
Method and System for Keeping All Phone Numbers Active
While Roaming with Diverse Operator Subscriber
Identity Modules Related Applications This application
claims the benefit of United States Provisional Patent
Application Serial No. 60/762, 893, entitled "Roaming
with an Active HPMN Number But Using Multi-Country
VPMN SIMS or Using a Multi-Country VPMN IMSIS in a
Single HPMN SIM," filed on January 30, 2006. This
application is related to United States Patent
Application No. 10/782,681, entitled "Providing
Multiple MSISDN in a Single SIM for multiple roaming
partners", filed on Feb 18, 2004, claiming priority
from Feb 18, 2003, and United States Patent
Application No- 10/918,645, entitled "Signaling
Gateway with Multiple IMSI with Multiple/Single MSISDN
(MIMM/MSIM) Service in a Single SIM for Multiple
Roaming Partners", filed on Aug 13, 2004, claiming
priority from Aug 13, 2003. The aforementioned patent
applications are incorporated herein by this reference
in their entireties. Field of the Invention The
present invention generally relates to mobile
communication. More specifically, the invention
relates to mobile communication corresponding to
Multiple Mobile Station International Subscriber
Directory Numbers (MSISDNs) associated with Multiple
International Mobile Subscriber Identity (IMSIs) for a
subscriber. Background of the InventionMobile
communication services are becoming increasingly
popular. Hence, there is increasing competition
between different mobile operators for building their
roaming revenues. Mobile subscribers who frequently
roam between two or more countries /networks
contribute a majority of this roaming revenue. These
mobile subscribers roam between their Home Public
Mobile Network (HPMN) and one or more Visited Public
Mobile Networks (VPMNs) . The HPMN and the VPMNs can
be in the same country or may be present in different
countries. A local MSISDN of each of the VPMNs (i.e.
VPMN MSISDNs) allows the roaming subscribers to call
local subscribers of the VPMNs at cheaper local rates
instead of expensive roaming rates. In addition, other
local subscribers of the VPMN can also call these
roaming subscribers of the HPMN at the local rates.
Usually, a roaming subscriber of the HPMN buys a new
Subscriber Identity Module (SIM) of each VPMN he wants
to visit. Hence, in such a case, the roaming
subscriber needs to swap his HPMN SIM with the VPMN
SIM, and therefore may not be able to receive
call-related and non-call related services on his HPMN
MSISDN. In addition, when the roaming subscriber
returns to the HPMN, he cannot use call-related and
non call-related services on his VPMN MSISDN.
Therefore, it is desirable to facilitate mobile
communication corresponding to both the HPMN MSISDN
and VPMN MSISDNs. In one technique (such as that
taught by the present inventor in PCT Application
Number WO US04 /004975 entitled, "Providing Multiple
MSISDN Numbers in a Mobile Device with a Single IMSI")
to provide such a service to the roamingsubscriber,
the HPMN reserves a special range of HPMN IMSIs to
provide the service. To subscribe for the service, the
roaming subscriber needs to buy a special HPMN SIM
card with an HPMN IMSI belonging to the special HPMN
IMSI range. The HPMN assigns one or more VPMN MSISDNs
to the 'subscriber upon subscription request and
associates those VPMN MSISDNs with the HPMN MSISDN.
The VPMN MSISDNs belong to a special range of VPMN
MSISDNs reserved by each of the VPMNs. The roaming
subscriber, when registered in the VPMNs, enjoys a
local rate benefit on the VPMN MSISDNs and in
addition, is able to receive call-related and non
call-related services on the HPMN MSISDN. However, the
roaming subscriber is able to use the services
corresponding to his HPMN profile only, even when he
is in the VPMN. According to another technique (such
as that taught by 



the present inventor in PCT Application Number WO WO
US04/026410, entitled, "Signaling Gateway with
Multiple IMSI with Multiple MSISDN (MIMM) Service in a
Single SIM for Multiple Roaming Partners") to provide
the service, the roaming subscriber carries a special
SIM card that contains an HPMN IMSI and multiple VPMN
IMSIs, with corresponding HPMN MSISDN and VPMN
MSISDNs, respectively. When the roaming subscriber
registers in one of the VPMNs, a SIM Tool-Kit (STK)
application residing in the SIM card automatically
detects the current location of the roaming subscriber
and selects a corresponding IMSI and MSISDN. The
roaming subscriber then enjoys the local rate benefit
in the VPMN. However, in one or more of the
aforementioned techniques, the HPMN must reserve the
special range of HPMNIMSIs and the VPMNs must reserve
the special range of the VPMN MSISDNs. In addition,
the VPMNs need to configure Corresponding network
elements of the VPMNs to . route signaling messages,
such as Signaling Connection and Control Part (SCCP)
messages, to a Signaling Gateway (SG) hosted either in
the HPMN or in the VPMNs. In addition, the roaming
subscriber is unable to use services corresponding to
his local VPMN profile. Furthermore, the VPMNs have to
perform special billing procedures for these special
range of IMSIs. According to another technique to
provide the service that contains a distributed
network of nodes for handling the service, the roaming
subscriber carries a special SIM card that contains an
HPMN IMSI and a SIM Tool-Kit (STK) application. When
the roaming subscriber registers with a VPMN with the
HPMN IMSI in a first registration attempt, the STK
application informs a VPMN node about the roaming
subscriber's location and an HPMN node. The VPMN node
will then send a VPMN IMSI and a corresponding VPMN
MSISDN to the roaming subscriber's SIM card. The STK
will cause the handset to initiate a second
registration attempt with the VPMN IMSI this time.
Thereafter, the VPMN node provides information to the
HPMN node about the roaming subscriber, i.e. the
roaming subscriber's location, the VPMN IMSI, and the
VPMN MSISDN. The roaming subscriber then enjoys the
local rate benefit in the VPMN. The VPMN node and HPMN
node also coordinate to handle call and SMS services,
on either a HPMN number or a VPMN number. However, in
this approach two registration attempts are required
before the roaming subscriber is treated a local
subscriber. Furthermore, adistributed network of nodes
consisting of HPMN node and a node in each VPMN the
subscriber visits, is also required. In accordance
with the foregoing, there is a need in the art for a
cost-effective solution for facilitating mobile
communication corresponding to the HPMN MSISDN and
multiple VPMN MSISDNs of the roaming subscriber.
Sununairy The present invention is directed to provide
a method for proving mobile communication
corresponding to Multiple MSISDNs associated with
Multiple IMSIs of a subscriber. The method includes
associating at a Signaling Gateway (SG) a first IMSI
corresponding to a first network with one or more
other IMSIs upon receipt of one or more association
messages. The first and other IMSIs is associated with
a subscriber using at least one SIM. Further, each
IMSI has a corresponding MSISDN. The method further
includes facilitating mobile communication
corresponding to any associated IMSI and the
corresponding associated MSISDN, irrespective of the
IMSI being activated in the SIM. An aspect of the
invention presents a system for providing the "MIMM"
(Multiple IMSI Multiple MSISDN) service. The system
includes a Signaling Gateway (SG) coupled to the first
network. The SG receives one or more association
messages for associating a first IMSI corresponding to
a first network with one or more other IMSIs. The
first and other IMSIs are associated with a subscriber
using at least one SIM. Further, each IMSI has a
corresponding MSISDN. The SG further facilitates
mobilecommunication corresponding to any associated
IMSI and the 



