or only at the time these values
are needed according to E-TFC selection sequence. In this case for the
second selected carrier the WTRU may return to step 510. It should be noted
that the process 500 is applicable to the case that more than two uplink
carriers are utilized. [00137] Details of the power allocation, carrier
selection, and E-TFC restriction and selection will be explained below.
[00138] The maximum supported payload refers to the maximum allowed number
of bits that may be transmitted based on the available power for any uplink
carrier. This, as an example, may also be referred to as the maximum
supported E-TFCI. The maximum supported payload or the set of supported 



or blocked E-TFCIs, for example in HSPA systems are determined as part of
the E-TFC restriction procedure and may be dependent on the selected HARQ
offset. Additionally, the set of supported E-TFCI may also be dependent on
the minimum set E-TFCI. Embodiments for E-TFC restriction and determination
of supported/blocked E-TFCI are described below. [00139] Where referred to
hereafter, a MAC-d flow may also refer to a logical channel, a group of
logical channels, a data flow, a data stream, or data service or any MAC
flow, application flow, etc. All the concepts described herein are equally
applicable to other data flows. For example in HSPA system for E-DCH, each
MAC-d flow is associated to a logical channel (e.g., there is a one-to-one
mapping) and has a priority from 1 to 8 associated to it.[00140] Generally,
there are scheduling mechanisms used for uplink transmissions and data
transmissions. The scheduling mechanisms may be defined by the quality of
service (QoS) requirements and/or the priority of the data streams to be
transmitted. Depending of QoS and/or priority of the data streams, some of
the data streams may or may not be allowed to be multiplexed and
transmitted together in one TTI. Generally, data flows and streams can be
grouped in best effort or non real time services and guaranteed bit rate
service with some strict delay requirements. In order to meet QoS
requirements different scheduling mechanisms are used, some dynamic in
nature and some less dynamic. [00141] Generally, wireless systems, such as
LTE and high speed uplink packet access (HSUPA), operate on a request-grant
basis where WTRUs request a permission to send data, via uplink feedback,
and the Node-B (eNB) scheduler and/or RNC decides when and how many WTRUs
will be allowed to do so. Hereafter, this is referred to as scheduled mode
transmissions. For example in HSPA systems, a request for transmission
includes indication of the amount of buffered data in the WTRU and WTRU's
available power margin (i.e., UE power headroom (UPH)). The power that may
be used for the scheduled transmissions is controlled dynamically by the
Node-B through absolute grant and relative grant. [00142] For some data
streams with strict delay requirements and guaranteed bit rate, such as
voice over IP (VoIP) or signaling radio bearers or any other service that
need to meet these requirements, the network may ensure the timely delivery
of such transmissions via special scheduling mechanisms that are less
dynamic in nature and allow the WTRUs to transmit data from a particular
flow on at pre- scheduled time periods, resources, and up to a configured
data rate. These flows in some systems such as HSPA for example are
referred to as non-scheduled flows. In other systems, such as LTE. they may
be referred to as semi-persistent scheduling and flows. Even though the
embodiments described herein are described in terms of scheduled and
non-scheduled data, it should be understood that theyare equally applicable
to other systems that use similar scheduling procedure and distinctions
between data flows. [00143] Dynamic scheduling, where control channels are
used to allocate 



the resources for certain transmissions and for the possible
retransmissions, gives full flexibility for optimizing resource allocation.
However, it requires control channel capacity. In order to avoid control
channel limitation problem, semi-persistent scheduling (SPS) may be used in
systems such as LTE and non- scheduled transmission in systems such as
UMTS. Flows that use dynamic scheduling or the dynamic grant-based
mechanism (e.g., via physical channel control signaling) will be referred
to as scheduled transmissions. Data streams that use a more semi-static and
periodic allocation of resources will be referred to as non-scheduled
transmissions. [00144] For example, in HSPA, each MAC-d flow is configured
to use either scheduled or non-scheduled modes of transmissions, and the
WTRU adjusts the data rate for scheduled and non- scheduled flows
independently. The maximum data rate of each non-scheduled flow is
configured by higher layers, and typically not changed frequently. [00145]
In the E-TFC selection procedure, the WTRU may also determine the remaining
non- scheduled grant payload for each MAC-d flow with a nonscheduled grant,
which refers to and correspond to the number of bits allowed to be
transmitted according to the configured non- scheduled grant for the given
MAC-d flow. [00146] The remaining scheduled grant payload in the procedure
above refers to the highest payload that could be transmitted according to
the network allocated resources after power allocation for other channels.
For example, a network allocated resource refers to the serving grant and
selected power offset of the corresponding carrier for HSPA systems. The
value of the serving grant used for calculating the remaining scheduled
grant payloads for the uplink carriers may be based on the value of the
actual serving grant allocated for the uplink carriers. Alternatively, as
the remaining scheduled grant payload for the primary carrier and/or the
secondary carrier may bebased on the scaled or fictitious or virtual grant
after power allocation is performed, the WTRU may use the "virtual" or
"fictitious" or scaled serving grant to determine the remaining scheduled
grant payload. The three terms may be used interchangeably and refer to the
power allocation or power split for scheduled transmissions for each
carrier. The scaling of the grants is described as part of the power
allocation schemes below. Alternatively, if the WTRU is sharing one serving
grant for both uplink carriers, (i.e., one serving grant is given for both
uplink carriers), the WTRU may use half the serving grant for each uplink
carrier. Alternatively, the WTRU may assume that all serving grant is being
allocated to one uplink carrier when performing this calculation. [00147]
The non-scheduled grant may be carrier specific, (e.g., the configured non-
scheduled grant value is assigned and configured for only one carrier, the
carrier for which non- scheduled transmission is allowed). The carrier in
which non-scheduled transmission is configured/allowed may be
predetermined, (e.g., the non-scheduled transmission may be allowed only on



