
PHENYL AND PYRIDYL LTA4H MODULATORS Field of the
Invention This invention relates to leukotriene A4
hydrolase (LTA4H) inhibitors for the treatment of
inflammation. More particularly, this invention
relates to certain phenyl and pyridyl amine compounds
useful as selective inhibitors of the LTA4H enzyme for
the treatment of inflammatory conditions. Background
of the Invention Inflammation is normally an acute
response by the immune system to invasion by microbial
pathogens, chemicals or physical injury. In some
cases, however, the inflammatory response can progress
to a chronic state, and be the cause of inflammatory
disease. Therapeutic control of inflammation in
diverse diseases is a major medical need. Leukotrienes
(LT) are biologically active metabolites of
arachidonic acid (Samuelsson, B. Science 1983,
220(4597):568-575) that have been implicated in
inflammatory diseases, including asthma (Munafo, D.A.,
et al. J. Clin. Invest. 1994, 93(3), 1042-1050),
inflammatory bowel disease (IBD) (Sharon, P. et al.
Gastroenterology 1984, 86(3), 453-460), chronic
obstructive pulmonary disease (COPD) (Barnes, P.J.
Respiration 2001 , 68(5), 441-448), arthritis
(Griffiths, R.J., et al. Proc. Natl. Acad. Sci. U.S.A.
1995, 92(2), 517-521 ; Tsuji, F., et al. Life Sci.
1998, 64(3), L51-L56), psoriasis (Ikai, K. J.
Dermatol. Sci. 1999, 2 1(3), 135-146; Zhu, Y.I. et al.
Skin Pharmacol. Appl. Skin Physiol. 2000, 13(5),
235-245) and atherosclerosis (Friedrich, E.B., et al.
Arterioscler. Thromb. Vase. Biol. 2003, 23, 1761-7;
Subbarao, K., et al. Arterioscler. Thromb. Vase. Biol.
2004, 24, 369-75; Helgadottir, A., et al. Nat. Genet.
2004, 36(3), 233-9; Jala, V.R. et al. Trends Immunol.
2004, 25(6), 3 15-322). The synthesis of leukotrienes
is initiated by the conversion of arachidonic acid to
an unstable epoxide intermediate, leukotriene A4
(LTA4), by 5-lipoxygenase (5- LO) (Ford-Hutchinson,
F.A., et al. Annu. Rev. Biochem. 1994, 63,
383-347).This enzyme is expressed predominantly by
cells of myeloid origin, particularly neutrophils,
eosinophils, monocytes/macrophages and mast cells
(Reid, G.K., et al. J. Biol. Chem. 1990, 265(32),
19818-19823). LTA4 can either be conjugated with
glutathione by leukotriene C4 (LTC4) synthase to
produce the cysteinyl leukotriene, LTC4, or hydrolyzed
to the diol, leukotriene B4 (LTB4) (Samuelsson, B.,
1983). LTC4 and its metabolites, LTD4 and LTE4, induce
smooth muscle contraction, broncho-constriction and
vascular permeability, while LTB4 is a potent
chemo-attractant and activator of neutrophils. The
stereospecific hydrolysis of LTA4 to LTB4 is catalyzed
by leukotriene A4 hydrolase (LTA4H), a
zinc-containing, cytosolic enzyme. This enzyme is
ubiquitously expressed, with high levels in small
intestinal epithelial cells, lung, and aorta
(Samuelsson, B. et al. J. Biol. Chem. 1989, 264(33),
19469-19472). Moderate expression of LTA4H is observed
in leukocytes, particularly neutrophils (Yokomizo, T.,
et al. J. Lipid Mediat. Cell Signal. 1995, 12(2,3),
321-332). Leukotriene B4 is a key pro-inflammatory
mediator, able to recruit inflammatory cells, such as
neutrophils and eosinophils, as well as activate
neutrophils (Fitzpatrick, F.A., et al. Ann. N. Y.
Acad. Sci. 1994, 714, 64-74; Crooks, S.W. et al. Int.
J. Biochem. Cell Biol. 1998, 30(2), 173-178; Klein,
A., et al. J. Immunol. 2000, 164(8), 4271-4276). LTB4
mediates its pro-inflammatory effects by binding to G
protein-coupled receptors, leukotriene B4 receptor 1
(BLT1) and leukotriene B4 receptor 2 (BLT2) (Yokomizo,
T., et al. Arch. Biochem. Biophys. 2001 , 385(2),
231-241 ) . The receptor first identified, BLT1, binds
LTB with high affinity, leading to intracellular
signaling and chemotaxis. BLT1 is expressed mainly in
peripheral leukocytes, particularly neutrophils, 



eosinophils, macrophages (Huang, W.W., et al. J. Exp.
Med. 1998, 188(6), 1063-74) and monocytes (Yokomizo,
T., et al. Life Sci. 2001 , 68, 2207-12). The murine
receptor is also expressed on effector T cells and was
recently shown to mediate LTB4-dependent migration of
effector CD8+ T cells (Goodarzi, K., et al. Nat.
Immunol. 2003, 4(10), 965-73; Ott, V.L. et al. Nat.
Immunol. 2003, 4(10), 974-81), early effector CD4+ T
helper type 1 (TH1) and TH2 chemotaxis and adhesion to
endothelial cells, as well as early effector CD4+ and
CD8+ T cell recruitment in an asthma animal model
(Tager, A.M., etal. Nat. Immunol. 2003, 4(10),
982-90). LTB4 receptor BLT2 (Wang, S., et al. J. Biol.
Chem. 2000, 275(52), 40686-40694; Yokomizo, T., et al.
J. Exp. Med. 2000, 192(3), 421-431 ) shares 42% amino
acid homology with BLT1, but is more broadly
expressed, including in peripheral tissues such as the
spleen, ovary and liver, as well as in leukocytes.
BLT2 binds LTB4 with lower affinity than BLT1 does,
mediates chemotaxis at higher concentrations of LTB4,
and differs from BLT1 in its affinity for certain
antagonists. While LTB4 receptor antagonists may
differ in their affinity for BLT1 versus BLT2,
blocking the production of LTB4 using LTA4H inhibitors
is expected to inhibit the downstream events mediated
through both BLT1 and BLT2. Studies have shown that
introduction of exogenous LTB4 into normal tissues can
induce inflammatory symptoms (Camp, R.D.R., et al. Br.
J. Pharmacol. 1983, 80(3), 497-502; Camp, R., et al.
J. Invest. Dermatol. 1984, 82(2), 202-204). Elevated
levels of LTB4 have been observed in a number of
inflammatory diseases including IBD, COPD, psoriasis,
rheumatoid arthritis (RA), cystic fibrosis and asthma
(Crooks, S.W. et al. Int. J. Biochem. Cell Biol. 1998,
30(2), 173-178). Therefore, reduction of LTB4
production by an inhibitor of LTA4H activity is
expected to have therapeutic potential in a wide range
of diseases. Support for these effects includes
studies of LTA4H-deficient mice that, while otherwise
healthy, exhibited markedly decreased neutrophil
influx in arachidonic acid-induced ear inflammation
and zymosan-induced peritonitis models (Byrum, R.S.,
et al. J. Immunol. 1999, 163(12), 6810-6819).
Furthermore, LTA4H inhibitors have been shown to be
effective antiinflammatory agents in pre-clinical
studies. For example, oral administration of LTA4H
inhibitor SC57461 caused inhibition of
ionophore-induced LTB4 production in mouse blood ex
vivo, and in rat peritoneum in vivo (Kachur, J.K., et
al. J. Pharmacol. Exp. Ther. 2002, 300(2), 583-587).
Eight weeks of treatment with the same inhibitor
compound significantly improved colitis symptoms in
cotton top tamarins (Penning, T.D. Curr. Pharm. Des.
2001 , 7(3), 163-179). The spontaneous colitis that
develops in these animals is very similar to human
IBD. The results therefore indicate that LTA4H
inhibitors would have therapeutic utility in this and
other human inflammatory diseases.Events that elicit
the inflammatory response include the formation of the
pro-inflammatory mediator leukotriene B4. Hydrolase
LTA4H catalyzes the formation of this mediator, and
LTA4H inhibitors block the production of the
pro-inflammatory mediator LTB4, thus providing the
ability to prevent and/or treat leukotriene-mediated
conditions, such as inflammation. The inflammatory
response is characterized by pain, increased
temperature, redness, swelling, or reduced function,
or by a combination of two or more of these symptoms.
Regarding the onset and evolution of inflammation,
inflammatory diseases or inflammation-mediated
diseases or conditions include, but are not limited
to, acute inflammation, allergic inflammation, and
chronic inflammation. Examples of textbooks on the
subject of inflammation include J. I. Gallin and R.
Snyderman, Inflammation: Basic Principles and Clinical
Correlates, 3rd Edition, (Lippincott Williams &
Wilkins, Philadelphia, 1999); V. Stvrtinova, J. 



Jakubovsky and I. Hulin, "Inflammation and Fever",
Pathophysiology Principles of Diseases (Textbook for
Medical Students, Academic Press, 1995); Cecil et al.,
Textbook Of Medicine, 18th Edition (W.B. Saunders
Company, 1988); and Steadmans Medical Dictionary.
Background and review material on inflammation and
conditions related with inflammation can be found in
articles such as the following: Nathan, C. Nature
2002, 420(691 7), 846-852; Tracey, K.J. Nature 2002,
420(691 7), 853- 859; Coussens, L.M. et al. Nature
2002, 420(6917), 860-867; Libby, P. Nature 2002,
420(6917), 868-874; Benoist, C. et al. Nature 2002,
420(6917), 875-878; Weiner, H.L. et al. Nature 2002,
420(6917), 879-884; Cohen, J. Nature 2002, 420(6917),
885-891 ; Steinberg, D. Nat. Med. 2002, 8(1 1), 121
1-1217. Cited references are incorporated herein by
reference. Inflammation is due to any one of a
plurality of conditions, such as asthma, chronic
obstructed pulmonary disease (COPD), atherosclerosis,
rheumatoid arthritis, multiple sclerosis, inflammatory
bowel diseases (including Crohn's disease and
ulcerative colitis), or psoriasis, which are each
characterized by excessive or prolonged inflammation
at some stage of the disease. Leukotriene modifiers
are expected to have a beneficial role in the
cardiovascular field by blocking aspects of the
inflammatory component ofcardiovascular diseases. It
is to be noted in this regard that inflammation and
immune mechanisms are important in atherosclerosis,
and studies in the field support the rationale for
blocking inflammation as a means for improving
clinical cardiovascular conditions. Several studies
have outlined an important function of leukotrienes in
the development and progression of atherosclerosis, a
disease that is now recognized as an inflammatory
disease. Based on the role of LTA4H inhibitors in
inflammation, and on evidence linking the leukotriene
pathway to cardiovascular disease, LTA4H inhibitors
are also likely to be useful in treating
cardiovascular diseases that have an inflammatory
component. LTA4H inhibitors are likely to be useful in
treating, for example, myocardial infarction, aortic
aneurysm, ischemia reperfusion, and stroke (Funk, CD.,
Nat. Rev. Drug Disc. 2005, 4, 664-672; Jala, V.R. et
al., 2004). Applicants have discovered phenyl and
pyridyl amine compounds and derivatives thereof; their
use as inhibitors of enzymes, such as the LTA4H
enzyme, in the formation of pro-inflammatory
mediators, such as the LTB4 mediator; also their use
for the treatment of inflammatory conditions; and the
preparation of pharmaceutical compositions for the
treatment of inflammation. Alkoxyphenylalkylamine
derivatives having an antipsychotic action have been
disclosed in US patent 5,495,046. Phenylalkyl amine
derivatives having antiischaemic activity have been
disclosed in EP application 89202383.9. Summary of the
Invention There are provided by the present invention
compounds which have the following general formula
(I): wherein X is selected from the group consisting
of CH and N; Y is selected from the group consisting
of R1(CH2)2-3q - , R7N(R8)CO2- , R7N(R8)C(O)N(R8)-,
R7N(R8 CO2CH2- , R7N(R8JC(O)CH2- , R1OC(O)N(R8)-,
R1OCO2- , R1CO2- , R1CH(R9)CO2-, R1C(O)CH(R 10)O-,
andR1CH(R9)CH(R10)O-, provided that when one of R9 and
R10 in R1CH(R9)CH(R10)O- is -H, then the other is not
-H; R1 is a moiety selected from the group consisting
of phenyl, thienyl, pyrrolyl, furanyl, oxazolyl,
imidazolyl, thiazolyl, indolyl, indanyl, and
tetrahydronaphthyl, wherein R1 is substituted with 0,
1, or 2 substituents R4; 



R4 is selected from the group consisting of -H, -OCH3,
-Cl, -F, -Br, -I, -OH, -NH2, -CN, -CF3, and -CH3; R7
is -Ci -4alkyl or is selected from the group
consisting of phenyl, thienyl, pyrrolyl, furanyl,
oxazolyl, imidazolyl, thiazolyl, indolyl, indanyl, and
tetrahydronaphthyl, wherein R7 is substituted with 0,
1, or 2 substituents R4; R8 is - H or -Ci -4alkyl; or,
R7 and R8 are taken together with the nitrogen member
to which they are attached to form pyrrolidinyl,
piperidinyl, morpholinyl, or thiomorpholinyl; R9 is
-H, -Ci -4alkyl, -Cl, or -OH; R10 is -H, -Ci -4alkyl
or is taken together with one of R4 to form a 5- or 6-
membered carbocyclic ring; Z is selected from the
group consisting of bond, -CH2- , -OCH2- , -OCH2CH(R1
1)-, and -CH2CH(R1 1)-; R1 1 is -H or -OH; provided
that when Z is bond, then Y is one of R1(CH2)2-3O-,
R1CO2- , R1CH(R9 CO2- , R1C(O)CH(R10P-, and
R1CH(OH)CH(R 10)O-; R6 is -H or -F; and R2 and R3 are
each independently selected from the group consisting
of A) -H, -Ci-7alkyl, -C3-7alkenyl, wherein the carbon
in said alkenyl that is attached to the nitrogen
member has only single bonds, -C3-7alkynyl, wherein
the carbon in said alkynyl that is attached to the
nitrogen member has only single bonds, -C3-7cycloalkyl
optionally benzofused, -C5-7cycloalkenyl,
-C3-7cycloalkylCi -7alkyl, -Ci -7alkylC3-7cycloalkyl
and phenyl, wherein each of the substituents A) is
independently substituted with 0, 1, or 2 substituents
RQ, and each of said RQ is a substituent at acarbon
member that is at least one carbon member removed from
the nitrogen member; B) a 4-7 membered saturated
heterocyclic ring HetRa, said 4-7 membered saturated
heterocyclic ring HetRa, having 0 or 1 double bonds,
having a carbon member point of attachment and
containing a member >NRM as a heteroatom member, and
said heteroatom member being separated from said
carbon member point of attachment by at least one
additional carbon member; C) -C1.7alkylC(O)R x,
optionally substituted with CH2RAr or CH2RAr' ; D)
-C2-5alkylC(O)R x, wherein two valence allowed carbon
members in the C2-5alkyI of said -C2-5alkylC(O)Rx are
part of a saturated C3-6carbocycle; E) -C2-5alkylOH
wherein two valence allowed carbon members in the
C2-5alkyl of said -C2-5alkylOH are part of a saturated
C3_6carbocycle; F) -C-cualkylphenyl, wherein the
phenyl in said -Co^alkylphenyl is fused at two
adjacent carbon members in said phenyl to Rf , or is
benzofused; G) -Co-4alkylAr6, where Ar6 is a
6-membered heteroaryl having a carbon member point of
attachment and having 1 or 2 -N= heteroatom members,
and benzofused; H) -C0-4alkylAr5, where Ar5 is a
5-membered heteroaryl, having one heteroatom member
selected from the group consisting of O, S, and >NRY,
and having 0 or 1 -N= additional heteroatom member,
optionally containing 1 or 2 carbonyl groups, and
optionally benzofused; I) -C-|.4alkylAr5 , where Ar5
is a 5-membered heteroaryl containing 3 or 4 nitrogen
members, optionally substituted with Rg , and having a
valence allowed site as a point of attachment; J)
-Co-4alkylAr6 6, where Ar6"6 is a Co-4alkyl-attached
phenyl fused at valence allowed sites to a 6-membered
heteroaryl, wherein said 6- 



