
(IND0L-4-YL) - OR (INDOL-5-YL) -PIPERAZINYLMETHANONE
DERIVATIVES FOR THE TREATMENT OF OBESITY The present
invention relates to novel (lH-indol-4-yl) or
(lH-indol-5-yl)- piperazin-1-yl-methanone derivatives
, their manufacture, pharmaceutical compositions
containing them and their use as medicaments. The
active compounds of the present invention are useful
in treating obesity and other disorders. In
particular, the present invention relates to compounds
of the general formula wherein A is CH or N; one of R1
and R2 is hydrogen and the other one of R1 and R2 is ,
wherein R4 is C3-7-alkyl or cycloalkyl; R3 is selected
from the group consisting of C3-7-alkyl, -(CR
5R6)m-R7, -(CR 5R6)n-SO2-R8 and -(CR 5R6)P-C(O)-R 9,
wherein m is 1 or 2; R5 is hydrogen or lower alkyl; R6
is hydrogen or lower alkyl; R7 is selected from the
group consisting of cycloalkyl,
bicyclo[2.2.1]hept-2-yl, DK/ 27.11.2007unsubstituted
phenyl and phenyl substituted by one to three groups
selected from the group consisting of lower alkoxy,
halogen, lower halogenalkyl and cyano; n is 0 or 1; R8
is selected from the group consisting of lower alkyl,
di-lower alkylamino, thienyl, unsubstituted phenyl and
phenyl substituted by one to three groups selected
from the group consisting of lower alkoxy, halogen,
lower halogenalkyl and cyano; p is 0 or 1; R9 is
selected from the group consisting of lower alkyl,
cycloalkyl, thienyl, unsubstituted phenyl, phenyl
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano, and -NH-phenyl, said phenyl
being unsubstituted or substituted by one to three
groups selected from the group consisting of lower
alkoxy, halogen, lower halogenalkyl and cyano; and
pharmaceutically acceptable salts thereof. The
compounds of formula I are antagonists and/or inverse
agonists at the histamine 3 receptor (H3 receptor).
Histamine (2-(4-imidazolyl) ethylamine) is one of the
aminergic neurotransmitters which is widely
distributed throughout the body, e. g. the
gastrointestinal tract (Burks 1994 in Johnson L.R.
ed., Physiology of the Gastrointestinal Tract, Raven
Press, NY, pp. 2 11 - 242). Histamine regulates a
variety of digestive pathophysiological events like
gastric acid secretion, intestinal motility (Leurs et
al., Br J. Pharmacol. 1991, 102, pp 179- 185),
vasomotor responses, intestinal inflammatory responses
and allergic reactions (Raithel et al., Int. Arch.
Allergy Immunol. 1995, 108, 127-133). In the mammalian
brain, histamine is synthesized in histaminergic cell
bodies which are found centrally in the
tubero-mammillary nucleus of the posterior basal
hypothalamus. From there, the histaminergic cell
bodies project to various brain regions (Panula et
al., Proc. Natl. Acad. Sci. USA 1984, 81, 2572-2576;
Inagaki et al., J. Comp. Neurol 1988, 273, 283 - 300).
According to current knowledge, histamine mediates all
its actions in both the CNS and the periphery through
four distinct histamine receptors, the histamine Hl,
H2 H3 and H4 receptors. H3 receptors are predominantly
localized in the central nervous system (CNS). As an
autoreceptor H3 receptors constitutively inhibit the
synthesis and secretion of histamine from
histaminergic neurons (Arrang et al., Nature 1983,
302, 832-837; Arranget al., Neuroscience 1987, 23,
149-157). As heteroreceptors, H3 receptors also
modulate the release of other neurotransmitters such
as acetylcholine, dopamine, serotonin and
norepinephrine among others in both the central
nervous system and in peripheral organs, such as
lungs, cardiovascular system and gastrointestinal
tract (Clapham & Kilpatrik, Br. J. Pharmacol. 1982,
107, 919- 923; Blandina et al. in The Histamine H3
Receptor (Leurs RL and Timmermann H eds, 1998, pp
27-40, Elsevier, Amsterdam, The Netherlands). H3
receptors are constitutively active, meaning that even
without exogenous histamine, the receptor is tonically
activated. In the case of an inhibitory receptor such
as the H3 receptor, this inherent activity causes
tonic inhibition of neurotransmitter release.
Therefore it may be important that a H3R antagonist
would 



also have inverse agonist activity to both block
exogenous histamine effects and to shift the receptor
from its constitutively active (inhibitory) form to a
neutral state. The wide distribution of H3 receptors
in the mammalian CNS indicates the physiological role
of this receptor. Therefore the therapeutic potential
as a novel drug development target in various
indications has been proposed. The administration of
H3R ligands - as antagonists, inverse agonists,
agonists or partial agonists - may influence the
histamine levels or the secretion of neurotransmitters
in the brain and the periphery and thus may be useful
in the treatment of several disorders. Such disorders
include obesity, (Masaki et al; Endocrinol. 2003, 144,
2741- 2748; Hancock et al., European J. of Pharmacol.
2004, 487, 183-197), cardiovascular disorders such as
acute myocardial infarction, dementia and cognitive
disorders such as attention deficit hyperactivity
disorder (ADHD) and Alzheimer's disease, neurological
disorders such as schizophrenia, depression, epilepsy,
Parkinson's disease, and seizures or convulsions,
sleep disorders, narcolepsy, pain, gastrointestinal
disorders, vestibular dysfunction such as Morbus
Meniere, drug abuse and motion sickness (Timmermann,
J. Med. Chem. 1990, 33, 4-11). It is therefore an
object of the present invention to provide selective,
directly acting H3 receptor antagonists respectively
inverse agonists. Such antagonists / inverse agonists
are useful as therapeutically active substances,
particularly in the treatment and/or prevention of
diseases which are associated with the modulation of
H3 receptors. In the present description the term
"alkyl", alone or in combination with other groups,
refers to a branched or straight- chain monovalent
saturated aliphatic hydrocarbon radical of one to
twenty carbon atoms, preferably one to sixteen carbon
atoms, more preferably one to ten carbon atoms.- AThe
term "lower alkyl" or "Ci-C 7-alkyl", alone or in
combination, signifies a straight- chain or
branched-chain alkyl group with 1 to 7 carbon atoms,
preferably a straight or branched-chain alkyl group
with 1 to 6 carbon atoms and particularly preferred a
straight or branched-chain alkyl group with 1 to 4
carbon atoms. Examples of straight- chain and branched
C1-C alkyl groups are methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert. -butyl, the isomeric
pentyls, the isomeric hexyls and the isomeric heptyls,
preferably methyl and ethyl and most preferred methyl.
The term "cycloalkyl" or "C3-C7-cycloalkyl" denotes a
saturated carbocyclic group containing from 3 to 7
carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl. Especially
preferred are cyclobutyl and cyclopentyl. The term
"alkoxy" or "lower alkoxy" refers to the group R'-O-,
wherein R' is lower alkyl and the term "lower alkyl"
has the previously given significance. Examples of
lower alkoxy groups are e.g. methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec.-butoxy and tert.-butoxy, preferably methoxy and
ethoxy and most preferred methoxy. The term "halogen"
refers to fluorine, chlorine, bromine and iodine, with
fluorine, chlorine and bromine being preferred. The
term "lower halogenalkyl" or "halogen-Ci-C 7-alkyl"
refers to lower alkyl groups as defined above wherein
at least one of the hydrogen atoms of the lower alkyl
group is replaced by a halogen atom, preferably fluoro
or chloro, most preferably fluoro. Among the preferred
halogenated lower alkyl groups are trifluoromethyl,
difluoromethyl, trifluoroethyl, 2,2-difluoroethyl,
fluoromethyl and chloromethyl, with trifluoromethyl or
2,2-difluoroethyl being especially preferred. The term
"heteroaryl" in general refers to an aromatic 5- or
6-membered ring which can comprise one, two or three
atoms selected from nitrogen, oxygen and/or sulphur
such as furyl, pyridyl, 1,2-, 1,3- and 1,4-diazinyl,
thienyl, isoxazolyl, oxazolyl, imidazolyl, or
pyrrolyl. The term "heteroaryl" further refers to
bicyclic aromatic groups comprising two 5- or
6-membered rings, in which one or both rings can
contain one, two or three atoms selected from
nitrogen, oxygen or sulphur such as e.g. indole or
quinoline. A preferred heteroaryl group is thienyl.
The term "pharmaceutically acceptable salts" refers to
those salts which retain the biological effectiveness
and properties of the free bases or free acids, which
are not biologically or otherwise undesirable. The
salts are formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid and the like, preferably
hydrochloric acid, and organic acids such as acetic
acid, propionic acid,glycolic acid, pyruvic acid,
oxylic acid, maleic acid, malonic acid, salicylic
acid, succinic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid, Nacetylcystein
and the like. In addition these salts may be prepared
form addition of an 



inorganic base or an organic base to the free acid.
Salts derived from an inorganic base include, but are
not limited to, the sodium, potassium, lithium,
ammonium, calcium, magnesium salts and the like. Salts
derived from organic bases include, but are not
limited to salts of primary, secondary, and tertiary
amines, substituted amines including naturally
occurring substituted amines, cyclic amines and basic
ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, triethylamine,
tripropylamine, ethanolamine, lysine, arginine,
N-ethylpiperidine, piperidine, polymine resins and the
like. The compound of formula I can also be present in
the form of zwitterions. Particularly preferred
pharmaceutically acceptable salts of compounds of
formula I are the hydrochloride salts. The compounds
of formula I can also be solvated, e.g. hydrated. The
solvation can be effected in the course of the
manufacturing process or can take place e.g. as a
consequence of hygroscopic properties of an initially
anhydrous compound of formula I (hydration). The term
"pharmaceutically acceptable salts" also includes
physiologically acceptable solvates. "Isomers" are
compounds that have identical molecular formulae but
that differ in the nature or the sequence of bonding
of their atoms or in the arrangement of their atoms in
space. Isomers that differ in the arrangement of their
atoms in space and have one or more asymmetric carbon
atoms are termed "stereoisomers". Stereoisomers that
are not mirror images of one another are termed
"diastereoisomers", and stereoisomers that are
non-superimposable mirror images are termed
"enantiomers", or sometimes optical isomers. In
detail, the present invention relates to compounds of
the general formula wherein A is CH or N;one of R1 and
R2 is hydrogen and the other one of R1 and R2 is
wherein R4 is C3-7-alkyl or cycloalkyl; R, 3 is
selected from the group consisting of C3-7-alkyl,
-(CR5R6)m-R7, -(CR5R6)n-SO2-R8 and -(CR5R6)P-C(O)-R 9,
wherein m is 1 or 2; R5 is hydrogen or lower alkyl; R6
is hydrogen or lower alkyl; R7 is selected from the
group consisting of cycloalkyl,
bicyclo[2.2.1]hept-2-yl, unsubstituted phenyl and
phenyl substituted by one to three groups selected
from the group consisting of lower alkoxy, halogen,
lower halogenalkyl and cyano; n is 0 or 1; R8 is
selected from the group consisting of lower alkyl,
di-lower alkylamino, thienyl, unsubstituted phenyl and
phenyl substituted by one to three groups selected
from the group consisting of lower alkoxy, halogen,
lower halogenalkyl and cyano; p is 0 or 1; R9 is
selected from the group consisting of lower alkyl,
cycloalkyl, thienyl, unsubstituted phenyl, phenyl
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano, and -NH-phenyl, said phenyl
being unsubstituted or substituted by one to three
groups selected from the group consisting of lower
alkoxy, halogen, lower halogenalkyl and cyano; and
pharmaceutically acceptable salts thereof. Preferred
are compounds of formula I according to the present
invention, wherein wherein A is CH, meaning compounds
of formula I having the formulawherein one of R1 and
R2 is hydrogen and the other one of R1 and R2 is
wherein R4 is C3-7-alkyl or cycloalkyl; R3 is selected
from the group consisting of C3-7-alkyl, -(CR5R6)m-R7,
-(CR5R6)n-SO2-R8 and -(CR5R6)P-C(O)-R 9, wherein m is
1 or 2; R5 is hydrogen or lower alkyl; R6 is hydrogen
or lower alkyl; R7 is selected from the group
consisting of cycloalkyl, bicyclo [2.2. 1]hept-2-yl,
unsubstituted phenyl and phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano; n
is 0 or 1; R8 is selected from the group consisting of
lower alkyl, di-lower alkylamino, 



