
BENZENESULFONANILIDE COMPOUNDS SUITABLE FOR TREATI NG
DISORDERS THAT RESPOND TO MODULATION OF THE SEROTONIN
5-HT6 RECEPTOR BACKGROUND OF THE INVENTION The present
invention relates to novel benzenesulfonanilide
compounds. The compounds possess valuable therapeutic
properties and are particularly suitable for treating
diseases that respond to modulation of the serotonin
5-HT receptor. Serotonin (5-hydroxytryptamine, 5-HT),
a monoamine neurotransmitter and local hormone, is
formed by the hydroxylation and decarboxylation of
tryptophan. The greatest concentration is found in the
enterochromaffin cells of the gastrointestinal tract,
the remainder being predominantly present in platelets
and in the Central Nervous System (CNS). 5-HT is
implicated in a vast array of physiological and
pathophysiological pathways. In the periphery, it
contracts a number of smooth muscles and induces
endothelium-dependent vasodilation. In the CNS, it is
believed to be involved in a wide range of functions,
including the control of appetite, mood, anxiety,
hallucinations, sleep, vomiting and pain perception.
Neurons that secrete 5-HT are termed serotonergic. The
function of 5-HT is exerted upon its interaction with
specific (serotonergic) neurons. Until now, seven
types of 5-HT receptors have been identified: 5-HTi
(with subtypes 5-HTIA, 5-HTIB, 5-HTID, 5-HTIE and
5-HTIF), 5-HT2 (with subtypes 5-HT2A, 5-HT2 and
5-HT2C) , 5-HT3, 5-HT4, 5-HT5 (with subtypes 5-HT5Aand
5-HT 5B), 5-HT and 5-HT7. Most of these receptors are
coupled to G-proteins that affect the activities of
either adenylate cyclase or phospholipase Cg. The
human 5-HT receptors are positively coupled to
adenylyl cyclase. They are distributed throughout the
limbic, striatal and cortical regions of the brain and
show a high affinity to antipsychotics. The modulation
of the 5-HT receptor by suitable substances is
expected to improve certain disorders including
cognitive dysfunctions, such as a deficit in memory,
cognition and learning, in particular associated with
Alzheimer's disease, age-related cognitive decline and
mild cognitive impairment, attention deficit
disorder/hyperactivity syndrome, personality
disorders, such as schizophrenia, in particular
cognitive deficits related with schizophrenia,
affective disorders such as depression, anxiety and
obsessive compulsive disorders, motion or motor
disorders such as Parkinson's disease and epilepsy,
migraine, sleep disorders (including disturbances of
the Circadian rhythm), feeding disorders, such as
anorexia and bulimia, certain gastrointestinal
disorders such as Irritable Bowl Syndrome, diseases
associated withneurodegeneration, such as stroke,
spinal or head trauma and head injuries, such as
hydrocephalus, addiction diseases and obesity. WO
96/027081 , WO 00/12623, WO 00/12073, US 2003/0069233,
WO 02/08179 and WO 02/92585 disclose certain
benzenesulfonanililde compounds having 5H 6 receptor
antagonist activity and suggest the use of these
compounds for the treatment of medical disorders which
are susceptible to the treatment with 5H 6 receptor
antagonists such as certain CNS disorders, drug abuse,
ADHD, obesity and type Il diabetes. WO 2008087123
suggests compounds having 5HT receptor antagonist
activity for preventing relapse into addiction.
However, there is still an ongoing need for providing
compounds having high affinity for the 5-HT receptor
and which show high selectivity to this receptor. In
particular the compounds should have low affinity to
adrenergic receptors, such as oci-adrenergic receptor,
histamine receptors, such as Hi-receptor, and
dopaminergic receptors , such 



as D2-receptor, in order to avoid or reduce
considerable side effects associated with modulation
of these receptors, such as postural hypotension,
reflex tachycardia, potentiation of the
antihypertensive effect of prazosin, terazosin,
doxazosin and labetalol or dizziness associated to the
blockade of the oci-adrenergic receptor, weight gain,
sedation, drowsiness or potentiation of central
depressant drugs associated to the blockade of the
Hi-receptor, or extrapyramidal movement disorder, such
as dystonia, parkinsonism, akathisia, tardive
dyskinesia or rabbit syndrome, or endocrine effects,
such as prolactin elevation (galactorrhea,
gynecomastia, menstruyl changes, sexual dysfunction in
males), associated to the blockade of the D2-receptor.
It is an object of the present invention to provide
compounds which have a high affinity and selectivity
for the 5-HT receptor, thus allowing the treatment of
disorders related to or affected by the 5-HT receptor.
The compounds should also have good pharmacological
profile, e.g. a good bioavailability and/or a good
metabolic stability. SUMMARY OF THE INVENTION It has
now been found that the benzenesulfonamide compounds
of the formulae (I) and ( I1) as defined herein, their
physiologically tolerated acid addition salts and the
N-oxides thereof exhibit to a surprising and
unexpected degree, selective binding to the 5-HT
receptor. Therefore, the present invention relates to
the compounds of formulae (I) and ( I1)wherein R1 is
hydrogen or methyl R2 is hydrogen or methyl R3
hydrogen, fluorine C1-C2 alkoxy or fluorinated C1-C2
alkoxy; R4 is hydrogen, C1-C4 alkyl or fluorinated
C1-C4 alkyl; R5 is hydrogen, fluorine, C1-C2 alkyl,
fluorinated C1-C2 alkyl, C1-C2 alkoxy or fluorinated
C1-C2 alkoxy; and R6 is hydrogen, fluorine or
chlorine; and to the physiologically tolerated acid
addition salts and the N-oxides thereof. The present
invention also relates to a pharmaceutical composition
which comprises at least one benzenesulfonanilide
compound of the formulae (I) or ( I1) and/or at least
one physiologically tolerated acid addition salt of
(I) or ( I1) and/or at least one N-oxide of (I) or (
I1) , where appropriate together with physiologically
acceptable carriers and/or auxiliary substances. The
present invention further relates to the use of a
benzenesulfonanilide compound of the formulae (I) or (
I1) and/or physiologically tolerated acid addition
salts thereof and/or at least one N-oxide of (I) or (
I1) , for preparing a pharmaceutical composition,
optionally together with at least one physiologically
acceptable carrier or auxiliary substance. The
compounds are selective 5-HT receptor ligands. Thus
the compounds are particularly suitable for the
treatment of disorders of the central nervous system,
addiction diseases or obesity, as these disorders and
diseases are likely to respond to influencing by -HT
receptor ligands. Therefore the present invention also
provides a method for treating disorders in mammals,
said method comprising administering an effective
amount of at least one compound of the formula (I) or
( I1) and/or at least onephysiologically tolerated
acid addition salt of (I) or ( I1) and/or at least one
N-oxide of (I) or ( I1) to a subject in need thereof.
DETAILED DESCRIPTION OF THE INVENTION The diseases
which are susceptible to treatment with a
benzenesulfonanilide compound of the formulae (I) and
( I1) include, e.g., disorders and diseases of the 