the primary carrier or alternatively on the secondary carrier).
Alternatively, it may be configured by the network dynamically. The value
of non-scheduled grant may be carrier independent, in which case a total
number is determined for both carriers. [00148] Data flows may be
configured to be carrier specific (e.g., network configures a flow and an
associated carrier over which this flow may be transmitted). If data flows
are carrier specific the WTRU may perform the ETFC selection procedure
independently for each carrier. The network may provide a non-scheduled
grant based on a HARQ process that belongs to a carrier, or provide a non-
scheduled grant that is applicable to a TTI, and the WTRU chooses a
carrier. [00149] Embodiments for selecting an uplink carrier for initial
E-TFC selection are disclosed hereafter. The embodiments for carrier
selection described below may be performed individually or in combination
with any other embodiments disclosed herein. The procedures affecting the
choice ofthe number of bits to be transmitted in each uplink carrier and
the power to use in each uplink carrier, and the like are all dependent on
which uplink carrier the WTRU selects and treats first. [00150] In
accordance with one embodiment, a WTRU may give priority to, and treat
first, the anchor carrier. This may be desirable if non-scheduled
transmissions are allowed on the anchor carrier. Alternatively, the
secondary carrier may be given a priority and selected first. [00151]
Alternatively, the WTRU may determine the highest priority carrier to
minimize inter-cell interference, maximize WTRU battery life, and/or
provide the most efficient energy per bit transmission. More specifically,
the WTRU may choose the uplink carrier that has the largest calculated
carrier power headroom. The WTRU may base this determination on the current
power headroom, (e.g., UE power headroom (UPH)) measurement for each
carrier (UPH indicates the ratio of the maximum WTRU transmission power and
the corresponding DPCCH code power) or on the results of the E-TFC
restriction procedure, (e.g., normalized remaining power margin (NRPM)
calculation for each carrier, or remaining power), which equivalently
translates to the carrier with the lowest DPCCH power (PDPCCH). For
instance, the uplink carrier selection may be made in terms of the number
of bits, (e.g., a priority may be given to the carrier which provides a
greater "maximum supported payload" between the anchor carrier and the
supplementary carrier). The maximum supported payload is the payload
determined based on the remaining power (e.g., NRPM or other value
disclosed below) of the WTRU. [00152] Alternatively, the WTRU may give a
priority to the uplink carrier which provides the WTRU with the largest
available grant, which allows the WTRU to send the highest amount of data
and possibly create the least number of PDUs and thus increase efficiency
and reduce overhead. The WTRU may select a carrier based on the maximum
value between the serving 



grant for the anchor carrier (SGa) and serving grant for the supplementary
carrier (SGs).[00153] Alternatively, the WTRU may provide a priority to the
carrier that provides the greater "remaining scheduled grant payload"
between the anchor carrier and the supplementary carrier. The remaining
scheduled grant payload is the available payload determined based on the
scheduling grant from the network and remaining after processing of the DCH
and HSDPCCH. [00154] Alternatively, the WTRU may optimize between maximum
power and maximum grant. More specifically, the WTRU may select a carrier
that allows the highest number of bits to be transmitted. The WTRU
determines the number of bits that may be transmitted for anchor carrier
and supplementary carrier limited by both power and grant, (i.e.,
"available payload" for the anchor carrier and "available payload" for the
supplementary carrier), and may select the carrier that provides the
highest available payload. The available payload may be determined as a
minimum between the remaining scheduled grant payload and the maximum
supported payload. [00155] Optionally, the sum of "remaining non-scheduled
payload" for each MAC-d flow that may be multiplexed (or all non-scheduled
MAC-d flows that may have data available) may also be taken into account
when calculating the available payload. More specifically, the available
payload may be determined as a minimum of (remaining scheduled grant
payload + SUM(remaining non-scheduled payloads for all allowed
non-scheduled flows)) and the maximum supported payload. If non- scheduled
flows are allowed in one carrier only, (e.g., in the anchor carrier only),
the available payload for the anchor carrier is considered. [00156] If the
non-scheduled grants are provided on a per carrier basis or if the non-
scheduled transmissions are allowed on one carrier, the WTRU may give
priority to the carrier that contains the highest priority non- scheduled
MAC-d flow to be transmitted in that TTI or allows a non-scheduled MAC-d
flow. For instance, if the non-scheduled transmissions are allowed on the
primary carrier only and for the given HARQ process the WTRU is configured
with non- scheduled data and data is available, the WTRU may give priority
tothe primary carrier (i.e., fill the primary carrier first). If in a given
TTI the highest priority MAC-d flow does not correspond to a non- scheduled
flow, but a non- scheduled flow is allowed to be multiplexed with the
selected highest priority MAC-d flow, the WTRU may still give priority to
the carrier which allows non- scheduled transmissions. Therefore, if any
non- scheduled flows are allowed to be transmitted in a current TTI and
non- scheduled data is available, the WTRU may first fill up the carrier
which allows transmission of the non- scheduled flows. The WTRU fills up
the selected carrier with nonscheduled and scheduled data up to the
available power and/or grant according to the configured logical channel
priority. The remaining carrier(s) is then filled up if data, power and
grant are available for that carrier. [00157] Alternatively, the WTRU may
base its decision to select a carrier on one or a combination of CPICH
measurement and HARQ error rates on 