thienyl, unsubstituted phenyl and phenyl substituted
by one to three groups selected from the group
consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano; p is 0 or 1; R9 is selected
from the group consisting of lower alkyl, cycloalkyl,
thienyl, unsubstituted phenyl, phenyl substituted by
one to three groups selected from the group consisting
of lower alkoxy, halogen, lower halogenalkyl and
cyano, and -NH-phenyl, said phenyl being unsubstituted
or substituted by one to three groups selected from
the group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano; and pharmaceutically
acceptable salts thereof.Also preferred are compounds
of formula I according to the present invention,
wherein Ais N, meaning compounds of formula I having
the formula wherein one of R1and R2 is hydrogen and
the other one of R1and R2 is wherein R4 is C3-7-alkyl
or cycloalkyl; R3 is selected from the group
consisting of C3-7-alkyl, -(CR 5R6)m-R7, -(CR
5R6)n-SO2-R8 and -(CR 5R6)P-C(O)-R 9, wherein m is 1
or 2; R5 is hydrogen or lower alkyl; R is hydrogen or
lower alkyl; R7 is selected from the group consisting
of cycloalkyl, bicyclo[2.2.1]hept-2-yl, unsubstituted
phenyl and phenyl substituted by one to three groups
selected from the group consisting of lower alkoxy,
halogen, lower halogenalkyl and cyano; n is 0 or 1; R8
is selected from the group consisting of lower alkyl,
di-lower alkylamino, thienyl, unsubstituted phenyl and
phenyl substituted by one to three groups selected
from the group consisting of lower alkoxy, halogen,
lower halogenalkyl and cyano; p is 0 or 1; R9 is
selected from the group consisting of lower alkyl,
cycloalkyl, thienyl, unsubstituted phenyl, phenyl
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano, and -NH-phenyl, said phenyl
being unsubstituted or substituted by one to
threegroups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano;
and pharmaceutically acceptable salts thereof.
Furthermore, compounds of formula I according to the
present invention are preferred, wherein R3 is
selected from the group consisting of -(CR5R6)m-R7,
-(CR5R6)n-SO2-R8 and -(CR5R6)P-C(O)-R 9, wherein m is
1 or 2; R5 is hydrogen or lower alkyl; R is hydrogen
or lower alkyl; R7 is selected from the group
consisting of cycloalkyl, bicyclo [2.2. 1]hept-2-yl,
unsubstituted phenyl and phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano; n
is 0 or 1; R8 is selected from the group consisting of
lower alkyl, di-lower alkylamino, thienyl,
unsubstituted phenyl and phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano; p
is 0 or 1; and R9 is selected from the group
consisting of lower alkyl, cycloalkyl, thienyl,
unsubstituted phenyl, phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano,
and -NH-phenyl, said phenyl being unsubstituted or
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano. Compounds of formula I,
wherein R3 is -(CR5R6)m-R7 or -(CR5R6)P-C(O)-R 9, are
especially preferred. Within this group, compounds of
formula I according to the invention are preferred,
wherein R3 is -(CR5R6)m-R7 and wherein 



m is 1 or 2; R5 is hydrogen or lower alkyl; R6 is
hydrogen or lower alkyl; and R7 is selected from the
group consisting of cycloalkyl, bicyclo [2.2.1]
hept-2-yl, unsubstituted phenyl and phenyl substituted
by one to three groups selected from the group
consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano.Those compounds of formula I,
wherein R is -(CR R )m-R and wherein m is 1 or 2; R is
hydrogen or lower alkyl; R6 is hydrogen or lower
alkyl; and R7 is cycloalkyl or bicyclo [2.2.
1]hept-2-yl, are especially preferred. Also especially
preferred are compounds of formula I, wherein R3 is
-(CR5R6)m-R7 and wherein m is 1 or 2; R is hydrogen or
lower alkyl; R6 is hydrogen or lower alkyl; and R7 is
unsubstituted phenyl or phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano.
Furthermore, compounds of formula I according to the
invention are preferred, wherein R3 is
-(CR5R6)n-SO2-R8 and wherein n is 0 or 1; R5 is
hydrogen or lower alkyl; R6 is hydrogen or lower
alkyl; and R8 is selected from the group consisting of
lower alkyl, di-lower alkylamino, thienyl,
unsubstituted phenyl and phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano.
Also preferred are compounds of formula I according to
the present invention, wherein R3 is -(CR5R6)P-C(O)-R
9 and wherein p is 0 or 1; R is hydrogen or lower
alkyl; R6 is hydrogen or lower alkyl; and R9 is
selected from the group consisting of lower alkyl,
cycloalkyl, thienyl, unsubstituted phenyl, phenyl
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano, and -NH-phenyl, said phenyl
being unsubstituted or substituted by one to three
groups selected from the group consisting of lower
alkoxy, halogen, lower halogenalkyl and cyano.Within
this group, those compounds of formula I are
especially preferred, wherein R3 is -(CR5R6VC(O)-R 9
and wherein p is 0 or 1; R5 is hydrogen or lower
alkyl; R6 is hydrogen or lower alkyl; and R9 is
selected from the group consisting of thienyl,
unsubstituted phenyl, phenyl substituted by one to
three groups selected from the group consisting of
lower alkoxy, halogen, lower halogenalkyl and cyano,
and -NH-phenyl, said phenyl being unsubstituted or
substituted by one to three groups selected from the
group consisting of lower alkoxy, halogen, lower
halogenalkyl and cyano. Furthermore, compounds of
formula I according to the invention are preferred,
wherein R is hydrogen and R is wherein R4 is
C3-7-alkyl or cycloalkyl, meaning these are compounds
of formula I having the formula wherein A, R3 and R4
are as defined herein before. Also preferred are
compounds of formula I according to the invention,
wherein R is hydrogen and R2 is wherein R4 is
C3-7-alkyl or cycloalkyl, meaning these are compounds
of formula I having the formulawherein A, R3 and R4
are as defined herein before. Further preferred
compounds of formula I according to the invention are
those, wherein R4 is isopropyl or tert-butyl. Also
preferred are compounds of formula I according to the
invention, wherein R4 is cycloalkyl. Preferred
compounds of formula I of the present invention are
the following: (1-cyclopentylmethyl- Iff- indol-5-yl)
-(4-isopropyl-piperazin- 1-yl) -methanone, 



(1-cyclohexylmethyl- Iff- indol-5-yl)
-(4-isopropyl-piperazin- 1-yl) -methanone, (1-(IRAS)
-1-bicyclo [2.2. 1]hept-2-ylmethyl- Iff- indol-5-yl)
-(4-isopropyl-piperazin- 1- yl) -methanone,
(l-isopropyl-lff-indol-5-yl)-(4-isopropyl-piperazin-l-
yl)-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(propane- 1-sulfonyl) - lff-indol-4-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(thiophene-2-sulfonyl) - lff-indol-4-yl]
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-trifiuoromethyl-benzenesulfonyl) -
lff-indol-4-yl] - methanone, (4-cyclopentyl-piperazin-
1-yl) - [1-(3-fiuoro-benzene-sulfonyl) -
lff-indol-4-yl] - methanone, (4-cyclopentyl-piperazin-
1-yl) - [1-(4-fiuoro-benzene-sulfonyl) -
lff-indol-4-yl] - methanone, (4-cyclopentyl-piperazin-
1-yl) - [1-(thiophene-2-carbonyl) - lff-indol-4-yl]
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(3-fiuoro-benzoyl) - lff-indol-4-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fiuoro-benzoyl) - lff-indol-4-yl]
-methanone,(4-cyclopentyl-piperazin- 1-yl) -
[1-(3-methoxy-benzoyl) -lff-indol-4-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) - [1-(propane-
1-sulfonyl) -lff-benzoimidazol-4-yl] - methanone,
4-(4-cyclopentyl-piperazine- 1-carbonyl)
-benzo-imidazole- 1-sulfonic acid dimethylamide,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(propane-2-sulfonyl) -lff-benzoimidazol-4-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl)
-[1-(thiophene-2-sulfonyl) -lff-benzo-imidazol-4-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(3-fluoro-benzene-sulfonyl)
-lff-benzoimidazol-4-yl] - methanone,
(4-cyclopentyl-piperazin- 1-yl) - [1-(propane-
1-sulfonyl) -lff-indol-5-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(thiophene-2-sulfonyl) -lff-indol-5-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(4-trifluoromethyl-benzenesulfonyl)
-lff-indol-5-yl] - methanone,
(4-cyclopentyl-piperazin-
l-yl)-[l-(3-fluoro-benzenesulfonyl)- Iff- indol-5-yl]-
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzenesulfonyl) -lff-indol-5-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(thiophene-2-carbonyl) -lff-indol-5-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzoyl) -lff-indol-5-yl] -methanone,
(4-cyclopentyl-piperazin-
l-yl)-[l-(3-methoxy-benzoyl)- lff-indol-5-yl]
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(propane- 1-sulfonyl) -lff-benzoimidazol-5-yl] -
methanone, 5-(4-cyclopentyl-piperazine- 1-carbonyl)
-benzo-imidazole- 1-sulfonic acid dimethylamide,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(propane-2-sulfonyl) -lff-benzoimidazol-5-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(thiophene-2-sulfonyl) -lff-benzo-imidazol-5-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[l-(3-fluoro-benzene-sulfonyl)-lff-benzo-imidazol-5-
yl] -methanone,(1-cyclopentane-carbonyl-
lff-benzo-imidazol-5-yl) -(4-cyclopentyl-piperazin-
1-yl) - methanone, 1- [5-(4-cyclopentyl-piperazine-
1-carbonyl) -benzo-imidazol- 1-yl] -2-methyl-propan-
1- one, 2- [4- (4-cyclopentyl-piperazine- 1-carbonyl)
-indol- 1-yl] -1-phenyl-propan- 1-one,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I -phenyl-propyl)
-Iff- indol-4-yl] -methanone, (1-benzyl- Iff-
indol-4-yl) -(4-cyclopentyl-piperazin- 1-yl)
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzyl) -Iff- indol-4-yl] -methanone, 3-
[4- (4-cyclopentyl-piperazine- 1-carbonyl) -indol-
1-ylmethyl] -benzonitrile, (4-cyclopentyl-piperazin-
1-yl) - [1-(3-methoxy-benzyl) -Iff- indol-4-yl]
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(3,4-difluoro-benzyl) -Iff- indol-4-yl] -methanone,
[l-(2-chloro-4-fluoro-benzyl) -Iff- indol-4-yl]
-(4-cyclopentyl-piperazin- 1-yl) - methanone,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I
-methyl-2-phenyl-ethyl) -Iff- indol-4-yl] -methanone,
2- [5-(4-cyclopentyl-piperazine-l -carbonyl) -indol-
l-yl]-N-(3, 5-dichloro-phenyl)- acetamide,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I -phenyl-propyl)
-lff-indol-5-yl] -methanone, 