membered heteroaryl has 1 or 2 -N= heteroatom members;
K) -Co-4alkylAr 6 5, where Ar6'5 is a
C0-4alkyl-attached phenyl fused at valence allowed
sites to a 5-membered heteroaryl, said 5-membered
heteroaryl having one heteroatom member selected from
the group consisting of O, S, and >NRY, and said
5-membered heteroaryl having 0 or 1 additional
heteroatom member which is -N=;L) one of
2-(4-ethyl-phenoxy)-benzothiazole,
2-(4-ethyl-phenoxy)- benzooxazole, and
2-(4-ethyl-phenoxy)-1/-/-benzoimidazole; and M)
-SO2C1-4alkyl; alternatively R2 and R3 are taken
together with the nitrogen to which they are attached
to form a heterocyclic ring that contains at least one
heteroatom member that is said attachment nitrogen,
said heterocyclic ring being selected from the group
consisting of i) a 4-7 membered saturated heterocyclic
ring HetRb, said 4-7 membered saturated heterocyclic
ring HetRb having one heteroatom member that is said
attachment nitrogen, and being substituted with 0, 1,
or 2 substituents at the same or at different ring
members, said substituents being selected from the
group consisting of -Rg , -CN, -C(O)RY, -C0-
4alkylCO2RY, -C0-4alkylC(O)CO2RY, -Co-4alkylORY,
-C0-4alkylC(O)NRYRz , -C0-4alkylNRYC(O)Rz ,
-C(O)NRZORY, -Co-4aIkylNRg C(0)CH 2q Rg ,
-C0-4alkylNRYC(O)CH2C(O)RY, -C0-4alkylNRYCO2RY,
-C0-4alkylNRYC(O)NRYRz , -C0.4alkylNRYC(S)NRYRz ,
-NRYC(O)CO2RY, - NRYRZ, -C0-4alkylNRw SO2RY, 1
,3-dihydro-indol-2-one-1-yl, 1,3-dihydrobenzoimidazol-
2-one-1-yl, tetrazol-5-yl, 1-RY-1H-tetrazol-5-yl, Rg -
triazolyl, 2-RY-2H-tetrazol-5-yl,
pyrrolidine-2-thion-1-yl, piperidine-2- thion-1-yl,
-C0-4alkylC(O)N(RY)(SO2RY), -C0-4alkylN(RY)(SO2)NRYRY,
-Co-4alkylN(R g )(S0 2)NRg C0 2Rg halo, ii) a 5-7
membered saturated heterocyclic ring HetRc, said 5-7
membered saturated heterocyclic ring HetRc having one
additional heteroatom member separated from said
attachment nitrogen by at least one carbon member,
said additional heteroatom member being selected from
the group consisting of O, S(=O)0-2, and >NRM, said
5-7 membered saturated heterocyclic ring HetRc having
0 or 1 carbonyl members, and being substituted with 0,
1, or 2 substituents at the sameor at different carbon
ring members, said substituents being selected from
the group consisting of -C(O)RY, -CO2RY,
-C3-4alkylCO2RY and Rz ; iii) one of
imidazolidin-1-yl, 2-imidazolin-i-yl, pyrazol-1-yl,
imidazol-1-yl, 2H-tetrazol-2-yl, 1/-/-tetrazol-1-yl,
pyrrol-1-yl, 2-pyrrolin-1-yl, and 3- pyrrolin-1-yl,
wherein each of said 2H-tetrazol-2-yl and
1H-tetrazol-1-yl is substituted at the carbon member
with 0 or 1 of -C0-4alkylRz , -Co- 4alkylSRY,
-C0-4alkylCO2RY, and substituent HetRa; and iv) one of
1,2,3,4-tetrahydro-quinolin-1-yl,
1,2,3,4-tetrahydro-isoquinolin-2- yl, indol-1-yl,
isoindol-2-yl, indolin-1-yl, benzimidazol-1-yl,
2,8-diazaspiro[ 4.5]decan-1-one-8-yl,
4-{[(2-tert-butoxycarbonylaminocyclobutanecarbonyl)-
amino]-methyl}-piperidin-1-yl,
4-{[(2-aminocyclobutanecarbonyl)-
amino]-methyl}-piperidin-1 -yl, 3,9-diazaspiro[
5.5]undecane-3-carboxylic acid-9-yl tert-butyl ester,
4-oxo-1- phenyl-1 ,3,8-triaza-spiro[4.5]dec-8-yl, and
4-oxo-1 ,3,8-triazaspiro[ 4.5]dec-8-yl; wherein Rk is
selected from the group consisting of -H, -Ci -4alkyl
and -C0-4alkylRAr, each of said -C-t -4alkyl and
-C0-4alkylRAr being optionally substituted with 1, 2,
or 3 substituents RN; RL is selected from the group
consisting of -CO2RS and -C(O)NRSRS' ; 



RM is selected from the group consisting of Rz ,
indol-7-yl, -SO2RY, -C3- 4alkylCO2RY, -CO2RY,
-C(O)NRZORY, -C(O)RY, -C(O)C 1-4alkylORY,
-C0-4alkylC(O)NR sRs ', Co-4alkylC(0)C0 2Rg ,
1,3-dihydro-indol-2-one-1-yl,
1,3-dihydro-benzoimidazoI-2-one-1-yl, tetrazol-5-yl,
1-RY-1/-/-tetrazol-5-yl, Rg -triazolyl,
2-RY-2H-tetrazol-5-yl and -C0.4alkylC(O)N(R Y)(SO2RY)
, each of said RM that is not - H being optionally
substituted with 1, 2, or 3 substituents RN; RN is
selected from the group consisting Of -OCH3, -Cl, -F,
-Br, -I, -OH, -NH2, -CN, -CF3, -CH3, -OC(O)CH3, and
-NO2; RQ is selected from the group consisting of -Cl,
-F1-Br, -I, -CF3, -CCI3, -CN, -Ci -4alkyl,
-C0-4alkylRAr, -C0-4alkylRAr' , -C0-4alkylORY,
-C0-4alkylCO2RY, -C0- 4alkylNRYRz , -C0-4alkylNRYCORY,
-Co-4alkylNRYCONRYRz , -C0- 4alkylNRYSO2RY, and
-C0-4aIkylSRY;Rs and Rs are independently selected
from the group consisting of -H, -Ci -4alkyl, and
-Co-4alkylphenyl; alternatively, Rs and Rs are taken
together with the nitrogen member to which said Rs and
Rs are attached to form a 4- 7 membered heterocyclic
ring having 0 or 1 additional heteroatom member
selected from the group consisting of O, S, and >NRY,
provided that said additional heteroatom member is
separated by at least two carbon members from said
nitrogen member to which said Rs and Rs ' are
attached, and provided that where Rg is Co-4alkylRAr,
then RAr is not substituted with RL; Rw is selected
from the group consisting of Rg , and -C3-7cycloalkyl;
Rx is selected from the group consisting of -ORY,
-NRYRZ, -Ci -4alkyl, and -C0-4alkylRAr; Rg is selected
from the group consisting of -H, -Ci^alkyl,
-C0-4alkylRAr and -C0-4alkylRAr , each of said Rg that
is not - H being optionally substituted with 1, 2, or
3 substituents RN; Rz is selected from the group
consisting of Rg , -C2-4alkyl0R Y, -C1-2alkylCO2RY,-Ci
-2alkylC(O)NR sRs >, and -C2-4alkylNRsRs '; provided
that when Rg and Rz are attached to a nitrogen member,
then Rg and Rz are selected as defined above, or Rg
and Rz are taken together with the Rg - and Rz-
attached nitrogen member to form a 4-7 membered
heterocyclic ring HetRd having 0 or 1 additional
heteroatom members selected from the group consisting
of O, S, and >NRM, said 4-7 membered heterocyclic ring
HetRd having 0 or 1 carbonyl members, and said 4-7
membered heterocyclic ring HetRd having 0 or 1 valence
allowed carbon members substituted with at least one
of RM, -CO2H, and -C0-ialkylOR Y; RAr is a moiety with
a carbon member attachment point and said RAr is
selected from the group consisting of phenyl, pyridyl,
pyrimidyl, and pyrazinyl, wherein each valence allowed
carbon member in each of said RAr is independently
substituted with at least one of 0, 1, 2, or 3
substituents RN, and 0 or 1 substituent RL; RAr is a
3-8 membered ring having 0, 1, or 2 heteroatom members
selected from the group consisting of O, S, N, and
>NRY, said RAr having 0, 1, or 2 unsaturated bonds and
having 0 or 1 carbonyl members, wherein eachvalence
allowed member in each of said RLr ring is
independently substituted with 0, 1, or 2 substituents
Rk; and Rf is a linear 3- to 5-membered hydrocarbon
moiety having 0 or 1 unsaturated carbon-carbon bonds
and having 0 or 1 carbonyl members; and enantiomers,
diasteromers, racemates, tautomers, hydrates,
solvates, and pharmaceutically acceptable salts,
esters, and amides thereof. Embodiments of compounds
of formula (I) are LTA4H modulators. Embodiments of
compounds of formula (I) are LTA4H inhibitors.
Embodiments of this invention 



comprise mixtures of compounds of formula (I).
Embodiments of the present invention comprise
compounds that have the following general formula
(II), and enantiomers, diasteromers, racemates,
tautomers, hydrates, solvates, and pharmaceutically
acceptable salts, esters, and amides thereof: wherein
X is selected from the group consisting of CH and N;
Y' is selected from the group consisting of
R1(CH2)2-3q - , R7N(R8 CO2- , R7N(R8)C(O)N(R8)-,
R7N(R8 CO2CH2- , R7N(R8JC(O)CH2- , R1OC(O)N(R8)-,
R1OCO2- , R1CO2- , R1CH(R9)CO2- , R1C(O)CH(R10)O-, and
R1CH(R9)CH(R10)O-, provided that when one of R9 and
R10 in R1CH(R9)CH(R10)O- is -H, then the other is not
-H; R1 is a moiety selected from the group consisting
of phenyl, thienyl, pyrrolyl, furanyl, oxazolyl,
imidazolyl, thiazolyl, indolyl, indanyl, and
tetrahydronaphthyl, wherein R1 is substituted with O,
1, or 2 substituents R4; R4 is selected from the group
consisting of -H, -OCH3, -Cl, -F, -Br, -I, -OH, -NH2,
-CN, -CF3, and -CH3; R7 is -Ci -4alkyl or is selected
from the group consisting of phenyl, thienyl,
pyrrolyl, furanyl, oxazolyl, imidazolyl, thiazolyl,
indolyl, indanyl, and tetrahydronaphthyl, wherein R7
is substituted with O, 1, or 2 substituents RA.R8 is -
H or -Ci- 4aIkyl; or, R7 and R8 are taken together
with the nitrogen member to which they are attached to
form pyrrolidinyl, piperidinyl, morpholinyl, or
thiomorpholinyl; R9 is -H, -C1-4alkyl, -Cl, or -OH;
R10 is -H, -Ci -4alkyl or is taken together with one
of R4 to form a 5- or 6- membered carbocyclic ring;
R11 is -H or -OH; Z is selected from the group
consisting of bond, -CH2- , -OCH2- , -OCH2CH(R11 )-,
and -CH2CH(R11 )-; provided that when Z is bond, then
Y' is one of R1(CH2)2-3O-, R1CO2- , R1CH(R9KX ) 2- ,
R1C(O)CH(R 10)O-, and R1CH(OH)CH(R 10)O-; R6 is -H or
-F; and R2 and R3 are each independently selected from
the group consisting of A) H, Ci-7alkyl, C3-7alkenyl,
wherein the carbon in said alkenyl that is attached to
the nitrogen member has only single bonds,
C3-7alkynyl, wherein the carbon in said alkynyl that
is attached to the nitrogen member has only single
bonds, C3-7cycloalkyl optionally benzofused, Cs-
cycloalkenyl, -Cs-ycycloalkylCi-zalkyl,
-C-i-yalkylCs-rcycloalkyl and phenyl, wherein each of
the substituents A) is independently substituted with
0, 1, or 2 substituents RQ, and each of said RQ is a
substituent at a carbon member that is at least one
carbon member removed from the nitrogen member; B) a
4-7 membered saturated heterocyclic ring HetRa, said
4-7 membered saturated heterocyclic ring HetRa, having
0 or 1 double bonds, having a carbon member point of
attachment and containing a member >NRM as a
heteroatom member, and said heteroatom member being
separated from said carbon member point of attachment
by at least one additional carbon member; C) -Ci
-7alkylC(O)R x, optionally substituted with CH2RAr or
CH2R ; D) -C2-5alkylC(O)Rx, wherein two valence
allowed carbon members in the 



C2-5aIkyl of said -C2-5alkylC(O)Rx are part of a
saturated C3-6carbocycle; E) -C2-5alkylOH wherein two
valence allowed carbon members in the C2-5alkyl of
said -C2-5alkylOH are part of a saturated
C3-6carbocycle;F) -Co-4alkylphenyl, wherein the phenyl
in said -C0-4alkylphenyl is fused at two adjacent
carbon members in said phenyl to Rf , or is
benzofused; G) -Co-4alkylAr6, where Ar6 is a
6-membered heteroaryl having a carbon member point of
attachment and having 1 or 2 -N= heteroatom members,
and benzofused; H) -Co^alkylAr5, where Ar5 is a
5-membered heteroaryl, having one heteroatom member
selected from the group consisting of O, S, and >NRY,
and having 0 or 1 -N= additional heteroatom member,
optionally containing two carbonyl groups, and
optionally benzofused; I) -C1-4alkylAr5 , where Ar5 is
a 5-membered heteroaryl containing 3 or 4 nitrogen
members, optionally substituted with Rg , and having a
valence allowed site as a point of attachment; J)
-C0-4alkylAr6 6, where Ar6 6 is a C0-4alkyl-attached
phenyl fused at valence allowed sites to a 6-membered
heteroaryl, wherein said 6- membered heteroaryl has 1
or 2 -N= heteroatom members; K) -C0-4alkylAr6"5 ,
where Ar6 5 is a C0-4alkyl-attached phenyl fused at
valence allowed sites to a 5-membered heteroaryl, said
5-membered heteroaryl having one heteroatom member
selected from the group consisting of O, S, and >NRY,
and said 5-membered heteroaryl having 0 or 1
additional heteroatom member which is -N=; L) one of
2-(4-ethyl-phenoxy)-benzothiazole,
2-(4-ethyl-phenoxy)- benzooxazole, and
2-(4-ethyl-phenoxy)-1H-benzoimidazole; and M)
-SO2Ci-4alkyl; alternatively R2 and R3 are taken
together with the nitrogen to which they are attached
to form a heterocyclic ring that contains at least one
heteroatom member that is said attachment nitrogen,
said heterocyclic ring being selected from the group
consisting of i) a 4-7 membered saturated heterocyclic
ring HetRb, said 4-7 membered saturated heterocyclic
ring HetRb having one heteroatom member that is said
attachment nitrogen, and being substituted with 0, 1,
or 2 substituents at the same or at different ring
members, said substituents being selected from the
group consisting of -Rg , -CN, -C(O)RY, -C0-
4alkylCO2RY, -Co-4alkylC(0)C0 2RY, -C0-4alkylORg
-Co-4alkyIC(0)NR g Rz ,-C0-4alkylNR YC(O)R z , -C(O)NR
ZORY, -C0-4alkylNR YC(O)CH 2ORY, -Co-4alkylNR g C(0)CH
2C(0)R g -Co-4alkylNR g Cq 2Rg , -Co-4alkylNR YC(O)NR
YRz , -C0-4alkylNR YC(S)NR YRz , -NR YC(O)CO 2RY, -
NRYRZ, -C0-4alkylNR w SO2RY, 1
,3-dihydro-indol-2-one-1-yl, 1,3-dihydrobenzoimidazol-
2-one-1-yl, tetrazol-5-yl, 1-RY-1H-tetrazoi-5-yl, Rg -
triazolyl, 2-R Y-2H-tetrazol-5-yl,
pyrrolidine-2-thion-1-yl, piperidine-2- thion-1 -yl,
-C0-4aikylC(O)N(R Y)(SO 2RY) , -Co-4alkylN(R g )(S0
2)NRg Rg , -C0-4alkylN(R g )(SO 2)NR gCO2Rg , halo, H
H 1 ii) a 5-7 membered saturated heterocyclic ring
HetRc, said 5-7 membered saturated heterocyclic ring
HetRc having one additional heteroatom member
separated from said attachment nitrogen by at least
one carbon member, said additional heteroatom member
being selected from the group consisting of O,
S(=O)0-2 and >NRM, said 5-7 membered saturated
heterocyclic ring HetRc having 0 or 1 carbonyl
members, and being substituted with 0, 1, or 2
substituents at the same or at different carbon ring
members, said substituents being selected from the
group consisting of -C(O)RY, -CO2RY, -C3-4alkyICO2RY
and Rz ; iii) one of imidazolidin-1-yl,
2-imidazolin-1-yl, pyrazol-1-yl, imidazol-1-yl, 