each carrier, etc. [00158] Example embodiments for E-TFC selection for
independent maximum power limitation are explained hereafter. The WTRU may
have a different transmission powers and maximum allowed power for each
carrier, which may depend on the particular device configuration or design.
This depends on implementation design, (e.g., a WTRU may be designed with
two different power amplifiers and two different antennas), and/or on
network control and configuration. It is also applicable if the WTRU
pre-allocates the power between the carriers, or allocates the power in
parallel, as described below. In these situations, the maximum power or
available power that may be used by each carrier corresponds to the
allocated power per carrier. The embodiments are also applicable to the
case where power is shared between the carriers but the power is allocated
or scaled between the carriers prior to filling up the carriers. [00159]
Where the powers are pre-allocated or the maximum amount of power is
independent on each carrier, the MAC PDUs may have to be filled up
sequentially due to the fact that the delivery order of RLC PDUs has to be
maintained in order to allow proper operation of higher layers.
Additionally,the WTRU may be buffer limited in which case enough data to
transmit over one carrier may be available. [00160] In this situation, the
WTRU may initially choose the highest priority carrier Pl based on one of
the embodiments described above. For instance, the WTRU may select the
carrier with the higher power headroom, equivalently the carrier with the
lower DPCCH power to be filled up with data first or the primary or
secondary carrier may be filled up first. This allows, even a buffer
limited WTRU to transmit most of its data, or its highest priority data,
over the carrier with the best channel quality or over the carrier that
allows transmission of the highest priority data, such as non-scheduled
transmissions. [00161] According to the highest priority MAC-d flow,
associated HARQ profile and multiplexing list, the WTRU then fills up the
available space on the transport block of carrier pl(i.e., creates MAC-e or
MAC-i to be sent on carrier pi), according to the "Maximum Supported
Payload pi", "Remaining Scheduled Grant Payload pi", and remaining non-
scheduled grant payload, if allowed and configured in the selected carrier,
Pl. As previously mentioned, this corresponds to the number of bits that
may be transmitted according to the allowed power, allowed scheduled grant,
and allowed non- serving grant, respectively. In this situation, allowed
power and allowed grant may correspond to scaled values of the power and/or
grant of each carrier or the configured powers or grants. This may be done
if the power or grant is proportionally split between the two carriers or
allocated in parallel. If SI needs to be sent, the WTRU may send it in
carrier pi, or alternatively send it in the carrier in which the SI is
configured to be transmitted. [00162] Once the WTRU has completed the
available space on carrier pi, 



it then fills up next carrier. At this point the WTRU may re-determine the
highest priority MAC-d flow that has data to be transmitted and is allowed
in the carrier being treated. At this point the highest priority MAC-d flow
may be different than the one determined initially, prior to carrier pi
being filled up.[00163] When determining the highest priority MAC-d flow
the WTRU may, for every carrier, determine the highest priority MAC-d flow
configured with data available amongst all MAC-d flows. In an alternate
embodiment, the WTRU may, for every carrier for which E-TFC selection or
highest priority MAC-d flow selection is being performed, determine the
highest priority MACd flow amongst all MAC-d flows allowed to be
transmitted on the given carrier. [00164] If the carrier for which E-TFC
selection is being performed does not allow a certain type of MAC-d flow,
when determining the highest priority MAC-d flow the WTRU may not consider
the MAC-d flows that are not allowed for transmission on the given carrier.
For instance, if the WTRU is performing E-TFC selection for the second
carrier, it may not include nonscheduled MAC-d flows in the selection of
highest priority MAC-d flow. So if a non- scheduled MAC-d flow has data
available and has the highest configured MAC-d priority the WTRU may not
use this MAC-d flow as its highest priority MAC-d flow and may not use the
HARQ profile, power offset and HARQ retransmission, and multiplexing list
for the TTI for the carrier. For specific example, for HSPA dual carrier UL
when treating the second carrier the WTRU may determine the highest
priority MAC-d flow amongst all scheduled MAC-d flows. [00165] Once the
highest MAC-d flow is determined, the WTRU determines the new allowed MAC-d
flows that may be multiplexed in this TTI, and the power offset based on
the HARQ profile of the selected MAC-d flow to be used for the new carrier.
The WTRU may then determine the Maximum Supported Payload and Remaining
Scheduled Grant Payload according to the new power offset and fill up the
carrier with data if available accordingly. [00166] Alternatively, the WTRU
may determine the Maximum Supported Payload and Remaining Scheduled payload
for both carriers at the beginning of the E-TFC selection procedure or
prior to filling up the carrier, which implies that the WTRU can use the
same power offset for both carriers regardless of whether data from that
first highest selected MAC-d flow isbeing transmitted on both carriers. In
this case, the multiplexing list will remain the same on both carriers and
may be a limiting factor when not enough data is available from those
logical channels, but the WTRU has more power and grant available for
transmission of other logical channels. [00167] Once carrier pi (which may
be determined as above and filled up sequentially) is filled up with data,
the WTRU immediately moves to the other carrier and continues to fill it up
with data. [00168] Alternatively, the carriers may be filled up in
parallel, which implies that the data from all the allowed logical channels
is split between the 