(1-benzyl- Iff- indol-5-yl) -(4-cyclopentyl-piperazin-
1-yl) -methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzyl) -lff-indol-5-yl] -methanone, 3-
[5-(4-cyclopentyl-piperazine-l -carbonyl) -indol-
1-ylmethyl] -benzonitrile, (4-cyclopentyl-piperazin-
1-yl) - [1-(3-methoxy-benzyl) -lff-indol-5-yl]
-methanone, (4-cyclopentyl-piperazin-
l-yl)-[l-(3,4-difluoro-benzyl)- lff-indol-5-yl]
-methanone, [l-(2-chloro-4-fluoro-benzyl)
-lff-indol-5-yl] -(4-cyclopentyl-piperazin- 1-yl) -
methanone, and pharmaceutically acceptable salts
thereof. More preferred are the following compounds:
(1-cyclopentylmethyl- lff-indol-5-yl)
-(4-isopropyl-piperazin- 1-yl) -methanone,
(1-cyclohexylmethyl- lff-indol-5-yl)
-(4-isopropyl-piperazin- 1-yl) -methanone, (1-(IRAS)
-1-bicyclo [2.2. 1]hept-2-ylmethyl- lff-indol-5-yl)
-(4-isopropyl-piperazin- 1- yl)
-methanone,(4-cyclopentyl-piperazin- 1-yl) -
[1-(3-fluoro-benzene-sulfonyl) - lff-indol-4-yl] -
methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(thiophene-2-sulfonyl) - lff-indol-5-yl]
-methanone, 2- [4- (4-cyclopentyl-piperazine-
1-carbonyl) -indol- 1-yl] -1-phenyl-propan- 1-one,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I -phenyl-propyl)
- lff-indol-4-yl] -methanone, (1-benzyl-
lff-indol-4-yl) -(4-cyclopentyl-piperazin- 1-yl)
-methanone, 3- [4- (4-cyclopentyl-piperazine-
1-carbonyl) -indol- 1-ylmethyl] -benzonitrile,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(3-methoxy-benzyl) - lff-indol-4-yl] -methanone,
(4-cyclopentyl-piperazin- 1-yl) -
[1-(3,4-difluoro-benzyl) - lff-indol-4-yl] -methanone,
[l-(2-chloro-4-fluoro-benzyl) -Iff- indol-4-yl]
-(4-cyclopentyl-piperazin- 1-yl) - methanone, 2-
[5-(4-cyclopentyl-piperazine-l -carbonyl) -indol-
l-yl]-N-(3, 5-dichloro-phenyl)- acetamide,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I -phenyl-propyl)
- lff-indol-5-yl] -methanone, ( 1-benzyl-
lff-indol-5-yl) -(4-cyclopentyl-piperazin- 1-yl)
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzyl) - lff-indol-5-yl] -methanone, 3-
[5-(4-cyclopentyl-piperazine-l -carbonyl) -indol-
1-ylmethyl] -benzonitrile, (4-cyclopentyl-piperazin-
1-yl) - [1-(3-methoxy-benzyl) - lff-indol-5-yl]
-methanone, (4-cyclopentyl-piperazin- 1-yl)- [
1-(3,4-difluoro-benzyl)- lff-indol-5-yl] -methanone,
[l-(2-chloro-4-fluoro-benzyl) -lff-indol-5-yl]
-(4-cyclopentyl-piperazin- 1-yl) - methanone, and
pharmaceutically acceptable salts thereof. Especially
preferred are the following compounds:
[l-(2-chloro-4-fluoro-benzyl) -Iff- indol-4-yl]
-(4-cyclopentyl-piperazin- 1-yl) - methanone,
(4-cyclopentyl-piperazin- 1-yl) -[1-(I -phenyl-propyl)
- lff-indol-5-yl] -methanone, (1-benzyl-
lff-indol-5-yl) -(4-cyclopentyl-piperazin- 1-yl)
-methanone, (4-cyclopentyl-piperazin- 1-yl) -
[1-(4-fluoro-benzyl) - lff-indol-5-yl] -methanone,
[l-(2-chloro-4-fluoro-benzyl) -lff-indol-5-yl]
-(4-cyclopentyl-piperazin- 1-yl) - methanone,and
pharmaceutically acceptable salts thereof.
Furthermore, the pharmaceutically acceptable salts of
the compounds of formula I and the pharmaceutically
acceptable esters of the compounds of formula I
individually constitute preferred embodiments of the
present invention. Compounds of formula I may form
acid addition salts with acids, such as conventional
pharmaceutically acceptable acids, for example
hydrochloride, hydrobromide, phosphate, acetate,
fumarate, maleate, salicylate, sulphate, pyruvate,
citrate, lactate, mandelate, tartarate, and
methanesulphonate. Preferred are the hydrochloride
salts. Also solvates and hydrates of compounds of
formula I and their salts form part of the present
invention. Compounds of formula I can have one or more
asymmetric carbon atoms and can exist in the form of
optically pure enantiomers, mixtures of enantiomers
such as, for example, racemates, optically pure
diastereoisomers, mixtures of diastereoisomers,
diastereoisomeric racemates or mixtures of
diastereoisomeric racemates. The optically active
forms can be obtained for example by resolution of the
racemates, by asymmetric synthesis or asymmetric
chromatography (chromatography with a chiral adsorbens
or eluant). The invention embraces all of these forms.
It will be appreciated, that the compounds of general
formula I in this invention may be derivatised at
functional groups to provide derivatives which are
capable of conversion back to the parent compound in
vivo. Physiologically acceptable and metabolically
labile derivatives, which are capable of producing the
parent compounds of 



general formula I in vivo are also within the scope of
this invention. A further aspect of the present
invention is the process for the manufacture of
compounds of formula I as defined above, which process
comprises reacting a compound of formula II wherein
one of R and R is hydrogen and the other one of R and
R is -COOH and A is as defined herein before, with a
piperazine of the formula IIIwherein R4 is as defined
herein before, in the presence of a coupling reagent
under basic conditions to obtain a compound of the
formula IV wherein one of R1 and R2 is hydrogen and
the other one of R1 and R2 is and transferring the
compound of formula IV into a compound of formula I
wherein A, R1, R2 and R3 are as defined herein before,
and if desired, converting the compound obtained into
a pharmaceutically acceptable salt. Appropriate
coupling reagents are for example
N,N'-carbonyldiimidazole (CDI),
N,N'-dicyclohexylcarbodiimide (DCC),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), l-[bis(dimethylamino)methylene]-
IH-1, 2,3-triazolo [4,5- b]pyridinium-3-oxide
hexafiuorophosphate (HATU),
l-hydroxy-l,2,3-benzotriazole (HOBT),
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
tetrafiuoroborate (TBTU). Preferably, a coupling
reagent selected from the group consisting of 1-
[bis(dimethylamino)methylene]- IH-1, 2,3-triazolo
[4,5-b]pyridinium-3-oxide hexafiuorophosphate (HATU),
l-hydroxy-l,2,3-benzotriazole (HOBT) and
Obenzotriazol- l-yl-N,N,N',N'-tetramethyluronium
tetrafiuoroborate (TBTU) is used. Thereaction is
carried out in a suitable solvent such as for example
dimethylformamide (DMF) or dioxane in the presence of
an appropriate base. Preferred is a base such as
triethylamine or diisopropylethylamine. Transferring
into a compound of formula I means treating the
compound of formula IV with a suitable base in a
suitable solvent under anhydrous conditions (e.g.
sodium hydride in DMF) and reacting the intermediate
anion with an alkylating or acylating agent R3-X,
wherein X signifies a leaving group such as e.g.
iodide, bromide, methanesulfonate or chloride, to
obtain a compound of formula I wherein R3 signifies
lower alkyl, lower hydroxyalkyl, lower alkoxyalkyl,
lower halogenalkyl, lower cycloalkylalkyl, lower
alkanoyl, lower cyanoalkyl, lower alkylsulfonyl or
phenylsulfonyl, or alternatively, transferring into a
compound of formula I means reacting a compound of
formula IV with an optionally substituted
phenylboronic acid using an appropriate catalyst (e.g.
copper(II) acetate) and base (e.g. pyridine) in a
suitable solvent like, e.g. dichloromethane, to obtain
a compounds of formula I where R3 signifies a phenyl
group. In more detail, the compounds of formula I can
be manufactured by the methods given below, by the
methods given in the examples or by analogous methods.
The preparation of compounds of formula I of the
present invention may be carried out in sequential or
convergent synthetic routes. The skills required for
carrying out the reaction and for purification of the
resulting products are known to those skilled in the
art. The substituents and indices used in the
following description of the processes have the
significance given herein before unless indicated to
the contrary. Appropriate reaction conditions for the
individual reaction steps are known to a person
skilled in the art. The reaction sequence is not
limited to the one displayed in scheme 1, however,
depending on the starting materials and their
respective reactivity the sequence of reaction steps
can be freely altered. Starting materials are either
commercially available or can be prepared by methods
analogous to the methods given below, by methods
described in references cited in the description or in
the examples, or by methods known in the art.Scheme 1
3 b) 1 a) Carboxylic acids 2 are either commercially
available or can be synthesised via methods known to
those in the art. (For reaction conditions described
in literature affecting such reactions see for
example: Comprehensive Organic Transformations: A
Guide to Functional Group Preparations, 2nd Edition,
Richard C. Larock. John Wiley & Sons, New York, NY.
1999). However, it is convenient to transform
carboxylic acid derivatives 2 into the respective
piperazine amide 4 through amide coupling with
substituted piperazines 3 (either commercially
available or accessible by methods described in
references or by methods known in the art; as
appropriate) by employing a coupling reagent. The
reaction may be carried out in the presence or absence
of a solvent and a base. There is no particular
restriction on the nature of the solvent to be
employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
dissolve the reagents, at least to some extent.
Examples for suitable solvents include: 



DMF, THF, dioxane, and the like. There is no
particular restriction on the nature of the base used
in this stage, and any base commonly used in this type
of reaction may equally be employed here. Examples of
such bases include NEt3 or DIPEA
(diisopropylethylamine), and the like. There is no
particular restriction on the nature of the coupling
reagent used in this stage, and any coupling reagent
commonly used in this type of reaction may equally be
employed here. Examples of such reducing agents
include N,N'- carbonyldiimidazole (CDI),
N,N'-dicyclohexylcarbodiimide (DCC),
l-(3-dimethylamino- propyl)-3-ethylcarbodiimide
hydrochloride (EDCI), l-[bis(dimethylamino)-
methylene]-lH-l,2,3-triazolo[4,5-b]pyridinium-3-oxide
hexafluorophosphate (HATU),
l-hydroxy-l,2,3-benzotriazole (HOBT),
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), and the like. The reaction
can take place over a widerange of temperatures, and
the precise reaction temperature is not critical to
the invention. It is convenient to carry out the
reaction with heating from ambient temperature to
reflux. The time required for the reaction may also
vary widely, depending on many factors, notably the
reaction temperature and the nature of the reagents.
However, a period of from 0.5 h to several days will
usually suffice to yield compounds 4. b) The indole or
benzimidazole nitrogen in 4 can be substituted in many
ways and under varying reaction conditions which are
known to those in the art. However we find it
convenient to either react indole derivatives 4 with
tosylates, mesylates, halogenides as appropriate
(either commercially available or accessible by
methods described in references or by methods known in
the art; as appropriate). The reaction may be carried
out in the presence or absence of a solvent and a
base. There is no particular restriction on the nature
of the solvent to be employed, provided that it has no
adverse effect on the reaction or the reagents
involved and that it can dissolve the reagents, at
least to some extent. Examples for suitable solvents
include THF, dioxane, and the like. There is no
particular restriction on the nature of the base used
in this stage, and any base commonly used in this type
of reaction may equally be employed here. Examples of
such bases include NaOtBu or NaH, and the like. The
reaction can take place over a wide range of
temperatures, and the precise reaction temperature is
not critical to the invention. It is convenient to
carry out the reaction with heating from ambient
temperature to reflux. The time required for the
reaction may also vary widely, depending on many
factors, notably the reaction temperature and the
nature of the reagents. However, a period of from 0.5
h to several days will usually suffice to yield
compounds of formula I . Complementarily to such a
procedure indole derivatives 4 might be reacted with
suitable alcohols (either commercially available or
accessible by methods described in references or by
methods known in the art; as appropriate) in the
presence of a coupling reagent and a solvent. There is
no particular restriction on the nature of the
coupling reagent used in this stage, and any coupling
reagent commonly used in this type of reaction may
equally be employed here. Examples of such reducing
agents include cyanomethylenetrin- butylphosphorane or
cyanomethylenetrimethyl phosphorane and the like (see
Tetrahedron Letters 2002, 43, 2187-2190). There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
dissolve the reagents, at least to some extent.
Examples for suitable solvents include: toluene, and
the like. The reaction can take place over a wide
range of temperatures, and the precise reaction
temperature is not critical to the invention. It is
convenient to carry out the reaction with heating from
ambient temperature to reflux. The time required for
the reaction may also vary widely, depending on many
factors, notably the reaction temperature and the
nature of thereagents. However, a period of from 0.5 h
to several days will usually suffice to yield
compounds I . The compounds of formula I can contain
several asymmetric centres and can be present in the
form of optically pure enantiomers, mixtures of
enantiomers such as, e.g. racemates, optically pure
diastereomers, mixtures of diastereomers,
diastereomeric racemates or mixtures of diastereomeric
racemates . The optically active forms can be obtained
for example by resolution of the racemates, by
asymmetric synthesis or asymmetric chromatography
(chromatography with a chiral adsorbent or eluant). As
described above, the compounds of formula I of the
present invention can be used as medicaments for the
treatment and/or prevention of diseases which are
associated with the modulation of H3 receptors. In
this context, the expression 'diseases associated with
the modulation of H3 receptors' means diseases which
can be treated and/or prevented by modulation of H3
receptors. Such diseases encompass, but are not
limited to, obesity, metabolic syndrome (syndrome X),
neurological diseases including Alzheimer's disease,
dementia, age-related 