2H-tetrazol-2-yl, 1H-tetrazol-1-yl, pyrrol-1-yl,
2-pyrrolin-1-yl, and 3- pyrrolin-1-yl, wherein each of
said 2H-tetrazol-2-yl and 1H-tetrazol-1-yl is
substituted at the carbon member with 0 or 1 of
-Co-4alkylRz , -Co- 4alkylSRY, -C0-4alkylCO2RY, and
substituent HetRa; and iv) one of
1,2,3,4-tetrahydro-quinolin-i-yl,
1,2,3,4-tetrahydro-isoquinolin-2- yl, indol-1-yl,
isoindol-2-yl, indolin-1-yl, benzimidazol-1-yl,
2,8-diazaspiro[ 4.5]decan-1 -one-8-yl,
4-{[(2-tert-butoxycarbonylaminocyclobutanecarbonyl)-
amino]-methyl}-piperidin-1-yl,
4-{[(2-aminocyclobutanecarbonyl)-
amino]-methyl}-piperidin-1 -yl, 3,9-diazaspiro[
5.5]undecane-3-carboxylic acid-9-yl tert-butyl ester,
4-oxo-1-phenyl-1 ,3,8-triaza-spiro[4.5]dec-8-yl, and
4-oxo-1 ,3,8-triazaspiro[ 4.5]dec-8-yl; wherein Rk is
selected from the group consisting of -H, -Ci -4alkyl
and -Co^aIkylRLr, each of said -Ci -4alkyl and
-Co-4alkylRLr being optionally substituted with 1, 2,
or 3 substituents RN; RL is selected from the group
consisting of -CO2RS and -C(O)NR SRS'; RM is selected
from the group consisting of Rz , indol-7-yl, -SO2RY,
-C3- 4alkylCO2RY, -CO2RY, -C(O)NR 2ORY, -C(O)RY,
-C(O)C 1-4alkylORY, - C0-4alkylC(O)NR sRs',
C0-4alkylC(O)CO 2RY, 1,3-dihydro-indol-2-one-1 -yl,
1,3- dihydro-benzoimidazol-2-one-1 -yl, tetrazol-5-yl,
1-Rg - 1/-/-tetrazol-5-yl, Rg -triazolyl,
2-RY-2tf-tetrazol-5-yl and -C0-4alkylC(O)N(R Y)(SO2RY)
, each of said RM that is not - H being optionally
substituted with 1, 2, or 3 substituents RN; RN is
selected from the group consisting of -OCH3, -Cl, -F,
-Br, -I, -OH, -NH2, -CN, -CF3, -CH3, -OC(O)CH 3, and
-NO2; RQ is selected from the group consisting of -Cl,
-F, -Br, -I, -CF3, -CCI3, -CN, -Ci -4alkyl,
-C0.4alkylRAr, -C0-4alkylRAr' , -C0-4alkylORY,
-C0-4alkylCO2RY, -C0- 4alkylNRYRz , -C0-4alkylNRYCORY,
-C0-4alkylNRYCONRYRz , -C0- 4alkylNRYSO2RY, and
-C0-4alkylSRY; Rs and Rs are independently selected
from the group consisting of -H, -Ci -4alkyl, and
-Co-4alkylphenyl; alternatively, Rs and Rs are taken
together with the nitrogen member to which said Rs and
Rs > are attached to form a 4- 7 membered heterocyclic
ring having 0 or 1 additional heteroatom member
selected from the group consisting of O, S, and >NRY,
provided that said additional heteroatom member is
separated by at least two carbon members from said
nitrogen member to which said Rs and Rs are attached,
and provided that where Rg is C0-4alkylRLr, then RAr
is not substituted with RL; Rw is selected from the
group consisting of Rg , and -C3-7cycloalkyl; Rx is
selected from the group consisting of -ORY, -NRYRZ,
-Ci -4alkyl, and -C0-4alkylRAr;Rg is selected from the
group consisting of -H, -Ci -4alkyl, -C0-4alkylRAr and
-C0-4alkylRAr' , each of said Rg that is not - H being
optionally substituted with 1, 2, or 3 substituents
RN; Rz is selected from the group consisting of Rg ,
-C2-4alkylORY, -C1-2alkylCO2RY -C-|.2alkylC(O)NR sRs
', and -C2-4alkylNRsRs >; provided that when Rg and Rz
are attached to a nitrogen member, then Rg and Rz are
selected as defined above, or Rg and Rz are taken
together with the Rg - and Rz- attached nitrogen
member to form a 4-7 membered heterocyclic ring HetRd
having 0 or 1 additional heteroatom members selected
from the group consisting of O, S, and >NRM, said 4-7
membered heterocyclic ring HetRd having 0 or 1
carbonyl members, and said 4-7 membered heterocyclic
ring HetRd having 0 or 1 valence allowed carbon 



members substituted with at least one of RM, -CO2H,
and -Co-ialkylORY; RAr is a moiety with a carbon
member attachment point and said RLr is selected from
the group consisting of phenyl, pyridyl, pyrimidyl,
and pyrazinyl, wherein each valence allowed carbon
member in each of said RAr is independently
substituted with at least one of 0, 1, 2, or 3
substituents RN, and 0 or 1 substituent RL; RAr is a
3-8 membered ring having 0, 1, or 2 heteroatom members
selected from the group consisting of O, S, N, and
>NRY, said RAr having 0, 1, or 2 unsaturated bonds and
having 0 or 1 carbonyl members, wherein each valence
allowed member in each of said RAr ring is
independently substituted with 0, 1, or 2 substituents
Rk; and Rf is a linear 3- to 5-membered hydrocarbon
moiety having 0 or 1 unsaturated carbon-carbon bonds
and having 0 or 1 carbonyl members; provided that when
(d ) Y' is R1(CHz)2-3O-, (c2) Z is -CH2- , and (c3) X
is CH, then R2 and R3 independently are not -H, -Ci.
alkyl, or unsubstituted -Ci - 7alkylC(O)Rx; or R2 and
R3 taken together with the nitrogen member to which
they are attached do not form HetRb or HetRc where Rg
or RM are phenyl, pyridyl, or pyrimidyl.Embodiments of
compounds of formula (II) are LTA4H modulators.
Embodiments of compounds of formula (II) are LTA4H
inhibitors. Isomeric forms of the compounds of
formulae (I) and (II), and of their pharmaceutically
acceptable salts, amides and esters, are encompassed
within the present invention, and reference herein to
one of such isomeric forms is meant to refer to at
least one of such isomeric forms. One of ordinary
skill in the art will recognize that compounds
according to this invention may exist, for example in
a single isomeric form whereas other compounds may
exist in the form of an isomeric mixture. Whether
stated explicitly or not in any part of the written
description and claims, it is understood that each
substituent and member assignment in the context of
this invention is made independently of any other
member and substituent assignment, unless stated
otherwise. By way of a first example o n substituent
terminology, if substituent S1 Qcampie is one of Si
and S2, and substituent S2 exampie is one of S3 and S4
, then these assignments refer to embodiments of this
invention given according to the choices S1 ecampie is
S-i and  example IS S S example 'S S i and S example
IS S ; S example IS S and S example IS O 3 ; S1exampie
is S2 and S2 eXampie is S4; and equivalents of each
one of such choices. The shorter terminology "S1
ecampie is one of Si and S2, and S2 ecamPie is one of
S3 and S " is accordingly used herein for the sake of
brevity, but not by way of limitation. The foregoing
first example o n substituent terminology, which is
stated in generic terms, is meant to illustrate the
various substituent R assignments described herein.
The foregoing convention given herein for substituents
extends, when applicable, to members such as X and Z ,
and to any index if applicable. Furthermore, when more
than one assignment is given for any member 



o r substituent, embodiments of this invention
comprise the various groupings that can be made from
the listed assignments, taken independently, and
equivalents thereof. By way of a second example o n
substituent terminology, if it is herein described
that substituent SeXampie is one of Si, S2, and S3,
this listing refers to embodiments of this invention
for which SeXampie is S-i; SQXampie is S2; Sexampie is
S3; Sexampie is one of Si and S2; Sexampie is one of
Si and S3; Sexampie is one of S2 and S3; Sexampie is
one of Si, S2 and S3; and Sexampie is anyequivalent of
each one of these choices. The shorter terminology
"Sexampie is one of Si, S2, and S3" is accordingly
used herein for the sake of brevity, but not by way of
limitation. The foregoing second example on
substituent terminology, which is stated in generic
terms, is meant to illustrate the various substituent
R assignments described herein. The foregoing
convention given herein for substituents extends, when
applicable, to members such as X and Z , and to any
index if applicable. The nomenclature "Cj-j" with j >
i, when applied herein to a class of substituents, is
meant to refer to embodiments of this invention for
which each and every one of the number of carbon
members, from i to j , including i and j , is
independently realized. By way of example, the term
C-i-3 refers independently to embodiments that have
one carbon member (C-i), embodiments that have two
carbon members (C2), and embodiments that have three
carbon members (C3) . The term Cn-malkyl refers to an
aliphatic chain, whether straight or branched, with a
total number N of carbon members in the chain that
satisfies n < N < m, with m > n. When any variable
referring to a substituent, compound member or index,
occurs more than once, the full range of assignments
is meant to apply to each occurrence, independently of
the specific assignment(s) to any other occurrence of
such variable. According to the foregoing interpretive
considerations on assignments and nomenclature, it is
understood that explicit reference herein to a set
implies, where chemically meaningful and unless
indicated otherwise, independent reference to
embodiments of such set, and reference to each and
every one of the possible embodiments of subsets of
the set referred to explicitly. Any linker referred to
herein is meant to encompass the various attachment
possibilities when more than one of such possibilities
are allowed. For example, reference to linker -A-B-,
where A  B, refers herein to such member with A
attached to a first terminus and B attached to a
second terminus, and it also refers to such linker
with A attached to the second terminus and B attached
to the first terminus. Examples of such linker
areprovided by Z assignments such as -OCH2- ,
-OCH2CH(R11)-, and -CH2CH(R1 1)-. The present
invention also features methods for inhibiting LTA4H
enzyme activity with such compounds, pharmaceutical
compositions containing such compounds, and methods of
using such compositions in the treatment or prevention
of conditions that are mediated by LTA4H enzyme
activity. Pharmaceutical compositions according to the
present invention include at least one of the
compounds of the present invention. If more than one
of such compounds is included in a composition, the
therapeutically effective amount may be a jointly
effective amount. As such inhibitors of the LTA4H
enzyme, compounds and compositions according to the
present invention are useful in the prevention,
inhibition, or treatment of inflammation. The
invention also features a pharmaceutical composition
for treating or preventing an LTA4H-mediated condition
in a subject, comprising a 



therapeutically effective amount of at least one LTA4H
modulator selected from compounds of formulae (I) and
(II), enantiomers, diastereomers, racemates,
tautomers, hydrates, solvates thereof,
pharmaceutically acceptable salts, amides and esters
thereof. In addition, the invention features a
pharmaceutical composition for inhibiting inflammatory
response in a subject, comprising a therapeutically
effective amount of at least one LTA4H inhibitor
selected from compounds of formulae (I) and (II),
enantiomers, diastereomers, racemates, tautomers,
hydrates, solvates thereof, pharmaceutically
acceptable salts, amides and esters thereof. The
invention additionally features an anti inflammatory
composition, comprising a therapeutically effective
amount of at least one anti-inflammatory compound
selected from compounds of formulae (I) and (II),
enantiomers, diastereomers, racemates, tautomers,
hydrates, solvates thereof, pharmaceutically
acceptable salts, amides and esters thereof. The
invention features methods for treating or preventing
inflammation in a subject, comprising administering to
the subject in connection with an inflammatory
response a pharmaceutical composition that comprises a
therapeutically effective amount of at least one
anti-inflammatory compound selected from compounds of
formulae (I) and (II), enantiomers, diastereomers,
racemates, tautomers, hydrates, solvates thereof,
pharmaceutically acceptablesalts, amides and esters
thereof. The invention also features methods for
treating or preventing an LTA4H-mediated condition in
a subject, comprising administering to the subject a
pharmaceutical composition that comprises a
therapeutically effective amount of at least one LTA4H
modulator selected from compounds of formulae (I) and
(II), enantiomers, diastereomers, racemates,
tautomers, hydrates, solvates thereof,
pharmaceutically acceptable salts, amides and esters
thereof. Furthermore, the invention features methods
for inhibiting inflammation in a subject, comprising
administering to the subject a pharmaceutical
composition that comprises a therapeutically effective
amount of at least one LTA4H inhibitor selected from
compounds of formulae (I) and (II), enantiomers,
diastereomers, racemates, tautomers, hydrates,
solvates thereof, pharmaceutically acceptable salts,
amides and esters thereof. This invention features
methods for the treatment, prevention and/or
inhibition of conditions that are associated with
and/or cause inflammation, such as any one or a
plurality of the following conditions: Asthma, chronic
obstructed pulmonary disease (COPD), atherosclerosis,
rheumatoid arthritis, multiple sclerosis, inflammatory
bowel diseases (including Crohn's disease and
ulcerative colitis), or psoriasis, which are each
characterized by excessive or prolonged inflammation
at some stage of the disease. In addition, this
invention features methods for the treatment,
prevention, and/or inhibition of cardiovascular
disease with an inflammatory component, such as
myocardial infarction, aortic aneurysm, ischemia
reperfusion, or stroke, comprising administering to
the subject a pharmaceutical composition that
comprises a therapeutically effective amount of at
least one LTA4H modulator selected from compounds of
formula (I), formula (II), enantiomers, diastereomers,
racemates, tautomers, hydrates, solvates thereof,
pharmaceutically acceptable salts, amides and esters
thereof. Additional features and advantages of the
invention will become apparent from the detailed
description below, including examples, and the
appended claims.Detailed Description of the Invention
The present invention is directed to compounds of
formula (I) and (II), as herein defined, enantiomers,
diastereomers, racemates, tautomers, hydrates,
solvates thereof, pharmaceutically acceptable salts,
amides and esters thereof, pharmaceutical compositions
that contain at least one of such compounds, 



methods of using, including treatment and/or
prevention of conditions such as those that are
mediated by LTA4H, and methods of making such
pharmaceutical compositions. The following terms are
defined below, and by their usage throughout the
disclosure. "Alkyl" includes straight chain and
branched hydrocarbons with at least one hydrogen
removed to form a radical group. Alkyl groups include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, 1-methyl propyl, pentyl, isopentyl,
sec-pentyl, hexyl, heptyl, octyl, and so on. Alkyl
does not include cycloalkyl. "Alkenyl" includes
straight chain and branched hydrocarbon radicals as
above with at least one carbon-carbon double bond
(sp2) . Unless indicated otherwise by the prefix that
indicates the number of carbon members, alkenyls
include ethenyl (or vinyl), prop-1-enyl, prop-2-enyl
(or allyl), isopropenyl (or 1- methylvinyl),
but-1-enyl, but-2-enyl, butadienyls, pentenyls,
hexa-2,4-dienyl, and so on. "Alkynyl" includes
straight chain and branched hydrocarbon radicals as
above with at least one carbon-carbon triple bond
(sp). Unless indicated otherwise by the prefix that
indicates the number of carbon members, alkynyls
include ethynyl, propynyls, butynyls, and pentynyls.
Hydrocarbon radicals having a mixture of double bonds
and triple bonds, such as 2-penten-4-ynyl, are grouped
as alkynyls herein. "Alkoxy" includes a straight chain
or branched alkyl group with a terminal oxygen linking
the alkyl group to the rest of the molecule. Alkoxy
includes methoxy, ethoxy, propoxy, isopropoxy, butoxy,
t-butoxy, pentoxy and so on. "Aminoalkyl",
"thioalkyl", and "sulfonylalkyl" are analogous to
alkoxy, replacing the terminal oxygen atom of alkoxy
with, respectively, NH (or NR), S, and SO2.Unless
indicated otherwise by the prefix that indicates the
number of carbon members, "cycloalkyl" includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, and so on. Unless indicated
otherwise by the prefix that indicates the number of
members in the cyclic structure, "heterocyclyl",
"heterocyclic" or "heterocycle" is a 3- to 8-member
aromatic, saturated, or partially saturated single or
fused ring system that comprises carbon atoms wherein
the heteroatoms are selected from N, O, and S.
Examples of heterocyclyls include thiazoylyl, furyl,
pyranyl, isobenzofuranyl, pyrrolyl, imidazolyl,
pyrazolyl, isothiazolyl, isoxazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl,
isoindolyl, indolyl, indazolyl, purinyl, quinolyl,
furazanyl, pyrrolidinyl, pyrrolinyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, pyrazolinyl, piperidyl,
piperazinyl, indolinyl, and morpholinyl. For example,
preferred heterocyclyls or heterocyclic radicals
include morpholinyl, piperazinyl, pyrrolidinyl,
pyridyl, cyclohexylimino, cycloheptylimino, and more
preferably, piperidyl. "Aryl" includes phenyl,
naphthyl, biphenylyl, tetrahydronaphthyl, and so on,
any of which may be optionally substituted. Aryl also
includes arylalkyl groups such as benzyl, phenethyl,
and phenylpropyl. Aryl includes a ring system
containing an optionally substituted 6-membered
carbocyclic aromatic ring, said system may be
bicyclic, bridged, and/or fused. The system may
include rings that are aromatic, or partially or
completely saturated. Examples of ring systems include
indenyl, pentalenyl, 1-4-dihydronaphthyl, indanyl,
benzimidazolyl, benzothiophenyl, indolyl,
benzofuranyl, isoquinolinyl, and so on. Unless
indicated otherwise, the terms "heteroaryl" or
"heteroaromatic" refer to those heterocycles that are
aromatic in nature. Examples illustrating heteroaryl
are thienyl, furanyl, pyrrolyl, imidazolyl, oxazolyl,
thiazolyl, benzothienyl, benzofuranyl, benzimidazolyl,
benzoxazolyl, benzothiazolyl, 