central nervous system, in particular cognitive
dysfunctions, such as a deficit in memory, cognition
and learning, in particular associated with
Alzheimer's disease, agerelated cognitive decline and
mild cognitive impairment, attention deficit
disorder/hyperactivity syndrome (ADHD), personality
disorders, such as schizophrenia, in particular
cognitive deficits related with schizophrenia,
affective disorders such as depression, anxiety and
obsessive compulsive disorders, motion or motor
disorders such as Parkinson's disease and epilepsy,
migraine, sleep disorders (including disturbances of
the Circadian rhythm), feeding disorders, such as
anorexia and bulimia, certain gastrointestinal
disorders such as Irritable Bowl Syndrome, diseases
associated with neurodegeneration, such as stroke,
spinal or head trauma and head injuries, including
hydrocephalus, drug addiction and obesity. According
to the invention, at least one benzenesulfonanilide
compound of the general formulae (I) or ( I1) having
the meanings mentioned at the outset is used for
treating the above mentioned diseases, disorders or
medical indications. Provided the compounds of the
formulae (I) or ( I1) of a given constitution may
exist in different spatial arrangements, for example
if they possess one or more centers of asymmetry,
polysubstituted rings or double bonds, or as different
tautomers, it is also possible to use enantiomeric
mixtures, in particular racemates, diastereomeric
mixtures and tautomeric mixtures, preferably, however,
the respective essentially pure enantiomers,
diastereomers and tautomers of the compounds of
formulae (I) or ( I1) and/or of their salts and/or
their N-oxides. It is likewise possible to use
physiologically tolerated salts of the compounds of
the formulae (I) or ( I1) , especially acid addition
salts with physiologically tolerated acids. Examples
of suitable physiologically tolerated organic and
inorganic acids are hydrochloric acid, hydrobromic
acid, phosphoric acid, sulfuric acid,
Ci-C4-alkylsulfonic acids, such as methanesulfonic
acid, aromatic sulfonic acids, such as benzenesulfonic
acid and toluenesulfonic acid, oxalic acid, maleic
acid, fumaric acid, lactic acid, tartaric acid, adipic
acid and benzoic acid. Other utilizable acids are
described in Fortschritte der Arzneimittelforschung
[Advances in drug research], Volume 10, pages 224 ff.,
Birkhauser Verlag, Basel and Stuttgart, 1966.It is
likewise possible to use N-oxides of the compounds of
the formulae (I) or ( I1) , if those compounds contain
a basic nitrogen atom, such as the nitrogen atom of
the piperazine moiety. The organic moieties mentioned
in the above definitions of the variables are - like
the term halogen - collective terms for individual
listings of the individual group members. The prefix
Cn-Cm indicates in each case the possible number of
carbon atoms in the group. As used herein, C1-C4 alkyl
is a straight-chain or branched alkyl group having 1,
2, 3 or 4 carbon atoms. Examples of such a group
include methyl, ethyl, n-propyl, 1- methylethyl
(isopropyl), n-butyl, 1-methylpropyl (= 2-butyl),
2-methylpropyl (= isobutyl) and 1,1-dimethylethyl (=
tert. -butyl). As used herein, fluorinated C1-C2 alkyl
is a straight-chain or branched alkyl group having 1or
2 carbon atoms, wherein at least one hydrogen atom,
e.g. 1, 2, 3, 4 or 5 hydrogen atoms, are replaced by
fluorine. Examples of such a group include
fluoromethyl, difluoromethyl, trifluoromethyl,
2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-
trifluoroethyl, 1, 1 ,2,2-tetrafluoroethyl and 1, 1
,2,2,2-pentafluoroethyl. As used herein, fluorinated
C1-C4 alkyl is a straight-chain or branched alkyl
group having 1, 2, 3 or 4 carbon atoms, wherein at
least one hydrogen atom, e.g. 1, 2, 3, 4, 5, 



6 or 7 hydrogen atoms, are replaced by fluorine.
Examples of such a group include fluoromethyl,
difluoromethyl, trifluoromethyl, 2-fluoroethyl,
2,2-difluoroethyl, 2,2,2- trifluoroethyl, 1, 1
,2,2-tetrafluoroethyl, 1, 1 ,2,2,2-pentafluoroethyl,
3-fluoropropyl, 3,3- difluoropropyl,
3,3,3-trifluoropropyl, 2,2,3,3-tetrafluoropropyl,
2,2,3,3,3- pentafluoropropyl, 1, 1
,2,2,3,3,3-heptafluoropropyl, 2-fluoro-1-methylethyl,
2,2-difluoro- 1-methylethyl,
2,2,2-trifluoro-1-methylethyl,
2,2,2-trifluoro-1-(trifluoromethyl)ethyl etc.. As used
herein, C1-C2 alkoxy is a straight-chain alkyl group
having 1 or 2 carbon atoms which is bound to the
remainder of the molecule via an oxygen atom. Examples
of such a group are methoxy and ethoxy. As used
herein, fluorinated C1-C2 alkoxy is an alkoxy group as
defined above, wherein at least one, e.g. 1, 2, 3, 4
or 5 hydrogen atoms are replaced by fluorine atoms.
Examples of such a group are fluoromethoxy,
difluoromethoxy, trifluoromethoxy, 2- fluoroethoxy,
2,2-difluoroethoxy, 2,2,2-trifluoroethoxy and 1, 1
,2,2-tetrafluoroethoxy. In the formulae I and I', the
integers "5" and "6" denominate positions of the
benzene ring.A first preferred embodiment of the
invention relates to compounds of the formulae I and
I1, to their pharmacologically tolerated salts and to
the N-oxides thereof, wherein R1 is hydrogen. Another
preferred embodiment of the invention relates to
compounds of the formulae I and I1, to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is methyl. A preferred embodiment
of the invention relates to compounds of the formulae
I and I', to their pharmacologically tolerated salts
and to the N-oxides thereof, wherein R2 is hydrogen.
Another embodiment of the invention relates to
compounds of the formulae I and I', wherein R2 is
methyl. In the compounds, wherein R2 is methyl, the
carbon atom that carries R2 creates a center of
chirality. Thus, a specific embodiment of the
invention relates to compounds of the formula I , to
their pharmacologically tolerated salts and to the
N-oxides thereof, wherein R2 is methyl and wherein the
carbon atom that carries R2 has S-configuration.
Another specific embodiment of the invention relates
to compounds of the formulae I and I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R2 is methyl and wherein the carbon
atom that carries R2 has R-configuration. Likewise
preferred are mixtures of compounds of the present
invention, wherein the carbon atom that carries R2 has
S-configuration or R-configuration, respectively.
These mixtures may contain equal amounts or non-equal
amounts of the compound I, or equal amounts or
non-equal amounts of the compound I', respectively,
that have Rconfiguration with regard to the moiety
CH-R2 and of the compound I or I' that have
Sconfiguration with regard to CH-R2. The term
"enantiomerically pure" means that the mixture
contains the respective compound in an entaniomeric
excess of at least 80 %, in particular at least 90 %
(ee). Preference is given to compounds of the formulae
I and I', to their pharmacologically tolerated salts
and to the N-oxides thereof, wherein R3 is methoxy,
difluoromethoxy or trifluoromethoxy, in particular
methoxy. Likewise preference is given to compounds of
the formulae I and I', to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R3 is hydrogen or fluorine, in particular hydrogen.
Preference is given to compounds of the formulae I and
I', to their pharmacologically tolerated salts and to
the N-oxides thereof, wherein R4 is hydrogen, methyl,
ethyl, npropyl, 