memory dysfunction, mild cognitive impairment,
cognitive deficit, attention deficit hyperactivity
disorder, epilepsy, neuropathic pain, inflammatory
pain, migraine, Parkinson's disease, multiple
sclerosis, stroke, dizziness, schizophrenia,
depression, addiction, motion sickness and sleep
disorders including narcolepsy, and other diseases
including asthma, allergy, allergy-induced airway
responses, congestion, chronic obstructive pulmonary
disease and gastro-intestinal disorders. In a
preferable aspect, the expression 'diseases associated
with modulation of H3 receptors' relates to obesity,
metabolic syndrome (syndrome X), and other eating
disorders, with obesity being especially preferred.
The invention therefore also relates to pharmaceutical
compositions comprising a compound as defined above
and a pharmaceutically acceptable carrier and/or
adjuvant. Further, the invention relates to compounds
as defined above for use as therapeutically active
substances, particularly as therapeutic active
substances for the treatment and/or prevention of
diseases which are associated with the modulation of
H3 receptors. In another embodiment, the invention
relates to a method for the treatment and/or
prevention of diseases which are associated with the
modulation of H3 receptors, which method comprises
administering a therapeutically active amount of a
compound offormula I to a human being or animal. A
method for the treatment and/or prevention of obesity
is preferred. The invention further relates to the use
of compounds of formula I as defined above for the
treatment and/or prevention of diseases which are
associated with the modulation of H3 receptors. In
addition, the invention relates to the use of
compounds of formula I as defined above for the
preparation of medicaments for the treatment and/or
prevention of diseases which are associated with the
modulation of H3 receptors. The use of compounds of
formula I as defined above for the preparation of
medicaments for the treatment and/or prevention of
obesity is preferred. Furthermore, the present
invention relates to the use of a compound of formula
I for the manufacture of a medicament for the
treatment and prevention of obesity in a patient who
is also receiving treatment with a lipase inhibitor
and particularly, wherein the lipase inhibitor is
orlistat. It is a further preferred object of the
present invention to provide a method for the
treatment or prevention of obesity and obesity related
disorders which comprises administration of a
therapeutically effective amount of a compound
according to formula I in combination or association
with a therapeutically effective amount of other drugs
for the treatment of obesity or eating disorders so
that together they give effective relief. Suitable
other drugs include, but are not limited to, anorectic
agents, lipase inhibitors, selective serotonin
reuptake inhibitors (SSRI) and agents that stimulate
metabolism of body fat. Combinations or associations
of the above agents may be encompassing separate,
sequential or simultaneous administration. The term
"lipase inhibitor" refers to compounds which are
capable of inhibiting the action of lipases, for
example gastric and pancreatic lipases. For example
orlistat and lipstatin as described in U.S. Patent No.
4,598,089 are potent inhibitor of lipases. Lipstatin
is a natural product of microbial origin, and orlistat
is the result of a hydrogenation of lipstatin. Other
lipase inhibitors include a class of compound commonly
referred to as panclicins. Panclicins are analogues of
orlistat (Mutoh et al, 1994). The term "lipase
inhibitor" refers also to polymer bound lipase
inhibitors for example described in International
Patent Application WO 99/34786 (Geltex Pharmaceuticals
Inc.). These polymers are characterized in that they
have been substituted with one or more groups that
inhibit lipases. The term "lipase inhibitor" also
comprises pharmaceutically acceptable salts of these
compounds. The term "lipase inhibitor" preferably
refers to tetrahydrolipstatin. Administration of a
therapeuticallyeffective amount of a compound
according to formula I in combination or association
with a therapeutically effective amount of
tetrahydrolipstatin is especially preferred.
Tetrahydrolipstatin (orlistat) is a known compound
useful for the control or prevention of obesity and
hyperlipidemia. See, U.S. Patent No. 4,598,089, issued
July 1, 1986, which also discloses processes for
making orlistat and U.S. Patent No. 6,004,996, which
discloses appropriate pharmaceutical compositions.
Further suitable pharmaceutical compositions are
described for example in International Patent
Applications WO 00/09122 and WO 00/09123. Additional
processes for the preparation of orlistat are
disclosed in European Patent Applications Publication
Nos. 0 185 359, 0 189 577, 0 443 449, and 0 524 495.
Suitable anorectic agents of use in combination with a
compound of the present 



invention include, but are not limited to, APD356,
aminorex, amphechloral, amphetamine, axokine,
benzphetamine, bupropion, chlorphentermine,
clobenzorex, cloforex, clominorex, clortermine,
CP945598, cyclexedrine, CYT009-GhrQb, dexfenfluramine,
dextroamphetamine, diethylpropion, diphemethoxidine,
Nethylamphetamine, fenbutrazate, fenfluramine,
fenisorex, fenproporex, fludorex, fluminorex,
furfurylmethylamphetamine, levamfetamine,
levophacetoperane, mazindol, mefenorex,
metamfepramone, methamphetamine, metreleptin,
norpseudoephedrine, pentorex, phendimetrazine,
phenmetrazine, phentermine, phenylpropanolamine,
picilorex, rimonabant, sibutramine, SLV319, SNAP 7941,
SR147778 (Surinabant), steroidal plant extract (e.g.
P57) and TM30338 and pharmaceutically acceptable salts
thereof. Most preferable anorectic agents are
sibutramine, rimonabant and phentermine. Suitable
selective serotonin reuptake inhibitors of use in
combination with a compound of the present invention
include: fluoxetine, fluvoxamine, paroxetine and
sertraline, and pharmaceutically acceptable salts
thereof. Suitable agents that stimulate metabolism of
body fat include, but are not limited to, growth
hormone agonist (e.g. AOD-9604). The use of a compound
of formula I in the manufacture of a medicament for
the treatment and prevention of obesity in a patient
who is also receiving treatment with a compound
selected from the group consisting of a lipase
inhibitor, an anorectic agent, a selective serotonin
reuptake inhibitor, and an agent that stimulates
metabolism of body fat, is also an object of the
present invention.The use of a compound of formula I
in the manufacture of a medicament for the treatment
and prevention of obesity in a patient who is also
receiving treatment with a a lipase inhibitor,
preferably with tetrahydrolipstatin, is also an object
of the present invention. It is a further preferred
object to provide a method of treatment or prevention
of Type II diabetes (non-insulin dependent diabetes
mellitus (NIDDM)) in a human which comprises
administration of a therapeutically effective amount
of a compound according to formula I in combination or
association with a therapeutically effective amount of
a lipase inhibitor, particularly, wherein the lipase
inhibitor is tetrahydrolipstatin. Also an object of
the invention is the method as described above for the
simultaneous, separate or sequential administration of
a compound according to formula I and a lipase
inhibitor, particularly tetrahydrolipstatin. It is a
further preferred object to provide a method of
treatment or prevention of Type II diabetes
(non-insulin dependent diabetes mellitus (NIDDM)) in a
human which comprises administration of a
therapeutically effective amount of a compound
according to formula I in combination or association
with a therapeutically effective amount of an
anti-diabetic agent. The term "anti-diabetic agent"
refers to compounds selected from the group consisting
of 1) PPARg agonists such as pioglitazone (actos) or
rosiglitazone (avandia), and the like; 2) biguanides
such as metformin (glucophage), and the like; 3)
sulfonylureas such as glibenclamide, glimepiride
(amaryl), glipizide (glucotrol), glyburide (DiaBeta),
and the like; 4) nonsulfonylureas such as nateglinide
(starlix), repaglimide (prandin), and the like; 5)
PPARa/g agonists such as GW-2331, and the like 6)
DPP-IV- inhibitors such as LAF-237 (vildagliptin),
MK-0431, BMS-477118 (saxagliptin) or GSK23A and the
like; 7) Glucokinase activators such as the compounds
disclosed in e.g. WO 00/58293 Al, and the like; 8)
a-Glucosidase inhibitors such as acarbose (precose) or
miglitol (glyset), and the like. Also an object of the
invention is the method as described above for the
simultaneous, separate or sequential administration of
a compound according to formula I and a
therapeutically effective amount of an anti-diabetic
agent. The use of a compound of formula I in the
manufacture of a medicament for the treatment and
prevention of Type II diabetes in a patient who is
also receiving treatment with an anti-diabetic agent
is also an object of the present invention. It is a
further preferred object to provide a method of
treatment or prevention of dyslipidemias in a human
which comprises administration of a therapeutically
effectiveamount of a compound according to formula I
in combination or association with a therapeutically
effective amount of a lipid lowering agent. The term
"lipid lowering agent" refers to compounds selected
from the group consisting of 1) bile acid sequestrants
such as cholestyramine (questran), colestipol
(colestid), and the like; 2) HMG-CoA reductase
inhibitors such as atorvastatin (lipitor),
cerivastatin (baycol), fluvastatin (lescol),
pravastatin (pravachol), simvastatin (zocor) and the
like; 3) cholesterol absorption inhibitors such as
ezetimibe, and the like; 4) 



CETP inhibitors such as torcetrapib, JTT 705, and the
like; 5) PPARa-agonists such as beclofibrate,
gemfibrozil (lopid), fenofibrate (lipidil),
bezafibrate (bezalip), and the like; 6) lipoprotein
synthesis inhibitors such as niacin, and the like; and
7) niacin receptor agonists such as nicotinic acid,
and the like. Also an object of the invention is the
method as described above for the simultaneous,
separate or sequential administration of a compound
according to formula I and a therapeutically effective
amount of a lipid lowering agent. The use of a
compound of formula I in the manufacture of a
medicament for the treatment and prevention of
dyslipidemias in a patient who is also receiving
treatment with a lipid lowering agent, is also an
object of the present invention. It is a further
preferred object to provide a method of treatment or
prevention of hypertension in a human which comprises
administration of a therapeutically effective amount
of a compound according to formula I in combination or
association with a therapeutically effective amount of
an anti-hypertensive agent. The term
"anti-hypertensive agent" or "blood-pressure lowering
agent" refers to compounds selected from the group
consisting of 1) Angiotensin-converting Enzyme (ACE)
Inhibitors including benazepril (lotensin), captopril
(capoten), enalapril (vasotec), fosinopril (monopril),
lisinopril (prinivil, zestril), moexipril (univasc),
perindopril (coversum), quinapril (accupril), ramipril
(altace), trandolapril (mavik), and the like; 2)
Angiotensin II Receptor Antagonists including
candesartan (atacand), eprosartan (teveten),
irbesartan (avapro), losartan (cozaar), telmisartan
(micadisc), valsartan (diovan), and the like; 3)
Adrenergic Blockers (peripheral or central) such as
the beta-adrenergic blockers including acebutolol
(sectrol), atenolol (tenormin), betaxolol (kerlone),
bisoprolol (zebeta), carteolol (cartrol), metoprolol
(lopressor; toprol-XL), nadolol (corgard), penbutolol
(levatol), pindolol (visken), propranolol (inderal),
timolol (blockadren) and the like; alpha/beta
adrenergic blockers including carvedilol (coreg),
labetalol (normodyne), and the like; alpha- 1
adrenergic blockers including prazosin (minipress),
doxazosin (cardura), terazosin
(hytrin),phenoxybenzamine (dibenzyline), and the like;
peripheral adrenergic-neuronal blockers including
guanadrel (hylorel), guanethidine (ismelin), reserpine
(serpasil), and the like; alpha-2 adrenergic blockers
including a-methyldopa (aldomet), clonidine
(catapres), guanabenz (wytensin), guanfacine (tenex),
and the like; 4) Blood Vessel Dilators (Vasodilators)
including hydralazine (apresoline), minoxidil
(lonitren), clonidine (catapres), and the like; 5)
Calcium Channel Blockers including amlodipine
(norvasc), felodipine (plendil), isradipine
(dynacirc), nicardipine (cardine sr), nifedipine
(procardia, adalat), nisoldipine (sular), diltiazem
(cardizem), verapamil (isoptil), and the like; 6)
Diuretics such as thiazides and thiazides-like agents,
including hydrochlorothiazide (hydrodiuril,
microzide), chlorothiazide (diuril), chlorthalidone
(hygroton), indapamide (lozol), metolazone (mykrox),
and the like; loop diuretics, such as bumetanide
(bumex) and furosemide (lasix), ethacrynic acid
(edecrin), torsemide (demadex), and the like;
potassium-sparing diuretics including amiloride
(midamor), triamterene (dyrenium), spironolactone
(aldactone), and the tiamenidine (symcor) and the
like; 7) Tyrosine Hydroxylase Inhibitors, including
metyrosine (demser), and the like; 8) Neutral
Endopeptidase Inhibitors, including BMS- 186716
(omapatrilat), UK-79300 (candoxatril), ecadotril
(sinorphan), BP-1 137 (fasidotril), UK-79300
(sampatrilat) and the like; and 9) Endothelin
Antagonists including tezosentan (RO0610612), A308165,
and the like. Also an object of the invention is the
method as described above for the simultaneous,
separate or sequential administration of a compound
according to formula I and a therapeutically effective
amount of an anti-hypertensive agent. The use of a
compound of formula I in the manufacture of a
medicament for the treatment and prevention of
hypertension in a patient who is also receiving
treatment with an anti-hypertensive agent, is also an
object of the present invention. As described above,
the compounds of formula I and their pharmaceutically
acceptable salts possess valuable pharmacological
properties. Specifically, it has been found that the
compounds of the present invention are good histamine
3 receptor (H3R) antagonists and/or inverse agonists.
The following test was carried out in order to
determine the activity of the compounds of formula
(I).Binding assay with 3H-(R) a-methylhistamine
Saturation binding experiments were performed using
HR3-CHO membranes prepared as described in Takahashi,
K, Tokita, S., Kotani, H. (2003) J. Pharmacol. Exp.
Therapeutics 307, 213-218. An appropriate amount of
membrane (60 to 80 mg protein/well) was incubated 