pyridyl, and pyrimidinyl. "Halo" includes fluoro,
chloro, bromo, and iodo, and is preferably fluoro or
chloro. The term "carbonyl" refers to a >C=O moiety,
such that when this term is characterized as being
part of a chain or cyclic structure, the carbon member
inthe carbonyl group is taken as being one of the
carbon members of such chain or cyclic structure. The
terms "carbocycle" and "carbocyclic" refer to a
cycloalkyl or a partially saturated cycloalkyl that is
not benzo . As in standard chemical nomenclature, the
group phenyl is herein referred to as "phenyl" or as
"Ph". To provide a more concise description, some of
the quantitative expressions given herein are not
qualified with the term "about". It is understood
that, whether the term "about" is used explicitly or
not, every quantity given herein is meant to refer to
the actual given value, and it is also meant to refer
to the approximation to such given value that would
reasonably be inferred based on the ordinary skill in
the art, including equivalents and approximations due
to the experimental and/or measurement conditions for
such given value. Whenever a yield is given as a
percentage, such yield refers to a mass of the entity
for which the yield is given with respect to the
maximum mass of the same entity that could be obtained
under the particular stoichiometric conditions.
Concentrations that are given as percentages refer to
mass ratios, unless indicated differently. It is
understood that substitutions and combinations of
substitutions recited herein, whether stated
explicitly or not, refer to substitutions that are
consistent with the valency of the member being
substituted. Terms such as "valence allowed site,"
"valence allowed member," and morphological variations
thereof are used in this sense. For example, "valence
allowed" when applied to a carbon member refers to the
tetravalency of C; it refers to the trivalency of N
when applied to a nitrogen member; and it refers to
the bonding of a nitrogen member that is
conventionally characterized with a positive electric
charge or that is in a quaternary form. The present
invention also encompasses compounds as described
herein and equivalents thereof with at least one
valence allowed nitrogen member, including but not
limited to a quaternary nitrogen member and a nitrogen
oxide, each of which may be prepared according to
methods known in the art (see J. March, Advanced
Organic Chemistry, 4th ed., 1991 , pp. 4 11-412,
1200-1201 ; R.C. Larock,Comprehensive Organic
Transformations, 1989, pp. 397-400, 421-425; and
references cited therein). Particular preferred
compounds of the invention comprise a compound of
formula (I) or (II), or an enantiomer, diastereomer,
racemate, tautomer, hydrate, solvate thereof, or a
pharmaceutically acceptable salt, amide or ester
thereof, wherein Y, Y', X, R6, Z, R2, R3, R2' and R3'
have any of the meanings defined hereinabove and
equivalents thereof, or at least one of the following
assignments and equivalents thereof. Such assignments
may be used where appropriate with any of the
definitions, claims or embodiments defined herein: X
is CH; Y' is selected from the group consisting of
R7N(R8 CO2- , R7N(R8)C(O)N(R8)-, R7N(R8 CO2CH2- ,
R7N(R8)C(O)CH2- , R1OC(O)N(R8)-, R1OCO2- , R1CO2- ,
R1CH(R9)CO2- R1C(O)CH(R 10)O-, and R1CH(R9)CH(R10)O-,
provided that when one of R9 and R10 in
R1CH(R9)CH(R10)O- is -H, then the other is not -H; Y'
is R1(CHa)2-3O-; R1 is selected from the group
consisting of phenyl, thienyl, indolyl, and
tetrahydronaphthyl, and R1 is substituted with 0, 1,
or 2 substituents selected 



from the group consisting of -H, -OCH3, -Cl, -F, -Br,
-I, -OH, -NH2, -CN, -CF3, and -CH3; R1 is phenyl; R4
is selected from the group consisting of -H, -Cl, -F,
and -OH; R4 is -H; R7 is -C1-4alkyl; R7 is methyl or
ethyl; R7 is selected from the group consisting of
phenyl, thienyl, pyrrolyl, furanyl, oxazolyl,
imidazolyl, thiazolyl, indolyl, indanyl, and
tetrahydronaphthyl; R7 is selected from the group
consisting of phenyl, thienyl, indolyl, indanyl, and
tetrahydronaphthyl; R7 is phenyl; R8 is -C1-4alkyl; R8
is methyl or ethyl; R7 and R8 are taken together with
the nitrogen member to which they are attached to form
pyrrolidinyl, piperidinyl, morpholinyl, or
thiomorpholinyl;R7 and R8 are taken together with the
nitrogen member to which they are attached to form
piperidinyl; R9 is -H1-Cl, methyl, ethyl, or -OH; R9
is -H, methyl, or -OH; R9 is methyl; R10 is -H,
methyl, ethyl, isopropyl, or butyl; R10 s -H; R1 1 Js
-H; Z is selected from the group consisting of bond,
-CH2- , -OCH2- , -OCH2CH2- , and -CH2CH2- ; Z is bond,
and Y1 is one of R1(CH2)2-3O-, R1CO2- , R1CH(R9 CO2- ,
R1C(O)CH(R 10P-, or R1CH(R9)CH(R10)O-, provided that
when one of R9 and R10 in R1CH(R9)CH(R10)O- is -H,
then the other is not -H; Z is bond, and YJ is
R1(CH2)2-3O-; R6 is -H; R2 and R3 are each
independently selected from the group consisting of
-H, -Ci-7alkyl, -C3-7alkenyl, -C3-7alkynyl,
-Ca^cycloalkyl optionally benzofused, and phenyl; Y'
is R1(CH2)2-3O- and R2 and R3 are each independently
selected from the group consisting of -C3-7alkenyl,
-C3.7alkynyl, -Cs-rcycloalkyl optionally benzofused,
and phenyl; R2 and R3 are each independently selected
from the group consisting of a 4-7 membered saturated
heterocyclic ring HetRa, said 4-7 membered saturated
heterocyclic ring HetRa, having 0 or 1 double bonds,
having a carbon member point of attachment and
containing a member >NRM as a heteroatom member, and
said heteroatom member being separated from said
carbon member point of attachment by at least one
additional carbon member; R2 and R3 are each
independently selected from the group consisting of
-Ci - 7alkylC(O)R x, optionally substituted with
CH2RAr or CH2RAr' ; Y' is R1(CH2)2-3q - and said R2
and R3 are each independently selected from the group
consisting of -Ci -7alkylC(O)Rx, substituted with
CH2RAr or CH2RAr" ;R2' and R3 are each independently
selected from the group consisting of -C2-
5alkylC(O)Rx, wherein two valence allowed carbon
members in the C2-5alkyl of said -C2-5alkylC(O)R x are
part of a saturated C3-6carbocycle; R2 and R3' are
each independently selected from the group consisting
of -C2. 5alkyl0H, wherein two valence allowed carbon
members in the C2-5alkyl of said -C2-5alkyl0H are part
of a saturated C3-6carbocycle; 



R2 and R3 are each independently -Ci -4alkylAr5 ,
where Ar5 is a 5-membered heteroaryl containing 3 or 4
nitrogen members, optionally substituted with Rg , and
having a valence allowed site as a point of
attachment; R2' and R3' are taken together with the
nitrogen member to which they are attached to form
azetidinyl, pyrrolidinyl, piperidinyl, or
homopiperidinyl; R2 and R3 are taken together with the
nitrogen member to which they are attached to form
piperidinyl; Y' is R1(CH2)2-3q - , and said R2 and R3
are taken together with the nitrogen member to which
they are attached to form piperidinyl, said
piperidinyl being substituted with 1 or 2 substituents
at the same or at different ring members, said
substituents being selected from the group consisting
of -Rg , -CN, - C(O)RY, -C0-4alkylCO2RY,
-C0-4alkylC(O)CO2RY, -C0.4alkylORY -C0- 4alkylC(O)NR
YRz , -Co-4alkylNRg C(0)R z , -C(O)NRZORY, -C0-
4alkylNRYC(O)CH2ORY -C0-4alkylNRYC(O)CH2C(O)RY,
-C0-4alkylNRYCO2RY, -C0-4alkylNRYC(O)NRYRz ,
-C0-4alkylNRYC(S)NRYRz -NRYC(O)CO2RY -NRYRZ,
-C0-4aIkylNRw SO2RY, 1 ,3-dihydro-indol-2-one-1-yl,
1,3-dihydro-benzoimidazol-2- one-1-yl, tetrazol-5-yl,
1-RY-1H-tetrazol-5-yl, Rg -triazolyl,
2-RY-2H-tetrazol-5-yl, pyrrolidine-2-thion-1 -yl,
piperidine-2-thion-1 -yl, -Co-4alkylC(0)N(R g )(S0 2Rg
) , -C0-4alkylN(RY)(SO2)NRYRY -C0-4alkylN(Rg )(Sq
2)NRgCO2RY, halo, R2 and R3 are taken together with
the nitrogen member to which they are attached to form
piperazinyl or piperazinonyl; Compounds of formula (I)
or (II) comprise compounds that satisfy any one of the
combinations of definitions given herein and
equivalents thereof.It is understood that some
compounds referred to herein are chiral and/or have
geometric isomeric centers, for example E- and Z-
isomers. The present invention encompasses all such
optical isomers, including diasteroisomers and racemic
mixtures, and geometric isomers that possess the
activity that characterizes the compounds of this
invention. In addition, certain compounds referred to
herein can exist in solvated as well as unsolvated
forms. It is understood that this invention
encompasses all such solvated and unsolvated forms
that possess the activity that characterizes the
compounds of this invention. Compounds according to
the present invention that have been modified to be
detectable by some analytic technique are also within
the scope of this invention. An example of such
compounds is an isotopically labeled compound, such as
an 18F isotopically labeled compound that may be used
as a probe in detection and/or imaging techniques,
such as positron emission tomography (PET) and
single-photon emission computed tomography (SPECT).
Another example of such compounds is an isotopically
labeled compound, such as a deuterium and/or tritium
labeled compound that may be used in reaction kinetic
studies. The present invention includes within its
scope prodrugs of the compounds of this invention. In
general, such prodrugs will be functional derivatives
of the compounds that are readily convertible in vivo
into the required compound. Thus, in the methods of
treatment of the present invention, the term
"administering" shall encompass the treatment of the
various disorders described with the compound
specifically disclosed or with a compound that may not
be specifically disclosed, but that converts to the
specified compound in vivo after administration to the
patient. Conventional procedures for the selection and
preparation of suitable prodrug derivatives are
described, for example, in "Design of Prodrugs",
Bundgaard, H. ed., Elsevier, 1985. Reference to a
compound herein stands for a reference to any one of:
(a) the actually recited form of such compound, and
(b) any of the forms of 



such compound in the medium in which the compound is
being considered when named. For example, reference
herein to a compound such as RCOOH, encompasses
reference to any one of, for example, R-COOH(S),
RCOOH(soi), and R-COO"(SO i). In this example,
R-COOH(S) refers to the solid compound, as it could be
for example in a tablet or some other solid
pharmaceutical composition or preparation; R-COOH(SO
i) refers to the undissociated form of the compound in
a solvent, such as water; and R-COO" (sol) refers to
the dissociated form of the compound in a solvent,
such as the dissociated form of the compound in an
aqueous environment, whether such dissociated form
derives from R-COOH, from a salt thereof, or from any
other entity that yields R-COO" upon dissociation in
the medium being considered. In another example, an
expression such as "exposing an entity to compound of
formula R-COOH" refers to the exposure of such entity
to the form, or forms, of the compound R-COOH that
exists, or exist, in the medium in which such exposure
takes place. In this regard, if such entity is for
example in an aqueous environment, it is understood
that the compound R-COOH is in such same medium, and
therefore the entity is being exposed to species such
as RCOOH (aq) and/or R-COO" (aq) , where the subscript
"(aq)" stands for "aqueous" according to its
conventional meaning in chemistry and biochemistry. A
carboxylic acid functional group has been chosen in
these nomenclature examples; this choice is not
intended, however, as a limitation but it is merely an
illustration. It is understood that analogous examples
can be provided in terms of other functional groups,
including but not limited to hydroxyl, basic nitrogen
members, such as those in amines, and any other group
that interacts or transforms according to known
manners in the medium that contains the compound. Such
interactions and transformations include, but are not
limited to, dissociation, association, tautomerism,
solvolysis, including hydrolysis, solvation, including
hydration, protonation, and deprotonation. No further
examples in this regard are provided herein because
these interactions and transformations in a given
medium are known by any one of ordinary skill in the
art. Embodiments of this invention are made according
to the synthetic methods outlined in Schemes A-K, have
demonstrated LTA4H inhibitory activity, and are
selected from the group consisting of:METHOD AND
APPARATUSFOR HIGH RATE DATA TRANSMISSION IN WIRELESS
COMMUNICATION I . Claim of Priority under 35 U.S.C.
119 [0001] The present Application for Patent claims
priority to Provisional Application Serial No.
60/666,461, entitled "METHOD AND APPARATUS FOR HIGH
RATE DATA TRANSMISSION IN WIRELESS COMMUNICATIONS,"
filed March 29, 2005, assigned to the assignee hereof,
and expressly incorporated herein by reference.
BACKGROUND I . Field [0002] The present disclosure
relates generally to communication, and more
specifically to techniques for high rate data
transmission. II. Background [0003] Wireless
communication systems are widely deployed to provide
various communication services such as voice, packet
data, broadcast, messaging, and so on. These systems
may be multiple-access systems capable of supporting
communication for multiple users by sharing the
available system resources. Examples of such
multiple-access systems include Code Division Multiple
Access (CDMA) systems, 



Time Division Multiple Access (TDMA) systems,
Frequency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFDMA)
systems. [0004] Data usage for wireless communication
systems continually grows due to increasing number of
users as well as emergence of new applications with
higher data requirements. However, a given system
typically has limited transmission capacity, which is
determined by the design of the system. A substantial
increase in transmission capacity is often realized by
deploying a new generation or a new design of a
system. For example, the transition from second
generation (2G) to third generation (3G) in cellular
systems provides substantial improvements in data rate
and features. However, new system deployment is
capital intensive and often complicated. [0005] There
is therefore a need in the art for techniques to
improve transmission capacity of a wireless
communication system in an efficient and cost
effective manner.SUMMARY [0006] Techniques for
utilizing multiple carriers on the forward and/or
reverse link to significantly improve transmission
capacity are described herein. These techniques may be
used for various wireless communication systems such
as, e.g., a cdma2000 system. These techniques may
provide various benefits with relatively minor changes
to existing channel structures designed for
single-carrier operation. [0007] According to an
embodiment of the invention, an apparatus is described
which includes at least one processor and a memory.
The processor(s) receive an assignment of multiple
forward link (FL) carriers and at least one reverse
link (RL) carrier. The processor(s) thereafter receive
data transmission on one or more of the multiple FL
carriers. [0008] According to another embodiment, a
method is provided in which an assignment of multiple
FL carriers and at least one RL carrier is received.
Data transmission is thereafter received on one or
more of the multiple FL carriers. [0009] According to
yet another embodiment, an apparatus is described
which includes means for receiving an assignment of
multiple FL carriers and at least one RL carrier, and
means for receiving data transmission on one or more
of the multiple FL carriers. [0010] According to yet
another embodiment, an apparatus is described which
includes at least one processor and a memory. The
processor(s) obtain acknowledgements for packets
received on multiple data channels (e.g., F-PDCHs),
channelize the acknowledgement for each data channel
with an orthogonal code assigned to the data channel
to generate a symbol sequence for the data channel,
and generate modulation symbols for an acknowledgement
channel (e.g., R-ACKCH) based on the symbol sequences
for the multiple data channels. [0011] According to
yet another embodiment, a method is provided in which
acknowledgements are obtained for packets received on
multiple data channels. The acknowledgement for each
data channel is channelized with an orthogonal code
assigned to the data channel to generate a symbol
sequence for the data channel. Modulation symbols for
an acknowledgement channel are generated based on the
symbol sequences for the multiple data channels.
[0012] According to yet another embodiment, an
apparatus is described which includes means for
obtaining acknowledgements for packets received on
multiple data channels, means for channelizing the
acknowledgement for each data channel with an
orthogonalcode assigned to the data channel to
generate a symbol sequence for the data channel, and
means for generating modulation symbols for an
acknowledgement channel based on the symbol sequences
for the multiple data channels. [0013] According to
yet another embodiment, an apparatus is described
which includes at least one processor and a memory.
The processor(s) obtain full channel quality
indication (CQI) reports for multiple FL carriers,
with each full CQI report indicative of received
signal quality for one FL carrier. The processor(s)
send the full CQI reports for the multiple FL carriers
in different time intervals on a CQI channel (e.g.,
RCQICH). 