2-fluoroethyl or 3-fluoropropyl. More preference is
given to compounds of the present invention, wherein
R4 is hydrogen.R5 is preferably selected from the
group consisting of hydrogen, fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from hydrogen,
methoxy and difluoromethoxy. In a particular preferred
embodiment of the invention, R5 is hydrogen. In
another particular preferred embodiment of the
invention, R5 is selected from fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from methoxy and
difluoromethoxy. R6 is preferably selected from the
group consisting of hydrogen and fluorine. In a
particular preferred embodiment of the invention, R6
is hydrogen. In another particular preferred
embodiment of the invention R6 is different from
hydrogen, in particular fluorine. If R6 is different
from hydrogen it is preferably located in the 5- or
6-postion of the benzene ring. Preference is given to
those compounds of the formulae I and I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R3 is methoxy and R6 is hydrogen, or
R3 is methoxy and R6 is fluorine being located in the
5- or 6- position of the benzene ring, or both R3 and
R6 are hydrogen or R3 is hydrogen and R6 is fluorine
being located in the 5- or 6-position of the benzene
ring. A particular preferred embodiment of the
invention relates to compounds of the formulae I and
I', to their pharmacologically tolerated salts and to
the N-oxides thereof, wherein R1 is hydrogen or
methyl; R2 is hydrogen or methyl, in particular
hydrogen; R3 hydrogen, fluorine, C1-C2 alkoxy or
fluorinated C1-C2 alkoxy, preferably hydrogen,
methoxy, difluoromethoxy or trifluoromethoxy, in
particular hydrogen, methoxy; R4 is hydrogen, methyl,
ethyl, n-propyl or 3-fluoropropyl; R5 is selected from
the group consisting of hydrogen, fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from hydrogen,
methoxy and difluoromethoxy; and R6 is hydrogen or
fluorine, which is located in the 5- or 6-position of
the benzene ring. Amongst the compounds of this
particular preferred embodiment, preference is given
to those compounds of the formulae I and I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R3 is methoxy and R6 is hydrogen, or
R3 is methoxy and R6 is fluorine being located in the
5- or 6-position of the benzene ring, or both R3 and
R6 are hydrogen or R3 is hydrogen and R6 is fluorine
being located in the 5- or 6- position of the benzene
ring.A particular embodiment ( 1) of the invention
relates to compounds of the formulae I and I1, to
their pharmacologically tolerated salts and to the
N-oxides thereof, wherein R1 is hydrogen or methyl; R2
is hydrogen or methyl, in particular hydrogen; R3
C1-C2 alkoxy or fluorinated C1-C2 alkoxy, preferably
methoxy, difluoromethoxy or trifluoromethoxy, in
particular methoxy; R4 is hydrogen or C1-C2 alkyl; R5
is hydrogen; and R6 is hydrogen. Another particular
embodiment (2a) of the invention relates to compounds
of the formulae I and I', to their pharmacologically
tolerated salts and to the N-oxides thereof, 



wherein R3 is hydrogen. In this particular embodiment,
R6 is preferably hydrogen or fluorine, which is
located in the 5- or 6-position of the benzene ring.
Another particular embodiment (2b) of the invention
relates to compounds of the formulae I and I', to
their pharmacologically tolerated salts and to the
N-oxides thereof, wherein R3 is fluorine. In this
particular embodiment, R6 is preferably hydrogen.
Another particular embodiment (3) of the invention
relates to compounds of the formulae I and I', to
their pharmacologically tolerated salts and to the
N-oxides thereof, wherein R4 is C3-C4 alkyl or
fluorinated C1-C4 alkyl. Another particular embodiment
(4) of the invention relates to compounds of the
formulae I and I', to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R5 is selected from the group consisting of fluorine,
C1-C2 alkyl, fluorinated Ci- C2 alkyl, C1-C2 alkoxy or
fluorinated C1-C2 alkoxy, in particular selected from
the group consisting of fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from methoxy and
difluoromethoxy. Another particular embodiment (5a) of
the invention relates to compounds of the formulae I
and I', to their pharmacologically tolerated salts and
to the N-oxides thereof, wherein R6 is fluorine or
chlorine, in particular fluorine, wherein R6 is
located in the 5- postion of the benzene ring. In this
embodiment, R3 is preferably hydrogen, methoxy,
difluoromethoxy or trifluoromethoxy, in particular
hydrogen or methoxy. Another particular embodiment
(5b) of the invention relates to compounds of the
formulae I and I', to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R6 is fluorine or chlorine, in particular fluorine,
wherein R6 is located in the 6- postion of the benzene
ring. In this embodiment, R3 is preferably hydrogen,
methoxy, difluoromethoxy or trifluoromethoxy, in
particular hydrogen or methoxy.A particular preferred
embodiment Ia of the invention relates to compounds of
the formula I , to their pharmacologically tolerated
salts and to the N-oxides thereof, wherein R1 is
hydrogen; R2 is hydrogen; R3 is methoxy,
difluoromethoxy or trifluoromethoxy, in particular
methoxy; and R4 is hydrogen. A further particular
preferred embodiment Ib of the invention relates to
compounds of the formula I, to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R1 is hydrogen; R2 is hydrogen; R3 is methoxy,
difluoromethoxy or trifluoromethoxy, in particular
methoxy; and R4 is methyl. A further particular
preferred embodiment Ic of the invention relates to
compounds of the formula I, to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R1 is methyl; R2 is hydrogen; R3 is methoxy,
difluoromethoxy or trifluoromethoxy, in particular
methoxy; and R4 is hydrogen. A further particular
preferred embodiment Id of the invention relates to
compounds of the formula I, to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein 



R1 is methyl; R2 is hydrogen; R3 is methoxy,
difluoromethoxy or trifluoromethoxy, in particular
methoxy; and R4 is methyl. A particular preferred
embodiment Ie of the invention relates to compounds of
the formula I , to their pharmacologically tolerated
salts and to the N-oxides thereof, wherein R1 is
hydrogen; R2 is hydrogen; R3 is hydrogen or fluorine,
in particular hydrogen; and R4 is hydrogen.A further
particular preferred embodiment If of the invention
relates to compounds of the formula I, to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is hydrogen; R3 is
hydrogen or fluorine, in particular hydrogen; and R4
is methyl. A further particular preferred embodiment
Ig of the invention relates to compounds of the
formula I, to their pharmacologically tolerated salts
and to the N-oxides thereof, wherein R1 is methyl; R2
is hydrogen; R3 is hydrogen or fluorine, in particular
hydrogen; and R4 is hydrogen. A further particular
preferred embodiment Ih of the invention relates to
compounds of the formula I, to their pharmacologically
tolerated salts and to the N-oxides thereof, wherein
R1 is methyl; R2 is hydrogen; R3 is hydrogen or
fluorine, in particular hydrogen; and R4 is methyl.
Amongst the compounds of embodiments Ia, Ib, Ic, Id,
Ie, If, Ig and Ih, preference is given to those, where
the radicals R5 and R6 in formula I are both hydrogen.
Amongst the compounds of embodiments Ia, Ib, Ic, Id,
Ie, If, Ig and Ih, likeweise preference is given to
those, where the radical R5 in formula I is hydrogen
and where the radical R6 in formula I is fluorine,
which is located in the 5-position or in the 6-
position of the benzene ring. Amongst the compounds of
embodiments Ia, Ib, Ic, Id, Ie, If, Ig and Ih,
likeweise preference is given to those, where the
radical R5 in formula I is methoxy and where the
radical R6 in formula I is hydrogen. Amongst the
compounds of embodiments Ia, Ib, Ic, Id, Ie, If, Ig
and Ih, likeweise preference is given to those, where
the radical R5 in formula I is methoxy and where the
radical R6 in formula I is fluorine, which is located
in the 5-position or in the 6- position of the benzene
ring.Amongst the compounds of embodiments Ia, Ib, Ic,
Id, Ie, If, Ig and Ih, likeweise preference is given
to those, where the radical R5 in formula I is
difluoromethoxy and where the radical R6 in formula I
is hydrogen. Amongst the compounds of embodiments Ia,
Ib, Ic, Id, Ie, If, Ig and Ih, likeweise 



preference is given to those, where the radical R5 in
formula I is difluoromethoxy and where the radical R6
in formula I is fluorine, which is located in the
5-position or in the 6-position of the benzene ring. A
particular preferred embodiment I'a of the invention
relates to compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is hydrogen; R3 is
methoxy, difluoromethoxy or trifluoromethoxy, in
particular methoxy; and R4 is hydrogen. A further
particular preferred embodiment I'b of the invention
relates to compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is methyl; R3 is
methoxy, difluoromethoxy or trifluoromethoxy, in
particular methoxy; and R4 is hydrogen. A further
particular preferred embodiment I'c of the invention
relates to compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is hydrogen; R3 is
methoxy, difluoromethoxy or trifluoromethoxy, in
particular methoxy; and R4 is methyl. A further
particular preferred embodiment I'd of the invention
relates to compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is methyl; R3 is
methoxy, difluoromethoxy or trifluoromethoxy, in
particular methoxy; and R4 is methyl.A particular
preferred embodiment I'e of the invention relates to
compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein R1 is hydrogen; R2 is hydrogen; R3 is
hydrogen or fluorine, in particular hydrogen; and R4
is hydrogen. A further particular preferred embodiment
I'f of the invention relates to compounds of the
formula I', to their pharmacologically tolerated salts
and to the N-oxides thereof, wherein R1 is hydrogen;
R2 is methyl; R3 is hydrogen or fluorine, in
particular hydrogen; and R4 is hydrogen. A further
particular preferred embodiment I'g of the invention
relates to compounds of the formula I', to their
pharmacologically tolerated salts and to the N-oxides
thereof, wherein 