with increasing concentrations of 3H(R)
a-Methylhistamine di-hydrochloride (0.10 to 10 nM).
Non specific binding was determined using a 200 fold
excess of cold (R)a- Methylhistamine dihydrobromide
(500 nM final concentration). The incubation was
carried out at room temperature (in deep-well plates
shaking for three hours). The final volume in each
well was 250 ml. The incubation was followed by rapid
filtration on GF/B filters (pre-soaked with 100 ml of
0.5% PEI in Tris 50 mM shaking at 200 rpm for two
hours). The filtration was made using a cell-harvester
and the filter plates were then washed five times with
ice cold washing buffer containing 0.5 M NaCl. After
harvesting, the plates were dried at 55 0C for 60 min,
then we added scintillation fluid (Microscint 40, 40
microl in each well) and the amount of radioactivity
on the filter was determined in Packard top-counter
after shaking the plates for two hours at 200 rpm at
room temperature. Binding Buffer: 50 mM Tris-HCl pH
7.4 and 5 mM MgCl2X6H2O pH 7.4. Washing Buffer: 50 mM
Tris-HCl pH 7.4 and 5 mM MgCl2x6H2O and 0.5 M NaCl pH
7.4. Indirect measurement of affinity of H3R inverse
agonists: twelve increasing concentrations (ranging
from 10 mM to 0.3 nM) of the selected compounds were
always tested in competition binding experiments using
membrane of the human H3R-CHO cell line. An
appropriate amount of protein, e.g. approximately
500cpm binding of RAMH at Kd, were incubated for 1
hour at room temperature in 250 ml final volume in
96-well plates in presence of 3H(R) a-methylhistamine
( 1 nM final concentration = Kd). Non-specific binding
was determined using a 200 fold excess of cold (R)a -
methylhistamine dihydrobromide. All compounds were
tested at a single concentration in duplicate.
Compounds that showed an inhibition of [3H]-RAMH by
more than 50% were tested again to determine IC50 in a
serial dilution experiment, meaning concentrations
were spanning 10 points starting from 4.6 x 10 6 M to
1.0 x 10 9 M. The dilution factor was 1/2.15 for the
whole series. The concentration at which 50%
inhibition of the radioligand 3H(R) a- methylhistamine
is obtained (the IC50) is determined from the linear
regression of a plot of the logarithm of the
concentration versus percent inhibition measured for
the different concentrations. Ki's were calculated
from IC50 based on Cheng-Prusoff equation (Cheng,Y,
Prusoff, WH (1973) Biochem Pharmacol 22, 3099-3108):
K1= IC50 / [ 1 + D/Kd] wherein D is the concentration
of the radioligand and Kd is the binding constant for
the radioligand binding to the receptor under the
conditions used in the competition experiment. The
compounds of the present invention exhibit K1values
within the range of about 1 nM to about 1000 nM,
preferably of about 1 nM to about 100 nM, and more
preferably of about 1 nM to about 30 nM, most
preferably of about 1 nM to about 20 nM. The following
table shows measured values for some selected
compounds of the present invention. Demonstration of
additional biological activities of the compounds of
the present invention may be accomplished through in
vitro, ex vivo, and in vivo assays that are well known
in the art. For example, to demonstrate the efficacy
of a pharmaceutical agent for the treatment of
obesity-related disorders such as diabetes, Syndrome
X, or atherosclerotic disease and related disorders
such as hypertriglyceridemia and hypercholesteremia,
the following assays may be used. Method for Measuring
Blood Glucose Levels db/db mice (obtained from Jackson
Laboratories, Bar Harbor, ME) are bled (by either eye
or tail vein) and grouped according to equivalent mean
blood glucose levels. They are dosed orally (by gavage
in a pharmaceutically acceptable vehicle) with the
test compound once daily for 7 to 14 days. At this
point, the animals are bled again by eye or tail vein
and blood glucose levels are determined. Method for
Measuring Triglyceride Levels hApoAl mice (obtained
from Jackson Laboratories, Bar Harbor, ME) are bled
(by either eye or tail vein) and grouped according to
equivalent mean serum triglyceride levels. They are
dosed orally (by gavage in a pharmaceutically
acceptable vehicle) withthe test compound once daily
for 7 to 14 days. The animals are then bled again by
eye or tail vein, and serum triglyceride levels are
determined. Method for Measuring HDL-Cholesterol
Levels To determine plasma HDL-cholesterol levels,
hApoAl mice are bled and grouped with equivalent mean
plasma HDL-cholesterol levels. The mice are orally
dosed once daily with vehicle or test compound for 7
to 14 days, and then bled on the following day. Plasma
is analyzed for HDL-cholesterol. The compounds of
formula I and their pharmaceutically acceptable salts
and esters can be used as medicaments, e.g. in the
form of pharmaceutical preparations for enteral, 



parenteral or topical administration. They can be
administered, for example, perorally, e.g. in the form
of tablets, coated tablets, dragees, hard and soft
gelatine capsules, solutions, emulsions or
suspensions, rectally, e.g. in the form of
suppositories, parenterally, e.g. in the form of
injection solutions or infusion solutions, or
topically, e.g. in the form of ointments, creams or
oils. The production of the pharmaceutical
preparations can be effected in a manner which will be
familiar to any person skilled in the art by bringing
the described compounds of formula I and their
pharmaceutically acceptable, into a galenical
administration form together with suitable, non-toxic,
inert, therapeutically compatible solid or liquid
carrier materials and, if desired, usual
pharmaceutical adjuvants. Suitable carrier materials
are not only inorganic carrier materials, but also
organic carrier materials. Thus, for example, lactose,
corn starch or derivatives thereof, talc, stearic acid
or its salts can be used as carrier materials for
tablets, coated tablets, dragees and hard gelatine
capsules. Suitable carrier materials for soft gelatine
capsules are, for example, vegetable oils, waxes, fats
and semi-solid and liquid polyols (depending on the
nature of the active ingredient no carriers are,
however, required in the case of soft gelatine
capsules). Suitable carrier materials for the
production of solutions and syrups are, for example,
water, polyols, sucrose, invert sugar and the like.
Suitable carrier materials for injection solutions
are, for example, water, alcohols, polyols, glycerol
and vegetable oils. Suitable carrier materials for
suppositories are, for example, natural or hardened
oils, waxes, fats and semi-liquid or liquid polyols.
Suitable carrier materials for topical preparations
are glycerides, semi-synthetic and synthetic
glycerides, hydrogenated oils, liquid waxes, liquid
paraffins, liquid fatty alcohols, sterols,
polyethylene glycols and cellulose derivatives. Usual
stabilizers, preservatives, wetting and emulsifying
agents, consistencyimproving agents, flavour-improving
agents, salts for varying the osmotic pressure, buffer
substances, solubilizers, colorants and masking agents
and antioxidants come into consideration as
pharmaceutical adjuvants. The dosage of the compounds
of formula I can vary within wide limits depending on
the disease to be controlled, the age and the
individual condition of the patient and the mode of
administration, and will, of course, be fitted to the
individual requirements in each particular case. For
adult patients a daily dosage of about 1mg to about
1000 mg, especially about 1mg to about 100 mg, comes
into consideration. Depending on the dosage it is
convenient to administer the daily dosage in several
dosage units. The pharmaceutical preparations
conveniently contain about 0.1-500 mg, preferably
0.5-100 mg, of a compound of formula I . The following
examples serve to illustrate the present invention in
more detail. They are, however, not intended to limit
its scope in any manner. Examples Intermediate 1
(lH-Indol-5-yl)-(4-isopropyl-piperazin-l-yl)-methanone
A mixture of 3.23 g (20 mmol) indole-5-caboxylic acid
(commercially available), 3.07 g (24 mmol)
l-(2-propyl)-piperazine (commercially available), 8.03
g (25 mmol) TBTU and 10.3 mL (60 mmol) DIPEA in 50 mL
DMF was stirred for 2 h at room temperature. After
evaporation of all volatiles the residue was extracted
with ethyl acetate, the combined organic layers dried
with MgSCU and evaporated to dryness. The residue was
subsequently purified by flash column chromatography
eluting with a mixture formed from DCM, MeOH and NH3
aq. to yield after evaporation of the combined product
fractions 5.1 g (94%) of the title compound as light
brown foam. MS (m/e): 272.3 (MH +) .Intermediate 2
(4-Cyclopentyl-piperazin-l-yl)-(lH-indol-4-yl)-methano
ne According to the procedure described for the
synthesis of (lH-indol-5-yl)-(4-
isopropyl-piperazin-l-yl)-methanone (intermediate 1)
the title compound was prepared from
indole-4-caboxylic acid (commercially available) and
1-cyclopentyl-piperazine (commercially available). MS
(m/e): 298.1 (MH+) . Intermediate 3
(lH-Benzoimidazol-4-yl)-(4-cyclopentyl-piperazin-l-yl)
-methanone According to the procedure described for
the synthesis of (lH-indol-5-yl)-(4-
isopropyl-piperazin-l-yl)-methanone (intermediate 1)
the title compound was prepared from
lH-benzoimidazole-4-carboxylic acid (commercially
available) and 1-cyclopentylpiperazine (commercially
available). MS (m/e): 299.4 (MH+) . Intermediate 4
(4-Cyclopentyl-piperazin-l-yl)-(lH-indol-5-yl)-methano
neAccording to the procedure described for the
synthesis of (lH-indol-5-yl)-(4- 



isopropyl-piperazin-l-yl)-methanone (intermediate 1)
the title compound was prepared from
indole-5-caboxylic acid (commercially available) and
1-cyclopentyl-piperazine (commercially available). MS
(m/e): 298.1 (MH+) . Intermediate 5
(lH-Benzoimidazol-5-yl)-(4-cyclopentyl-piperazin-l-yl)
-methanone According to the procedure described for
the synthesis of (lH-indol-5-yl)-(4-
isopropyl-piperazin-l-yl)-methanone (intermediate 1)
the title compound was prepared from
lH-Benzoimidazole-4-carboxylic acid (commercially
available) and 1-cyclopentylpiperazine (commercially
available). MS (m/e): 299.3 (MH+) . Example 1
(1-Cyclopentylmethyl- lff-indol-5-yl)
-(4-isopropyl-piperazin- 1-yl) -methanone A mixture of
21.7 mg (0.08 mmol)
(lH-indol-5-yl)-(4-isopropyl-piperazin-l-yl)-
methanone (intermediate 1), 16 mg (0.16 mmol)
cyclopentylmethynol (commercially available), 38.6 mg
(0.16 mmol) cyanomethylenetri-n-butylphosphorane in
toluene was heated to 110 0C for an extended period of
time. After evaporation the residue was purified by
preparative HPLC on reversed phase eluting with a
gradient formed from acetonitrile/water/NEt3. The
combined product fractions were evaporated to yield
5.4 mg of the title compound. MS (m/e): 354.4 (MH+) .
Example 2
(l-Cyclohexylmethyl-lH-indol-5-yl)-(4-isopropyl-pipera
zin-l-yl) -methanone In analogy to the procedure
described for the synthesis of example 1 title
compound was prepared from
(lH-indol-5-yl)-(4-isopropyl-piperazin-l-yl)-methanone
(intermediate 1) and cyclohexylmethanol (commercially
available). MS (m/e): 368.3 (MH+) .Example 3
(1-(1R,4S) -1-Bicyclo [2.2. 1]hept-2-ylmethyl-
lff-indol-5-yl) -(4-isopropyl-piperazin- 1-
yl)-methanone In analogy to the procedure described
for the synthesis of example 1 the title compound was
prepared from
(lH-indol-5-yl)-(4-isopropyl-piperazin-l-yl)-methanone
(intermediate 1) and
l-(lR,4S)-l-bicyclo[2.2.1]hept-2-ylmethanol
(commercially available). MS (m/e): 380.4 (MH+) .
Example 4 (1-Isopropyl- Iff- indol-5-yl)
-(4-isopropyl-piperazin- l-yl)-methanone In analogy to
the procedure described for the synthesis of example 1
the title compound was prepared from
(lH-indol-5-yl)-(4-isopropyl-piperazin-l-yl)-methanone
(intermediate 1) and isopropanol (commercially
available). MS (m/e): (186.4 ;MH+ - piperazine).
Example 5 (4-Cyclopentyl-piperazin- 1-yl) -
[1-(propane- 1-sulfonyl) - lff-indol-4-yl] -methanone
A mixture of 29.8 mg (0.1 mmol)
4-cyclopentyl-piperazin-l-yl)-(lH-indol-4-yl)-
methanone (intermediate 2), 42.8 mg (0.3 mmol)
propane- 1-sulfonyl chloride (commercially available)
and 60.7 mg (0.6 mmol) NEt3 in 3 mL DCM was heated in
a sealed tube to 50 0C for 16 h. After evaporation to
dryness the residue was dissolved in
methanol/DMF/water/NEt3 and subjected to purification
by preparative HPLC on reversed phase eluting with a
gradient formed from acetonitrile/water/NEt3. The
combined product fractions were evaporated to yield
8.9 mg of the title compound. MS (m/e): 404.4 (MH+) .
In analogy to the procedure described for the
synthesis of (4-cyclopentyl-piperazinl- yl)-[l-
(propane- 1-sulfonyl)- Iff- indol-4-yl] -methanone
(example 5) further indole and benzimidazole
derivatives have been synthesised from their
respective starting materials mentioned in table 1.
The examples are shown in table 1 and comprise example
6 to example 33.Table 1RANDOM ACCESS IN TIME DIVISION
DUPLEX COMMUNICATION SYSTEMS BACKGROUND The present
invention relates to time division duplex mobile
communication systems, more particularly to random
access procedures in time division duplex
communication systems, and even more particularly to
guard periods for use as part of random access
procedures in time division duplex communication
systems. In modem cellular radio communication
systems, the radio network strictly controls the
behavior of the terminal. Uplink transmission
parameters like frequency, timing, and power are
regulated via downlink control messages from the NodeB
(e.g., in systems such as the Universal Mobile
Telecommunication 