[0014] According to yet another embodiment, a method
is provided in which full CQI reports for multiple FL
carriers are obtained, with each full CQI report
indicative of received signal quality for one FL
carrier. The full CQI reports for the multiple FL
carriers are sent in different time intervals on a CQI
channel. [0015] According to yet another embodiment,
an apparatus is described which includes means for
obtaining full CQI reports for multiple FL carriers,
with each full CQI report indicative of received
signal quality for one FL carrier, and means for
sending the full CQI reports for the multiple FL
carriers in different time intervals on a CQI channel.
[0016] According to yet another embodiment, an
apparatus is described which includes at least one
processor and a memory. The processor(s) operate in a
control-hold mode that allows for transmission of a
gate pilot, receive a data channel (e.g., P-PDCH) sent
on the forward link while in the control-hold mode,
transmit a gated pilot on a reverse link if no other
transmissions are being sent on the reverse link, and
transmit a full pilot on the reverse link if a
transmission is being sent on the reverse link. [0017]
According to yet another embodiment, a method is
provided in which a terminal is operated in a
control-hold mode that allows for transmission of a
gate pilot. A data channel sent on a forward link is
received while in the control-hold mode. A gated pilot
is transmitted on the reverse link if no other
transmissions are being sent on the reverse link. A
full pilot is transmitted on the reverse link if a
transmission is being sent on the reverse link. [0018]
According to yet another embodiment, an apparatus is
described which includes means for operating in a
control-hold mode that allows for transmission of a
gated pilot, means for receiving a data channel sent
on the forward link while in the control-hold mode,
means for transmitting a gated pilot on the reverse
link if no other transmissionsare being sent on the
reverse link, and means for transmitting a full pilot
on the reverse link if a transmission is being sent on
the reverse link. [0019] Various aspects and
embodiments of the invention are described in further
detail below. BRIEF DESCRIPTION OF THE DRAWINGS [0020]
FIG. 1 shows a wireless communication system. [0021]
FIG. 2 shows an exemplary data transmission on the
forward link in cdma2000. [0022] FIG. 3 shows an
exemplary multi-carrier structure. [0023] FIG. 4A
shows an R-ACKCH structure in cdma2000 revision D.
[0024] FIGS. 4B and 4C show a new R-ACKCH structure
that can support up to three and seven R-ACKCHs,
respectively, for multiple FL carriers. [0025] FIG. 5A
shows an R-CQICH structure in cdma2000 revision D.
[0026] FIG. 5B shows a new R-CQICH structure that can
support multiple FL carriers. [0027] FIGS. 6A through
6E show exemplary transmissions on the new R-CQICH.
[0028] FIG. 7 shows transmission of full and gated
pilots on an R-PICH. [0029] FIG. 8 shows a process
performed by a terminal for multi-carrier operation.
[0030] FIG. 9 shows a process for sending
acknowledgements. [0031] FIG. 10 shows a process for
sending CQI reports. [0032] FIG. 11 shows a process
for reducing pilot overhead for multi-carrier
operation. [0033] FIG. 12 shows a block diagram of a
base station and a terminal. DETAILED DESCRIPTION
[0034] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration."
Any embodiment described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other embodiments. [0035] FIG. 1
shows a wireless communication system 100 with
multiple base stations 110 and multiple terminals 120.
A base station is generally a fixed station that
communicates with the terminals and may also be
referred to as an access point, a Node B, a base
transceiver subsystem (BTS), and/or some other
terminology. Each base station 110 provides
communication coverage for a particular geographic
area 102. The 



term "cell" can refer to a base station and/or its
coverage area depending on the context in which the
term is used. To improve system capacity, a base
station coverage area maybe partitioned into multiple
smaller areas, e.g., three smaller areas 104a, 104b,
and104c. The term "sector" can refer to a fixed
station that serves a smaller area and/or its coverage
area depending on the context in which the term is
used. For a sectorized cell, a base station typically
serves all sectors of the cell. The transmission
techniques described herein may be used for a system
with sectorized cells as well as a system with
un-sectorized cells. For simplicity, in the following
description, the term "base station" is used
generically for a fixed station that serves a sector
as well as a fixed station that serves a cell. [0036]
Terminals 120 are typically dispersed throughout the
system, and each terminal may be fixed or mobile. A
terminal may also be referred to as a mobile station,
a user equipment, or some other terminology. A
terminal may be a cellular phone, a personal digital
assistant (PDA), a wireless device, a handheld device,
a wireless modem, and so on. A terminal may
communicate with zero, one, or multiple base stations
on the forward and/or reverse link at any given
moment. The forward link (or downlink) refers to the
communication link from the base stations to the
terminals, and the reverse link (or uplink) refers to
the communication link from the terminals to the base
stations. [0037] A system controller 130 couples to
base stations 110 and provides coordination and
control for these base stations. System controller 130
may be a single network entity or a collection of
network entities. [0038] The transmission techniques
described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA and
OFDMA systems. A CDMA system may implement one or more
radio technologies such as cdma2000, Wideband-CDMA
(W-CDMA), and so on. cdma2000 covers IS-2000, IS-856,
IS-95, and other standards. A TDMA system may
implement a radio technology such as Global System for
Mobile Communications (GSM). These various radio
technologies and standards are known in the art.
W-CDMA and GSM are described in documents from a
consortium named "3rd Generation Partnership Project"
(3GPP). cdma2000 is described in documents from a
consortium named "3rd Generation Partnership Project
2" (3GPP2). 3GPP and 3GPP2 documents are publicly
available. For clarity, the transmission techniques
are specifically described below for a cdma2000
system, which maybe a "CDMA Ix-EVDV", "CDMA Ix", "CDMA
Ix-EVDO" and/or "Ix" system. [0039] cdma2000 defines
various data and control channels that support data
transmission on the forward and reverse links. Table 1
lists some data and control channels for the forward
and reverse links and provides a short description for
each channel. In the description herein, prefix "F-"
denotes a channel for the forward linkand prefix "R-"
denotes a channel for the reverse link. The channels
are described in detail in "TIA/EIA IS-2000.2 Physical
Layer Standard for cdma2000 Spread Spectrum Systems,
Release D" (hereinafter, TIA/EIA IS-2000.2) and
"TIA/EIA IS-2000.3 Medium Access Control (MAC)
Standard for cdma2000 Spread Spectrum Systems, Release
D" (hereinafter, TIA/EIA IS-2000.3), both from
Telecommunications Industry Association, dated 2004,
and publicly available. cdma2000 revision D is also
referred to as IS-2000 revision D, or simply "Rev D".
The data and control channels are also described in
other standard documents for cdma2000. Table 1 [0040]
In general, the F-PDCH, F-PDCCH, R-ACKCH and R-CQICH
are used for data transmission on the forward link.
The R-PDCH, R-REQCH, R-PICH, F-ACKCH and F-GCH are
used for data transmission on the reverse link. In
general, each channel may carry control information,
data, pilot, other transmission, or any combination
thereof. [0041] FIG. 2 shows an exemplary data
transmission on the forward link in cdma2000. A base
station has data packets to send to a terminal. The
base station processes eachdata packet to generate a
coded packet and further partitions the coded packet
into multiple subpackets. Each subpacket contains
sufficient information to allow the terminal to decode
and recover the packet under favorable channel
conditions. 



[0042] The base station transmits the first subpacket
Al for packet A on the F-PDCH in two slots starting at
time T1. A slot has a duration of 1.25 milliseconds
(ms) in cdma2000. The base station also transmits on
the F-PDCCH a 2-slot message that indicates that the
transmission on the F-PDCH is for the terminal. The
terminal receives and decodes subpacket Al, determines
that packet A is decoded in error, and sends a
negative acknowledgement (NAK) on the R-ACKCH at time
T2. In this example, the ACK delay is 1 slot. The base
station transmits the first subpacket Bl for packet B
on the F-PDCH in four slots starting at time T3. The
base station also transmits on the FPDCCH a 4-slot
message that indicates that the transmission on the
F-PDCH is for the terminal. The terminal receives and
decodes subpacket Bl, determines that packet B is
decoded correctly, and sends an acknowledgement (ACK)
on the R-ACKCH at time T4. The base station transmits
the second subpacket A2 for packet A on the F-PDCH in
one slot starting at time T . The terminal receives
subpacket A2, decodes subpackets Al and A2, determines
that packet A is decoded in error, and sends a NAK on
the RACKCH at time T6. [0043] The terminal also
periodically measures the channel quality for base
stations that can potentially transmit data to the
terminal. The terminal identifies the best base
station and sends full and differential (Diff) channel
quality indication (CQI) reports on the R-CQICH, as
described below. The CQI reports are used to select
the most suitable base station to send data to the
terminal as well as a suitable data rate for data
transmission. [0044] In cdma2000, a base station
spectrally spreads data with a pseudo-random number
(PN) sequence at a rate of 1.2288 megachips/second
(Mcps). The base station modulates a carrier signal
with the spread data and generates a radio frequency
(RF) modulated signal having a bandwidth of 1.2288
MHz. The base station then transmits the RF modulated
signal at a specific center frequency on the forward
link. This is referred to as single-carrier CDMA since
a single carrier is modulated with data. The capacity
of the forward link is determined by the number of
data bits that may be reliably sent in the 1.2288 MHz
RF modulated signal. On the reverse link, a terminal
also spectrally spreads data with a PN sequence at
1.2288 Mcps and transmits the spread data at a
specific carrier frequency. The capacity of the
reverse link isdetermined by the number of data bits
that may be reliably sent on a data channel assigned
to the terminal. [0045] In an aspect, multiple
carriers are utilized on a link to achieve significant
capacity improvement on that link. In an embodiment, a
chip rate of 1.2288 Mcps is used for each of the
multiple carriers, which is the same chip rate used
for single-carrier CDMA. This allows hardware designed
for single-carrier CDMA to also support multicarrier
CDMA. [0046] FIG. 3 shows a diagram of an embodiment
of a multi-carrier structure 300. In this embodiment,
K carriers are available on the forward link, and M
carriers are available on the reverse link, where K >
1 and M > 1. A forward link (FL) carrier is a carrier
on the forward link, and a reverse link (RL) carrier
is a carrier on the reverse link. A carrier may also
be referred to as an RF channel, a CDMA channel, and
so on. The K FL carriers and M RL carriers are
arranged in G groups, where G > 1 . In general, any
number of carrier groups may be formed, and each group
may include any number of FL carriers and any number
of RL carriers. [0047] In the embodiment shown in FIG.
3, each carrier group includes at least one FL carrier
and one RL carrier, so that G = M and K > M . As shown
in FIG. 3, carrier group 1 includes FL carriers 1
through N1 and RL carrier 1, carrier group 2 includes
FL carriers N1+ 1 through N1 + N2 and RL carrier 2,
and so on, and carrier group M includes FL carriers
K-N M + 1 through K and RL carrier M. In general, N1
through NM may be the same or different. In an
embodiment, Nn, < 4 , for m = 1, ..., M , and up to
four FL carriers may be associated with a single RL
carrier in each carrier group. 



[0048] Multi-carrier structure 300 supports various
system configurations. A configuration with multiple
FL carriers and multiple RL carriers may be used for
high rate data transmission on both the forward and
reverse links. A configuration with multiple FL
carriers and a single RL carrier may be used for high
rate data transmission on the forward link. A
configuration with a single FL carrier and multiple RL
carriers may be used for high rate data transmission
on the reverse link. A suitable configuration may be
selected for a terminal based on various factors such
as the available system resources, data requirements,
channel conditions, and so on. [0049] In an
embodiment, the FL and RL carriers have different
significance. For each group, one (e.g., the first) FL
carrier in the group is designated as a group FL
primary, and each remaining FL carrier (if any) in the
group is designated as a group FLauxiliary. One (e.g.,
the first) FL carrier among the K FL carriers is
designated as a primary FL carrier. Similarly, one
(e.g., the first) RL carrier among the M RL carriers
is designated as a primary RL carrier. [0050] A
terminal may be assigned any number of FL carriers,
one of which is designated as the primary FL carrier
for that terminal. A terminal may also be assigned any
number of RL carriers, one of which is designated as
the primary RL carrier for that terminal. Different
terminals may be assigned different sets of FL and RL
carriers. Furthermore, a given terminal may be
assigned different sets of FL and RL carriers over
time based on various factors such as those noted
above. [0051] In an embodiment, a terminal uses the
primary FL and RL carriers for the following
functions:  Originate a call on the primary RL
carrier,  Receive signaling during call setup on the
primary FL carrier,  Perform Layer 3 signaling handoff
procedure on the primary FL carrier, and  Select a
serving base station for FL transmission based on the
primary FL carrier. [0052] In an embodiment, the group
FL primary in each carrier group controls the RL
carrier in that group. The group FL primary may be
used for the following functions:  Send power control
for the R-PICH,  Send rate control for the R-PDCH,
Send acknowledgements (on the F-ACKCH) for reverse
link transmissions,  Send MAC control messages (on the
F-PDCCH) to the terminal, and  Send forward grant
messages (on the F-GCH) to the terminal. [0053] The
data and control channels in cdma2000 revision D are
designed for data transmission on a single carrier.
Some of the control channels may be modified to
support data transmission on multiple carriers. The
modifications may be such that (1) the modified
control channels are backward compatible with the
control channels in cdma2000 revision D and (2) the
new changes may be easily implemented, e.g., in
software and/or firmware, which may reduce impact on
hardware design. [0054] A base station may transmit
data on the forward link on any number of FL carriers
in any number of carrier groups to a terminal. In an
embodiment, the RL carrier in each group carries the
R-ACKCH and R-CQICH that support all of the FL
carriers in that group. In this embodiment, the
R-ACKCH carries acknowledgements for packetsreceived
on the F-PDCHs for all FL carriers in the group. The
R-CQICH provides CQI feedback for all FL carriers in
the group. 1. R-ACKCH [0055] In another aspect, a new
R-ACKCH structure that can support data transmission
on multiple FL carriers is described. A terminal may
be monitoring multiple FL carriers in a given group
while transmitting on a single RL carrier, as shown in
FIG. 3. The terminal may receive multiple packets on
multiple F-PDCHs sent on these multiple FL carriers.
The terminal may acknowledge these multiple packets
via a single R-ACKCH sent on the single RL carrier.
The R-ACKCH may be designed with the capability to
carry acknowledgments for one or multiple packets,
depending on the number of FL carriers being received.