corresponding associated MSISDN, irrespective of the
IMSI being activated in the SIM. Another aspect of the
present invention provides a computer program product
including a computer usable program code for providing
MIMM service by, associating at a Signaling Gateway
(SG) , a first IMSI corresponding to a first network
with one or more other IMSIs upon receipt of one or
more association messages, and facilitating mobile
communication corresponding to any associated IMSI and
the corresponding associated MSISDN, irrespective of
the IMSI being activated in the SIM. Brief Description
of Drawings In the drawings, the same or similar
reference numbers identify similar elements or acts.
FIG. 1 represents a system for implementing Multiple
IMSI Multiple MSISDN (MIMM) Service, in accordance
with an embodiment of the invention; FIGS. 2A and 2B
represent a flow diagram for registering an HMPN IMSI
with one or more VPMN IMSIs for a subscriber, in
accordance with an embodiment of the invention; FIGS.
3A and 3B represent a flow diagram of MO SMS from an
HPMN MSISDN of the subscriber, in accordance with a
first embodiment of the invention; FIG. 4 represents a
flow diagram of MO SMS from the HPMN MSISDN of the
subscriber, in accordance with a second embodiment of
the invention;FIG. 5 represents a flow diagram of MO
call from the subscriber using any associated MSISDN,
in accordance with an embodiment of the invention;
FIGS . 6A and 6B represent a flow diagram of MO GPRS
session from the subscriber using HPMN APN, in
accordance with an embodiment of the invention; FIGS.
7A and 7B represent a flow diagram for MO GPRS session
from the subscriber using VPMN APN, in accordance with
an embodiment of the invention; FIG. 8 represents a
flow diagram of MT call at HPMN MSISDN of the
subscriber, in accordance with an embodiment of the
invention; FIGS. 9A and 9B represent a flow diagram of
late call forwarding of MT calls at HPMN MSISDN of the
subscriber, in accordance with an embodiment of the
invention; FIG. 10 represents a flow diagram of MT SMS
at HPMN MSISDN of the subscriber, in accordance with
an embodiment of the invention; FIG. 11 represents a
flow diagram for re-delivery of MT SMS at HPMN MSISDN
of the subscriber, in accordance with an embodiment of
the invention; FIG. 12 represents a flow diagram of MT
OSSD at HPMN MSISDN of the subscriber, in accordance
with an embodiment of the invention; FIG. 13
represents a flow diagram MT GPRS session at HPMN
MSISDN of the subscriber, in accordance with an
embodiment of the invention; FIGS. 14A and 14B
represent a flow diagram for setting MMS forwarding to
at a non-registered MSISDN to forward the MMS to a
registered MSISDN of the subscriber, in accordance
with an embodiment of the invention;FIGS. 15A and 15B
represent a flow diagram of forwarding an MMS received
at the non-registered MSISDN to the registered MSISDN
of the subscriber, in accordance with an embodiment of
the invention; and FIGS. 16A and 16B represent a flow
diagram of call forwarding of MT call at
non-registered VPMN' s MSISDN when the subscriber is
present in a registered VPMN, in accordance with an
embodiment of the invention. Detailed Description In
the following description, for purposes of
explanation, specific numbers, materials and
configurations are set forth in order to provide a
thorough understanding of the invention. It will be
apparent, however, to one having ordinary skill in the
art, that the invention may be practiced without these
specific details . In some 



instances, well-known features may be omitted or
simplified, so as not to obscure the present
invention. Furthermore, reference in the specification
to "one embodiment" or "an embodiment" means that a
particular feature, structure or characteristic,
described in connection with the embodiment, is
included in at least one embodiment of the invention.
The appearance of the phrase "in an embodiment", in
various places in the specification, does not
necessarily refer to the same embodiment. The present
invention provides a system, method and a computer
program product for facilitating Multiple IMSI
Multiple MSISDN (MIMM) service. The system facilitates
MIMM service for a subscriber who is associated with
an HPMN, with a corresponding first IMSI and first
MSISDN, but maybe roaming in a VPMN with a VPMN SIM
and its corresponding second IMSI and second MSISDN.
The HPMN IMSI and HPMN MSISDN are hereinafter referred
to as IMSI-H and MSISDN-H respectively. Likewise, the
VPMN IMSI and VPMN MSISDN are hereinafter referred to
as IMSI-V and MSISDN-V. Further, the system may be
interchangeable referred to as MIMM system. The system
enables registration of the subscriber in the VPMN
with a VPMN IMSI and VPMN MSISDN while keeping the
MSISDN-H active, thus applying local rates for the
subscriber in the VPMN. The former embodiment of
multiple VPMN SIMs requires the subscriber to swap the
HPMN SIM with the VPMN SIM whenever he wishes to use
the MIMM services in corresponding VPMN network.
Usually, in such a case, the operator implementing the
MIMM service will form partnership with one or more
VPMNs, and may refer them as FPMNs. Hereinafter, VPMNs
may be interchangeably referred to as FPMNs. Further,
the operator may procure prepaid or postpaid SIMs from
these VPMN operators offer the same to its
subscribers, who subscriber to the MIMM service.
However, in latter embodiment of single HPMN SIM with
multiple VPMN IMSIs, the subscriber either manually
chooses the VPMN IMSI corresponding to the VPMN
country or the STK application automatically selects
the correct VPMN IMSI-V. The system provides a
seamless implementation to allow a plurality of
services, but not limited to, call related and
non-call related (i.e. VAS) for all its subscribers.
MIMM System FIG. 1 represents a system 100 for
facilitating MIMM service. The system includes an HPMN
102, and a VPMN 104 exchanging signaling via SS7
network. A subscriber 106 isoriginally associated with
HPMN 102, and may be roaming in VPMN 104. The HPMN 102
includes a Signaling Gateway (SG) 108 , coupled to an
STP-H 110. The HPMN 102 further includes an HLR 112, a
GMSC 114, an SMSC 116, a VLR 118, and a VMSC 120, all
interconnected and communicating via SS7 signaling.
Since HLR 112, GMSC 114, SMSC 116, VLR 118, and VMSC
120 reside in HPMN 102, they are hereinafter, referred
to as an HLR-H 112, a GMSC-H 114, an SMSC-H 116, a
VLR-H 118, and a VMSC-H 120. The VPMN 104 includes an
STP 122, a GMSC 124, an HLR 126, a VMSC 128, a VLR
130, and an SMSC 132, all interconnected and
communicating via SS7 signaling. Since STP 122, GMSC
124, HLR 126, VMSC 128, VLR 130, an SMSC 132 reside in
VPMN 104, they are hereinafter, referred to as an
STP-V 122, a GMSC-V 124, an HLR-V 126, a VMSC-V 128, a
VLR-V 130, and an SMSC-V 132. It would be apparent to
a person skilled in the art that any network element
in HPMN 102, VPMN 104, and original network 106 , may
communicate with any other element in other network
via SS7 signaling. Furthermore, HPMN 102, and VPMN 104
may include other network components that are
standard, depending upon the architecture under
consideration. HPMN 102 allocates an HPMN SIM to a
first IMSI and a corresponding first MSISDN when
subscriber 106 registers with HPMN 102. However,
subscriber 106 may visit one or more VPMN networks.
There are two ways to offer the MIMM service in such a
case. In the first case, subscriber 106 may receive
multiple VPMN SIMs (for each VPMN network/country he
plans to visit) from HPMN 102. The HPMN operator may
form a partnership with one or more VPMN 



operators and procure multiple VPMN SIMs (postpaid or
prepaid) from its subscriber. Alternatively, the
subscribermay not have to pre-buy and pre-register a
partner VPMN SIM before embarking on a trip. The
subscriber may buy the VPMN SIM once he visits that
VPMN network/country. In one embodiment of the
invention, the partnership may be with different VPMN
operators in same country. In another embodiment of
the invention, the partnership may be with different
VPMN operators in different countries. In the case
where a subscriber is able to purchase a SIM from the
participating VPMN on his arrival in the visited
country, the VPMN, or SIM reseller, may promote the
service by sending the subscriber a "Welcome SMS"
message or other notification as is known in the art,
upon the subscriber's arrival in the visited country,
or the VPMN' s territory. Such a Welcome SMS message
or other notification could contain a hyperlink or
callback number which the subscriber could activate to
receive more information about obtaining a VPMN SIM
enabling a MIMM service. Alternatively, the message
itself could contain information directing the
subscriber to where he might purchase a MIMM enabling
SIM. In another alternative, based on detecting the
subscriber handset location, the message or
notification can direct the subscriber to the nearest
store selling the VPMN SIM enabling the MIMM service.
Alternatively, a user could activate the message to
elect receiving such a SIM, and based on the handset
location, a delivery person could deliver the SIM to
the subscriber (e.g. at the customs or baggage claim
exit, at the rental car counter, or at the
subscriber's hotel.) Referring to a scenario in which
the MIMM service is offered by more than one VPMN
within the same territory,the subscriber may also use
an HPMN SIM with multiple VPMN IMSIs in the same SIM,
to avoid changing the SIM each time he changes the
VPMN network. In both cases, the VPMN operator can
provide local handset configuration information, such
as but not limited to, GPRS, MMS and WAP. The VPMN
operator also provides IMSI, Ki and SMSC information
in multiple IMSI in a single SIM implementation to the
HPMN operator. The multiple IMSI SIM has a special STK
application that modifies the IMSI and Ki entry. The
SIM is also equipped with different authentication
algorithms for A 3 and A 8. Usually, operators follow
GSM recommended algorithms for A 3 and A8, however,
some exceptions such as Vodafone(tm) require modified
algorithms. In such cases, these special SIMs may be
manufactured by SIM vendors such as Bluefish and
Axalto/Gemplus . Moreover, different client
applications such as, but not limited to, BREW,
Symbian, Java(tm), Microsoft(r), and Linux(tm) may be
used instead of STK. While similar or more advanced
implementations are also possible within the scope of
this invention, STK is used only as an exemplary
implementation. A special file called
IMSI-Subscription is present in the SIM. This file
contains records in the following possible formats, in
accordance with various embodiments of the present
invention. a ) MCC IMSI Ki Algorithm-Index
SMSC-address The first entry may be the home country
record postfixed by H . b ) MCC-H IMSI-H Ki-H
Algorithm-index-H SMSC-HIn another embodiment of the
invention, MCC may be a wildcard such as "*". This is
usually applicable with the HPMN IMSI as the last
entry in the file. c ) * HPMN-IMSI Ki-HPMN
Algorithm-Index-HPMN HPMN-SMSC Usually, MCC is
supported by a MCC-matching IMSI. For example, a China
MCC 460 can be supported by a 46001-X IMSI. d ) 460
46001-X Ki Algorithm-Index 46001-SMSC However, MCC
also can be supported by an IMSI that does not have
the identical MCC. For example, Netherlands MCC (204)
may be supported by a Belgium IMSI with MCC 206. e )
204 20610-X Ki Algorithm-Index 20610-SMSC Similarly,
there could also be multiple entries for 