R1 is hydrogen; R2 is hydrogen; R3 is hydrogen or
fluorine, in particular hydrogen; and R4 is methyl. A
further particular preferred embodiment I'h of the
invention relates to compounds of the formula I', to
their pharmacologically tolerated salts and to the
N-oxides thereof, wherein R1 is hydrogen; R2 is
methyl; R3 is hydrogen or fluorine, in particular
hydrogen; and R4 is methyl. Amongst the compounds of
embodiments I'a, I'b, I'c, I'd, I'e, I'f, I'g and I'h,
preference is given to those, where the radicals R5
and R6 in formula I are both hydrogen. Amongst the
compounds of embodiments I'a, I'b, I'c, I'd, I'e, I'f,
I'g and I'h, likeweise preference is given to those,
where the radical R5 in formula I is hydrogen and
where the radical R6 in formula I is fluorine, which
is located in the 5-position or in the 6- position of
the benzene ring. Amongst the compounds of the formula
I , in particular amongst the compounds of embodiments
Ia, Ib, Ic, Id, Ie, If, Ig and Ih, particular
preference is given to those,wherein the OCHF2-radical
is located on the benzene ring in the meta-position
with respect to the sulfonyl group. Amongst these
compounds, particular preference is given to those
compounds of the formula I , wherein R5 is hydrogen.
Amongst these compounds, likewise preference is given
to those compounds of the formula I , wherein R5 is
different from hydrogen and in particular selected
from fluorine, methyl, trifluoromethyl, methoxy,
difluoromethoxy and trifluoromethoxy and more
preferably from methoxy and difluoromethoxy, and
located in the para-position, with respect to the
sulfonyl group, or in the para-position, with respect
to the OCHF2-radical. Amongst the compounds of the
formula I , in particular amongst the compounds of
embodiments Ia, Ib, Ic, Id, Ie, If, Ig and Ih,
likewise preference is given to those, wherein the
OCHF2-radical is located on the benzene ring in the
ortho-position with respect to the sulfonyl group.
Amongst these compounds, particular preference is
given to those compounds of the formula I , wherein R5
is hydrogen. Amongst these compounds, likewise
preference is given to those compounds of the formula
I, wherein R5 is different from hydrogen and in
particular selected from fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from methoxy and
difluoromethoxy, and located in the para-position,
with respect to the sulfonyl group, or in the
para-position, with respect to the OCHF2-radical.
Amongst the compounds of the formula I , in particular
amongst the compounds of embodiments Ia, Ib, Ic, Id,
Ie, If, Ig and Ih, likewise preference is given to
those, wherein the OCHF2-radical is located on the
benzene ring in the para-position with respect to the
sulfonyl group. Amongst these compounds, particular
preference is given to those compounds of the formula
I , wherein R5 is hydrogen. Amongst these compounds,
likewise preference is given to those compounds of the
formula I, wherein R5 is different from hydrogen and
in particular selected from fluorine, methyl,
trifluoromethyl, methoxy, difluoromethoxy and
trifluoromethoxy and more preferably from methoxy and
difluoromethoxy, and located in the meta-position,
with respect to the sulfonyl group. Amongst the
compounds of the formula I', in particular amongst the
compounds of 



embodiments I'a, I'b, I'c, I'd, I'e, I'f and I'g,
particular preference is given to those, wherein the
sulfonyl group is attached to the benzene ring in the
a-position with respect to the 1,3-dioxole ring.
Amongst these compounds, particular preference is
given to those compounds of the formula I , wherein R5
is hydrogen. Amongst the compounds of the formula I',
in particular amongst the compounds of embodiments
I'a, I'b, I'c, I'd, I'e, I'f and I'g, particular
preference is given to those, wherein the sulfonyl
group is attached to the benzene ring in the
b-position with respect to the 1,3-dioxole ring.
Amongst these compounds, particular preference is
given to those compounds of the formula I , wherein R5
is hydrogen.Examples of compounds according to the
present invention are the compounds of the formula I ,
their pharmacologically tolerated salts and the
N-oxides thereof, wherein R1, R2, R3, R4, R5, R6 and
the position of the moiety OCHF2 on the benzene ring
with respect to the sulfonyl group is given in the
following table A:TITLE : BUFFER STATUS REPORTING
APPARATUS, SYSTEM, AND METHOD DESCRIPTION: BACKGROUND
OF THE INVENTION: Field o f the Invention: [0001] The
present invention is directed, in part, to methods and
systems for communicating buffer status reports .
Description o f the Related Art: [0002] Scheduling
information to support uplink scheduling operations
has been introduced in High-Seed Uplink Packet Access
(HSUPA) . Scheduling information in HSUPA basically
consists of buffer status and power headroom reports.
However, communicating buffer status reports under
currently available solutions is inefficient and
inflexible due to an inability to adjust buffer status
report formats in accordance with a need to report
uplink availability. SUMMARY O F THE INVENTION [0003]
The present invention has been developed in response
to the present state of the art, and in particular, in
response to the problems and needs in the art that
have not yet been fully solved by currently available
communication system technologies. Accordingly, the
present invention has been developed to enable a
buffer status reporting apparatus, system, and
method.[0004] In one embodiment of the present
invention, a method comprises monitoring a usage of a
plurality of buffers, detecting one of a plurality of
pre-selected conditions corresponding to the plurality
of buffers, designating one of a plurality of buffer
status reporting formats depending on the pre-selected
condition detected, and communicating a buffer status
report to a network device in accordance with the
buffer status reporting format designated. In certain 



embodiments, the buffer status reporting format
minimizes buffer status reporting overhead created b y
the communicating of the buffer status report. In some
embodiments, the plurality of pre-selected conditions
comprises a buffer associated with a radio bearer
group storing data beyond a pre-selected threshold.
[0005] In certain embodiments, the plurality of buffer
status reporting formats comprises a long buffer
status reporting format and a short buffer status
reporting format. The short buffer status reporting
format may correspond to reporting a buffer status of
a single radio bearer group. Additionally, the long
buffer status reporting format corresponds to
reporting a buffer status of multiple radio bearer
groups. [0006] In some embodiments, the designating
unit is configured to only designate the long buffer
status reporting format when there is sufficient
uplink capacity to communicate using the long buffer
status reporting format. In certain embodiments, the
designating unit is configured to only designate the
long buffer status reporting format when multiple
buffers for different radio bearer groups storing data
beyond a pre-selected threshold. In some embodiments,
the designating unit is configured to designate the
short buffer status reporting format when there is
insufficient uplink capacity.[0007] In some
embodiments, the short buffer status reporting format
may comprise 1 byte of information and the long buffer
status reporting format comprises 3 bytes of
information. However, in other embodiments the short
buffer status reporting format may also comprise a
2-bit radio bearer group identifier and a 6- bit
buffer size. In certain embodiments, the long buffer
status reporting format comprises four segments of
6-bits of information, each segment thereof
corresponding to a distinct radio bearer group. In
certain embodiments, the method may also include
selecting a buffer status of a radio bearer group of a
highest priority. The radio bearer group of the
highest priority may comprise a radio bearer group
having a most amount of data in a radio bearer group
buffer . [0008] In another embodiment of the present
invention, an apparatus comprises a monitoring unit
configured to monitor a usage of a plurality of
buffers, a detecting unit configured to detect one of
a plurality of pre-selected conditions corresponding
to the plurality of buffers, a designating unit
configured 