two carriers. In order to avoid out-of-order delivery, the data or the RLC
buffer has to be split. For instance, if 10 RLC PDUs with SN 0 to 9 are
available, RLC PDUs 0 to 4 are sent to carrier one and 5 to 9 are sent to
carrier two. The WTRU then moves to the next logical channel if space still
remains and the buffer is again split in the same way. [00169]
Alternatively, the E-TFC and carrier filling may be performed in parallel,
but each carrier takes data from different logical channels. This implies
that the WTRU selects the two highest priority MAC-d flows, determines the
HARQ profile for each and the multiplexing list for each and maps them to
the two individual carriers. This will allow the WTRU to fill up and
perform E-TFC in parallel without risking out-of-order RLC delivery.
However, this may result in situations where data from the highest logical
channel is still available but the WTRU may no longer send them, since the
carrier is full. [00170] In another embodiment, data flows may be carrier
specific. In this case the WTRU may perform the E-TFC selection procedure
independently for each carrier. [00171] Example embodiments for E-TFC
selection for total combined maximum power limitation are described
hereafter. Some of the aspects of this embodiments may also be applicable
as described above if the power between the two carriers is allocated in
parallel or some form of dynamic power allocation is performed.[00172] In a
sequential approach, when the WTRU maximum power is shared amongst both
carriers, the WTRU may initially select the highest priority carrier (Pl)
using one of the embodiments described above. E-TFC restriction and
selection may still be performed sequentially, wherein the available power
and grant used are equivalent to the allocated or scaled power or grant.
[00173] Once the WTRU has selected the highest priority carrier, the WTRU
performs the E-TFC selection and restriction procedure, where the highest
priority MAC-d flow is selected and the power offset, the Maximum Supported
payload pi is determined, the Scheduled Available Payload is selected
according to the serving grant of carrier Pl and the non- scheduled
available payload is selected. If SI needs to be transmitted, it may be
treated with the first selected carrier or alternatively it may be treated
on the carrier in which it is allowed to be transmitted. In this case, the
WTRU may perform a sequential E-TFC restriction procedure as described
above, where the WTRU assumes all the power is available to be used by
carrier Pl and assuming that no data is being transmitted on the secondary
carrier. The WTRU creates a MAC-e or MAC-i PDU to be transmitted on this
carrier according to the E-TFC selection. Alternatively, if the SI is sent
in one carrier only (i.e., the anchor carrier only), then the E-TFC
selection takes it into account when performing E-TFC for the carrier in
which the SI is being sent. [00174] The maximum supported payload, (i.e.,
E-TFC restriction), for 



the selected carrier may be determined, for example, according to the NRPM
calculation. In the case where the WTRU has a retransmission in carrier x,
then no E-TFC selection is performed for carrier x. The WTRU performs ETFC
selection and creates a MAC-i or MAC-e PDU for the carrier y, the remaining
carrier. [00175] The WTRU then has to create a MAC-e or MAC-i PDU for the
remaining carrier. At this point the WTRU may re-determine (or determine
for the first time if a retransmission is ongoing on carrier x) the highest
priority MAC-d flow that has data to be transmitted and the power
offsetbased on the HAEQ profile of the selected MAC-d flow and the MAC-d
flow multiplexing list. Alternatively, the WTRU uses the same power offset
determined initially in the procedure. [00176] The WTRU then performs the
E-TFC restriction procedure for this second carrier. The WTRU may take into
account the power that will be used from the first carrier and the
remaining available power is used when calculating the maximum supported
payload or when determining the set of supported E-TFCIs. Alternatively,
the WTRU may subtract a "backoff power" (i.e., the particular power losses
experienced when the WTRU transmits on two carriers in the same TTI), prior
to performing the E-TFC restriction on the second carrier, (i.e., the
second selected carrier), when two new transmissions take place or when one
new transmission is taking place due to a HARQ retransmission in the other
carrier. [00177] In these embodiments described herein, the WTRU may be
configured to not to transmit a DPCCH when it is determined that data does
not need to be sent. The WTRU may also be configured to not transmit any
data on a second carrier if it does not have enough power where the maximum
power is allocated per carrier. For instance, if one of the carriers does
not have enough power, the WTRU may use one carrier to transmit (the one
that has the highest UPH or highest NRPM), instead of using the minimum set
ETFCI, or alternatively, the WTRU may not transmit in one of the carriers
if both do not have enough power. The WTRU may use the minimum set on one
of the carriers and may not transmit on the second. [00178] The MAC-i or
MAC-e PDU is then filled up according to the determined maximum supported
payload, the scheduled available payload (according to the serving grant of
this carrier), and the non-scheduled available payload, if applicable.
[00179] In another embodiment, the WTRU may select the E-TFC on each
carrier in such a way that the transmission power (over all UL channels,
i.e., DPCCH, E-DPCCH, HS-DPCCH, E-DPDCH) on each carrier is the same or the
difference between the two is less than a pre-configured maximumvalue. This
may be achieved, for instance, by calculating for a given transmission
power level which E-TFCs may be transmitted on each carrier given the
transmission power of the DPCCH and other channels on each carrier. For
instance, assuming that the DPCCH power levels are 7 dBm and 10 dBm on,
say, carriers 1 and 2 respectively, and that the power levels of the 