the same MCC with different IMSIs. For example, two
different China IMSIs (China Mobile and China Unicom,
respectively) may support China. f ) 460 46000-X Ki-X
Algorithm-Index-X 46000-SMSC g ) 460 46001-Y Ki-Y
Algorithm-Index-Y 46001-SMSC In yet another example,
two different Belgium IMSIs (e.g MobileStar and
Proximus) might support Netherlands. i ) 204 20610-X
Ki-X Algorithm-Index-X 20610-SMSC j ) 204 20601-Y Ki-Y
Algorithm-Index-Y 20601-SMSCIn addition, in some
particular cases, there could be another IMSI support
as well for the same country. For example, a
Netherlands IMSI (e.g. ONL 20420-X) may best support
Netherlands. However, if the IMSI 20420 ONL does not
have coverage at any spot in Netherlands, an
alternative Belgium IMSI may be used (e.g. Mobilestar
IMSI 20610-Y) . However, the same country order is
based on preference settings. k ) 204 20420-X Ki-X
Algorithm-Index-X 20420-SMSC 1 ) 204 20610-Y Ki-Y
Algorithm-Index-Y 20420-SMSC The switching of IMSIs is
transparent to the subscriber, although there may be a
manual selection mechanism via a menu for the
subscriber to select a VPMN IMSI. When the subscriber
registers in a network with any current IMSI in the
SIM, the STK application is able to know the network
and the country in which the subscriber is registered.
Further, when the subscriber is unable to register
with a network corresponding to the current IMSI in
the SIM, the STK application is aware of the present
country of the subscriber by referring to the
forbidden list in the SIM. Thereafter, the STK
application chooses the optimum IMSI from the
subscriber' s IMSI-Subscription file for that country.
In case no matching entry for IMSI is found, the
default is set to HPMN IMSI. Otherwise, the STK
application loads the located IMSI, and its
corresponding Ki into the corresponding SIM location,
and sets the current security algorithms to those as
indexed by the Algorithm-Index of the located IMSI.
The STK application then forces a re-registration
process. Thisprocess repeats itself until either the
subscriber is registered with a network in the current
country, or it fails to register with a network with
all the IMSIs that are suitable for that country. If
at any given time, the subscriber is registered with
an IMSI for a country that has a preferred IMSI, the
STK application periodically performs the replacement
to check for the more preferred IMSI, in decreasing
order of preference. When subscriber 106 buys these
partner VPMN SIMs, or uses the original HPMN SIM with
VPMN IMSIs, the HPMN operator performs the
registration process required for each VPMN operator
via various methods such as, but not limited to, a
customer care shop, a retail shop, and a kiosk (e.g.,
at an airport). In addition, the registration process
may include a requirement of the subscriber' s
identification details, at the VPMN operator, which
may be sent by the HPMN operator via an IP network,
such as email. SG 108 residing in HPMN 102 performs
this registration process. SG 108 authenticates each
VPMN SIM and its corresponding IMSI in the local
network to which it is associated. Furthermore, SG 108
maintains a local profile of subscriber 106
corresponding to the IMSI activated in his SIM. In
other words, the local service at VPMN 104, such as
SMS, call, supplementary services, and data, will be
conforming to his local VPMN profile rather than HPMN
102' s profile. It will be apparent to a person
skilled in the art, that HPMN 102 operator may be an
MVNO operator hosting SG 108. The process of
association of HPMN IMSI-H and MSISDN-H, with one or
more VPMN IMSI-V and MSISDN-V, is described in
conjunction with Figs. 2A and 2B.FIGs. 2A and 2B
represent a flow diagram for associating an HMPN IMSI
with one or more VPMN IMSIs for a subscriber, in
accordance with an embodiment of the invention. The
association process includes an electronic
registration process, such as via a secure web
interface, to associate the subscriber's HPMN IMSI-H
and MSISDN-H with 



the VPMN IMSI-V and MSISDN-V of each VPMN SIM the
subscriber possesses. Subscriber 106 initiates the
association process, and unless instructed, only HPMN
IMSIH and MSISDN-H are active. When subscriber 106
visits VPMN 104 with a corresponding VPMN SIM, he
swaps the VPMN SIM in the handset and sends an SMS (an
association message) to an SME address of HPMN 102
(i.e. a HPMN-MVNO long number) to SG 108, after
registering with VPMN 104 using ISMI-V. In other
embodiments of the invention, the association message
may be other messages like MMS, and USSD. In another
embodiment of the invention, an STK application
residing in the subscriber's SIM sends this SMS to SG
108. A s an exemplary case, at step 202, subscriber
106 sends an SMS to the HPMN 102' s long number i.e.
Global Title (GT) of SG 108. The SMS includes IMSI-V
and MSISDN-V information, which needs to be associated
with IMSI-H and MSISDN-H, respectively. Since
subscriber 106 is already registered with IMSI-V at
VPMN 104, the SMS lands at VMSC-V 128. Thereafter, at
step 204, VMSC-V 128 relays the SMS to SMSCV 132.
SMSC-V 132 acknowledges the receipt of the SMS at step
206. At step 208, VMSC-V 128 relays the
acknowledgement to subscriber 106' s handset.
Thereafter, at step 210, SMSC-V 132 sends a routing
information query, such as SRI-SM, to SG 108. In
response to this, SG 108 acknowledges the receipt of
the routing information query, at step 212. Hence, at
step 214, SMSC-V 132 forwards theSMS with MSISDN-V to
SG 108. SG 108, at step 216, acknowledges the receipt
of the forwarded message. Upon receiving the SMS as
the association message at SG 108, it acquires IMSI-H
of subscriber 106 by issuing a MAP SRI-SM query or
Send IMSI query on MSISDN-H to HLR-H 112. Thereafter,
at step 218, SG 108 issues a location update such as,
a MAP LUP, on the IMSI-H of subscriber 106 to HLR-H
112, with the assigned HPMN GT as VMSC-V 128 and VLR-V
130. In one embodiment of the invention, the
subscriber's profile corresponding to IMSI-H does not
necessarily have to be granted for roaming. In another
embodiment of the invention, SG 108 uses special
fictitious foreign GT to fake as VLR-V 130 and VMSC-V
12 8 , when roaming is a pre-requisite for subscriber
106' s profile at HLR-H 112. However, in such a case,
STP-H 110 is configured to route these fictitious
foreign GT-destined SCCP messages towards SG 108.
Thereafter, at step 220, HLR-H 112 issues an ISD
message to SG 108. SG 108, at step 222, acknowledges
the ISD message. Finally, at step 224, HLR-H 112
acknowledges LUP message to activate and associate the
IMSI-V and MSISDN-V of subscriber 106 to IMSI-H and
MSISDNH . Hence, SG 108 facilitates mobile
communication corresponding to associated MSISDNs and
IMSIs, irrespective of IMSI active in the SIM. A s
described above, subscriber 106 is able to have both
IMSI-H and IMSI-V active, in order to make and receive
calls and other VAS on the corresponding MSISDNs.
However, the subscriber is not able to have multiple
VPMN MSISDNs active along with HPMN MSISDN. It will be
apparent to a person skilled in the art that in order
to provide suchfacility to the subscriber, the
association process described in conjunction with
Figs. 2A and 2B can be generalized for multiple
associations. The subscriber at each VPMN country
(including the HPMN) sends a registration SMS to SG
108 in the multiple VPMN SIMs approach. Alternatively,
STK application in the SIM sends the SMS in multiple
IMSI in a single HPMN SIM approach. When SG 108
receives the SMS by the subscriber indicating the
subscriber' s current country, SG 108 uses the sender
MSISDN to locate all other subscriber's associated
IMSIs. For each associated IMSI, SG issues a LUP
message (as done at step 218) to the corresponding HLR
with the GT of SG 108 as the address of that VMSC/VLR.
The location update process as explained in steps 218
to 224 are repeated for each associated VPMN IMSI
including the IMSI-H. This provides a perception that
the subscriber is roaming, or is not in HPMN 102.
However, since the GT of SG 108 is an HPMN GT, 