to designate one of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected, and a communicating unit
configured to communicate a buffer status report to a
network device in accordance with the buffer status
reporting format designated. [0009] In certain
embodiments, the buffer status reporting format is
configured to minimize buffer status reporting
overhead created b y the communicating of the buffer
status report. The short buffer status reporting
format may correspond to reporting a buffer status of
a single radio bearer group. Additionally, the long
buffer status reporting format corresponds toreporting
a buffer status of multiple radio bearer groups .
[0010] In some embodiments, the designating unit is
configured to only designate the long buffer status
reporting format when there is sufficient uplink
capacity to communicate using the long buffer status
reporting format. In certain embodiments, the
designating unit is configured to only designate the
long buffer status reporting format when multiple
buffers for different radio bearer groups storing data
beyond a pre-selected threshold. In some embodiments,
the designating unit is configured to designate the
short buffer status reporting format when there is
insufficient uplink capacity. [0011] In some
embodiments, the short buffer status reporting format
may comprise 1 byte of information and the long buffer
status reporting format comprises 3 bytes of
information. However, in other embodiments the short
buffer status reporting format may also comprise a
2-bit radio bearer group identifier and a 6- bit
buffer size. In certain embodiments, the long buffer
status reporting format comprises four segments of
6-bits of information, each segment thereof
corresponding to a distinct radio bearer group. In
certain embodiments, the method may also include
selecting a buffer status of a radio bearer group of a
highest priority. The radio bearer group of the
highest priority may comprise a radio bearer group
having a most amount of data in a radio bearer group
buffer . [0012] In another embodiment of the present
invention, an apparatus includes a monitoring means
for monitoring a usage of a plurality of buffers, and
a detecting means for detecting one of a plurality of
pre-selected conditions corresponding to the
pluralityof buffers. The apparatus also includes a
designating 



means for designating one of a plurality of buffer
status reporting formats depending on the pre-selected
condition detected, and a communicating means for
communicating a buffer status report to a network
device in accordance with the buffer status reporting
format designated. [0013] In one embodiment of the
present invention, a method comprises monitoring a
usage of a plurality of buffers, detecting one of a
plurality of pre-selected conditions corresponding to
the plurality of buffers, designating one of a
plurality of buffer status reporting formats depending
on the pre-selected condition detected, and
communicating a buffer status report to a network
device in accordance with the buffer status reporting
format designated. In certain embodiments, the buffer
status reporting format minimizes buffer status
reporting overhead created b y the communicating of
the buffer status report. In some embodiments, the
plurality of pre-selected conditions comprises a
buffer associated with a radio bearer group storing
data beyond a pre-selected threshold. [0014] In
certain embodiments, the plurality of buffer status
reporting formats comprises a long buffer status
reporting format and a short buffer status reporting
format. The short buffer status reporting format may
correspond to reporting a buffer status of a single
radio bearer group. Additionally, the long buffer
status reporting format corresponds to reporting a
buffer status of multiple radio bearer groups. [0015]
In some embodiments, the designating unit is
configured to only designate the long buffer status
reporting format when there is sufficient uplink
capacity to communicate using the long buffer status
reporting format. In certain embodiments,
thedesignating unit is configured to only designate
the long buffer status reporting format when multiple
buffers for different radio bearer groups storing data
beyond a pre-selected threshold. In some embodiments,
the designating unit is configured to designate the
short buffer status reporting format when there is
insufficient uplink capacity. [0016] In some
embodiments, the short buffer status reporting format
may comprise 1 byte of information and the long buffer
status reporting format comprises 3 bytes of
information. However, in other embodiments the short
buffer status reporting format may also comprise a
2-bit radio bearer group identifier and a 6- bit
buffer size. In certain embodiments, the long 



buffer status reporting format comprises four segments
of 6-bits of information, each segment thereof
corresponding to a distinct radio bearer group. In
certain embodiments, the method may also include
selecting a buffer status of a radio bearer group of a
highest priority. The radio bearer group of the
highest priority may comprise a radio bearer group
having a most amount of data in a radio bearer group
buffer . [0017] In another embodiment of the present
invention, an apparatus comprises a monitoring unit
configured to monitor a usage of a plurality of
buffers, a detecting unit configured to detect one of
a plurality of pre-selected conditions corresponding
to the plurality of buffers, a designating unit
configured to designate one of a plurality of buffer
status reporting formats depending on the pre-selected
condition detected, and a communicating unit
configured to communicate a buffer status report to a
network device in accordance with the buffer status
reporting format designated.[0018] In certain
embodiments, the buffer status reporting format is
configured to minimize buffer status reporting
overhead created b y the communicating of the buffer
status report. The short buffer status reporting
format may correspond to reporting a buffer status of
a single radio bearer group. Additionally, the long
buffer status reporting format corresponds to
reporting a buffer status of multiple radio bearer
groups . [0019] In some embodiments, the designating
unit is configured to only designate the long buffer
status reporting format when there is sufficient
uplink capacity to communicate using the long buffer
status reporting format. In certain embodiments, the
designating unit is configured to only designate the
long buffer status reporting format when multiple
buffers for different radio bearer groups storing data
beyond a pre-selected threshold. In some embodiments,
the designating unit is configured to designate the
short buffer status reporting format when there is
insufficient uplink capacity. [0020] In some
embodiments, the short buffer status reporting format
may comprise 1 byte of information and the long buffer
status reporting format comprises 3 bytes of
information. However, in other embodiments the short
buffer status reporting format may also comprise a
2-bit radio bearer group identifier and a 6- 



bit buffer size. In certain embodiments, the long
buffer status reporting format comprises four segments
of 6-bits of information, each segment thereof
corresponding to a distinct radio bearer group. In
certain embodiments, the method may also include
selecting a buffer status of a radio bearer group of a
highest priority. The radio bearer group of the
highest priority may comprise a radio bearer
grouphaving a most amount of data in a radio bearer
group buffer . [0021] In another embodiment of the
present invention, an apparatus includes a monitoring
means for monitoring a usage of a plurality of
buffers, and a detecting means for detecting one of a
plurality of pre-selected conditions corresponding to
the plurality of buffers. The apparatus also includes
a designating means for designating one of a plurality
of buffer status reporting formats depending on the
pre-selected condition detected, and a communicating
means for communicating a buffer status report to a
network device in accordance with the buffer status
reporting format designated. [0022] In yet another
embodiment of the present invention, a
computer-readable medium is encoded with a computer
program configured to control a processor to perform
operations that include monitoring a usage of a
plurality of buffers, and detecting one of a plurality
of pre-selected conditions corresponding to the
plurality of buffers. The operations also include
designating one of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected, and communicating a buffer status
report to a network device in accordance with the
buffer status reporting format designated. [0023] In
yet another embodiment of the present invention, a
computer-readable medium is encoded with a computer
program configured to control a processor to perform
operations that include monitoring a usage of a
plurality of buffers, and detecting one of a plurality
of pre-selected conditions corresponding to the
plurality of buffers. The operations also include
designating one of a plurality of buffer status
reporting formats depending on the
pre-selectedcondition detected, and communicating a
buffer status report to a network device in accordance
with the buffer status reporting format designated.
BRIEF DESCRIPTION O F THE DRAWINGS [0024] To ensure
that the invention will be readily understood, a more
particular description of the 



invention briefly described above will be rendered by
reference to specific embodiments illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and
are not to be considered to be limiting of its scope,
the invention will be described and explained with
additional specificity and detail through the use of
the accompanying drawings, in which: [0025] FIG. 1 is
a block diagram of a system in accordance with one
embodiment of the present invention; [0026] FIG. 2 is
a block diagram of user equipment in accordance with
one embodiment of the present invention; [0027] FIG. 3
is a flow chart diagram of a method in accordance with
one embodiment of the present invention; [0028] FIG. 4
is a flow chart diagram of a method in accordance with
one embodiment of the present invention; [0029] FIG. 5
is a block diagram representing a short buffer status
reporting format in accordance with one embodiment of
the present invention; and [0030] FIG. 6 is a block
diagram representing a long buffer status reporting
format in accordance with one embodiment of the
present invention.DETAILED DESCRIPTION O F THE
PREFERRED EMBODIMENT (S) [0031] It shall be readily
understood that the components of the present
invention, as generally described and illustrated in
the Figures herein, may be arranged and designed in a
wide variety of different configurations. Thus, the
following more detailed description of the embodiments
of the apparatus, system, and method of the present
invention, as represented in the attached Figures, is
not intended to limit the scope of the invention, as
claimed, but is merely representative of selected
embodiments of the invention [0032] Indeed, the
features, structures, or characteristics of the
invention described throughout this specification may
be combined in any suitable manner in one or more
embodiments. For example, reference throughout this
specification to "certain embodiments," "some
embodiments," or similar language means that a
particular feature, structure, or characteristic
described in connection with the embodiment is
included in at least one embodiment of the present
invention. Thus, appearances of the 