[0056] FIG. 4A shows a block diagram of an R-ACKCH
structure 410 used in cdma2000 revision D. An R-ACKCH
bit is generated in each 1.25 ms frame, which is one
slot. This R-ACKCH bit may be (1) an ACK if a packet
is decoded correctly, (2) a NAK if a packet is decoded
in error, or (3) a null bit if there is no packet to
acknowledge. The R-ACKCH bit is repeated 24 times by a
symbol repetition unit 412 to generate 24 identical
modulation symbols, which are further processed and
transmitted on the R-ACKCH. [0057] FIG. 4B shows a
block diagram of an embodiment of a new R-ACKCH
structure 420 that can support up to four R-ACKCHs for
up to four FL carriers. The four R-ACKCHs may also be
considered as four sub-channels of a single R-ACKCH
and may be called Reverse Acknowledgement Sub-Channels
(R-ACKSCHs). hi the following description, the
acknowledgement channel for each FL carrier is
referred to as an R-ACKCH instead of an R-ACKSCH.
[0058] FIG. 4B shows a case in which three R-ACKCHs
are used for three FL carriers, which are referred to
as CDMA channels 0, 1 and 2. The R-ACKCH for each CDMA
channel is implemented with a respective set of signal
point mapping unit 422, Walsh cover unit 424, and
repetition unit 426. CDMA channels 0, 1 and 2 are
assigned 4-chip Walsh codes of W0 4 , W1 4 and W2 4 ,
respectively. The Walsh codes are also referred to as
Walsh functions or Walsh sequences and are defined in
TIA/EIA IS-2000.2. [0059] An R-ACKCH bit is generated
in each 1.25 ms frame (or slot) for each CDMA channel.
For CDMA channel 0, signal point mapping unit 422a
maps the R-ACKCH bitfor CDMA channel 0 to a value of
+1, -1, or 0 depending on whether the R-ACKCH bit is
an ACK, a NAK, or a null bit, respectively. Walsh
cover unit 424a covers the mapped value with the
4-chip Walsh code W0 4 assigned to CDMA channel 0. The
Walsh covering is achieved by (1) repeating the mapped
value four times and (2) multiplying the four
identical values with the four chips of Walsh code W0
4 to generate a sequence of four symbols. Repetition
unit 426a repeats the 4-symbol sequence six times and
generates a sequence of 24 symbols for CDMA channel 0.
The processing for CDMA channels 1 and 2 proceeds in
similar manner as CDMA channel 0. [0060] In each slot,
a summer 428 sums the three 24-symbol sequences from
repetition units 426a, 426b and 426c for CDMA channels
0, 1 and 2, respectively, and provides 24 modulation
symbols for the slot. These modulation symbols are
further processed and transmitted. A base station is
able to recover the R-ACKCH bit for each CDMA channel
by performing the complementary decovering with the
Walsh code assigned to that CDMA channel. [0061] FIG.
4C shows a block diagram of an embodiment of a new
R-ACKCH structure 430 that can support up to eight
R-ACKCHs, e.g., for up to eight FL carriers. FIG. 4C
shows a case in which seven R-ACKCHs are used for
seven FL carriers, which are referred to as CDMA
channels 0 through 6. The R-ACKCH for each CDMA
channel is implemented with a respective set of signal
point mapping unit 432, Walsh cover unit 434, and
repetition unit 436. CDMA channels 0 through 6 are
assigned 8- chip Walsh codes of W0 8 through W6 8,
respectively, which are defined in TIA/EIA IS- 2000.2.
[0062] For each CDMA channel, signal point mapping
unit 432 maps the R-ACKCH bit for that CDMA channel to
a value of +1, -1, or 0. Walsh cover unit 434 covers
the mapped value with the 8-chip Walsh code assigned
to that CDMA channel and provides 



a sequence of eight symbols. Repetition unit 436
repeats the 8-symbol sequence three times and
generates a sequence of 24 symbols for the CDMA
channel. In each slot, a summer 438 sums the seven
24-symbol sequences from repetition units 436a through
436g for CDMA channels 0 through 6, respectively, and
provides 24 modulation symbols for the slot. These
modulation symbols are further processed and
transmitted. [0063] FIGS. 4B and 4C show exemplary
R-ACKCH structures 420 and 430 that support multiple
R-ACKCHs and are backward compatible with the current
R-ACKCH structure 410 shown in FIG. 4A. If only one
CDMA channel is being received, then theR-ACKCH bits
for this CDMA channel may be processed with Walsh code
W0 4 or W0 8 , and the R-ACKCH bits for all other CDMA
channels may be set to null bits. The output of summer
428 or 438 would then be identical to the output of
repetition unit 412 in FIG. 4A. Additional CDMA
channels may be supported by sending the R-ACKCH bits
for these additional CDMA channels using other Walsh
codes. The repetition factor is reduced from 24 down
to either 6 or 3 depending on the Walsh code length.
[0064] The R-ACKCH structures shown in FIGS. 4B and 4C
allow for recovery of the R-ACKCH bits using hardware
designed for the R-ACKCH structure shown in FIG. 4A.
The hardware may generate 24 received symbols for the
R-ACKCHs in each slot. The decovering of these 24
received symbols with Walsh codes may be performed in
software and/or firmware, which may reduce the impact
of upgrading a base station to support multi-carrier
operation. [0065] Multiple R-ACKCHs may also be
implemented with other structures, and this is within
the scope of the present invention. For example,
multiple R-ACKCHs may be time division multiplexed and
sent in different intervals of a given slot. 2.
R-COICH [0066] In yet another aspect, a new R-CQICH
structure that can support CQI feedback for multiple
FL carriers is described. A terminal may be monitoring
multiple FL carriers in a given group while
transmitting on a single RL carrier, as shown in FIG.
3. These multiple FL carriers may observe different
channel conditions (e.g., different fading
characteristics) and may achieve different received
signal qualities at the terminal. It is desirable for
the terminal to provide CQI feedback for as many of
the assigned FL carriers as possible so that the
system can select the proper FL carrier(s) to send
data as well as a suitable rate for each selected FL
carrier. If the system configuration includes a single
RL carrier, then the terminal may send CQI feedback
for all FL carriers on a single R-CQICH via the single
RL carrier. The R-CQICH may be designed with the
capability to carry CQI feedback for one or multiple
FL carriers. [0067] In cdma2000 revision D, the
R-CQICH may operate in one of two modes, a full mode
or a differential mode, in each 1.25 ms frame (or
slot). In the full mode, a full CQI report composed of
a 4-bit value is sent on the R-CQICH. This 4-bit CQI
value conveys the received signal quality for one CDMA
channel. In the differential mode, a differential CQI
report composed of a 1-bit value is sent on the
R-CQICH. This 1-bitCQI value conveys the difference in
received signal quality between the current and prior
slots for one CDMA channel. The full and differential
CQI reports may be generated as described in TIA/EIA
IS-2000.2. [0068] FIG. 5A shows a block diagram of an
R-CQICH structure 510 used in cdma2000 revision D. A
4-bit or 1-bit CQI value may be generated in each 1.25
ms frame (or slot) for a CDMA channel, depending on
whether the full or differential mode is selected. A
4-bit CQI value is also referred to as a CQI value
symbol. A 1-bit CQI value is also referred to as a
differential CQI symbol. A 4-bit CQI value is encoded
with a (12, 4) block code by a block encoder 512 to
generate a codeword with 12 symbols. A 1-bit CQI value
is repeated 12 times by a symbol repetition unit 514
to generate 12 symbols. A switch 516 selects either
the output of block encoder 512 for the full mode or
the output of repetition unit 514 for the differential
mode. 



[0069] A CQI report may be sent to a specific base
station by covering the report with a Walsh code
assigned to that base station. A Walsh cover unit 518
receives a 3-bit Walsh code for a base station
selected to serve the terminal and generates a
corresponding 8-chip Walsh sequence. Unit 518 also
repeats the 8-chip Walsh sequence 12 times and
provides 96 Walsh chips in each slot. A modulo-2 adder
520 adds the symbols from switch 516 with the output
of Walsh cover unit 518 and provides 96 modulation
symbols in each slot. Walsh cover unit 518 and adder
520 effectively cover each symbol from switch 516 with
the 3-bit Walsh code for the selected base station. A
signal point mapping unit 522 maps each modulation
symbol to a value of +1 or -1. A Walsh cover unit 524
covers each mapped value from unit 522 with a Walsh
code of W1 1 and provides output symbols, which are
further processed and transmitted on the R-CQICH.
[0070] The new R-CQICH structure can support the full
and differential modes for one or multiple FL
carriers. In an embodiment, full CQI reports for
different FL carriers in a group are sent in different
slots in a TDM manner. In an embodiment, differential
CQI reports for all FL carriers in the group for a
given slot are jointly encoded and sent together in
the slot. The joint encoding of differential CQI
reports is more efficient than separate encoding of
individual differential CQI reports. The repetition in
block 514 is replaced by more efficient coding. [0071]
FIG. 5B shows a block diagram of an embodiment of a
new R-CQICH structure 530 that can provide CQI
feedback for multiple CDMA channels. In this
embodiment,a 4-bit CQI value for one CDMA channel is
encoded with a (12, 4) block code by a block encoder
532 to generate a codeword with 12 symbols. N 1-bit
CQI values for N CDMA channels are jointly encoded
with a (12, N) block code by a block encoder 534 to
generate a codeword with 12 symbols. The rate (R) of a
block code is equal to the number of input bits over
the number of output bits, or R = 4/12 for the (12, 4)
block code and R = N/12 for the (12, N) block code.
Different code rates generate different amounts of
redundancy and require different received signal
qualities for reliable reception. Hence, different
amounts of transmit power may be used for the codeword
from block encoder 534 depending on the number of CDMA
channels N. [0072] A switch 536 selects either the
output of block encoder 532 for the full mode or the
output of block encoder 534 for the differential mode.
The symbols from switch 536 are processed by a Walsh
cover unit 538, an adder 540, a signal point mapping
unit 542, and a Walsh cover unit 544 in the same
manner described above for units 518, 520, 522 and
524, respectively, in FIG. 5A. Walsh cover unit 544
provides output symbols, which are further processed
and transmitted on the R-CQICH. [0073] The block
coding by encoder 534 may be expressed in matrix form
as follows: = U-G , Eq (I) where u = [u0 U1 ... uk_J
is a lxk row vector for a sequence of 1-bit CQI
values, with u0 being the first input bit in vector u
, y = [Yo i - n- s a c n row vector for an encoder
output codeword, with y0 being the first output bit in
vector y , and G is a k x n generator matrix for the
block coding. [0074] The block codes are typically
specified in terms of their generator matrices.
Different block codes may be defined for different
values of N from 2 through 7 to support up to 7 CDMA
channels. The block code for each value of N may be
selected to achieve good performance, which may be
quantified by the minimum distance between codewords.
Table 2 lists exemplary block codes for N = 2 through
7. The block codes in Table 2 have the largest
possible minimum distance between codewords for linear
block codes.Table 2 [0075] The block coding for N = I
may correspond to the 12x bit repetition performed by
unit 514 in FIG. 5A. In the embodiment shown in Table
2, a (12, 2) block code is 



composed of a (3, 2) block code followed by 4x
sequence repetition. The generator matrix for the (12,
4) block code in encoder 534 is the same as the
generator matrix for the (12, 4) block code in
encoders 512 and 532. The (12, 2), (12, 3), (12, 4),
(12, 5), (12, 6) and (12, 7) block codes in Table 2
have minimum distances of 8 6, 6, 4, 4 and 4,
respectively. Other generator matrices may also be
defined and used for the block codes for the
differential CQI reports. [0076] FIG. 5B shows an
exemplary R-CQICH structure 530 that supports CQI
feedback for multiple CDMA channels and is backward
compatible with the current RCQICH structure 510 shown
in FIG. 5A. If only one CDMA channel is being
received, then the full CQI reports for this CDMA
channel may be processed with the (12, 4) block code,
the differential CQI reports may be processed with 12x
bit repetition, and the output of Walsh cover unit 544
would be identical to the output of Walsh cover unit
524 in FIG. 5A. Additional CDMA channels may be
supported by (1) sending the fullCQI reports for the
CDMA channels in different slots and (2) sending the
differential CQI reports for the CDMA channels jointly
in the same slot. [0077] The R-CQICH structure shown
in FIG. 5B allows for recovery of the full and
differential CQI reports for multiple CDMA channels
with little changes to the RCQICH structure shown in
FIG. 5A. The hardware for the physical layer may
perform block decoding for the full CQI reports. The
demultiplexing of the full CQI reports for different
CDMA channels may be performed at a Medium Access
Control (MAC) layer. The block decoding for the
differential CQI reports may be performed at the
physical or MAC layer. [0078] The R-CQICH for multiple
CDMA channels may also be implemented with other
structures, and this is within the scope of the
present invention. For example, the full CQI reports
for multiple CDMA channels may be block encoded and
sent in the same slot. As another example,
differential CQI reports for a subset of the CDMA
channels may be sent in a slot. [0079] A terminal may
be assigned multiple groups of FL and RL carriers, as
shown in FIG. 3. For each carrier group, the R-CQICH
sent on the RL carrier in the group may carry CQI
reports for the FL carriers in the group, as described
above for FIG. 5B. The CQI reports may be sent in
various manners. [0080] FIGS. 6A through 6E show some
exemplary transmissions on the R-CQICH. In these
figures, a full CQI report is represented by a taller
box, and a differential CQI report is represented by a
shorter box. The height of a box roughly indicates the
amount of transmit power used to send the CQI report.
The number(s) inside each box indicate the FL
capier(s) being reported by the CQI report sent in
that box. [0081] FIG. 6A shows transmission of full
and differential CQI reports for two FL carriers 1 and
2 on the R-CQICH. In this example, a full CQI report
for FL carrier 1 is sent in a slot, then differential
CQI reports for FL carriers 1 and 2 are sent in some
number slots, then a full CQI report for FL carrier 2
is sent in a slot, then differential CQI reports for
FL carriers 1 and 2 are sent in some number slots,
then a full CQI report for FL carrier 1 is sent in a
slot, and so on. In general, the full CQI reports for
each FL carrier may be sent at any rate, and the same
or different reporting rates may be used for the FL
carriers. In an embodiment, a full CQI report is sent
in one (e.g., the first) slot of each 20 ms frame and
differential CQI reports are sent in the 15 remaining
slots in the frame. The full CQI reports for FL
carriers 1 and 2 may alternate as shown in FIG. 6A or
may be multiplexed in other manners.[0082] FIG. 6B
shows transmission of full CQI reports for two FL
carriers 1 and 2 on the R-CQICH. hi this example, a
full CQI report for FL carrier 1 is sent in a slot,
then a full CQI report for FL carrier 2 is sent in the
next slot, then a full CQI report for FL carrier 1 is
sent in the following slot, and so on. [0083] FIG. 6C
shows transmission of full and differential CQI
reports for three FL carriers 1, 2 and 3 on the
R-CQICH with a repetition factor of two, or REP = 2 .
i this example, a full CQI report for FL carrier 1 is
sent in the first two slots of a 20 ms frame, 



then differential CQI reports for FL carriers 1, 2 and
3 are sent in each remaining slot in the frame, then a
full CQI report for FL carrier 2 is sent in the first
two slots of the next 20 ms frame, then differential
CQI reports for FL carriers 1, 2 and 3 are sent in
each remaining slot in the frame, then a full CQI
report for FL carrier 3 is sent in the first two slots
of the following 20 ms frame, then differential CQI
reports for FL carriers 1, 2 and 3 are sent in each
remaining slot in the frame, then a foil CQI report
for FL carrier 1 is sent in the first two slots of the
next 20 ms frame, and so on. A differential CQI report
may be sent in two consecutive slots, similar to the
foil CQI report, or may be sent in a single slot.
[0084] FIG. 6D shows transmission of foil CQI reports
for three FL carriers 1, 2 and 3 on the R-CQICH with a
repetition factor of two. In this example, a foil CQI
report for FL carrier 1 is sent in two slots, then a
foil CQI report for FL carrier 2 is sent in the next
two slots, then a foil CQI report for FL carrier 3 is
sent in the following two slots, then a foil CQI
report for FL carrier 1 is sent in the next two slots,
and so on. [0085] FIG. 6E shows transmission of foil
CQI reports for three FL carriers 1, 2 and 3 on the
R-CQICH with a repetition factor of two and two switch
slots. In this example, the foil CQI reports for FL
carriers 1, 2 and 3 are sent in the manner described
above for FIG. 6D. However, the last four slots in the
20 ms frame are used to send a switch slot pattern
(denoted as "s" in FIG. 6E), which is a message to
switch to a new serving base station. [0086] As shown
in FIGS. 6A through 6E, the time division multiplexing
of the foil CQI reports for all FL carriers results in
the reporting rate for the foil CQI reports for a
given FL carrier decreasing as the number of FL
carriers in a group increases. For example, if a group
includes 7 FL carriers, then a foil CQI report may be
sent at a rate of once every 7 x20ms = 140ms for each
FL carrier. The joint encoding of the differential CQI
reports for all FL carriers results in the reporting
rate for the differential CQI reports being
independent of, and unaffected by, the number of FL
carriers in thegroup. When switching to a new cell,
the switch slot pattern "punctures" (or replaces) the
full CQI reports. This puncturing may not equally
impact all FL carriers. In the example shown in FIG.
6E, the switch slot pattern impacts FL carriers 1 and
2 but not FL carrier 3. [0087] In an embodiment, a
terminal selects a single base station for data
transmission on the forward link. This single base
station may be selected based on received signal
qualities measured at the terminal for the primary FL
carrier, all assigned FL carriers, or a subset of the
assigned FL carriers. The R-CQICHs for all RL carriers
use the Walsh cover for the selected base station and
hence point to the same cell. The selection of a
single base station avoids out-of-order transmissions
on the forward link and its potential negative impact
on Radio Link Protocol (RLP). In the forward
direction, RLP frames are typically pre-packed at a
Base Station Controller (BSC) and then forwarded to a
base station for transmission to the terminal. Hence,
out-of-order transmission of RLP frames may be avoided
by transmitting from a single base station. [0088] In
another embodiment, a terminal may select multiple
base stations for data transmission on the forward
link. Since fading characteristics may be different
for different FL carriers, as noted above, this
embodiment allows the terminal to select a suitable
base station for each FL carrier or each group of FL
carriers, which may improve the overall throughput. 3
. R-PICH [0089] It is desirable to reduce reverse link
overhead for data transmission on the forward link.
This may be achieved by assigning a terminal with a
single carrier group composed of multiple FL carriers
and a single RL carrier. Data may be sent on the
multiple FL carriers, and acknowledgements and CQI
feedback may be efficiently sent on the single RL
carrier. [0090] In certain instances, multiple RL
carriers may be utilized. For example, a base 