HS-DPCCH and E-DPCCH are each -3 dB below that of the DPCCH, if the
transmission power level on each carrier is 18 dBm, the power headrooms on
each carrier are 8 dB and 5 dB respectively, and the corresponding E-TFC
sizes may be 600 bits and 300 bits. Thus the WTRU may transmit with equal
power (of 18 dBm) on both carriers by selecting an E-TFC of 600 bits on the
carrier 1 and an E-TFC of 300 bits on carrier 2. [00180] This principle may
be applied in different cases. If the WTRU transmission is limited by the
maximum UL power, the WTRU may select the E-TFC on each carrier by
splitting the maximum UL power equally between the two carriers (thus the
UL power available to each carrier would be 3 dB below the maximum) and
determining the maximum supported E-TFC on each carrier using the method
disclosed above. If the WTRU transmission is limited by the amount of data
in the WTRU buffer, the WTRU may seek the transmission power level of both
carriers such that the amount of data that may be transmitted with the
resulting E-TFCs on each carrier corresponds to the amount of data in the
buffer. [00181] In another embodiment, the WTRU may select the E-TFC on
each carrier in such a way that the interference load incurred on each
carrier is same or approximately the same. The interference load incurred
on a carrier may, for instance, be estimated as the power ratio between the
EDPDCH power and the DPCCH power, which corresponds to the power ratio used
for scheduling. Thus, provided that the scheduling grant and the power
headroom is sufficient on both carriers, the WTRU selects the E-TFC on each
carrier by determining how many bytes may be transmitted from the WTRU
buffer, based on grant and by determining the needed E-TFC size on
eachcarrier by dividing this number of bytes by 2 and applying the
appropriate MAC headers. [00182] This method would result equal power
ratios on each carrier provided that mapping between reference power ratios
and reference E-TFCs is the same between the carriers, and provided that
all the data belong to logical channels that have the same HARQ offset. In
case where the data belongs to logical channels that do not all have the
same HARQ offset, the WTRU has to find which sharing of bytes that result
in the same power ratio for both E-TFCs. [00183] Embodiments for
dual-carrier power back-off and maximum power reduction for multicarrier
operations are disclosed hereafter. To relieve the WTRU power amplifier
design and power consumption, the WTRU is typically allowed a certain
maximum power reduction (MPR). This power reduction margin allows a WTRU
implementation to reduce the maximum transmission power (this is also
referred to as power back-off) to avoid causing unintended adjacent carrier
interference due to power amplifier non-linearity. [00184] In accordance
with one embodiment, a power back-off may be applied when transmitting on
two uplink carriers rather than one. The WTRU determines the amount of data
to be transmitted on both carriers 



according to any of the embodiments described herein, and may apply a power
back-off (i.e., reduction in total transmission power or per-carrier
transmission power) if data is to be sent on two carriers. The application
of a power back-off would then result in the use of a smaller E-TFCI on
each carrier. The WTRU may determine whether more data may be sent using a
single carrier without power back- off or using two carriers with power ba
ck off, and select the option allowing for transmission of most total
number of bits. [00185] Embodiments. [00186] 1. A method, implemented in a
WTRU, for providing control information for multi-carrier uplink
transmission.[00187] 2. The method of embodiment 1 comprising setting a
happy bit for an E-DCH transmission on each uplink carrier. [00188] 3. The
method of embodiment 2 comprising transmitting the happy bit. [00189] 4.
The method as in any one of embodiments 2-3, wherein the happy bit is set
for each uplink carrier to "unhappy" on a condition that the WTRU is
transmitting as much scheduled data on the uplink carrier as allowed by a
current serving grant for the uplink carrier, the WTRU has enough power
available on the uplink carrier to transmit at a higher data rate, and TEBS
requires more than a pre-configured time period to be transmitted with a
current effective data rate aggregated over all uplink carriers. [00190] 5.
The method of embodiment 4 wherein the effective data rate aggregated over
all uplink carriers is calculated by summing an effective data rate for
each uplink carrier, and the effective data rate for each carrier is
calculated based on a same power offset as the one selected in E-TFC
selection to transmit data in a same TTI and the uplink carrier as the
happy bit, and for each uplink carrier using the current serving grant
times a ratio of active HARQ processes to a total number of HARQ processes.
[00191] 6. A method, implemented in a WTRU, for providing control
information for multi-carrier uplink transmission. [00192] 7. The method of
embodiment 6 comprising performing power headroom calculation on an anchor
uplink carrier and at least one supplementary uplink carrier. [00193] 8.
The method of embodiment 7 comprising generating scheduling information
including at least one of power headroom (UPHA) as measured on the anchor
uplink carrier, or power headroom (UPHS) as measured on the supplementary
uplink carrier. [00194] 9. The method of embodiment 8 comprising
transmitting the scheduling information.[00195] 10. The method as in any
one of embodiments 8-9, wherein the scheduling information including UPHA
is transmitted over the anchor uplink carrier and the scheduling
information including UPHS is transmitted over the supplementary uplink
carrier. 