for any IMSI other than IMSI-H, subscriber 106 should
have roaming allowance in his VPMN profile for IMSI-V.
This enables subscriber 106 to remain active with any
VPMN MSISDN, irrespective of his current location. In
one embodiment of the invention, SG 108 maintains a
database of the association between IMSI-H, MSISDN-H
and IMSI-V and MSISDN-V. Hence, subscriber 106 gets
the benefit of local rate calling even when he is in
VPMN 104, as his VPMN SIM and IMSI are associated with
HPMN SIM and IMSI. Subscriber 106 is able to make and
receive calls and messages in VPMN 104 as a local VPMN
subscriber. As an exemplary case, Mobile Originated
(MO) SMS from subscriber 106 with VPMN SIM in VPMN
network is treated as a local subscriber. Hence,
SMSC-V 132 is used and calleridentification while
sending the SMS is MSISDN-V instead of MSISDN-H.
Similarly, a Mobile Terminated (MT) SMS or call on
MSISDN-V, is treated as a local SMS and call in VPMN
104, respectively. Alternatively, subscriber 106 may
wish to use services corresponding to his HPMN
profile. The services may include, but may not be
limited to, information service, call back service,
and profile information change. In such a case, he may
use HPMN SIM in VPMM 104, if roaming is supported in
his HPMN profile to send a short code message to HPMN
SME service. FIGs. 3A and 3B represent a flow diagram
of MO SMS from an HPMN MSISDN of the subscriber, in
accordance with a first embodiment of the invention.
At step 302, subscriber 106 sends an SMS to an HPMN
SME address, which is GT of SG 108, but since the
subscriber is present in VPMN 104, the SMS reaches
VMSC-V 128. A t step 304, VMSC-V 128 forwards this SMS
(with IMSI-V and MSISDNV ) to SMSC-V 132. SMSC-V 132,
at step 306, returns an acknowledgement of receipt of
the SMS. VMSC-V, at step 308, relays this
acknowledgement to the subscriber 106' s handset.
Thereafter, at step 310, SMSC-V 132 sends a routing
information query, such as SRI-SM to SG 108. At step
312, SG 108 acknowledges the SRI-SM query to SMSC-V
132. Thereafter, at step 314, SMSC-V 132 forwards the
SMS to SG 108. Usually, when the subscriber sends the
SMS to HPMN SME address, the short code for the HPMN
SME address is present in the first line of the SMS.
For example, +123 is a short code address. When SG 108
receives the forwarded SMS, SG 108 checks in its
database for association between IMSI-Vand IMSI-H and
their corresponding MSISDNs. In accordance with one
embodiment of the present invention, at step 316, SG
108 removes this first line and relays the forwarded
SMS to SMSC-H 116 by changing the IMSI-V and MSISDN-V,
with IMSI-H and MSISDN-H, respectively. In addition,
SG 108 also replaces the address of VMSC-V as the
address of SG 108. This enables acknowledgment and
delivery receipt to SG 108 itself, at step 318. At
step 320, SG 108 forwards the received SMS
acknowledgement to SMSC-V 132. Thereafter, at step
322, SMSC-V 132 sends a delivery report to subscriber
106' s handset. In accordance with another embodiment
of the present invention, SG 108 removes the first
line of the SMS and delivers the SMS itself, by
performing the functions of an SMSC. Hence, in this
case, SG 108 itself does the acknowledgment and
delivery receipt of the SMS. By doing so, subscriber
106 can send SMS using any of MSISDN-H or MSISDN-V
depending on the profile settings. The HPMN operator
can choose to have SMS always going through HPMN 102,
instead of SMSC-V 132, as described in Figs 2A and 2B.
By doing so, subscriber 106 can access HPMN SME
applications. However, this method case requires the
STK application to select the corresponding SMSC
address for the selected IMSI. The STK application
will present the two options, as part of its menu for
a subscriber, to select and switch at any time. FIG. 4
represents a flow diagram of MO SMS from the HPMN
MSISDN of the subscriber, in accordance with a second
embodiment of the invention. At step 402, subscriber
106 sends an SMS to an HPMN SME address, which is the
GT of SG 108, but since the 



subscriber is present in VPMN 104, the SMS reaches
VMSC-V 128. Since the address of SMSC-V 132 is the GT
of SG 108,hence, at step 404, VMSC-V 128 sends this
SMS (with IMSI-V and MSISDN-V) to SG 108. Thereafter,
at step 406, SG 108 replaces IMSI-V by IMSI-H, and
MSISDN-V by MSISDN-H, sends the SMS by changing the
CdPA SMSC-H 116. At step 408, SMSCH 116 sends the
acknowledgement of the SMS. SG 108 relays this
acknowledgement at step 410 to VMSC-V 128, which in
turn, relays it to subscriber's handset at step 412.
Hence, subscriber 106 is able to use the HPMN SME
applications. In accordance with one embodiment of the
invention, subscriber 106 at VPMN 104 is able to make
calls with a caller ID (MSISDN) of his choice. FIG. 5
represents a flow diagram of MO call from the
subscriber using any associated MSISDN, in accordance
with this embodiment of the invention. At step 502,
subscriber 106 sends an SMS to the long HPMN SME
number with a SME address (i.e. GT of SG 108) in the
first line of SMS indicating the preferred MSISDN.
This MSISDN can be MSISDN-H, MSISDN-V, or any other
associated VPMN MSISDN. Since the HPMN SME address
points to SG 108, at step 504, SG 108 issues a routing
query such as, MAP SRI-SM with MSISDN-V, to retrieve
VMSC/VLR address and IMSI-V. Thereafter, at step 506,
SG 108 issues a stand alone MAP-ISD message to VMSC-V
128 with SSN equal to 6 , IMSI-V and MSISDN number
equal to the desired caller ID. In addition,
subscriber is also able to use VAS, such as GPRS and
MMS, us.ing his HPMN or VPMN SIM. MO-GPRS service such
as, but may not be limited to, WAP, email and MMS,
initiated by the subscriber 106 using a VPMN SIM, are
treated as a local subscriber in VPMN 104. In this
case, VPMN SGSN and VPMN GGSN will be used. In
addition, in all the GPRS signaling exchange, MSISDN-V
is displayed.However, if any GPRS service ties with
HPMN 102 for security reason of VPMN establishment,
then subscriber 106 can use HPMN SIM if roaming is
allowed on his HPMN profile - If VPMN 104 is a partner
network of HPMN 102, then HPMN 102 assigns a special
HPMN APN name to subscriber 106' s handset if HPMN' s
original APN name conflicts with the VPMN APN name.
FIGs . 6A and 6B represent a flow diagram of MO GFRS
session from the subscriber using the HPMN APN, in
accordance with an embodiment of the invention. In
order to implement GPRS services, certain other
relevant network elements are also included in HPMN
102 and VPMN 104. VPMN 104 includes SGSN-V 601 and
GGSN-V 603 to support GRPS related services.
Similarly, HPMN 102 includes a GGSN-H 605 to provide
support for GPRS related services. At step 602,
subscriber 106 sends an activate PDP context request
to SGSN-V 601, using the HPMN APN with IMSI-V and
MSISDN-V as the parameters. Since the HPMN APN is a
special APN, the SG 108 stores the mapping of HPMN and
VPMN APN. Thereafter, at step- 604, SGSN-V 601 applies
DNS resolution on this APN (network name associated
with this APN is the VPMN), which points the GGSN
address as an address of SG 108. Thereafter, SGSN-V
601 sends a create PDP context request to SG 108 as it
acts as the GGSN-V. Since the HPMN profile is
activated for GPRS, at step 606, SG 108 applies DNS on
the APN to get address of GGSN-H 605, and subsequently
relays the create PDP context message to GGSN-H 605,
by replacing with HPMN IMSI-H and MSISDN-H. Generally,
SGSN-V 601 first establishes a PDP context with SG
108, which then applies DNS resolution on HPMN
APNdepending on the profile selection to find the
corresponding GGSN-H 605. Thereafter, at step 608,
GGSN-H 605 acknowledges the message to SG 108.
Thereafter, at step 610, SG 108 relays this
acknowledgment to SGSN-V 601, which in turn, relays it
to subscriber 106' s handset, at step 612. At step
614, subscriber 106 sends a GTP PDU back to SGSN-V
601. SGSN-V 601 relays the GTP PDU to SG 108, at step
616. Finally, at step 618, SG 108 relays the GTP PDU
to GGSN-H 605. The subscriber can also use GPRS
service when his VPMN profile is activated. The call
flow for such a case would be similar as explained
earlier in Figs. 6A and 6B, except 