station may not support the new R-ACKCH and R-CQICH
structures described above. In this case, each FL
carrier may be associated with one RL carrier that
supports the RACKCH and R-CQICH for that FL carrier.
[0091] In cdma2000 revision D, a terminal transmits a
pilot on the R-PICH to assist a base station in
detecting a reverse link transmission. If a single RL
carrier is assigned, then the pilot overhead is shared
among all FL carriers associated with this RL carrier.
However, if multiple RL carriers are assigned and if
the R-PICH is sent on each RLcarrier to support the
R-ACKCH and R-CQICH, then the pilot overhead may be
significant for such low data rate on the reverse
link. A reduction in pilot overhead may be achieved by
using a control-hold mode. [0092] FIG. 7 shows
transmission of full and gated pilots on the R-PICH. A
full pilot is a pilot transmission in each slot and is
referred to as pilot gating rate 1. The controlhold
mode defined in cdma2000 revision D (or simply, the
"Rev D control-hold mode") supports pilot gating rates
of 1/2 and 1/4. As shown in FIG. 7, a gated pilot is a
pilot transmission in some of the slots, or more
specifically in every other slot for pilot gating rate
of 1/2 and every fourth slot for pilot gating rate of
1/4. [0093] In cdma2000 revision D, a base station
places a terminal in the control-hold mode by sending
a Layer 3 message, typically after expiration of a
control-hold timer. For example, if the base station
does not receive any data from and does not send any
data to the terminal for a particular time period,
then the base station may send a Layer 3 message to
the terminal to place it in the control-hold mode. The
arrival of new data at either the base station or the
terminal triggers a transition out of the control-hold
mode. If the new data arrives at the terminal, then
the terminal autonomously transitions out of the
control-hold mode and starts transmitting full pilot
along with data on the reverse link. The base station
detects the transition out of the control-hold mode by
the terminal and decodes the data sent with the full
pilot. If the new data arrives at the base station,
then the base station first wakes up the terminal by
sending a MAC message on the F-PDCCH. While in the
control-hold mode, the terminal does not process the
F-PDCH in order to conserve power. [0094] Many
applications are characterized by asymmetric data
traffic, and multiple FPDCHs on multiple FL carriers
may be desirable for these applications. As a
consequence, multiple reverse pilots may need to be
sent on multiple RL carriers to support the multiple
F-PDCHs. Besides the reverse pilots, the traffic on
the auxiliary RL carriers may consist of only CQI
reports on the R-CQICH and acknowledgements on the
R-ACKCH. In such a scenario, the use of the
control-hold mode may significantly reduce reverse
link overhead on the auxiliary RL carriers. [0095]
However, the Rev D control-hold mode is not directly
applicable for the auxiliary RL carriers for the
following reasons. First, the terminal does not decode
the F-PDCH while in the Rev D control-hold mode.
Second, the terminal is required to transition out of
the Rev D control-hold mode before transmitting on the
R-ACKCH, and a Layer 3 message from the base station
is needed to put the terminal back in thecontrol-hold
mode. It is undesirable to have to send the Layer 3
message each time the terminal transmits on the
R-ACKCH. Furthermore, since the base station sends the
Layer 3 message after the control-hold timer expires
(which is typically on the order of few hundred
milliseconds), the full pilot is transmitted on the
reverse link during this time. [0096] Li yet another
aspect, an "auxiliary" control-hold mode is defined
for use on an auxiliary RL carrier. In an embodiment,
the auxiliary control-hold mode differs from the Rev D
control-hold mode in the following manners:  The
terminal can process the F-PDCH while in the auxiliary
control-hold mode,  The terminal can transmit
acknowledgements on the R-ACKCH without transitioning
out of the auxiliary control-hold mode,  If the F-PDCH
is successfully decoded, then the terminal can
autonomously transmit full pilot along with the
acknowledgements on R-ACKCH, and 



The terminal can resume pilot gating after completing
the R-ACKCH transmission. The auxiliary control-hold
mode may also be defined with different and/or
additional features. [0097] To reduce pilot overhead
on the reverse link, the Rev D control-hold mode may
be used on the primary RL carrier, and the auxiliary
control-hold mode may be used on each auxiliary RL
carrier. The two versions of the control-hold mode can
support efficient operation of multiple RL carriers
for multi-carrier operation. [0098] In an embodiment,
the control-hold mode may be independently defined for
each RL carrier. The following scenarios are possible:
The primary RL carrier is in an active mode and any
number of auxiliary RL carriers may be in the
control-hold mode. The terminal can process the F-PDCH
for the auxiliary RL carriers and can transmit on the
R-ACKCH without leaving the control-hold mode.  All RL
carriers are in the control hold mode. The terminal
does not process the F-PDCH and does not transmit on
the R-ACKCH without leaving the controlhold mode. This
is a power conserving mode. 4. R-REOCH [0099] A
terminal may send various types of information on the
R-REQCH to a base station. The triggers for sending
R-REQCH messages in cdma2000 revision D may alsobe
used as the triggers for sending R-REQCH messages for
multi-carrier operation. In an embodiment, a terminal
sends R-REQCH messages on the primary RL carrier to
convey service related information to a base station.
A single buffer may be maintained per service for data
transmission on all RL carriers. The service related
information may include buffer size and watermark
crossing. In an embodiment, the terminal sends R-REQCH
messages on both the primary and auxiliary RL carriers
to convey power headroom for these RL carriers. A
power report trigger for each RL carrier may be used
to send R-REQCH messages to convey the power headroom
for that RL carrier. 5. Scheduling [00100] The
scheduling of terminals for data transmission on the
forward and reverse links may be performed in various
manners. The scheduling may be centralized for
multiple carriers or distributed for each carrier. In
an embodiment, a centralized scheduler schedules
terminals for data transmission across multiple
carriers. The centralized scheduler may support
flexible scheduling algorithms that can exploit CQI
information across all carriers in order to improve
throughput and/or provide the desired quality of
service (QoS). In another embodiment, a distributed
scheduler is provided for each carrier and schedules
terminals on that carrier. The distributed schedulers
for different carriers may operate independently of
one another and may reuse existing scheduling
algorithms for cdma2000 revision D. [00101] A terminal
may be assigned multiple carriers that may be
supported by a single channel card or multiple channel
cards at a base station. If multiple FL carriers are
handled by different channel cards, then there is a
channel card communication delay, which may be on the
order of several milliseconds. Even though this delay
is small, it is typically larger than 1.25 ms, which
is the time to decode the R-ACKCH, and preferably to
also decode the R-CQICH, and to schedule a new
transmission on the FPDCH. [00102] The centralized
scheduler may incur additional scheduling delay if
multiple channel cards are used for different FL
carriers. This additional delay is composed of two
components. The first component is R-CQICH delay to
propagate the CQI feedback from the channel card that
is handling the reverse link decoding to the
centralized scheduler. The second component is the
delay for the selected encoder packet to reach the
channel card that is handling the F-PDCH transmission.
Theadditional delay may impact system throughput, but
its effect should be limited to a relatively narrow
range of velocities and channel models. [00103] The
distributed schedulers may not incur the additional
delay described above for the centralized scheduler,
e.g., if the reverse link decoding and the forward
link 



transmission are handled by a single channel card.
This is feasible if there are no auxiliary FL carriers
in a carrier group. However, if a distributed
scheduler is implemented on each channel card, then a
separate buffer may be maintained for each channel
card so that the data can be co-located with the
scheduler. This card buffer may be small, and a larger
buffer may be located elsewhere at the base station.
The distributed scheduler should have enough data on
hand to schedule traffic. The delay to obtain extra
data from the larger buffer may be on the order of
several milliseconds. The card buffer size should take
into account the highest possible over-the-air data
rate in order to avoid buffer underflow. Even though
the buffers at the channel cards may be relatively
small, there is greater possibility for out-of-order
RLP frame reception at a terminal. Hence, a longer
detection window may be used for RLP frames.
Conventional early NAKing techniques are not useful
because they do not account for the fact that traffic
may be out of order even in the first transmission.
The longer delay detection window in RLP may have
greater impact on TCP. Multiple RLP instances, e.g.,
one per F-PDCH, may be used but may create
out-of-order arrival of TCP segments. [00104] RLP
frames are commonly pre-packed at a BSC and appended
with MUX overhead. Each RLP frame, including the MUX
overhead, contains 384 bits in cdma2000 and is
identified by a 12-bit sequence number. The cdma2000
RLP header allocates 12 bits for the RLP frame
sequence numbers, which are used to re-assemble the
RLP frames at a terminal. Given such a small RLP frame
size, the sequence space may be inadequate at high
rates, such as the ones achievable in multi-carrier
configurations. To support high data rates with the
existing RLP, the RLP frames may be pre-segmented so
that the additional 12 bits of sequence space that are
used for segmented RLP frames may be reused. Sequence
space is not an issue on the reverse link, since RLP
frames do not need to be pre-packed. [00105] A call
setup procedure for multi-carrier operation may be
implemented as follows. A terminal acquires system
information from a Forward Sync Channel (FSYNCH) and
obtains overhead messages from a Forward Paging
Channel (F-PCH) or a Forward Broadcast Control Channel
(F-BCCH) sent on the primary FL carrier. Theterminal
then originates a call on the primary RL carrier. A
base station may assign a traffic channel to the
terminal via an Extended Channel Assignment Message
(ECAM) sent on the primary FL carrier. The terminal
acquires the traffic channel and transitions to a
Mobile Station Control on the Traffic Channel state,
which is one of the mobile station operating states in
cdma2000. hi an embodiment, the operating states are
defined for only the primary carriers. The base
station may thereafter assign multiple FL and RL
carriers, e.g., via a Universal Handoff Direction
Message (UHDM). When initializing a traffic channel on
a new carrier, the base station may start transmitting
commands on a Forward Common Power Control Channel
(F-CPCCH) after sending the UHDM. The terminal may
start transmitting the R-PICH upon receiving the UHDM.
The terminal may send a Handoff Completion Message
(HCM), which is a cdma2000 Layer 3 protocol message,
on the primary RL carrier to the base station to
signal acquisition of the F-CPCCH. 6. Flows and System
[00106] FIG. 8 shows an embodiment of a process 800
performed by a terminal for multi-carrier operation.
The terminal receives an assignment of multiple
forward link (FL) carriers and at least one reverse
link (RL) carrier (block 812). The terminal may
receive data transmission on one or more of the
multiple FL carriers (block 814). The terminal may
demodulate and decode the received data transmission
for each FL carrier separately (block 816). The
terminal may also transmit data on the at least one RL
carrier (block 818). The terminal may be scheduled for
data transmission on the forward and/or reverse link
based on various factors such as the availability of
system resources, the amount of data to send, the
channel conditions, and so on. 



[00107] The terminal may send designated RL signaling
on a primary RL carrier, which may be designated from
among the at least one RL carrier (block 820). The
terminal may receive designated FL signaling on a
primary FL carrier, which may be designated from among
the multiple FL carriers (block 822). For example, the
terminal may originate a call on the primary RL
carrier and may receive signaling for call setup on
the primary FL carrier. The terminal may select a base
station for data transmission on the forward link
based on the received signal quality for the primary
FL carrier. [00108] The multiple FL carriers and the
at least one RL carrier may be arranged in at least
one group. Each group may include at least one FL
carrier and one RL carrier, as shown in FIG. 3. The
terminal may receive packets on the FL carrier(s) in
each groupand may send acknowledgements for the
received packets via the RL carrier in that group. The
terminal may also send CQI reports for the FL
carrier(s) in each group via the RL carrier in that
group. One FL carrier in each group may be designated
as a group primary FL carrier. The terminal may
receive signaling for the RL carrier in each group via
the group primary FL carrier. [00109] FIG. 9 shows an
embodiment of a process 900 for sending
acknowledgements. A terminal receives packets on
multiple data channels (e.g., F-PDCHs) sent via
multiple forward link (FL) carriers (block 912). The
terminal determines acknowledgements for the packets
received on the data channels (block 914). The
terminal channelizes the acknowledgement for each data
channel with an orthogonal code (e.g., a Walsh code)
assigned to that data channel to generate a symbol
sequence for the data channel (block 916). The
terminal replicates the symbol sequence for each data
channel multiple times (block 918). The terminal
generates modulation symbols for an acknowledgement
channel (e.g., R-ACKCH) based on the replicated symbol
sequences for the multiple data channels (block 920).
[00110] The number of data channels may be
configurable. An orthogonal code of all zeros or all
ones may be used if acknowledgements are being sent
for only one data channel, e.g., for backward
compatibility with cdma2000 revision D. Orthogonal
codes of a first length (e.g., four chips) may be used
if the number of data channels is less than a first
value (e.g., four). Orthogonal codes of a second
length (e.g., eight chips) may be used if the number
of data channels is equal to or greater than the first
value. The repetition factor may also be dependent on
the number of data channels. [00111] FIG. 10 shows an
embodiment of a process 1000 for sending channel
quality indication (CQI) reports. A terminal obtains
full CQI reports for multiple forward link (FL)
carriers, with each full CQI report indicative of then
received signal quality for one FL carrier (block
1012). The terminal channelizes each full CQI report
with an orthogonal code (e.g., a Walsh code) for a
selected base station (block 1014). The terminal sends
the full CQI reports for the multiple FL carriers in
different time intervals (or slots) on a CQI channel
(block 1016). The terminal may cycle through the
multiple FL carriers, select one FL carrier at a time,
and send a full CQI report for each selected FL
carrier in a time interval designated for sending full
CQI report. [00112] The terminal obtains differential
CQI reports for the multiple FL carriers for a
particular time interval (block 1018). The terminal
jointly encodes the differential CQI reports for the
multiple FL carriers to obtain a codeword (block
1020). The terminalmay select a block code based on
the number of FL carriers and may jointly encode the
differential CQI reports with the selected block code.
The terminal channelizes the codeword with the
orthogonal code for the selected base station (block
1022). The terminal then sends the codeword on the CQI
channel in the particular time interval (block 1024).
[00113] FIG. 11 shows an embodiment of a process 1100
for reducing pilot overhead, e.g., for multi-carrier
operation. A terminal operates in a control-hold mode
that allows for transmission of a gated pilot (block
1112). The terminal receives a data channel (e.g.,
F-PDCH) sent on the forward link while in the
control-hold mode (block 1114). The terminal transmits
a gated pilot on the reverse link if no other
transmissions are 