[00196] 11. The method as in any one of embodiments 7-10, wherein the power
headroom calculation on the supplementary uplink carrier is triggered on at
least one of conditions that UPHA becomes smaller than a preconfigured
threshold, TEBS becomes larger than a pre-configured threshold, a time
required to empty a transmission buffer given a current grant, HARQ offset
and a ratio of active HARQ processes is longer than a configured value, a
periodic timer has expired, scheduling information transmission is
triggered on the anchor carrier, or a grant on the anchor carrier is zero
and data becomes available in a buffer. [00197] 12. The method as in any
one of embodiments 9-11, wherein transmission of the scheduling information
is conditioned on at least one of TEBS, UPHA, or UPHS. [00198] 13. The
method as in any one of embodiments 9-12, wherein transmission of the
scheduling information is triggered on a condition that power headroom
measured on an uplink carrier is lower than a configured value and TEBS is
larger than zero. [00199] 14. The method as in any one of embodiments 9-13,
wherein transmission of the scheduling information is triggered on a
condition that power headroom measured on an uplink carrier is larger than
a configured value and TEBS is larger than zero. [00200] 15. The method as
in any one of embodiments 9-14, wherein transmission of the scheduling
information is triggered on a condition that power headroom is larger or
smaller than a power headroom threshold, TEBS is larger than a TEBS
threshold value and an E-TFCI corresponding to an ETFCI threshold value is
in a supported or blocked state for a configured period of time.[00201] 16.
The method as in any one of embodiments 7-15, further comprising
transmitting a MEASUREMENT REPORT on a condition that power headroom is
larger or smaller than a power headroom threshold, TEBS is larger than a
TEBS threshold value and an E-TFCI corresponding to an ETFCI threshold
value is in a supported or blocked state for a configured period of time.
[00202] 17. A WTRU for providing control information for multicarrier
uplink transmission. [00203] 18. The WTRU of embodiment 17 comprising a
processor configured to set a happy bit for an E-DCH transmission on each
uplink carrier. [00204] 19. The WTRU of embodiment 18, wherein the happy
bit is set for each uplink carrier to "unhappy" on a condition that the
WTRU is transmitting as much scheduled data on the uplink carrier as
allowed by a current serving grant for the uplink carrier, the WTRU has
enough power available on the uplink carrier to transmit at a higher data
rate, and TEBS requires more than a pre-configured time period to be
transmitted with a current effective data rate aggregated over all uplink
carriers. 



[00205] 20. The WTRU as in any one of embodiments 18-19, comprising a
transmitter for transmitting the happy bit. [00206] 21. The WTRU as in any
one of embodiments 18-20, wherein the processor is configured to calculate
the effective data rate aggregated over all uplink carriers by summing an
effective data rate for each uplink carrier, and calculate the effective
data rate for each carrier based on a same power offset as the one selected
in E-TFC selection to transmit data in a same TTI and the uplink carrier as
the happy bit, and for each uplink carrier using the current serving grant
times a ratio of active HARQ processes to a total number of HARQ processes.
[00207] 22. A WTRU for providing control information for multicarrier
uplink transmission.[00208] 23. The WTRU of embodiment 22 comprising a
processor configured to perform power headroom calculation on an anchor
uplink carrier and at least one supplementary uplink carrier, and generate
scheduling information including at least one of power headroom (UPHA) as
measured on the anchor uplink carrier, or power headroom (UPHs) as measured
on the supplementary uplink carrier. [00209] 24. The WTRU of embodiment 23
comprising a transmitter for transmitting the scheduling information.
[00210] 25. The WTRU as in any one of embodiments 23-24, wherein the
scheduling information including UPHA is transmitted over the anchor uplink
carrier and the scheduling information including UPHS is transmitted over
the supplementary uplink carrier. [00211] 26. The WTRU as in any one of
embodiments 23-25, wherein the power headroom calculation on the
supplementary uplink carrier is triggered on at least one of conditions
that UPHA becomes smaller than a preconfigured threshold, TEBS becomes
larger than a pre-configured threshold, a time required to empty a
transmission buffer given a current grant, HARQ offset and a ratio of
active HARQ processes is longer than a configured value, a periodic timer
has expired, scheduling information transmission is triggered on the anchor
carrier, or a grant on the anchor carrier is zero and data becomes
available in a buffer. [00212] 27. The WTRU as in any one of embodiments
23-26, wherein transmission of the scheduling information is conditioned on
at least one of TEBS, UPHA, or UPHs. [00213] 28. The WTRU as in any one of
embodiments 23-27, wherein transmission of the scheduling information is
triggered on a condition that power headroom measured on an uplink carrier
is lower than a configured value and TEBS is larger than zero. [00214] 29.
The WTRU as in any one of embodiments 23-28, wherein transmission of the
scheduling information is triggered on a condition thatpower headroom
measured on an uplink carrier is larger than a configured value and TEBS is
larger than zero. [00215] 30. The WTRU as in any one of embodiments 23-29,
wherein 