for a change at step 606. FIGs. 7A and 7B represent a
flow diagram for MO GPRS session from the subscriber
using VPMN APN, in accordance with an embodiment of
the invention. At step 702, subscriber sends an
activate PDP context request to SGSN-V 601, using VPMN
APN with IMSI-V and MSISDN-V as the parameters.
Thereafter, at step 704, SGSN-V 601 applies DNS
resolution on the APN to get the address of SG 108,
and subsequently, sends a create PDP context to SG
108. Since VPMN profile is activated for subscriber
106, at step 706, SG applies DNS on the APN to get
address for GGSN-V 603, and subsequently relays the
create PDP context to GGSN-V 603, with VPMN APN and
IMSI-V and MSISDN-V as the parameters. Generally, SG
108 establishes PDP context with IMSI-V when GGSN-V is
selected, and with IMSI-H when GGSN-H is selected. The
IMSI is also correspondingly changed in exchange of
GTP PDU. Furthermore, the acknowledgment from GGSN-V
603 is relayed through SG 108 and SGSN-V 601, to
finally reach subscriber 106' s handset, in steps 708,
710 and 712 respectively. Thereafter, GTP PDU from
thesubscriber is also relayed through SGSN-V 601 and
SG 108 to finally reach GGSN-V 603 in steps 714, 716,
and 718, respectively. In another embodiment of the
invention, for any APN that is local to VPMN 104, the
VPMN DNS resolves to GGSN-V 603 and hence does not
involve the use to SG 108. Similarly, for HPMN APN,
the VPMN DNS resolution resolves to SG 108, with call
flow similar as explained in conjunction with Figs. 6A
and 6B, except that the profile assumes HPMN GPRS for
such APN. As explained earlier, a Mobile Terminated
(MT) SMS or call on MSISDN-V, is treated as a local
SMS and call in VPMN 104, respectively. FIG. 8
represents a flow diagram of MT call at MSISDN-H of
the subscriber, in accordance with an embodiment of
the invention. A subscriber ' calls a subscriber 106
(referred to as B ' ), who has subscribed for the MIMM
service. Subscriber A calls subscriber 106 at his HPMN
MSISDN. At step 802, a call request like IAM (A,
MSISDN-H) reaches GMSC-H 114. At step 804, GMSC-H 114
issues a call routing information query such as SRI
(MSISDNH ) to HLR-H 112. Since the VPMN association
for subscriber 106 is also active, at step 806, HLR-H
112 issues a provide roaming number query, such as
PRN(IMSI-H), to SG 108. Thereafter, at step 808, SG
108 returns a special routing number, such as R#, in
its PRN ACK to HLR-H 112. In one embodiment of the
invention, this special routing number R# can include
a special prefix and subscriber 106' s active VPMN
number i.e., MSISDN-V. In another embodiment of the
invention, the special routing number R# can be a
special number in a particular range in HPMN 102. SG
108 also records the assignment of the R# with
MSISDN-V.Thereafter, at step 810, HLR-H 112 returns
the PRN ACK with R# to GMSC-H 114. Thereafter, at step
812, GMSC-H 114 continues the call on this R# using
IAM(A, R#) to a special switch. In various embodiments
of the invention, the special switch can be GMSC-H 114
itself or a VoIP platform having a special routing
configuration for R# . The VoIP platform is coupled to
HPMN 102. Thereafter, the special switch processes the
R# to deduce the final destination number in the
following two ways: firstly, the special switch
removes the prefix to get MSISDN-V and secondly, the
special switch passes the call control for R# to SG
108. Furthermore, at step 814, SG 108 requests GMSC-H
114 (i.e. the special switch) to route the call to
MSISDN-V, using IAM(A, OCN=MSISDN-H, MSISDN-V). The
signaling in this case can be one of, but may not be
limited to, ISUP loopback, IN (INAP), non-standard IN,
CAP, WIN and SIP. The insertion of OCN=MSISDN-H in IAM
message is optional. Finally at step 816, the GMSC-H
114 routes the call to GMSC-V 124 at MSISDN-V. FIGS .
9A and 9B represent a flow diagram of late call
forwarding of MT calls at HPMN MSISDN of the
subscriber, in accordance with an embodiment of the
invention. When the subscriber associates the VPMN
MSISDN with HPMN MSISDN, during the location update
with HLR-H 112, SG 108 obtains 



call forwarding information for subscriber 106 .
However, if the subscriber sets Call Forwarding (CFU)
on MSISDN-H, then SG 108 is not involved, as early
call forwarding happens. The call flow for late call
forwarding in this embodiment is similar to the call
flow of MT calls at MSISDN-V, with steps 902 to 916
being identical to steps 802 to 816, respectively. At
step 916, GMSC-H 114 routes the call toGMSC-V 124 at
MSISDN-V. If call forwarding such as, but not limited
to, unconditional, early and late call forwarding, is
set at MSISDN-V and call is answered in VPMN 104, SG
108 does not intercept the call control. However, at
step 918, GMSC-V 124 releases the call using ISUP
release with release cause to GMSC-H 114. At step 920,
SG 108 intercepts the release cause to select the
corresponding call forwarding number. Finally at step
922, SG 108 issues a call setup IAM (A, OCN=MSISDN-H,
forwarding number) , based on the release cause.
However, if there is no forwarding number, then SG 108
relays the ISUP REL message to GMSC-V 124.
Furthermore, if the release cause in ISUP REL message
is unknown, SG 108 determines a call forwarding number
based on a configuration option such as, but may not
be limited to, user busy and user unreachable. As
mentioned in various embodiments of the invention that
local profile is maintained for each network IMSI,
i.e. IMSI-H or IMSI-V, or likewise, these IMSIs also
have corresponding voicemail forwarding number. In one
embodiment of the invention, if only HPMN provides
voicemail forwarding, then late forwarded calls on any
MSISDN (MSISDN-I), irrespective of the subscriber's
current location (MSISDN-V), are forwarded to HPMN
Voicemail. MSISDN-I may correspond to a new VPMN-I
other than VPMN 104. Hence, the called MSISDN-I and
the currently registered network VPMN 104 are not
corresponding to the same VPMN. For example, if the
subscriber is registered at VPMN-I, and he is not
answering a call on his MSISDN-H, the call is routed
through the SG to the HPMN voicemail. As another
example, if the subscriber is registered at VPMN 1 ,
and he is not answering a call to his VPMN 2 MSISDN,
thecall is again routed through the SG to the HPMN
voicemail. However, if the subscriber is registered at
VPMN 1 and he is not answering to a call on his VPMN 1
MSISDN, the 'call is dropped. Further, it will be
apparent to a person skilled in the art, that if the
subscriber is at HPMN and he is not answering a call
on his HPMN MSISDN, then the call is forwarded to his
HPMN voicemail. However, in case only VPMN provides a
voicemail forwarding, then late call forwarding on the
VPMN MSISDN goes to that voicemail. The call is
dropped only when the subscriber is registered at
VPMN-I, and does not answer the call on MSISDN-I
corresponding to VPMN-I. A local SMSC, corresponding
to the subscriber' s location, notifies whenever a
voicemail is left for the subscriber. In another
instance, the voicemail for the subscriber may be left
at a network that is different from his current
registered location. The voicemail notification
(MT-SMS) message goes through the SG where the SG
checks the message whether the sender is from a
voicemail system. If it is, then the SG precedes the
voicemail notification with an SMS of its own, which
informs the subscriber for the network from which the
next voice mail notification comes. Hence, the
subscriber is able choose the correct IMSI and profile
to check his voicemail. In an embodiment of the
invention, the subscriber dials in to the voicemail
system to check his voicemail. In the case of multiple
VPMN SIMs approach, since the voicemail number is
stored in the SIM, the subscriber can press "1" on the
keypad to check the voicemail. In case of multiple
IMSI in single SIM approach, in the case of multiIMSI
STK-based SIM approach, the STK application can swap
in the corresponding voicemail number on a selected
IMSI in the SIM, and the subscriber can still press 1"
on the keypad to check the corresponding voice mail.
FIG. 10 represents a flow diagram of MT SMS at HPMN
MSISDN of the subscriber, in accordance with an
embodiment 