Systems - "UMTS") or other type of base station (BS)
to the mobile terminal (e.g., User Equipment - "UE" -
in UMTS (3G)-type systems, and Mobile Station - ' MS"
- in Global System for Mobile communication (GSM)-type
systems). The uplink timing is of particular
importance. Modern digital wireless systems make use
of time slots or frames. Sharing of the air interface
in such systems includes a Time Division Multiple
Access (TDMA) component, whereby consecutive time
slots and/or frames are allocated to different users.
In order to avoid any overlap between consecutive
uplink packets from different users, a strict uplink
timing control is required. In cellular networks
having a cell radius that can range from a few
kilometres to tens of kilometers, it is necessary to
take into account the radio signal's time of flight
(i.e., the propagation delay between a transmitter
antenna and a receiver antenna). That is, the extra
time delay over the radio propagation path from the UE
results in delayed arrival times of the packets at the
NodeB. The amount of additional delay experienced
depends on the distance d between the NodeB and the
UE. Since the UE timing (in both the uplink and the
downlink directions) is based on the downlink control
signals, which are by themselves delayed by the same
propagation delay, the aggregate timing mismatch, D in
theuplink amounts to twice the propagation delay die,
where c is the speed of light. The value D thus
represents the round-trip delay (RTD) over the air. In
communication systems that use Time Division Duplexing
(TDD), the radio transceivers at the NodeB and the UE
cannot transmit and receive simultaneously. That is, a
transceiver must finalize a complete reception
operation before starting transmission, and
conversely, an entire transmission operation must be
finalized before starting reception. At no point in
time may the uplink and downlink signals overlap at
the antenna of the NodeB or at the UE. During
operation, the UE must be synchronized with the NodeB.
However, upon power-on or after a long standby or
sleep time, the UE is not synchronized in the uplink.
Unlike the uplink frequency and power estimate, which
the UE can derive from the downlink (control) signals,
it is difficult to make a timing estimate for the
uplink because the round-trip propagation delay
between the NodeB and the UE is unknown. Therefore,
before commencing traffic, the UE has to carry out a
random access (RA) procedure to the network. Since the
uplink timing is not time aligned yet, a large guard
period is needed. The guard period needs to be at
least as long as the maximum aggregate timing
mismatch, D/tim , which is determined by the most
distant users, namely the ones on the cell edges which
are at the greatest distance from the NodeB. This
results in quite an overhead because the guard period
cannot be used for transmissions. For cell sizes up to
15 km, a guard period of at least lOO s is required.
For cell sizes up to 30 km, a guard time of at least
200 ms is required. Due to the unknown round-trip
delay, conventional solutions require a large guard
time at the RA window. Although the RA procedure is
used infrequently (at power-up and when UL
synchronization has been lost), this overhead needs to
be included in every frame in order to support the
most distant users while retaining the latency
requirements. For larger cell sizes, longer guard
times are required as well as longer preambles in
order to preserve the power received by the NodeB.
This further increases the overhead.There is therefore
a need for improved RA procedures that do not require
such a large resource overhead. SUMMARY It should be
emphasized that the terms "comprises" and
"comprising", when used in this specification, are
taken to specify the presence of stated features,
integers, steps or components; but the use of these
terms does not preclude the presence or addition of
one or more other features, integers, steps,
components or groups thereof. In accordance with one
aspect of the present invention, the foregoing and
other objects are achieved in methods and apparatuses
that affect operation of a mobile terminal in a
cellular communications system that comprises a base
station operating in a time division duplex mode. In
an aspect of embodiments consistent with the
invention, the mobile terminal detects a downlink
transmission from the base station and determines
therefrom a future moment in time at which an end part
of a downlink transmission just prior to a random
access window will become detectable at the mobile
terminal. The mobile terminal begins an uplink random
access transmission at a moment in time that is before
the future moment 



in time. The moment in time that is before the future
moment in time can be a moment in time that is a fixed
amount of time before the future moment in time. In
some embodiments, the fixed amount of time corresponds
to a maximum possible round trip delay between the
base station and the mobile terminal. In some
embodiments, the uplink random access transmission
comprises a body and a cyclic prefix, the cyclic
prefix comprising an end portion of the body. In
another aspect of embodiments consistent with the
invention, methods and apparatus effect operation of a
base station in a time division duplex mode in a
cellular communications system. Such operation
comprises receiving at least a portion of an uplink
random access transmission from one of the one or more
mobile terminals during a random access window that
begins directly after a downlink transmission directed
to one or more mobile terminals, wherein aduration of
the random access window, Ti _mndow satisfies the
following relationship: RA window < ' PR iiiax ' where
T is a duration of the uplink random access
transmission, and RTDm1 is a maximum possible round
trip delay between the base station and any one of the
one or more mobile terminals. In some embodiments, Tm_
m mi. satisfies: T - T + T wherein TUD is a duration
of an uplink-downlink switching time. In some
embodiments, the uplink random access transmission
comprises a preamble body and a cyclic prefix; the
preamble body has a duration of 7pRE_BODv; and the
cyclic prefix has a duration of Tcp, whereby 7> = Tc?
+ The presence of a cyclic prefix enables processing
to be performed in the frequency domain. Accordingly,
some embodiments include logic configured to generate
a frequency-domain representation of the received at
least a portion of the uplink random access
transmission; logic configured to generate a
frequencydomain signal by multiplying the
frequency-domain representation of the received at
least a portion of the uplink random access
transmission by a frequency-domain representation of a
known preamble sequence; and logic configured to
generate a time-domain signal from the
frequency-domain signal. Additionally, a comparator is
provided that ascertains whether the uplink random
access transmission represented a random access
preamble by comparing one or more elements of the
time-domain signal with a threshold value. The
threshold value can be scaled to indicate the presence
of the random access preamble when only a portion of
the uplink random access transmission matches a
corresponding portion of the known preamble sequence.
In another aspect, correlation can be performed
entirely in the time domain. Accordingly, some
alternative embodiments include a sliding correlator
that generates a correlation value indicative of a
maximum degree of correlationbetween the received at
least a portion of the uplink random access
transmission and a known preamble sequence. Whether
the uplink random access transmission represented a
random access preamble is ascertained by comparing the
correlation value with a threshold value. In yet
another aspect of some embodiments, the threshold
value is scaled to indicate the presence of the random
access preamble when only a portion of the uplink
random access transmission matches a corresponding
portion of the known preamble sequence. BRIEF
DESCRIPTION OF THE DRAWINGS The objects and advantages
of the invention will be understood by reading the
following detailed description in conjunction with the
drawings in which: FIG. 1 is an exemplary radio frame
suitable for communications systems like the 3G LTE
system. FIG. 2 is a timing diagram showing random
access transmissions that can result from the use of
conventional procedures, and the random access window
that necessarily results. FIG. 3 is a timing diagram
showing exemplary random access transmissions and the
much shorter random access window that can
consequently be achieved by using the innovative
techniques described herein. FIG. 4 depicts two
graphs, the first being a graph of the preamble energy
received with the fixed timing advance plotted as a
function of distance between NodeB and UE, and the
second being a graph of the preamble energy received 



without application of the fixed timing advance
plotted as a function of distance. FIG. 5 illustrates
an exemplary signal having a cyclic prefix (CP). FlG.
6 is a timing diagram illustrating how the FFT window
begins directly at the start of the RA window, in
accordance with an aspect of some embodiments of the
invention. FIG. 7 is a timing diagram illustrating
potential situations at an exemplary enhanced NodeB
when a fixed timing advance is applied to uplink
RAtransmissions in accordance with an aspect
consistent with embodiments of the invention. FIG. 8a
is a block diagram of exemplary transceiver equipment
adapted to carry out various aspects of the invention
in a mobile terminal. FIG. 8b is a block diagram of
exemplary transceiver equipment adapted to carry out
various aspects of the invention in a base station.
FIG. 9 is a flow diagram of exemplary steps/processes
carried out by a mobile terminal in accordance with
aspects consistent with embodiments of the invention.
FIG. 10 is a flow diagram of exemplary steps/processes
carried out by a base station in accordance with
aspects consistent with embodiments of the invention.
DETAILED DESCRIPTION The various features of the
invention will now be described with reference to the
figures, in which like parts are identified with the
same reference characters. The various aspects of the
invention will now be described in greater detail in
connection with a number of exemplary embodiments. To
facilitate an understanding of the invention, many
aspects of the invention are described in terms of
sequences of actions to be performed by elements of a
computer system or other hardware capable of executing
programmed instructions. It will be recognized that in
each of the embodiments, the various actions could be
performed by specialized circuits (e.g., discrete
logic gates interconnected to perform a specialized
function), by program instructions being executed by
one or more processors, or by a combination of both.
Moreover, the invention can additionally be considered
to be embodied entirely within any form of computer
readable carrier, such as solid-state memory, magnetic
disk, optical disk or carrier wave (such as radio
frequency, audio frequency or optical frequency
carrier waves) containing an appropriate set of
computer instructions that would cause a processor to
carry out the techniques described herein. Thus, the
various aspectsof the invention may be embodied in
many different forms, and all such forms are
contemplated to be within the scope of the invention.
For each of the various aspects of the invention, any
such form of embodiments may be referred to herein as
"logic configured to" perform a described action, or
alternatively as "logic that" performs a described
action. In conventional TDD systems, the UE's uplink
transmission of the random access (RA) preamble starts
after it has fully received the NodeB's downlink
transmission. In this way, the TDD transceiver in the
NodeB has time to switch from transmit mode (downlink)
to receive mode (uplink) and is ready in time to
receive the entire RA preamble from even the closest
UEs for which the round-trip delay (RTD) is minimal.
The inventor of the subject matter claimed herein has
recognized, however, that the NodeB does not need to
receive the entire preamble for a reliable RA
detection to take place. In particular, for nearby
UEs, a shortened preamble is sufficient for reliable
RA detection. Accordingly, an aspect of embodiments
consistent with the invention involves applying a
fixed timing advance (TA) for the preamble
transmission in the UE that causes the UE to transmit
the preamble while downlink transmissions are still
occurring. The timing advance value is preferably
close to or smaller than the maximum RTD. Because this
is practiced in a TDD system, the early transmission
of the preamble will not interfere with any uplink
transmissions. The UE performing this early
transmission must, of necessity, turn off its
receiver. However, a UE that is performing a random
access procedure is not yet in communication with the
NodeB. Consequently, the UE can skip reception of the
last part of the DL transmission just preceding the RA
window and start transmission of the preamble with a
TA without suffering any detrimental consequences.
Preambles transmitted by UEs that are close to the
NodeB will arrive at the NodeB too soon; that is,
while the NodeB is still transmitting. As a 