being sent on the reverse link (block 1116). The
terminal transmits a full pilot on the reverse link if
a transmission is being sent on the reverse link
(block 1118). For example, the terminal may generate
acknowledgements for packets received on the data
channel, send the acknowledgements along with the full
pilot on the reverse link, and resume transmitting the
gated pilot after completing the transmission of the
acknowledgements on the reverse link. The terminal
transitions out of the control-hold mode in response
to an exit event, which may be reception of signaling
to exit the control-hold mode, transmission of data on
the reverse link, and so on (block 1120). [00114]
FIGS. 8 through 11 show processes performed by a
terminal for multi-carrier operation. A base station
performs the complementary processing to support
multicarrier operation. [00115] FIG. 12 shows a block
diagram of an embodiment of a base station 110 and a
terminal 120. For the forward link, at base station
110, an encoder 1210 receives traffic data and
signaling for terminals. Encoder 1210 processes (e.g.,
encodes, interleaves, and symbol maps) the traffic
data and signaling and generates output data for
various forward link channels, e.g., the F-PDCH,
F-PDCCH, F-ACKCH and F-GCH. A modulator 1212 processes
(e.g., channelizes, spectrally spreads, and scrambles)
the output data for the various forward link channels
and generates output chips. A transmitter (TMTR) 1214
conditions (e.g., converts to analog, amplifies,
filters, and frequency upconverts) the output chips
and generates a forward link signal, which is
transmitted via an antenna 1216. [00116] At terminal
120, an antenna 1252 receives the forward link signal
from base station 110 as well as signals from other
base stations and provides a received signal to a
receiver (RCVR) 1254. Receiver 1254 conditions (e.g.,
filters, amplifies, frequencydownconverts, and
digitizes) the received signal and provides data
samples. A demodulator (Demod) 1256 processes (e.g.,
descrambles, despreads, and dechannelizes) the data
samples and provides symbol estimates. In an
embodiment, receiver 1254 and/or demodulator 1256
perform filtering to pass all FL carriers of interest.
A decoder 1258 processes (e.g., demaps, deinterleaves,
and decodes) the symbol estimates and provides decoded
data for the traffic data and signaling sent by base
station 110 to terminal 120. Demodulator 1256 and
decoder 1258 may perform demodulation and decoding
separately for each FL carrier. [00117] On the reverse
link, at terminal 120, an encoder 1270 processes
traffic data and signaling (e.g., acknowledgements and
CQI reports) and generates output data for various
reverse link channels, e.g., the R-PDCH, R-ACKCH,
R-CQICH5 R-PICH and R-REQCH. A modulator 1272 further
processes the output data and generates output chips.
A transmitter 1274 conditions the output chips and
generates a reverse link signal, which is transmitted
via antenna 1252. At base station 110, the reverse
link signal is received by antenna 1216, conditioned
by a receiver 1230, processed by a demodulator 1232,
and further processed by a decoder 1234 to recover the
data and signaling sent by terminal 120. [00118]
Controllers/processors 1220 and 1260 direct the
operation at base station 110 and terminal 120,
respectively. Memories 1222 and 1262 store data and
program codes for controllers/processors 1220 and
1260, respectively. A scheduler 1224 may assign FL
and/or RL carriers to terminals and may schedule the
terminals for data transmission on the forward and
reverse links. [00119] The multi-carrier transmission
techniques described herein have the following
desirable characteristics:  Multi-carrier forward link
that is backward compatible with Rev D forward link -
no changes to the Rev D physical layer,  Multi-carrier
reverse link that is backward compatible with Rev D
reverse link - new backward compatible R-ACKCH and
R-CQICH structures that should not impact hardware
implementation, and 



Flexible configurable system - K FL carriers and M RL
carriers, where K  NxM and K  M . [00120] The
transmission techniques described herein may provide
various advantages. First, the techniques allow
cdma2000 revision D to support multiple carriers using
onlyor mostly software/firmware upgrade. Relatively
minor changes are made to some RL channels (e.g., the
R-ACKCH and R-CQICH) to support multi-carrier
operation. These changes may be handled by
software/firmware upgrade at the base stations so that
existing hardware such as channel cards may be reused.
Second, higher peak data rates may be supported on the
forward and reverse links. Third, the use of multiple
F-PDCHs on multiple FL carriers may improve diversity,
which may improve QoS. The flexible carrier structure
allows gradual increase in data rates with advances in
VLSI technology. [00121] Headings are included herein
for reference and to aid in locating certain sections.
These headings are not intended to limit the scope of
the concepts described therein under, and these
concepts may have applicability in other sections
throughout the entire specification. [00122] Those of
skill in the art would understand that information and
signals may be represented using any of a variety of
different technologies and techniques. For example,
data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or
any combination thereof. [00123] Those of skill would
further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed
herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and
software, various illustrative components, blocks,
modules, circuits, and steps have been described above
generally in terms of their functionality. Whether
such functionality is implemented as hardware or
software depends upon the particular application and
design constraints imposed on the overall system.
Skilled artisans may implement the described
functionality in varying ways for each particular
application, but such implementation decisions should
not be interpreted as causing a departure from the
scope of the present invention. [00124] The various
illustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed
herein may be implemented or performed with a general
purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
describedherein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. [00125] The steps of
a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly
in hardware, in a software module executed by a
processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of
storage medium known in the art. An exemplary storage
medium is coupled to the processor such that the
processor can read information from, and write
information to, the storage medium. In the
alternative, the storage medium may be integral to the
processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in a user
terminal, hi the alternative, the processor and the
storage medium 



may reside as discrete components in a user terminal.
[00126] The previous description of the disclosed
embodiments is provided to enable any person skilled
in the art to make or use the present invention.
Various modifications to these embodiments will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
other embodiments without departing from the spirit or
scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown
herein but is to be accorded the widest scope
consistent with the principles and novel features
disclosed herein.CLAIMS 1. An apparatus comprising: at
least one processor configured to receive an
assignment of multiple forward link (FL) carriers and
at least one reverse link (RL) carrier, and to receive
data transmission on one or more of the multiple FL
carriers; and a memory coupled to the at least one
processor. 2. The apparatus of claim 1, wherein the at
least one processor is configured to separately
demodulate and decode the received data transmission
for each FL carrier. 3. The apparatus of claim 1,
wherein the at least one processor is configured to
send designated RL signaling on a primary RL carrier
among the at least one RL carrier, and to receive
designated FL signaling on a primary FL carrier among
the multiple FL carriers. 4. The apparatus of claim 3,
wherein the at least one processor is configured to
originate a call on the primary RL carrier and to
receive signaling for call setup on the primary FL
carrier. 5. The apparatus of claim 3, wherein the at
least one processor is configured to select a base
station for data transmission on forward link based on
received signal quality for the primary FL carrier. 6.
The apparatus of claim 1, wherein the multiple FL
carriers and the at least one RL carrier are arranged
in at least one group, each group including at least
one FL carrier and one RL carrier. 7. The apparatus of
claim 6, wherein the at least one processor is
configured to receive packets on the at least one FL
carrier in each group and to send acknowledgements for
the received packets in each group via the RL carrier
in the group.8. The apparatus of claim 6, wherein the
at least one processor is configured to send channel
quality indication (CQI) reports for the at least one
FL carrier in each group via the RL carrier in the
group. 9. The apparatus of claim 6, wherein one FL
carrier in each group is designated as a group primary
FL carrier, and wherein the at least one processor is
configured to receive signaling for the RL carrier in
each group via the group primary FL carrier. 10. A
method comprising: receiving an assignment of multiple
forward link (FL) carriers and at least one reverse
link (RL) carrier; and receiving data transmission on
one or more of the multiple FL carriers. 11. The
method of claim 10, further comprising: receiving
designated FL signaling on a primary FL carrier among
the multiple FL carriers; and sending designated RL
signaling on a primary RL carrier among the at least
one RL carrier. 12. The method of claim 10, wherein
the multiple FL carriers and the at least one RL
carrier are arranged in at least one group, each group
including at least one FL carrier and one RL carrier,
and wherein the method further comprises: receiving
packets on the at least one FL carrier in each group;
and 



sending acknowledgements for the received packets in
each group via the RL carrier in the group. 13. The
method of claim 12, further comprising: sending
channel quality indication (CQI) reports for the at
least one FL carrier in each group via the RL carrier
in the group.14. An apparatus comprising: means for
receiving an assignment of multiple forward link (FL)
carriers and at least one reverse link (RL) carrier;
and means for receiving data transmission on one or
more of the multiple FL carriers. 15. The apparatus of
claim 14, further comprising: means for receiving
designated FL signaling on a primary FL carrier among
the multiple FL carriers; and means for sending
designated RL signaling on a primary RL carrier among
the at least one RL carrier. 16. The apparatus of
claim 14, wherein the multiple FL carriers and the at
least one RL carrier are arranged in at least one
group, each group including at least one FL carrier
and one RL carrier, and wherein the apparatus further
comprises: means for receiving packets on the at least
one FL carrier in each group; and means for sending
acknowledgements for the received packets in each
group via the RL carrier in the group. 17. The
apparatus of claim 16, further comprising: means for
sending channel quality indication (CQI) reports for
the at least one FL carrier in each group via the RL
carrier in the group. 18. A processor readable media
for storing instructions operable to: receive an
assignment of multiple forward link (FL) carriers and
at least one reverse link (RL) carrier; and direct
reception of data transmission on one or more of the
multiple FL carriers. 19. The processor readable media
of claim 18, and further for storing instructions
operable to: direct reception of designated FL
signaling on a primary FL carrier among the multiple
FL carriers; and direct transmission of designated RL
signaling on a primary RL carrier among the at least
one RL carrier.20. An apparatus comprising: at least
one processor configured to obtain acknowledgements
for packets received on multiple data channels, to
channelize an acknowledgement for each data channel
with an orthogonal code assigned to the data channel
to generate a symbol sequence for the data channel,
and to generate modulation symbols for an
acknowledgement channel based on symbol sequences for
the multiple data channels; and a memory coupled to
the at least one processor. 21. The apparatus of claim
20, wherein the at least one processor is configured
to receive the packets on the multiple data channels
via multiple forward link (FL) carriers. 22. The
apparatus of claim 20, wherein the at least one
processor is configured to replicate the symbol
sequence for each data channel multiple times and to
sum replicated symbol sequences for the multiple data
channels to obtain the modulation symbols for the
acknowledgement channel. 23. The apparatus of claim
20, wherein the at least one processor is configured
to use an orthogonal code of all zeros if
acknowledgements are being sent for only one data
channel. 24. The apparatus of claim 20, wherein the
number of data channels is configurable. 



25. The apparatus of claim 24, wherein the at least
one processor is configured to use orthogonal codes of
a first length if the number of data channels is less
than a first value, and to use orthogonal codes of a
second length if the number of data channels is equal
to or greater than the first value. 26. The apparatus
of claim 20, wherein the orthogonal code for each data
channel is a Walsh code.27. The apparatus of claim 20,
wherein the multiple data channels are forward packet
data channels (F-PDCHs) sent on multiple forward link
carriers in a Code Division Multiple Access (CDMA)
system. 28. A method comprising: obtaining
acknowledgements for packets received on multiple data
channels; channelizing an acknowledgement for each
data channel with an orthogonal code assigned to the
data channel to generate a symbol sequence for the
data channel; and generating modulation symbols for an
acknowledgement channel based on symbol sequences for
the multiple data channels. 29. The method of claim
28, wherein the generating the modulation symbols
comprises replicating the symbol sequence for each
data channel multiple times, and summing replicated
symbol sequences for the multiple data channels to
obtain the modulation symbols for the acknowledgement
channel. 30. The method of claim 28, further
comprising: using orthogonal codes of a first length
if the number of data channels is less than a first
value; and using orthogonal codes of a second length
if the number of data channels is equal to or greater
than the first value. 31. An apparatus comprising:
means for obtaining acknowledgements for packets
received on multiple data channels; means for
channelizing an acknowledgement for each data channel
with an orthogonal code assigned to the data channel
to generate a symbol sequence for the data channel;
and means for generating modulation symbols for an
acknowledgement channel based on symbol sequences for
the multiple data channels.32. The apparatus of claim
31, wherein the means for generating the modulation
symbols comprises means for replicating the symbol
sequence for each data channel multiple times, and
means for summing replicated symbol sequences for the
multiple data channels to obtain the modulation
symbols for the acknowledgement channel. 33. The
apparatus of claim 31, further comprising: means for
using orthogonal codes of a first length if the number
of data channels is less than a first value; and means
for using orthogonal codes of a second length if the
number of data channels is equal to or greater than
the first value. 34. An apparatus comprising: at least
one processor configured to obtain full channel
quality indication (CQI) reports for multiple forward
link (FL) carriers, each full CQI report indicative of
received signal quality for one FL carrier, and to
send the full CQI reports for the multiple FL carriers
in different time intervals on a CQI channel; and a
memory coupled to the at least one processor. 35. The
apparatus of claim 34, wherein the at least one
processor is configured to cycle through the multiple
FL carriers and select one FL carrier at a time for
sending full CQI report, and to send a full CQI report
for each selected FL carrier in 



a time interval designated for sending full CQI
report. 36. The apparatus of claim 34, wherein the at
least one processor is configured to obtain
differential CQI reports for the multiple FL carriers
for a particular time interval, to jointly encode the
differential CQI reports for the multiple FL carriers
to obtain a codeword, and to send the codeword on the
CQI channel in the particular time interval. 37. The
apparatus of claim 36, wherein the at least one
processor is configured to select a block code based
on the number of FL carriers, and to jointly encode
the differential CQI reports with the selected block
code to obtain the codeword.38. The apparatus of claim
34, wherein the at least one processor is configured
to channelize each full CQI report with an orthogonal
code for a selected base station. 39. The apparatus of
claim 36, wherein the at least one processor is
configured to channelize the codeword with an
orthogonal code for a selected base station. 40. The
apparatus of claim 34, wherein the multiple FL
carriers are for a Code Division Multiple Access
(CDMA) system. 41. A method comprising: obtaining full
channel quality indication (CQI) reports for multiple
forward link (FL) carriers, each full CQI report
indicative of received signal quality for one FL
carrier; and sending the full CQI reports for the
multiple FL carriers in different time intervals on a
CQI channel. 42. The method of claim 41, further
comprising: channelizing each full CQI report with an
orthogonal code for a selected base station. 43. The
method of claim 41, further comprising: obtaining
differential CQI reports for the multiple FL carriers
for a particular time interval; jointly encoding the
differential CQI reports for the multiple FL carriers
to obtain a codeword; and sending the codeword on the
CQI channel in the particular time interval. 44. An
apparatus comprising: means for obtaining full channel
quality indication (CQI) reports for multiple forward
link (FL) carriers, each full CQI report indicative of
received signal quality for one FL carrier; andmeans
for sending the full CQI reports for the multiple FL
carriers in different time intervals on a CQI channel.
45. The apparatus of claim 44, further comprising:
means for channelizing each full CQI report with an
orthogonal code for a selected base station. 46. The
apparatus of claim 44, further comprising: means for
obtaining differential CQI reports for the multiple FL
carriers for a particular time interval; means for
jointly encoding the differential CQI reports for the
multiple FL carriers to obtain a codeword; and means
for sending the codeword on the CQI channel in the
particular time interval. 47. An apparatus comprising:
at least one processor configured to operate in a
control-hold mode that allows for transmission of a
gated pilot, to receive a data channel sent on a
forward link while in the control-hold mode, to
transmit the gated pilot on a reverse link if no other
transmissions are being sent on the reverse link, and
to transmit a full pilot on the reverse link if a
transmission is being sent on the reverse link; and 



a memory coupled to the at least one processor. 48.
The apparatus of claim 47, wherein the at least one
processor is configured to generate acknowledgements
for packets received on the data channel, to send the
acknowledgements along with the full pilot on the
reverse link, and to resume transmitting the gated
pilot after completing transmission of the
acknowledgements on the reverse link. 49. The
apparatus of claim 47, wherein the at least one
processor is configured to transition out of the
control-hold mode upon receiving signaling to exit the
control-hold mode or upon transmitting data on the
reverse link.50. The apparatus of claim 47, wherein
the data channel is a forward packet data channel
(F-PDCH) sent on a forward link carrier in a Code
Division Multiple Access (CDMA) system. 51. A method
comprising: operating in a control-hold mode that
allows for transmission of a gated pilot; receiving a
data channel sent on a forward link while in the
control-hold mode; transmitting the gated pilot on a
reverse link if no other transmissions are being sent
on the reverse link; and transmitting a full pilot on
the reverse link if a transmission is being sent on
the reverse link. 52. The method of claim 51, further
comprising: generating acknowledgements for packets
received on the data channel; sending the
acknowledgements along with the full pilot on the
reverse link; and resuming transmission of the gated
pilot after completing transmission of the
acknowledgements on the reverse link. 53. An apparatus
comprising: means for operating in a control-hold mode
that allows for transmission of a gated pilot; means
for receiving a data channel sent on a forward link
while in the controlhold mode; means for transmitting
the gated pilot on a reverse link if no other
transmissions are being sent on the reverse link; and
means for transmitting a full pilot on the reverse
link if a transmission is being sent on the reverse
link. 54. The apparatus of claim 53, further
comprising: means for generating acknowledgements for
packets received on the data channel; means for
sending the acknowledgements along with the full pilot
on the reverse link; andmeans for resuming
transmission of the gated pilot after completing
transmission cknowledgements on the reverse link. 