of the invention. The SMS is present at an originating
SMSC 1001. At step 1002, SMSC 1001 issues a routing
query for SMS like SRI-SM (MSISDN-H) to HLR-H 112.
Since subscriber 106 has subscribed to the MIMM
service, there is an association between MSISDN-H and
MSISDN-V. Hence, at step 1004, HLR-H 112 returns the
address of SG 108 as SRI-SM ACK. Thereafter, at step
1006, originating SMSC 1001 forwards the SMS on
MSISDN-H to SG 108. Thereafter, at step 1008, SG 108
replaces MSISDN-H with MSISDN-V in SRI-SM message and
sends it to HLR-V 126. In another embodiment of the
invention, SG 108 sends the SMS over IP to a SMS
interworking service provider, such as Mobile 365,
which delivers the SMS to its destination. Thereafter,
at step 1010, HLR-V 126 returns an address of VMSC-V
128 as its acknowledgment to SRI-SM. At step 1012, SG
108 forwards the SMS to VMSC-V 128. The
acknowledgement, including errors, is returned to SG
108 at step 1014. Finally, at step 1016, SG 108 relays
the acknowledgment back to originating SMSC 1001. In
an embodiment of the invention, the MT-SMS may not be
delivered to subscriber 106' s handset because the
handset may be switched off, or could be out of
coverage area, or the inbox of the handset could be
full. FIG. 11 represents a flow diagram for
re-delivery of MT SMS at HPMNMSISDN of the subscriber,
in accordance with an embodiment of the invention. In
such a case, the originating SMSC 1001 sends a REPORT
SM DELIVERY STATUS message to HLR-H 112, to set the
Message Waiting Data flag into the HLR-H 112, for
subscriber 106, after MT FSM ACK. Since REPORT SM
DELIVERY STATUS message is like SRI and SRI-SM message
and is based on MSISDN, this message is not
intercepted by SG 108. Since SG 108 acts like an SMSC
to forward the MT SMS to MSISDN-V, SG 108 also sends a
REPORT SM DELIVERY STATUS message to HLR-V 126 of
MSISDN-V, to set the Message Waiting Data flag in
HLR-V 126, for subscriber 106, after receiving MT FSM
ACK. Simultaneously, since VMSC-V 128 is aware that
the MTSMS is not delivered to subscriber 106, it sets
the Message Waiting Data flag in the VPMN VLR also.
When VMSC-V 128 makes radio contact with subscriber
106' s handset when the handset is switched on, or
comes in coverage area, or subscriber 106 deletes one
or more messages from his inbox, the VMSC-V 128, at
step 1102, sends the READY FOR SM message to HLR-V 126
of VPMN 104. At step 1104, HLR-V 128 sends the
acknowledgement to VMSC-V 128. Since SG 108 is
registered for notification on MSISDNV , at step 1106,
HLR-V 126 sends AlertSC to SG 108. Thereafter, at step
1108, SG 108 sends an AlertSC ACK to HLR-V 128 of
MSISDN-V. Thereafter, at step 1110, SG 108 issues a
ReadyForSM to HLR-H 112 for IMSI-H. Thereafter, at
step 1112, SG 108 receives an acknowledgment for the
ReadyForSMS message from HLR-H 112. Hence, at step
1114, HLR-H 112 sends AlertSC to originating SMSC
1001. Finally, at step 1116, originating SMSC 1001
sends back the acknowledgment to AlertSC to start the
original SMS redelivery.It will be apparent to a
person skilled in the art that a call flow similar to
MT SMS is applicable for MTUSSD or other supplementary
services. FIG. 12 represents a flow diagram of MT QSSD
at HPMN MSISDN of the subscriber, in accordance with
an embodiment of the invention. A USSD application
1201, such as GSM SCF, sends a USSD request (USSD Req)
on IMSI-H to HLR-H 112, at step 1202. At step 1204,
HLR-H 112 sends the USSD Req (IMSI-H) to SG 108 with
CdPA SSN=7. The SSN= 7 denotes called party is VLR.
Thereafter, at step 1206, SG 108 retrieves IMSI-V from
HLRV 126, by issuing SRI-SM on MSISDN-F. At step 1208,
HLR-V 126 returns IMSI-V in the acknowledgment to SG
108. Thereafter at step 1210, SG 108 sends USSD Req
(IMSI-V) to HLR-V 126. Furthermore, at step 1212,
HLR-V 126 sends the USSD Req (IMSI-V) to VMSC-V 128,
with CdPA SSN=7, to signify destination as VLR-V 130.
Thereafter, at step 1214, VMSC-V 128, coupled with
VLR-V 130, sends the acknowledgment to HLR-V 126. The
acknowledgment is relayed through SG 108, HLR-H 112
and finally to USSD application 1201, in steps 



1216, 1218, and 1220, respectively. Similar to MT
calls and SMS, subscriber is also able to receive GPRS
services on his HPMN MSISDN. It will be apparent to a
person skilled in the art that MT GPRS services on
VPMN MSISDN does not involve SG 108. As explained
earlier in conjunction with Figs. 6A and 6B for
MO-GPRS on HPMN APN, the call flow for MT GPRS on HPMN
MSISDN is similar until SG 108 identifies the HPMN
APN. FIG. 13 represents a flow diagram MT GPRS session
at HPMN MSISDN of the subscriber, in accordance with
an embodiment of the invention. In this embodiment,
the subscriber, usinga VPMN SIM, sends an SMS to long
number and an SME to indicate MT GPRS service request
at HPMN 102. Hence, at step 1302, GGSN-H 605 sends a
routing query for GPRS, such as SRI-GPRS in IMSI-H to
HLR-H 112. HLR-I 12 sends the address of SG 108 at
step 1304. At step 1306, GGSN-H 605 sends a PDP
Notification on HPMN APN and IMSI-H to SG 108.
Thereafter, at step 1308, SG 108 sends SRI-GPRS on
IMSI-V to HLR-V 12 6 , corresponding to the received
PDP Notification on IMSI-H. At step 1310, HLR-V 126
returns the address of SGSN-V 601 in the
acknowledgment. Thereafter, at step 1312, SG 108
relays the PDP Notification on HPMN APN with IMSI-H to
SGSN-V 601. SGSN-V 601 sends the acknowledgment back
to SG, at step 1314. SG 108 relays the acknowledgment
to GGSN-H 605, at step 1316. Subsequent PDP context is
established on HPMN APN as explained earlier in
conjunction with FIGs. 6A and 6B. It will be apparent
to a person skilled in the art that similar to MT GPRS
service, the subscriber is also able to receive a MT
MMS as his associated MSISDNs. When a MMS is sent to
the subscriber' s MSISDN-V, it will reach the
subscriber's VPMN MMSC. Thereafter, the VPMN MMSC will
send out a MMS alert to the MSISDN-V. The MMS is
essentially delivered as an SMS (or WAP push over SMS
bearer channel) to the subscriber's handset registered
with VPMN 104 with a VPMN SIM. However, if the
subscriber's handset is configured to have the
VPMN-APN, MMSC address and WAP Gateway, he is able to
use GPRS network of VPMN 104 and VPMN WAP Gateway to
pull the MMS message from the VPMN MMSC. Furthermore,
the subscriber can benefit from the local rates of
VPMN. However, if the subscriber's handset is
configured to have the HPMN APN, MMSC address and
WAPGateway, then the MMS alert acknowledgment fails.
Subsequently, the subscriber is prompted to select the
VPMN configuration to retrieve the MMS message.
Alternately, when a MMS is sent to the subscriber's
MSISDN-H, the MMS message reaches the HPMN MMSC.
Thereafter, HPMN MMSC sends out a MMS alert to the
MSISDNH . The MMS is delivered as an SMS (or WAP push
over SMS bearer channel) to the subscriber's handset.
However, if the subscriber' s handset is configured to
have the HPMN APN, MMSC address and WAP Gateway, then
the subscriber' s handset will be able to use the VPMN
GPRS Roaming and HPMN WAP Gateway to pull the MMS
message from the HPMN MMSC. However, if the
subscriber's handset is configured to have the VPMN
APN, MMSC address and WAP Gateway, then the MMS alert
acknowledgment fails. Subsequently, the subscriber is
prompted to select the HPMN configuration to retrieve
the MMS message. In an alternate embodiment, SG 108
uses MM3 or MM7 interface to set MMS forwarding from
MSISDN-H to MSISDN-V. Hence, MMS sent to the MMSC
corresponding to MSISDN-H is forwarded to the MMSC
corresponding to MSISDN-V via MM4 interface, like MMS
inter-working. However, there may be an instance when
an MMS is sent to a non-registered (associated) MSISDN
of the subscriber. FIGS. 14A and 14B represent a flow
diagram for setting MMS forwarding to a non-registered
MSISDN, to forward the MMS to a registered MSISDN of
the subscriber, in accordance with an embodiment of
the invention. Since an MMS is handled by an MMSC in
the network, this embodiment includes an MMSC 1401,
which possesses the MMS, and is present in the
non-registerednetwork. At step 1402, subscriber 106,
registered at VPMN 104, sends an SMS to VMSC-V 128. At
step 1404, VSMC-V 128 