consequence, when the NodeB transceiver switches to
reception, part of the preamble will have been missed.
However, with proper dimensioning, the remaining part
of the preamble will still have enough energy content
to provide reliable RA detection. This is particularly
so because preambles from UEsimpacted the most (i.e.,
those closest to the NodeB) will experience the least
amount of attenuation. It will be readily understood
by those of ordinary skill in the art that, despite
receiving only a partial preamble, no particular
information is lost because the preamble is a
sequence. Its presence or absence represents one bit
of information which can be derived by correlating
whatever part of the incoming sequence is received
against the known sequence. If the correlation result
exceeds a threshold value, its presence is declared.
Furthermore, different preamble sequences can be used
with good cross-correlation properties, so that the
probability of a collision is reduced. Moreover, in
systems that apply a Cyclic Prefix (CP) to the
transmission (e.g., systems such as like 3GPP LTE),
the first part of the preamble is not used in the
detection at all and no performance degradation will
be experienced. Since the TA will take care of the
uncertainty in timing due to an unknown RTD, no extra
guard period needs to be reserved in the RA window for
this purpose. These and other aspects of embodiments
consistent with the invention will now be discussed in
greater detail. As mentioned earlier, the timing
misalignment in the uplink results from the
propagation delay. This delay is the time it takes for
the radio waves to travel from the NodeB to the UE and
vice versa. In TDD systems, the TA procedure is
seriously restricted because the UE cannot start
transmitting prior to the end of the received packet.
However, this restriction is unnecessary during random
access because the UE is not yet in communication with
the network. It can first derive network information
from the downlink broadcast channel (BCH), and then
wait for the appropriate RA window and send a
preamble. The UE does not have to wait until the
downlink transmission just preceding the RA window has
finished before it starts sending the preamble. To
consider a nonlimiting example, the physical layer of
a 3G LTE system includes a generic radio frame having
a duration of 10ms. FIG. 1 illustrates one such frame
100 that has been proposed for use in a TDD mode. Each
frame has 20 slots (numbered 0 through 19), each slot
having a nominal duration of 0.5 ms.A sub-frame is
made up of two adjacent slots, and therefore has a
duration of 1 ms. There are 10 sub-frames per 1Oms
radio frame. As an example, a TDD UL/DL imbalance of
6:4 has been chosen; that is, six DL slots and four UL
slots per 10ms radio frame. The first UL slot may be
reserved for RA transmissions. FIG. 2 is a timing
diagram showing exemplary random access transmissions
that can result from the use of conventional
procedures, and the random access window that
necessarily results. In the diagram, for each of the
transceivers (NodeB, UE| and UE ), transmitted signals
are shown above the time-axes and received signals
below the time-axes. In this example, UEi is located
at a maximum distance from NodeB and the associated
propagation delay is at a maximum (2Tl=RTDmax). It
will be appreciated that what constitutes a maximum
distance may not be the same in all cases. For
example, a system can be designed such that a UE is
expected to be handed off from a first NodeB to
another NodeB when the distance between the UE and the
first NodeB reaches or exceeds a certain amount.
Consequently, this distance would be the maximum
distance that the UE can be from the first NodeB and
still be expected to communicate with the first NodeB.
Under other circumstances, the maximum distance might
correspond to the point at which the signal between
the NodeB and the UE is lost (e.g., if there were no
neighboring base stations to which the call could be
handed off). The inventive aspects described herein
are not limited by what constitutes a maximum distance
between a NodeB and a UE. Returning now to a
discussion of the example, another terminal, UE , is
closer to the NodeB, and therefore has a much smaller
associated propagation delay (77). Each of the UEs
waits until the complete downlink transmission (DLl)
has been received and then switches to transmit mode
in order to send their respective preambles, PRl and
PR2. The preamble (PR2) of the nearby unit UE arrives
at the NodeB at a time that is 2-T2 after the
conclusion of the downlink transmission. The preamble
(PRl) of the far away unit UEl arrives much later, at
a time that is 2-7"I after the conclusion of the
downlink transmission. It is clear 



that, in order to avoid any possibility of
interference (overlap) of the preamble with the
following UL (traffic) slots, a sufficient guard
period (GP) needs to beincluded in the RA window; that
is, the RA window length TRA windoH) must cover both
the preamble length (7>/?) and the maximum round-trip
delay. Thus, FIG. 3 is a comparable timing diagram,
this time showing exemplary random access
transmissions and the much shorter random access
window that can consequently be achieved by using the
innovative techniques described herein. In one aspect,
each UE's transmission of the random access preamble
is time advanced (TA) by a fixed amount corresponding
to the maximum RTD that can occur in the cell. In this
example, RTDmax=2T\ since UEj is assumed to be located
at the cell edge. Because of this early transmission,
UEi's preamble (PRl) arrives and is received at the
NodeB directly after the NodeB completes its downlink
transmission (DLl). By contrast, the preamble (PR2) of
the nearby LJEi is received too early (i.e., while
NodeB is still transmitting DLl). This early arrival
is also true of other preambles originating from other
UEs (not shown) that are not at the cell edge. Since
the NodeB can only start receiving when its
transmission has ended, it misses an initial part of
the preamble. However, this turns out not to have a
detrimental affect on preamble detection because the
UE's closer distance to the NodeB causes the
propagation attenuation to be lower as well.
Consequently, the preambles from closer UEs are
received having a larger Signal-to-Noise Ratio (SNR)
than signals from farther-away UEs. Furthermore, the
total preamble energy received by the detector is
larger for even the partial preambles of closer UEs
than for the completely detected preambles received
from more distant UEs. This comparison is illustrated
in FIG. 4, which depicts a graph 401 (obtained from
simulations) of the preamble energy received with the
fixed timing advance plotted as a function of distance
between NodeB and UE, and also shows a graph 403
(obtained from simulations) of the preamble energy
received without application of the fixed timing
advance plotted as a function of distance. In each
case, the following parameters were applicable:
preamble length of lms, transmitpower at the UE of
24dBm, fixed timing advance of 200ms . It is true
that, for smaller distances, the total preamble energy
without the timing advance is somewhat larger than
when the timing advance is applied (at close
distances, 20% of the preamble energy is lost - see,
for example, the energy received with (405) and
without (407) the fixed timing advance when the
transmission distance between the NodeB and UE is
2.5km). However, more important is that the preamble
energy of the shortened preamble is always larger than
the energy received from complete preambles of the
most distant UE (at 30km). To ensure the best results,
open loop power control should be applied. That is,
the UE should transmit the preamble at full power
independent of its location within the cell. It can be
seen from the above that use of a fixed timing advance
takes care of the RTD timing uncertainty and
consequently allows the guard period to be omitted.
This can be used to advantage to reduce the duration
of the RA window, 7RA_window as compared to the RA
windows required by conventional techniques.
Alternatively, use of a fixed timing advance permits
the preamble length, TPR, to be increased (relative to
preamble lengths that can be accommodated by
conventional techniques), which will provide larger
coverage. Because of the TDD arrangement, the part of
the preamble that, in some instances, arrives too
early will not interfere with other uplink
transmissions (as it would do in FDD, where this
concept is thus not applicable). However, a UE's early
UL transmission of a preamble has the potential of
interfering with other UEs' reception of the ongoing
downlink transmission. It is believed that this will
not pose much of a problem, however, because
simulations have shown that UEto- UE interference has
very low impact due to the non-1ine-of-sight (NLOS)
conditions between different UEs. An early preamble
transmission could have some impact in hotspot areas,
in which UEs are very closely spaced, but it must be
noted that the RA procedure is carried out very
infrequently. Therefore, the effect even on nearby
terminals will be marginal. The discussion above
considered the GP resulting only from the RTD. In
practice, guard periods may also be needed to account
for the UL-DL and DL-ULswitching times (i.e., for the
radio transceivers to retune their TX and RX chains),
and to incorporate inter-BS interference (i.e., DL
transmissions from one or more distant NodeB's that
may still be in the air when a NodeB changes from
transmission to reception). Such GPs were left out of
the discussion merely to 



facilitate a discussion of various aspects of the
invention. However, it will be readily apparent to the
person of ordinary skill in the art that such GPs can
also be included in the concept as described above. To
further illustrate aspects of embodiments consistent
with the invention, an exemplary embodiment useable in
systems like LTE TDD will now be described. The radio
interface of systems like LTE TDD utilizes sub-frames
having a duration of lms (see, e.g., FIG. 1). The RA
window will therefore be lms. In LTE TDD (and similar
systems), it is advantageous to process the UL signals
in the frequency domain. In order to maintain the
circular properties of the received signals, a cyclic
prefix (CP) is included in the preamble. FIG. 5 is an
example of a conventional sequence 500 having a cyclic
prefix (CP). The information contained in the CP is a
replica of information found at an end portion of the
body of the sequence to be transmitted. In
conventional RA embodiments using a CP, the length of
the CP is typically chosen to be the same as the
length of the GP. To take the generic frame structure
of LTE as an example, typical values are CP = GP =
I00// s and Tpr = 800// s , as illustrated in the
figure. (It will be noted that an alternative frame
structure having a duration of only 0.675ms has also
been proposed for LTE TDD, which requires an even
shorter preamble to be used for the RA procedure.)
However, it will be recalled that when the various
inventive concepts are applied, there is no GP, and
the preamble including the CP may fill the entire RA
window. Compared with the conventional method in which
the RA window has to include the preamble with CP and
the GP, the current invention permits a designer
either to select a larger CP or a larger preamble
body. The length of the required CP still corresponds
to the maximum RTD plus the maximum rms delay due to
multipath Tc =RTDm +Td (where 7dS represents a delay
spread valuederived from the maximum rms delay spread,
st ). Unlike conventional techniques in which the
NodeB starts its Fast Fourier Transform (FFT)
detection window after a delay of CP after the start
of the RA window, an aspect of the invention has the
FFT window starting directly when the RA window
starts. This is depicted in the timing diagram of FIG.
6. It can be seen that, regardless of whether one
considers an earliest-arriving preamble 601 or a
latest arriving preamble 603, the presence of the CP
ensures that complete information is situated within
the FFT window 605, so that no performance degradation
is experienced. Because the designer does not have to
leave room for a GP, the designer has some leeway to
make design tradeoffs. For example, given a 1ms RA
window (and therefore a lms preamble length), one
could implement a preamble body of 800ms and a CP
length of 200ms. With the same preamble body as in a
conventional system (e.g., an LTE TDD system), the CP
is now twice the length of the CP with the
conventional method. This enables the receiver to cope
with twice the RTDmax. Other lengths can also be
chosen; for example one can keep a CP of lOOms but
increase the preamble body to 900ms to achieve better
SNR performance. Embodiments will now be described
that take into account guard periods for DL-UL and
UL-DL switching. In conventional systems, these guard
periods come at the expense of some other part of the
preamble, such as the initial 0.1ms guard period
Tar,which takes into account the unknown round-trip
delay. As a consequence, the maximum cell radius that
can be supported would be reduced. However, in an
aspect of embodiments consistent with the invention,
if fixed timing advance is applied as described
earlier, the situation is improved to that depicted in
the timing diagram of FIG. 7, which shows potential
situations at an exemplary enhanced NodeB ("eNodeB").
The FFT window begins at the subframe edge, and its
duration depends on the type of system being
implemented (e.g., 0.8ms for a general TDD system, or
"gTDD"). Notice that, due to the fixed timing advance,
the CP length 7cp has been increased to:7cp = Duration
of sub-frame (e.g., lms) - 7>RE BODY - T D where T D
is the UL-DL switching time. Furthermore, the
effective guard period has been increased to the same
amount. With on the order of a few microseconds, the
timing advance concept has greatly improved the
maximum cell size of the RA procedure (by almost
twice). If the preamble sequence duration is
maintained at 7J,RE B0DY = 800// s (as in a
conventional gTDD system), a guard period of about
200/i s is achieved, which would support cell sizes up
to 30km. Alternatively, or in addition, one could
increase the preamble sequence 



length PRE BODY (at the expense of 7op) in order to
increase the preamble energy Ep. Any number of
optimizations are possible as long as the following
condition is satisfied: Tc? + 7pRE BODY UD Duration of
sub-frame (e.g., lms). It is again noted that, unlike
in FDD operation where such a large timing advance
would cause collisions with preceding UL sub- frames,
in TDD mode only a DL sub-frame precedes the RA
window. Because it is typically the case that TC3/4
>Tau , the CP of the RA preamble transmission may
affect the DL performance of nearby UEs. However, as
noted before, the propagation conditions to nearby UEs
are, in most cases, NLOS, and the transmission of RA
preambles is very infrequent. Consequently, one UE
interfering with another would not happen very often.
For added protection against such interference, one
could increase Tou (the downlink-to-uplink switching
time) by further truncation of the last DL sub-frame
(e.g., the sub-frame 101 illustrated in FIG. 1). The
various aspects are equally applicable in the
alternative TDD (aTDD) frame structure that has been
proposed for LTE. That frame structure includes a
sub-frame having a duration of only 0.8ms.
Accordingly, the Uplink Pilot Time Slot (UpPTS) field
can be combined with a first UL sub-frame (e.g., the
subframe 103 illustrated in FlG. 1) to form a 0.8ms RA
window. In suchembodiments, various optimizations of
the cyclic prefix length 7cp and preamble sequence
length 7VRE_BODY are possible as long as the following
condition is satisfied: Tcp + TpRE BODY +7UD = 0.8ms.
With this arrangement, the RA performance of an aTDD
system can approximate the RA performance obtained in
gTDD and FDD. FIG. 8a is a block diagram of exemplary
transceiver equipment 800 adapted to carry out various
aspects of the invention in a mobile terminal (e.g., a
UE), and FIG. 8b is a block diagram of exemplary
transceiver equipment 850 adapted to carry out various
aspects of the invention in a base station (e.g.,
NodeB, eNodeB). Considering FIG. 8a first, the
transceiver equipment 800 includes a frontend receiver
(FE RX) 801 for receiving and down-converting data
packets. The front-end receiver 801 supplies a
baseband signal to a detector 803 that demodulates the
received signal. The data generated by the detector
803 is then supplied to other components for further
processing (not shown). The transceiver 800 also
includes a front-end transmitter (FE TX) 805. Data to
be transmitted is stored in a transmit buffer 807 that
is controlled by a control unit 809. The control unit
809 uses status information (e.g., information about
the need to perform a random access procedure) to
determine its operation at any given time. This
operation will be described in greater detail below.
When the control unit 809 determines that transmission
should take place, the front-end transmitter 805 is
turned on and data (e.g., an uplink random access
preamble) is fed from the transmit buffer 807 to a
modulator 8 11. The modulated baseband signal is then
fed to the front-end transmitter 805, which
up-converts the modulated baseband signal to the
transmitter's carrier frequency. The generated radio
signal is then transmitted through an antenna 813 to
the intended recipient (e.g., a NodeB). Upon
conclusion of the transmission, the front-end
transmitter 805 is turned off.The control unit 809
also controls operation of the front-end receiver 801,
and schedules various operations as required for the
proper receiver operation of the transceiver
equipment. Such operation is beyond the scope of the
invention, and is therefore not described here in
detail. The control unit 809 may carry out exemplary
steps/processes as will now be discussed with
reference to FIG. 9. Among various other tasks that
are not of relevance to the invention, a determination
is made to ascertain whether a random access operation
should be performed (decision block 901). This
decision can be made, for example, based on status
information provided to the control unit 809. If no
random access operation needs to be performed ("NO"
path out of decision block 901) the mobile terminal
continues with its other tasks (not shown). If a
random access operation should be performed ("YES"
path out of decision block 901 ), then the control
unit 809 detects a downlink transmission from the base
station, and determines therefrom a future moment in
time at which an end part of a downlink transmission
just prior to a random access window will become
detectable at the mobile terminal (step 903). In this
regard, it will be 