phrases "in certain embodiments," "in some
embodiment," "in other embodiments," or similar
language throughout this specification do not
necessarily all refer to the same group of embodiments
and the described features, structures, or
characteristics may be combined in any suitable manner
in one or more embodiments. [0033] FIG. 1 is a block
diagram of a system 100 in accordance with one
embodiment of the present invention. The depicted
system 100 includes user equipment (UE) 110 and a
network device 120. The components of the system 100
cooperate to maximizebuffer status reporting
efficiency in accordance with an uplink capacity.
[0034] In certain embodiments, the network device 120
is configured to receive buffer status reports from
the user equipment 110. In some embodiments, the user
equipment is configured to monitor a usage of a
plurality of buffers and detect one of a plurality of
pre-selected conditions corresponding to at least one
of the plurality of buffers. In certain embodiments,
the user equipment is also configured to designate one
of a plurality of buffer status reporting formats
depending on the pre-selected condition detected and
communicate a buffer status report to a network device
in accordance with the buffer status reporting format
designated. [0035] Depending upon the embodiment, the
buffer status reporting format designated minimizes
buffer status reporting overhead created by the
communicating of the buffer status report.
Accordingly, the system 100 operates to minimize
buffer status reporting overhead. As will be discussed
in additional detail below, in some embodiments, the
system 100 may operate to minimize buffer status
reporting overhead in accordance with an uplink
capacity of the user equipment . [0036] FIG. 2 is a
block diagram of user equipment 200 in accordance with
one embodiment of the present invention. The depicted
user equipment 200 includes a monitoring unit 210, a
plurality of communication buffers 220, a detecting
unit 230, an uplink capacity detecting unit 240, a
buffer prioritizing unit 250, a format designating
unit 260, and a communicating unit 270. The units of
the user equipment 200 cooperate to maximize buffer
status reporting efficiency in accordance with an
uplink capacity.[0037] In some embodiments, the
monitoring unit 210 is configured to monitor a usage
of the plurality of buffers 220. In certain
embodiments, the monitoring 



unit 210 and the detecting unit 230 cooperate to
enable the detecting unit 230 to detect one of a
plurality of pre-selected conditions corresponding to
the plurality of buffers. The pre-selected conditions
will be discussed in further detail below but may
include, for example, any data in one or more buffers,
data in one or more buffers beyond a pre-selected
threshold. [0038] In certain embodiments, the
designating unit 260 is configured to designate one of
a plurality of buffer status reporting formats
depending on the pre selected condition detected. In
certain embodiments, the plurality of buffer status
reporting formats may include a short format and a
long format. As will be discussed in further detail
below, in some embodiments, the short buffer status
reporting format corresponds to reporting a buffer
status of a single radio bearer group and the long
buffer status reporting format corresponds to
reporting a buffer status of multiple radio bearer
groups. [0039] In certain embodiments, the uplink
capacity detecting unit 240 detects the uplink
capacity of the user equipment 200. In such
embodiments, the uplink capacity detecting unit 240
may cooperate with the designating unit 260 to
ascertain the appropriate buffer status reporting
format. In certain embodiments, the format proposed by
the designating unit 260 will exceed the uplink
capacity detected by the uplink capacity detecting
unit 240. [0040] In such embodiments, the buffer
prioritizing unit 250 may collaborate with the uplink
capacity detecting unit 240 and the designating unit
260 to enable the designating unit 260 to
assign/designate themost beneficial buffer status
reporting format to the buffer of the highest
priority, all in accordance with the uplink capacity
of the user equipment 200. This cooperation is further
detailed in FIG. 4 . In certain embodiments, the
communicating unit 270 is configured to communicate a
buffer status report to a network device in accordance
with the buffer status reporting format designated. In
this manner, the user equipment may maximize buffer
status reporting efficiency in accordance with an
uplink capacity of the user equipment . [0041] In
certain embodiments, for buffer status reporting (BSR)
, radio bearers may be classified into 4 radio bearer
groups (RBGs) . The mapping of radio bearers on RBG
could be either fixed in standards or dynamically
configured b y RRC. In both cases, an RBG 



may only include one radio bearer or all of them.
[0042] Since it may not be necessary to report the 4
RBGs always (e.g. when only a limited number of
bearers are configured) , multiple formats of buffer
status reporting may be beneficial. In a first format,
two bits may be required for RBG identification while
in the later case, the 4 buffer size fields may be
concatenated as depicted b y Figures 5 and 6 . [0043]
In certain embodiments, buffer status reporting
directly relates to power headroom reports, HSUPA
protocol (High-Speed Uplink Packet Access), eNB
(enhanced Node B ) , and E-TRAN (Universal Mobile
Telecommunications Service (UMTS) Terrestrial Radio
Access Network) . In other words, power headroom
reports have been first introduced for HSUPA. Radio
optimum resource management requires an eNB to know
whether or not user equipment is operating close to a
maximum transmission power. Moreover, due to adaptive
transmission bandwidth (i.e., the user
transmissionbandwidth can be modified on a TTI basis)
, in E-UTRAN uplink it is even more important to know
the power spectral density used at the use equipment
to avoid that, for example, the eNB allocates a
transmission bandwidth that cannot be supported given
the maximum user equipment power capabilities. [0044]
Assuming a power control dynamic range of 40- 60 dB
and a resolution of one dB (finer resolution might not
be beneficial when considering the actual accuracy of
transmission power measurements done at the UE) , six
bits for the transmission of a power headroom report
in uplink would seem sufficient. Although the total
number of bits may be decided b y RANl and RAN4, one
might assume in RAN2 that 1 byte is enough for power
headroom reporting. Indeed, in some embodiments, power
headroom reports are 1 byte long. [0045] Many of the
functional units described in this specification have
been labeled as units, in order to more particularly
emphasize their implementation independence. For
example, a unit may be implemented as a hardware
circuit comprising custom VLSI circuits or gate
arrays, off-the-shelf semiconductors such as logic
chips, transistors, or other discrete components. A
unit may also be implemented in programmable hardware
devices such as field programmable gate arrays,
programmable array logic, programmable logic devices
or the like. [0046] Units may also be implemented in
software for execution b y various types of
processors. An 



identified unit of executable code may, for instance,
comprise one or more physical or logical blocks of
computer instructions which may, for instance, be
organized as an object, procedure, or function.
Nevertheless, the executables of an identified unit
need not be physically located together, but
maycomprise disparate instructions stored in different
locations which, when joined logically together,
comprise the unit and achieve the stated purpose for
the unit. [0047] Indeed, a unit of executable code may
be a single instruction, or many instructions, and may
even be distributed over several different code
segments, among different programs, among different
processors, and across several memory devices.
Similarly, operational data may be identified and
illustrated herein within units, and may be embodied
in any suitable form and organized within any suitable
type of data structure. The operational data may be
collected as a single data set, or may be distributed
over different locations including over different
storage devices, and may exist, at least partially,
merely as electronic signals on a system or network.
[0048] In addition, while the terms, data, packet,
and/or datagram have been used in the description of
the present invention, the invention has import to
many types of network data. For purposes of this
invention, the term data includes packet, cell, frame,
datagram, bridge protocol data unit packet, packet
data and any equivalents thereof. [0049] FIG. 3 is a
flow chart diagram of a method 300 in accordance with
one embodiment of the present invention. The depicted
method 300 includes monitoring 310 buffers, detecting
320 a pre-selected condition, designating 330 a
format, and communicating 340 a buffer status report.
The operations of the method 300 provide a solution
for collaborating to maximize buffer status reporting
efficiency in accordance with an uplink capacity.
[0050] In certain embodiments, monitoring 310 buffers
may include monitoring a usage of one or
morecommunication buffers. In some embodiments,
detecting 320 a pre-selected condition may include
detecting that one or more communication buffers
include data or that the data in communication buffers
has exceeded a pre determine threshold. In certain
embodiments, designating 330 a format may include
designating a buffer status reporting format
complementary to the pre-selected condition detected
by operation 320. The 