forwards the SMS to .SMSC-V 132 (with IMSI-V and
MSISDN-V) , which is destined for SG 108 as HPMN SME
address. SMSC-V 132 returns an acknowledgment to
VMSC-V 128, at step 1406. At step 1408, VMSC-V 128
relays that acknowledgement to subscriber 106' s
handset. Thereafter, at step 1410, SMSC-V 132 sends a
SRI-SM routing query to SG 108. SG 108 returns an
acknowledgment to SMSC-V 132 with address of SG 108,
at step 1412. Thereafter, at step 1414, SMSC-V 132
forwards the SMS with MSISDN-V to SG 108. SG 108, at
step 1416, returns the corresponding acknowledgment.
Thereafter, at step 1418, SG 108 sets MMS forwarding
at MMSC 1401 to MSISDN-V. MMSC 1401 acknowledges the
same, at step 1420. The process steps 1418 and 1420
are repeated for each associated IMSI to set
forwarding at corresponding MSISDN. FIGS. 15A and 15B
represent a flow diagram of forwarding the MMS
received at the non-registered MSISDN to the
registered MSISDN of the subscriber, in accordance
with an embodiment of the invention. In order to
deliver the MMS to the registered MSISDN of the
subscriber in VPMN 104, this embodiment includes an
MMSC-V 1501, which is present in a registered network
for subscriber 106. In an embodiment of the invention,
MMSC-V 1501 is present in VPMN 104 where the
subscriber is already registered with MSISDNV . At
step 1502, the unregistered MMSC 1401 gets an MMS from
a subscriber A , intended for unregistered MSISDN-I of
subscriber 106 (i.e. B ) . At step 1504, MMSC 1401
forwards the MMS via MMS inter-working to the
registered MMSC 1501. In one embodiment of the
invention, MMSC 1401 uses MM4 submit message to
forward the MMS to registered MMSC-V1501. At step
1506, MMSC-V 1501 returns an MM4 acknowledgment.
Thereafter, at step 1508, MMSC-V 1501 alerts
subscriber 106 for MMS notification via WAP push on
his handset. Subsequently, SGSN-V 601 establishes a
MMS GPRS PDP context to the handset, at step 1510. At
step 1512, subscriber 106' s handset sends MMS ACK to
MMSC-V 1501. Thereafter, at step 1514, subscriber 106
sends a get MMS request to MMSC-V 1501. Finally, at
step 1516, MMSC-V 1501 delivers the MMS to subscriber
106' handset. Similar to forwarding the MMS at an
un-registered VPMN MSISDN-Vl to a registered VPMN
MSISDN-V, MT calls can also be forwarded to the
subscriber's current location. FIGs. 16A and 16B
represent a flow diagram for forwarding of MT call at
the unregistered VPMN' s MSISDN-Vl,' when the
subscriber is present in the registered VPMN 104, in
accordance with an embodiment of the invention. Since
an unregistered VPMN-I is involved, corresponding
network elements like GMSC-Vl 1601 and HLR-Vl 1603 are
used in this embodiment for exemplary purposes. At
step 1602, GMSC-Vl 1601 receives an IAM(A, MSISDN-Vl)
for call setup. At step 1604, GMSC-Vl 1601 sends a
routing information query SRI on the MSISDN-Vl to
HLR-Vl 1603. Thereafter, at step 1606, HLR-Vl 1603
sends a roaming number request PRN on IMSI-Vl and
MSISDN-Vl to SG 108. At step 1608, SG 108 returns a
special MSRN (R#) from a pool of numbers to HLR-Vl
1603. The R# is selected from a pool of numbers that
are allocated to SG 108 by HPMN 102. Thereafter, in
this instance, GMSC-H 114 is configured to route (via
ISUP or IN trigger) the call control corresponding to
the special routing number (R#) . In one embodiment of
the invention, SG 108 stores the mapping of R# and
MSISDV-Vl. Also, a countrycode (CC-Vl) suffix or
prefix may be associated with R#, depending on the
country of the unregistered VPMN. The acknowledgement
of PRN query is relayed through HLR-Vl to GMSC-Vl, at
steps 1608 and 1610. Subsequently, the MT call to
MSISDN-Vl is finally routed over the special MSRN R#
and reaches GMSC-H 114, at step 1612, as an IAM (A,R#)
message. At step 1614, GMSC-H 114 passes the call
control using a message such as, but not limited to,
IDP (A, R#) , to SG 108 via ISUP loopback or an IN
trigger. Thereafter, at step 1616, SG 108 swaps in the
MSISDN-V with R#, and modifies the caller ID by a
suffix or prefix via ISUP loopback or IN Connect such
as CON(CC-1+A, MSISDN-V). In an embodiment of the
invention, 



the suffix or prefix is the country code CC-I
corresponding to MSISDN-Vl obtained from the mapping.
Finally, at step 1618, GMSC-H 114 initiates the call
setup using IAM(CC-1+A, MSISDN-V) to GMSC-V 124. In
another embodiment of the invention, caller ID of A is
left unchanged, but the called number is sent as
out-of-band message such as, but may not be limited
to, an SMS, a GPRS push message and instant messaging.
However, in such a case, the call is temporarily
suspended until the out-of-band SMS is delivered, or
timed out, or an error is received. Other
supplementary services like ODB and call barring are
also managed, based on local profiles. For example,
the subscriber can define, via SS MMI or customer
care, to set call barring, call forwarding, or any
other SS. This is done like a local subscriber when
the subscriber is registered at the VPMN network with
the VPMN IMSI, or roaming with the VPMN IMSI/SIM at
any other network (VPMNor HPMN) . Hence, SS values of
different IMSI profiles are independent of each other.
For example, if the subscriber sets incoming call
barring at the HPMN HLR, when registered at a VPMN
with his VPMN IMSI, the incoming call to his VPMN
MSISDN may not be barred. Similar is the case for
roaming services. A s another example, if the
subscriber bars his incoming or outgoing calls while
roaming at the HPMN HLR, when registered at the VPMN
with his VPMN IMSI/SIM, the MO and MT calls to his
VPMN MSISDN may not be barred. Since the local
operator providing the service defines ODB, it is tied
to an IMSI profile at a network, and is independent of
the ODB situation of another IMSI profile at another
network. For example, in order to bar an incoming call
at a particular MSISDN (HPMN or VPMN) , when the
subscriber is registered at any other network, with
the VPMN IMSI, the subscriber can use the SS call
barring of incoming call with the HPMN IMSI registered
at the VPMN as a roamer. Alternatively, the subscriber
can do the same while he is registers the HPMN with
the HPMN IMSI, before he registers with the VPMN
network. Any change in the profile subscription of
HPMN, by different VPMN networks, requires
coordination between the HPMN and the other networks.
In one embodiment of the invention, the SG may have
OMAP interfaces with each VPMN network to perform the
coordination . As regards the billing for the calls
and other VAS of the subscriber, if the HPMN SIM is
used, normal roaming billing process applies. However,
if a prepaid VPMN SIM is used, the VPMN bills the
subscriber via its local prepaid system. The
subscriber then pays for the prepaid SIM orrecharges
the credit in SIM at HPMN or VPMN. Moreover, if a
postpaid VPMN SIM is used, the VPMN sends the bill to
the HPMN operator, who then bills the subscriber. It
will be apparent to a person skilled in the art, that
the MIMM services can also be applied to CDMA/ANSI-
4ID, and other technologies such as, but may not be
limited to, VoIP, WiFi, 2G, 3G, and inter-standard
roaming. For example, a CDMA roaming subscriber
traveling with a VPMN CDMA handset. Another example is
a CDMA roaming subscriber travelling with a VPMN GSM
SIM and a GSM handset. Yet another examp le is a GSM
roaming subscriber traveling with a VPMN CDMA RUIM and
a CDMA handset. To support these variations, the SG
108 will have a SS7 and network interface
corresponding to the VPMN network as well as a SS7 and
network interface corresponding to the HPMN network.
It would be obvious to a person skilled in the art,
that these two interfaces in different directions may
not have to be the same technologies. In addition,
there could be multiple types of interfaces in both
directions . An exemplary list of the mapping between
GSM MAP and ANSI41D is described in the table below as
a reference.ProvideRoamingNumber ROUTING REQUEST The
present invention can take the form of an entirely
hardware embodiment, an entirely software embodiment,
or an embodiment containing both hardware and software
elements. In accordance with an embodiment of the
present invention, software, including but not limited
to, firmware, resident 