the processor is configured to transmit the scheduling information on a
condition that power headroom is larger or smaller than a power headroom
threshold, TEBS is larger than a TEBS threshold value and an E-TFCI
corresponding to an E-TFCI threshold value is in a supported or blocked
state for a configured period of time. [00216] 31. The WTRU as in any one
of embodiments 23-30, wherein the processor is configured to transmit a
MEASUREMENT REPORT on a condition that power headroom is larger or smaller
than a power headroom threshold, TEBS is larger than a TEBS threshold value
and an E-TFCI corresponding to an E-TFCI threshold value is in a supported
or blocked state for a configured period of time. [00217] Although features
and elements are described above in particular combinations, each feature
or element can be used alone without the other features and elements or in
various combinations with or without other features and elements. The
methods or flow charts provided herein may be implemented in a computer
program, software, or firmware incorporated in a computer-readable storage
medium for execution by a general purpose computer or a processor. Examples
of computer-readable storage mediums include a read only memory (ROM), a
random access memory (RAM), a register, cache memory, semiconductor memory
devices, magnetic media such as internal hard disks and removable disks,
magneto-optical media, and optical media such as CD-ROM disks, and digital
versatile disks (DVDs). [00218] Suitable processors include, by way of
example, a general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a plurality of
microprocessors, one or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application Specific Integrated
Circuits (ASICs), Field Programmable GateArrays (FPGAs) circuits, any other
type of integrated circuit (IC), and/or a state machine. [00219] A
processor in association with software may be used to implement a radio
frequency transceiver for use in a wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station, radio network controller
(RNC), or any host computer. The WTRU may be used in conjunction with
modules, implemented in hardware and/or software, such as a camera, a video
camera module, a videophone, a speakerphone, a vibration device, a speaker,
a microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth(r) module, a frequency modulated (FM) radio unit, a liquid
crystal display (LCD) display unit, an organic lightemitting diode (OLED)
display unit, a digital music player, a media player, a video game player
module, an Internet browser, and/or any wireless local area network (WLAN)
or Ultra Wide Band (UWB) module.CLAIMS What is claimed is: 1. A method,
implemented in a wireless transmit/receive unit (WTRU), for providing
control information for multi-carrier uplink 



transmission, the method comprising: setting a happy bit for an enhanced
dedicated channel (E-DCH) transmission on each uplink carrier; and
transmitting the happy bit, wherein the happy bit is set for each uplink
carrier to "unhappy" on a condition that the WTRU is transmitting as much
scheduled data on the uplink carrier as allowed by a current serving grant
for the uplink carrier, the WTRU has enough power available on the uplink
carrier to transmit at a higher data rate, and total E-DCH buffer status
(TEBS) requires more than a pre-configured time period to be transmitted
with a current effective data rate aggregated over all uplink carriers. 2.
The method of claim 1 wherein the effective data rate aggregated over all
uplink carriers is calculated by summing an effective data rate for each
uplink carrier, and the effective data rate for each carrier is calculated
based on a same power offset as the one selected in E-DCH transport format
combination (E-TFC) selection to transmit data in a same transmission time
interval (TTI) and the uplink carrier as the happy bit, and for each uplink
carrier using the current serving grant times a ratio of active hybrid
automatic repeat request (HARQ) processes to a total number of HARQ
processes. 3. A method, implemented in a wireless transmit/receive unit
(WTRU), for providing control information for multi-carrier uplink
transmission, the method comprising: performing power headroom calculation
on an anchor uplink carrier and at least one supplementary uplink carrier;
generating scheduling information including at least one of power headroom
(UPHA) as measured on the anchor uplink carrier, or power headroom (UPHs)
as measured on the supplementary uplink carrier; and transmitting the
scheduling information. 4. The method of claim 3 wherein the scheduling
information including UPHA is transmitted over the anchor uplink carrier
and the scheduling information including UPHs is transmitted over the
supplementary uplink carrier. 5. The method of claim 3 wherein the power
headroom calculation on the supplementary uplink carrier is triggered on at
least one of conditions that UPHA becomes smaller than a pre-configured
threshold, total E-DCH buffer status (TEBS) becomes larger than a
pre-configured threshold, a time required to empty a transmission buffer
given a current grant, hybrid automatic repeat request (HARQ) offset and a
ratio of active HARQ processes is longer than a configured value, a
periodic timer has expired, scheduling information transmission is
triggered on the anchor carrier, or a grant on the anchor carrier is zero
and data becomes available in a buffer. 6. The method of claim 3 wherein
transmission of the scheduling information is conditioned on at least one
of total E-DCH buffer status 