operation of detecting 320 and determining 330 are
described in further detail in Figures 4 and 5 . In
some embodiments, communicating 340 may include
communicating a buffer status report corresponding to
one or more buffers in accordance with the buffer
status report format designated by the designate
operation 330. [0051] FIG. 4 is a flow chart diagram
of a method 400 in accordance with one embodiment of
the present invention. The method 400 includes the
operations of monitoring 410 buffers, determining 420
whether at least one of the buffers has data,
determining 430 whether multiple buffers have data,
determining 440 whether the uplink capacity,
designating 450 a short format, designating 460 a long
format, determining 470 buffer priority, designating a
short format 480, and communicating a buffer status
report 490. The operations of the method 400 maximize
buffer status reporting efficiency in accordance with
an uplink capacity. [0052] In certain embodiments, the
method 400 begins by monitoring 410 whether at least
one buffer of multiple buffers has data. If there is
no data, the method 400 continues to monitor 410 the
buffers. However, if there is at least one buffer with
data, then the method continues by determining 430
whether multiple buffers have data. If only one buffer
has data, the method 400 continues by designating 450
ashort buffer status reporting format for
communication 490 proposes. [0053] However, if
multiple communication buffers have data, then the
method 400 continues by determining 440 whether there
is sufficient uplink capacity to communicate a buffer
status report using the long buffer status report
format for communication 490 purposes. If there is
sufficient uplink capacity, then the method 400
continues by designating the long buffer status report
format. However, if there is not enough uplink
capacity to use the long format, then the method 400
continues by determining 470 the buffers with data.
After the buffer priority has been determined, the
method 400 continues by designating a short buffer
status reporting format for communicating 490 the
buffer with the highest priority. In this manner, the
method 400 maximizes buffer status reporting
efficiency in accordance with an uplink capacity.
[0054] FIG. 5 is a block diagram representing a short
buffer status reporting format 500 in accordance 



with one embodiment of the present invention. The
depicted short buffer status reporting format 500
includes a radio bearer group identity 510, and a
buffer size 520. The radio bearer group identity 510
enables a network device, such as a base station, to
know the buffer status, i.e., to determine the data in
a buffer corresponding to a radio bearer group. In
certain embodiments, the short buffer status reporting
format 500 is designated for reporting a buffer status
report because the short buffer status reporting
format 500 is the most efficient format. [0055] FIG. 6
is a block diagram representing a long buffer status
reporting format 600 in accordance with one embodiment
of the present invention. The a long buffer status
reporting format 600 includes a buffersize of radio
bearer group 1 (610), a buffer size of radio bearer
group 2 (620), a buffer size of radio bearer group 3
(630), and a buffer size of radio bearer group 4 (640)
. The long buffer status reporting format 600 is
allocated in four groups of six bits. In certain
embodiments, similar to the short buffer status
reporting format 500 of FIG. 5 , the long buffer
status reporting format 600 is designated for
reporting a buffer status report of multiple radio
bearer groups because the long buffer status reporting
format 600 is the most efficient format. Accordingly,
the present invention promotes efficiency by providing
a solution for adjusting the format of a buffer status
report depending upon need. [0056] Regarding buffer
status reports, compared to HSUPA, E-UTRAN uplink is
based on an orthogonal multiple access scheme
(SC-FDMA) . Since under these circumstances the
allocation of radio resources to a user that does not
have data to transmit directly results in a capacity
loss, the design of buffer status reporting scheme is
relatively important in E-UTRAN uplink . [0057] Buffer
status reports in E-UTRAN may allow differentiation
between radio bearers with different quality of
service (QoS) requirements. To allow for QoS
differentiation at the eNB, in certain embodiments, a
priority-based buffer status report is provided, where
a priority buffer status report may be a "reduced"
buffer status report which contains buffer status
information for different priority classes. A priority
class is defined by grouping radio bearers with
similar QoS requirement (but one priority class might
also consist of only one radio bearer) . The 



number of radio bearer group to report should not be
too small to provide enough information to the
scheduler but cannot be too large either to limit
theoverhead. With a size of 5 bits for LCID, a total
of four radio bearer groups may be a good compromise.
Accordingly, a radio bearers may be classified into 4
radio bearer groups (RBGs) . [0058] A total of 4 RBGs
may include two bits for identification of the group.
In some embodiments, the total size of the buffer
status report (BSR) is bytealigned. In such
embodiments, the candidate sizes for the buffer size
may be six bit and 14 bit. However, a 14 bit buffer
size table gives a 16384 code points and 0.07% step
size, which may be too much. A six bit buffer size
gives 64 code points and 12.77% step size that are
comparable to 32 code points and 23.9% step size of
HSUPA. So, a six bit buffer size field may be
beneficial . [0059] Depending upon the embodiment, a
buffer size may be an amount of buffered data before
filling the transport block or amount of data buffered
after filling the transport block. In some
embodiments, the buffer status report (BSR) aims at
helping a scheduler to allocate future resources. A s
such, it may be logical to consider the amount of data
buffered after filling a transport block. Accordingly,
in some embodiments, buffer status reports include the
amount of data left in the buffer after filling the
transport block. [0060] In some embodiments, data is
buffered in the user equipment across radio link
control (RLC) and Packet Data Convergence Protocol
(PDCP) . RLC may await ciphered and compressed PDCP
protocol data units (PDUs) for transmission and
retransmission (s) while in PDCP it is unciphered and
uncompressed PDCP service data units (SDUs) that are
buffered. Whether a PDCP SDU can be processed and
given to RLC for transmission is may be a matter of UE
implementation. For the very sameservice, different
UEs might therefore report different BSR depending on
whether RLC or PDCP is considered. In order to reduce
possible inconsistencies in reporting, reporting the
total amount of buffered data without making any
distinction between RLC and PDCP may be performed. In
certain embodiments, special considerations might be
made for Voice over Internet Protocol (VoIP) . In some
embodiments, buffer status reports include the total
amount of buffered data per ratio bearer group
regardless of whether it is RLC or PDCP. 