understood that the UE will typically receive one or
more bursts on a downlink Broadcast Control Channel
(BCCH) in the frames prior to the frame in which the
random access window is located. From those BCCH
detection(s), the UE can locate (from the point of
view of the UE) the timing of the random access window
(or put another way, locate a future moment in time at
which an end part of a downlink transmission just
prior to the random access window will become
detectable at the mobile terminal). The random access
window is repetitive, and occurs in any frame. Thus,
in the frame in which the UE intends to perform a
random access operation, it will normally not do any
downlink detection at all, but will instead use its
previously determined timing information to just wait
for the random access event to occur. Having
determined the future moment in time, the control unit
809 then causes the mobile terminal to begin an uplink
random access transmission at a moment in time that is
before the future moment in time (i.e., a timing
advance is applied to the uplink random access
transmission) (step 905).The discussion will now turn
to the base station embodiment depicted in FIG. 8b.
The transceiver equipment 850 includes a front-end
receiver (FE RX) 85 1 for receiving and
down-converting data packets. The front-end receiver
85 1 supplies a baseband signal to a detector 853 that
demodulates the received signal. The data generated by
the detector 853 is then supplied to other components
for further processing (not shown). The transceiver
850 also includes a front-end transmitter (FE TX) 855.
Data to be transmitted is stored in a transmit buffer
857 that is controlled by a control unit 859. The
control unit 859 uses status information (e.g.,
information indicating that it is time for a random
access window to begin) to determine its operation at
any given time. This operation will be described in
greater detail below. When the control unit 859
determines that transmission should take place, the
front-end transmitter 855 is turned on and data is fed
from the transmit buffer 857 to a modulator 861 . The
modulated baseband signal is then fed to the frontend
transmitter 855, which up-converts the modulated
baseband signal to the transmitter's carrier
frequency. The generated radio signal is then
transmitted through an antenna 863 to the intended
recipient(s) (e.g., one or more UEs). Upon conclusion
of the transmission, the front-end transmitter 855 is
turned off. The control unit 859 also controls
operation of the front-end receiver 851, and schedules
various operations as required for the proper receiver
operation of the transceiver equipment. Such operation
is beyond the scope of the invention, and is therefore
not described here in detail. The control unit 809 may
carry out exemplary steps/processes as will now be
discussed with reference to FIG. 10. Among various
other tasks that are not of relevance to the
invention, a determination is made to ascertain
whether it is coming time for a random access window
to occur (decision block 1001 ). If not ("NO" path out
of decision block 1001), the base station continues
with its other tasks (not shown). If it is time for a
random access operation to occur ("YES" path out of
decision block 100), the front-end receiver 851 and
detector 853 are operated todetect whatever portion of
an uplink random access transmission might be arriving
(step 1003). It will be recalled that, due to the
timing advance, a complete RA preamble will be
received from only the most-distant mobile terminals;
for all others, some portion of the RA preamble will
arrive too early to be received, and will consequently
be lost. Of relevance is that the duration of the
random access window, T A window satisfies the
following relationship: RA window < PR + m ' where TPH
is a duration of the uplink random access
transmission, and RTD x is a maximum possible round
trip delay between the base station and any one of the
one or more mobile terminals. The control unit 859
then causes the base station to process however much
of the uplink random access transmission was received
(step 1005). This processing can be performed in
accordance with known techniques that need not be
described here in great detail. When cyclic prefixes
are used, such detection can be performed, for
example, by processing the signals in the frequency
domain by means of an FFT, such as is described in
PCT/SE2007/050037. A frequencydomain representation of
the received portion of the uplink random access
transmission is generated. A frequency-domain signal
is generated by 



multiplying the frequency-domain representation of the
portion of the received uplink random access
transmission by a frequency-domain representation of a
known preamble sequence. A time-domain signal is
generated from the frequency-domain signal (e.g., by
means of an Inverse Fast Fourier Transform - "IFFT").
Whether the uplink random access transmission
represented a random access preamble is ascertained by
comparing one or more elements of the timedomain
signal with a threshold value. The threshold value may
be scaled to indicate the presence of the random
access preamble when only a portion of the uplink
random access transmission matches a corresponding
portion of the known preamble sequence. Alternatively,
preamble detection can be performed by means of
sliding correlators in the time domain. In such
embodiments, the output of the correlator is compared
with a threshold to decide whether or not sufficient
match was found.Setting the threshold at a low level
results in a high false alarm rate, and setting the
threshold at a high level results in a high false
reject (or missed detection) rate. In mobile systems,
the appropriate threshold TH is dependent on the SNR:
the higher the SNR, the lower the threshold, in
accordance with TH =a s\ where s2 is the estimated
noise variance at the correlator input. For use in
embodiments of the invention, the parameter a may be
different from that which is conventionally chosen
because the threshold is normally based on the entire
sequence length. In the present instance, only part of
the sequence may be detected, so the value of a may be
smaller in order to reduce the missed detection
probability. The invention has been described with
reference to particular embodiments. However, it will
be readily apparent to those skilled in the art that
it is possible to embody the invention in specific
forms other than those of the embodiment described
above. The described embodiments are merely
illustrative and should not be considered restrictive
in any way. For example, the above-described
embodiments all employ a timing advance that
corresponds to a maximum possible RTD between the base
station and the mobile terminal. However, some
benefits of the invention can still be attained when
the amount of fixed timing advance is a smaller
number, so that more generally, the mobile terminal
begins an uplink random access transmission at a
moment in time that is before a moment in time at
which an end part of the downlink transmission will
become detectable at the mobile terminal. Also, it
will be recognized that, given a fixed size downlink
transmission (e.g., DLl in FIG. 3), starting an uplink
RA transmission at a moment in time that is a fixed
amount of time before an anticipated end of the
downlink transmission is equivalent to starting the
uplink RA transmission at a moment in time that is a
fixed amount of time from an initial moment at which
the downlink transmission is first detected.The scope
of the invention is therefore given by the appended
claims, rather than the preceding description, and all
variations and equivalents which fall within the range
of the claims are intended to be embraced therein.WHAT
IS CLAIMED IS: 1. A method of operating a mobile
terminal in a cellular communications system that
comprises a base station operating in a time division
duplex mode, the method comprising: detecting a
downlink transmission from the base station and
determining therefrom a future moment in time at which
an end part of a downlink transmission just prior to a
random access window will become detectable at the
mobile terminal; and beginning an uplink random access
transmission at a moment in time that is before the
future moment in time. 2. The method of claim 1,
wherein the moment in time that is before the future
moment in time is a fixed amount of time before the
future moment in time. 3. The method of claim 2,
wherein the fixed amount of time corresponds to a
maximum possible round trip delay between the base
station and the mobile terminal. 4. The method of
claim 1, wherein the uplink random access transmission
comprises a body and a cyclic prefix, the cyclic
prefix comprising an end portion of the body. 5. A
method of operating a base station in a time division
duplex mode in a 



cellular communications system, the method comprising:
during a random access window that begins directly
after a downlink transmission directed to one or more
mobile terminals, receiving at least a portion of an
uplink random access transmission from one of the one
or more mobile terminals, wherein a duration of the
random access window, T A wm Ow satisfies the
following relationship:where TPR is a duration of the
uplink random access transmission, and RTDm x is a
maximum possible round trip delay between the base
station and any one of the one or more mobile
terminals. 6. The method of claim 5, wherein 7/ ,,/m/O
, satisfies: RA mfo w ~ H ' llD ' wherein TUD is a
duration of an uplink-downlink switching time. 7. The
method of claim 5, wherein: the uplink random access
transmission comprises a preamble body and a cyclic
prefix; the preamble body has a duration of TP E BODY;
and the cyclic prefix has a duration of 7cp, whereby
7>/? = TCp+ TPRE BODY- 8. The method of claim 7,
comprising: generating a frequency-domain
representation of the received at least a portion of
the uplink random access transmission; generating a
frequency-domain signal by multiplying the
frequencydomain representation of the received at
least a portion of the uplink random access
transmission by a frequency-domain representation of a
known preamble sequence; generating a time-domain
signal from the frequency-domain signal; and
ascertaining whether the uplink random access
transmission represented a random access preamble by
comparing one or more elements of the time-domain
signal with a threshold value. 9. The method of claim
8, wherein the threshold value is scaled to indicate
the presence of the random access preamble when only a
portion of the uplinkrandom access transmission
matches a corresponding portion of the known preamble
sequence. 10. The method of claim 5, comprising: using
a sliding correlator to generate a correlation value
indicative of a maximum degree of correlation between
the received at least a portion of the uplink random
access transmission and a known preamble sequence; and
ascertaining whether the uplink random access
transmission represented a random access preamble by
comparing the correlation value with a threshold
value. 11. The method of claim 10, wherein the
threshold value is scaled to indicate the presence of
the random access preamble when only a portion of the
uplink random access transmission matches a
corresponding portion of the known preamble sequence.
12. An apparatus in a mobile terminal that interacts
with a cellular communications system that comprises a
base station operating in a time division duplex mode,
the apparatus comprising: logic configured to detect a
downlink transmission from the base station and
determine therefrom a future moment in time at which
an end part of a downlink transmission just prior to a
random access window will become detectable at the
mobile terminal; and logic configured to begin an
uplink random access transmission at a moment in time
that is before the future moment in time. 13. The
apparatus of claim 12, wherein the moment in time that
is before the future moment in time is a fixed amount
of time before the future moment in time.14. The
apparatus of claim 13, wherein the fixed amount of
time corresponds to a maximum possible round trip
delay between the base station and the mobile
terminal. 15. The apparatus of claim 12, wherein the
uplink random access transmission comprises a body and
a cyclic prefix, the cyclic prefix comprising an end
portion of the body. 16. An apparatus in a base
station that operates in a time division duplex mode
within a cellular communications system, the apparatus
comprising: 



logic configured to perform a downlink transmission
directed to one or more mobile terminals; and logic
configured to receive at least a portion of an uplink
random access transmission from one of the one or more
mobile terminals during a random access window that
begins directly after the downlink transmission,
wherein a duration of the random access window, TRA
"," <" . satisfies the following relationship: RA _"
,nj o < T,,R + RTD tm% , where 7 is a duration of the
uplink random access transmission, and RTDm x is a
maximum possible round trip delay between the base
station and any one of the one or more mobile
terminals. 17. The apparatus of claim 16, wherein T/
_,,.,m/ w satisfies: T = T + T wherein TUD is a
duration of an uplink-downlink switching time. 18. The
apparatus of claim 16, wherein: the uplink random
access transmission comprises a preamble body and a
cyclic prefix; the preamble body has a duration of
FPRE BODY; andthe cyclic prefix has a duration of 7cp,
whereby 7>" = 7cp + 7pRE BODY- 19. The apparatus of
claim 18, comprising: logic configured to generate a
frequency-domain representation of the received at
least a portion of the uplink random access
transmission; logic configured to generate a
frequency-domain signal by multiplying the
frequency-domain representation of the received at
least a portion of the uplink random access
transmission by a frequency-domain representation of a
known preamble sequence; logic configured to generate
a time-domain signal from the frequencydomain signal;
and a comparator that ascertains whether the uplink
random access transmission represented a random access
preamble by comparing one or more elements of the
time-domain signal with a threshold value. 20. The
apparatus of claim 19, wherein the threshold value is
scaled to indicate the presence of the random access
preamble when only a portion of the uplink random
access transmission matches a corresponding portion of
the known preamble sequence. 2 1. The apparatus of
claim 16, comprising: a sliding correlator that
generates a correlation value indicative of a maximum
degree of correlation between the received at least a
portion of the uplink random access transmission and a
known preamble sequence; and a comparator that
ascertains whether the uplink random access
transmission represented a random access preamble by
comparing the correlation value with a threshold
value. 22. The apparatus of claim 21, wherein the
threshold value is scaled to indicate the presence of
the random access preamble when only a portion of
theuplink random access transmission matches a
corresponding portion of the known preamble sequence. 