(TEBS), UPHA, or UPHs. 7. The method of claim 6 wherein transmission of the
scheduling information is triggered on a condition that power headroom
measured on an uplink carrier is lower than a configured value and TEBS is
larger than zero. 8. The method of claim 6 wherein transmission of the
scheduling information is triggered on a condition that power headroom
measured on an uplink carrier is larger than a configured value and TEBS is
larger than zero.9. The method of claim 6 wherein transmission of the
scheduling information is triggered on a condition that power headroom is
larger or smaller than a power headroom threshold, TEBS is larger than a
TEBS threshold value and an E-DCH transport format combination index
(E-TFCI) corresponding to an E-TFCI threshold value is in a supported or
blocked state for a configured period of time. 10. The method of claim 6
further comprising: transmitting a MEASUREMENT REPORT on a condition that
power headroom is larger or smaller than a power headroom threshold, TEBS
is larger than a TEBS threshold value and an E-DCH transport format
combination index (E-TFCI) corresponding to an E-TFCI threshold value is in
a supported or blocked state for a configured period of time. 11. A
wireless transmit/receive unit (WTRU) for providing control information for
multi-carrier uplink transmission, the WTRU comprising: a processor
configured to set a happy bit for an enhanced dedicated channel (E-DCH)
transmission on each uplink carrier, wherein the happy bit is set for each
uplink carrier to "unhappy" on a condition that the WTRU is transmitting as
much scheduled data on the uplink carrier as allowed by a current serving
grant for the uplink carrier, the WTRU has enough power available on the
uplink carrier to transmit at a higher data rate, and total EDCH buffer
status (TEBS) requires more than a pre-configured time period to be
transmitted with a current effective data rate aggregated over all uplink
carriers; and a transmitter for transmitting the happy bit. 12. The WTRU of
claim 11 wherein the processor is configured to calculate the effective
data rate aggregated over all uplink carriers by summing an effective data
rate for each uplink carrier, and calculate theeffective data rate for each
carrier based on a same power offset as the one selected in E-DCH transport
format combination (E-TFC) selection to transmit data in a same
transmission time interval (TTI) and the uplink carrier as the happy bit,
and for each uplink carrier using the current serving grant times a ratio
of active hybrid automatic repeat request (HARQ) processes to a total
number of HARQ processes. 13. A wireless transmit/receive unit (WTRU) for
providing control information for multi-carrier uplink transmission, the
WTRU comprising: a processor configured to perform power headroom
calculation on an anchor uplink carrier and at least one supplementary
uplink carrier, and generate scheduling information including at least one
of power headroom 



(UPHA) as measured on the anchor uplink carrier, or power headroom (UPHs)
as measured on the supplementary uplink carrier; and a transmitter for
transmitting the scheduling information. 14. The WTRU of claim 13 wherein
the scheduling information including UPHA is transmitted over the anchor
uplink carrier and the scheduling information including UPHs is transmitted
over the supplementary uplink carrier. 15. The WTRU of claim 13 wherein the
power headroom calculation on the supplementary uplink carrier is triggered
on at least one of conditions that UPHA becomes smaller than a
pre-configured threshold, total E-DCH buffer status (TEBS) becomes larger
than a pre-configured threshold, a time required to empty a transmission
buffer given a current grant, hybrid automatic repeat request (HARQ) offset
and a ratio of active HARQ processes is longer than a configured value, a
periodic timer has expired, scheduling information transmission is
triggered on the anchor carrier, or a grant on the anchor carrier is zero
and data becomes available in a buffer.16. The WTRU of claim 13 wherein
transmission of the scheduling information is conditioned on at least one
of total E-DCH buffer status (TEBS), UPHA, or UPHs. 17. The WTRU of claim
16 wherein transmission of the scheduling information is triggered on a
condition that power headroom measured on an uplink carrier is lower than a
configured value and TEBS is larger than zero. 18. The WTRU of claim 16
wherein transmission of the scheduling information is triggered on a
condition that power headroom measured on an uplink carrier is larger than
a configured value and TEBS is larger than zero. 19. The WTRU of claim 16
wherein the processor is configured to transmit the scheduling information
on a condition that power headroom is larger or smaller than a power
headroom threshold, TEBS is larger than a TEBS threshold value and an E-DCH
transport format combination index (ETFCI) corresponding to an E-TFCI
threshold value is in a supported or blocked state for a configured period
of time. 20. The WTRU of claim 16 wherein the processor is configured to
transmit a MEASUREMENT REPORT on a condition that power headroom is larger
or smaller than a power headroom threshold, TEBS is larger than a TEBS
threshold value and an E-DCH transport format combination index (ETFCI)
corresponding to an E-TFCI threshold value is in a supported or blocked
state for a configured period of time. 