[0061] It may not be necessary to report the 4 RBGs
always (e.g., when only a limited number of bearers
are configured) , it may be beneficial to introduce
two formats of BSR: one where only one RBG is reported
and one where all four RBGs are. In the first case, 2
bits may be beneficial for RBG identification while in
the later case, the 4 buffer size fields can be
concatenated as depicted in FIG. 6 . [0062] In certain
embodiments, Media Access Control (MAC) control
elements may carry a buffer status report and a power
headroom report. In certain embodiments, this may
include one Language Code Identifier (LCID) used for
power headroom reports, one LCID used for a short
buffer status report, and one LCID used for long
buffer status reports. In some embodiments, if power
headroom appears to be conveyed with long or short
buffer status reports most of the time, additional
LCID can be reserved for the concatenation of the two
information so as to reduce the signaling overhead.
[0063] In some embodiments, a detected condition may
include a trigger that depends on the amount of data
buffered in the different radio bearer groups (RBG) .
Examples of a trigger could include a scenario where
only one RBG has buffered data wherein a report will
bemade using a short format. Another example of a
trigger could include a scenario where more than one
RBG has buffered data wherein a report will be made in
a long BSR format. In some embodiments, when the
enhanced Node-B (eNB) receives a short BSR format, the
eNB knows that RBGs other than the one reported do not
have any data buffered. [0064] In some embodiments, a
variant could introduce a threshold that could be
configured on a RBG basis. Accordingly, in some
embodiments, if only one RBG has an amount of buffered
data that exceeds a threshold then a report using a
short BSR format is communicated. In some embodiments,
as soon as more than one RBG has an amount of buffered
data that exceeds its threshold a report in a long BSR
format is communicated. A s such, when the eNB
receives a short BSR format, it knows that RBGs other
than the one reported do not have an amount of
buffered data which exceed their respective threshold.
[0065] Additionally, in some embodiments, the size of
an uplink (UL) grant could also be taken into account
(i.e., the size of the uplink transport block). For
example, as soon as more than one RBG has buffered
data and there is enough room in the UL grant then a 



report using a long format may be communicated. If
there is not enough UL grant then a short format with
the RBG of highest priority or with the RBG with the
largest amount of buffered data may be communicated.
In other embodiments, as soon as more than one RBG has
an amount of buffered data exceeds a threshold and
there is enough room in the UL to grant a long format
communication, then long BSR format is used, otherwise
with the RBG of highest priority or with the RBG with
the largest amount of buffered data may be
communicated using a short format. Accordingly, the
presentinvention minimizes the overhead associated to
BSRs and adapts to available UL bandwidth. [0066]
Reference to a computer-readable medium may take any
form capable of generating a signal, causing a signal
to b e generated, or causing execution of a program of
machine-readable instructions on a digital processing
apparatus. A computer readable medium may b e embodied
b y a transmission line, a compact disk, digital-video
disk, a magnetic tape, a Bernoulli drive, a magnetic
disk, holographic disk or tape, a punch card, flash
memory, magnetoresistive memory, integrated circuits,
or other digital processing apparatus memory device .
[0067] Furthermore, the described features,
structures, or characteristics of the invention may b
e combined in any suitable manner in one or more
embodiments. One skilled in the relevant art will
recognize, however, that the invention may b e
practiced without one or more of the specific details,
or with other methods, components, materials, and so
forth. In other instances, well-known structures,
materials, or operations are not shown or described in
detail to avoid obscuring aspects of the invention.
[0068] One having ordinary skill in the art will
readily understand that the invention as discussed
above may b e practiced with steps in a different
order, and/or with hardware elements in configurations
which are different than those which are disclosed.
Therefore, although the invention has been described
based upon these preferred embodiments, it would b e
apparent to those of skill in the art that certain
modifications, variations, and alternative
constructions would b e apparent, while remaining
within the spirit and scope of the invention.WE CLAIM:
1 . A method, comprising: monitoring a usage of a
plurality of buffers; detecting one of a plurality of
pre-selected 



conditions corresponding to the plurality of buffers;
designating one of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected; and communicating a buffer status
report to a network device in accordance with the
buffer status reporting format designated. 2 . The
method of claim 1 , wherein the buffer status
reporting format minimizes buffer status reporting
overhead created by the communicating of the buffer
status report. 3 . The method of claim 1 , wherein the
plurality of pre-selected conditions comprises a
buffer associated with a radio bearer group storing
data beyond a pre selected threshold. 4 . The method
of claim 1 , wherein the plurality of buffer status
reporting formats comprises a long buffer status
reporting format and a short buffer status reporting
format. 5 . The method of claim 4 , wherein the short
buffer status reporting format corresponds to
reporting a buffer status of a single radio bearer
group and the long buffer status reporting format
corresponds toreporting a buffer status of multiple
radio bearer groups . 6 . The method of claim 4 ,
wherein the designating unit is configured to only
designate the long buffer status reporting format when
there is sufficient uplink capacity to communicate
using the long buffer status reporting format. 7 . The
method of claim 4 , wherein the designating unit is
configured to only designate the long buffer status
reporting format when multiple buffers for different
radio bearer groups storing data beyond a pre-selected
threshold. 8 . The method of claim 4 , wherein the
designating unit is configured to designate the short
buffer status reporting format when there is
insufficient uplink capacity. 9 . The method of claim
4 , wherein the short buffer status reporting format
comprises 1 byte of information and the long buffer
status reporting format comprises 3 bytes of
information. 10. The method of claim 4 , wherein the
short buffer status reporting format comprises a 2-bit
radio bearer group identifier and a 6-bit buffer size.
11. The method of claim 4 , wherein the long buffer
status reporting format comprises four segments of 6- 



bits of information, each segment thereof
corresponding to a distinct radio bearer group.12. The
method of claim 1 , further comprising: selecting a
buffer status of a radio bearer group of a highest
priority. 13. The method of claim 12, wherein the
radio bearer group of the highest priority comprises a
radio bearer group having a most amount of data in a
radio bearer group buffer. 14. An apparatus,
comprising: a monitoring unit configured to monitor a
usage of a plurality of buffers; a detecting unit
configured to detect one of a plurality of
pre-selected conditions corresponding to the plurality
of buffers; a designating unit configured to designate
one of a plurality of buffer status reporting formats
depending on the pre-selected condition detected; and
a communicating unit configured to communicate a
buffer status report to a network device in accordance
with the buffer status reporting format designated.
15. The apparatus of claim 14, wherein the buffer
status reporting format is configured to minimize
buffer status reporting overhead created by the
communicating of the buffer status report. 16. The
apparatus of claim 14, wherein the plurality of
pre-selected conditions comprises a bufferassociated
with a radio bearer group storing data beyond a
pre-selected threshold. 17. The apparatus of claim 14,
wherein the plurality of buffer status reporting
formats comprises a long buffer status reporting
format and a short buffer status reporting format. 18.
The apparatus of claim 17, wherein the short buffer
status reporting format corresponds to reporting a
buffer status of a single radio bearer group and the
long buffer status reporting format corresponds to
reporting a buffer status of multiple radio bearer
groups . 19. The apparatus of claim 17, wherein the
designating unit is configured to only designate the
long buffer status reporting format when there is
sufficient uplink capacity to communicate using the
long buffer status reporting format. 20. The apparatus
of claim 17, wherein the designating unit is
configured to only designate the long buffer status
reporting format when multiple buffers for different
radio bearer groups storing data beyond a pre-selected
threshold. 



21. The apparatus of claim 17, wherein the designating
unit is configured to designate the short buffer
status reporting format when there is insufficient
uplink capacity.22. The apparatus of claim 17, wherein
the short buffer status reporting format comprises 1
byte of information and the long buffer status
reporting format comprises 3 bytes of information. 23.
The apparatus of claim 17, wherein the short buffer
status reporting format comprises a 2-bit radio bearer
group identifier (ID) and a 6-bit buffer size. 24. The
apparatus of claim 17, wherein the long buffer status
reporting format comprises four segments of 6- bits of
information, each segment thereof corresponding to a
distinct radio bearer group. 25. The apparatus of
claim 14, wherein the designating unit is configured
to select a buffer status of a radio bearer group of a
highest priority. 26. The apparatus of claim 25,
wherein the radio bearer group of the highest priority
comprises a radio bearer group having a most amount of
data in a radio bearer group buffer. 27. An apparatus,
comprising: monitoring means for monitoring a usage of
a plurality of buffers; detecting means for detecting
one of a plurality of pre-selected conditions
corresponding to the plurality of buffers; designating
means for designating one of a plurality of buffer
status reporting formats depending on the pre-selected
condition detected; andcommunicating means for
communicating a buffer status report to a network
device in accordance with the buffer status reporting
format designated. 28. A computer-readable medium
encoded with a computer program configured to control
a processor to perform operations comprising:
monitoring a usage of a plurality of buffers;
detecting one of a plurality of pre-selected
conditions corresponding to the plurality of buffers;
designating one of a plurality of buffer status
reporting formats depending on the pre-selected
condition detected; and communicating a buffer status
report to a network device in accordance with the
buffer status reporting format designated. 