software, and microcode, implements the invention.
Furthermore, the invention can take the form of a
computer program product, accessible from a
computer-usable or computer-readable medium providing
program code for use by, or in connection with, a
computer or any instruction execution system. For the
purposes of this description, a computer-usable or
computer readable medium can. be any apparatus that
can contain, store, communicate, propagate, or
transport the program for use by or in connection with
the instruction execution system, apparatus, or
device. The medium can be an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor
system (or apparatus or device) or a propagation
medium. Examples of a computer-readable medium include
a semiconductor or solid state memory, magnetic tape,
a removable computer diskette, a random access memory
(RAM) , a read-only memory (ROM) , a rigid magnetic
disk and an optical disk. Current examples of optical
disks include compact disk - read only memory (CDROM)
, compact disk - read/write (CD-R/W) and Digital
Versatile Disk (DVD) . An operator uses the MIMM
system to serve subscribers, associated with its
network, even when they are not in the coverage of
home network and are in VPMN networks . The MIMMsystem
facilitates such subscriber to use local rate dialing
benefits even when they are in VPMN networks. The MIMM
system provides multiple MSISDNs in either a single
SIM or multiple VPMN SIMs. The subscriber may use his
existing HPMN SIM and can avail the benefit of local
rates when he is in VPMN, by using his VPMN MSISDN.
Alternatively, the subscriber may use multiple VPMN
SIMs, each having its corresponding MSISDN, so as to
enable local rate dialing. In addition, the subscriber
can use services corresponding to the local profile in
the SIM/IMSI. The MIMM system facilitates subscribers
to use call related and value added services at any of
the associated MSISDNs. The subscriber can receive
calls at his HPMN MSISDN, as well as at his VPMN
MSISDN, irrespective of his current location.
Furthermore, the subscriber can indicate his desired
MSISDN in CLI, when initiating any call or a VAS from
the HPMN or VPMN. The MIMM system caters to both
post-paid and pre-paid subscribers. Moreover, the MIMM
system also facilitates the subscriber to make or
receive any call or VAS message at any of his
associated MSISDNs, by forwarding the call or VAS
message from the number at which it is received, to
his desired associated MSISDN. The components of MIMM
system described above include any combination of
computing components and devices operating together.
The components of the MIMM system can also be
components or subsystems within a larger computer
system or network. The MIMM system components can also
be coupled with any number of other components (not
shown), such as other buses, controllers, memory
devices, and data input /output devices, in any number
of combinations. In addition, any number or
combination ofother processor-based components may be
carrying out the functions of the MIMM system. It
should be noted that the various components disclosed
herein may be described using computer aided design
tools and/or expressed (or represented) , as data
and/or instructions embodied in various
computer-readable media, in terms of their behavioral,
register transfer, logic component, transistor, layout
geometries, and/or other characteristics.
Computer-readable media in which such formatted data
and/or instructions may be embodied include, but are
not limited to, non-volatile storage media in various
forms (e.g., optical, magnetic or semiconductor
storage media) and carrier waves that may be used to
transfer such formatted data and/or instructions
through wireless, optical, or wired signaling media or
any combination thereof. Unless the context clearly
requires otherwise, throughout the description and the
claims, the words "comprise, " "comprising, " and the
like are to be construed 



in an inclusive sense as opposed to an exclusive or
exhaustive sense; that is to say, in a sense of
"including, but may not be limited to." Words using
the singular or plural number also include the plural
or singular number respectively. Additionally, the
words "herein, " "hereunder," "above," "below," and
words of similar import refer to this application as a
whole and not to any particular portions of this
application. When the word "or" is used in reference
to a list of two or more items, it covers all of the
following interpretations: any of theitems in the
list, all of the items in the list and any combination
of the items in the list. The above description of
illustrated embodiments of the MIMM system is not
intended to be exhaustive or to limit the MIMM system
to the precise form disclosed. While specific
embodiments of, and examples for, the MIMM system are
described herein for illustrative purposes, various
equivalent modifications are possible within the scope
of the MIMM system, as those skilled in the art will
recognize. The teachings of the MIMM system provided
herein can be applied to other processing systems and
methods. They may not be limited to the systems and
methods described above. The elements and acts of the
various embodiments described above can be combined to
provide further embodiments. These and other changes
can be made in light of the above detailed
description. Other Variations In describing certain
embodiments of the MIMM system under the present
invention, this specification follows the path of a
telecommunications call, from a calling party to a
called party. For the avoidance of doubt, that call
can be for a normal voice call, in which the
subscriber telecommunications equipment is also
capable of visual, audiovisual or motion-picture
display. Alternatively, those devices or calls can be
for text, video, pictures or other communicated
data.In the foregoing specification, specific
embodiments of the present invention have been
described. However, one of ordinary skill in the art
will appreciate that various modifications and changes
can be made without departing from the scope of the
present invention as set forth in the claims below.
Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be
included within the scope of present invention. The
benefits, advantages, solutions to problems, and any
element (s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to
be construed as a critical, required, or essential
features or elements of any or all the
claims.APPENDIXINHIBITORS OF El ACTIVATING ENZYMES
Field of the Invention IOOll This invention relates to
compounds, compositions and methods for the treatment
of various disorders, particularly disorders of cell
proliferation, including cancers, and inflammatory
disorders. In particular, the invention provides
compounds which inhibit the activity of El type
activating enzymes. Background of the Invention [002]
The post-translationa] modification of proteins by
ubiquitin-like molecules (ubls) is an important
regulatory process within cells, playing key roles in
controlling many biological processes including cell
division, cell signaling and the immune response. Ubls
are small proteins that are covalently attached to a
lysine on a target protein via an isopeptide linkage
with a C-terminal glycine of the ubl. The
ubiquitin-like molecule alters the molecular surface
of the target protein and can affect such properties
as protein-protein interactions, enzymatic activity,
stability and cellular localization of the target.
[003] Ubiquitin and other ubls are activated by a
specific El enzyme which catalyzes the formation of an
acyl-adenylate intermediate with the C-terminal
glycine of the ubl. The activated ubl molecule is then
transferred to the catalytic cysteine residue within
the El enzyme through formation of a thioester bond
intermediate. The El-ubl intermediate and an E2
associate, resulting in a thioester exchange wherein
the ubl is transferred to the active site cysteine of
the E2. The ubl is then conjugated to the target
protein, either directly or in conjunction with an E3
ligase, through isopeptide bond formation with the
amino group of a lysine side chain in the target
protein. [004] The biological consequence of ubl
modification depends on the target in 



question. Ubiquitin is the best characterized of the
ubls and a consequence of modification by
ubiquitination is the degradation of
poly-ubiquitinated proteins by the 26S proteasome.
Ubiquitin is conjugated to its target proteins through
an enzymatic cascade involving its specific El
activating enzyme, Ubal (ubiquitin activating enzyme,
UAE), a conjugating enzyme from the family of E2s, and
a ubiquitin ligase from either the RING or HECT
classes of E3s. See, Huang et ah, Onwgene.23:1958-71
(2004). Target specificity is controlled by the
particular combination of E2 and E3 protein, with >40
E2s and >100 E3s being known at present. In addition
to ubiquitin, there are at least 10 ubiquitin-like
proteins, each believed to be activated by a specific
El activating enzyme and processed through similar but
distinctdownstream conjugation pathways. Other bls for
which El activating enzymes have been identified
include Nedd8 (APPBP1-Uba3), ISG15 (UBElL) and the
SUMOfamily (Aosl-Uba2). [005] The ubl Nedd is
activated by the hetersdimer Nedd8-activatLag enzyme
(APPBP1-Uba3) (NAE) and is transferred to a single E2
(Ubcl2), ultimately resulting in ligation to cullin
proteins. The function of neddylation is the
activation of cullin-based ubiquitin ligases involved
in the ubiquitination and hence turnover of many cell
cycle and cell signaling proteins, including p27 and
I-kB. See Pan et al., Oncogene. 23:1985-97, (2004).
The ubl SUMO is activated by the heterodimer sumo
activating enzyme (Aosl-Uba2) (SAE) and is transferred
to a single E2 (Ubc9), followed by coordination with
multiple E3 ligases, ultimately resulting in
sumoylation of target proteins. Sumo modification can
affect the cellular localization of target proteins
and proteins modified by SUMO family members are
involved in nuclear transport, signal transduction and
the stress response. See Seeier and Dejean, Nat Rev
MoI Cell Biol. 4:690-9, (2003). The function of
sumoylation includes activation of cell signaling
pathways {e.g., cytokine, WNT, growth factor, and
steroid hormone signaling) involved in transcription
regulation; as well as pathways involved in control of
genomic integrity (e.g., DNA replication, response
toDNA damage, recombination and repair). See Muller et
al, Oncogene. 23:1998-2006, (2004). There are other
ubls (e.g., ISG15, FATlO, Apgl2p) for which the
biological functions are still under investigation.
[006] A particular pathway of importance which is
regulated via El activating enzyme activities is the
ubiquitin-proteasome pathway (UPP). As discussed
above, the enzymes UAE and NAE regulate the UPP at two
different steps in the ubiquitination cascade. UAE
activates ubiquitin in the first step of the cascade,
while NAE, via activation of Nedd , is responsible for
the activation of the cullin based ligases, which in
turn are required for the final transfer of ubiquitin
to certain target proteins A functional UPP pathway is
required for normal cell maintenance. The UPP plays a
central role in the turnover of many key regulatory
proteins involved in transcription, cell cycle
progression and apoptosis, all of which are important
in disease states, including tumor cells. See, e.g..
King et al., Science 27A: 1652-1659 (1996); Vorhees et
al, CHn. Cancer Res., 9: 6316-6325 (2003); and Adams
et al, Nat. Rev. Cancer, 4: 349-360 (2004).
Proliferating cells are particularly sensitive to
inhibition of the UPP. See, Drexler, Proc. Natl. Acad.
ScL, USA 94: 855-860 (1977). The role of the UPP
pathway in oncogenesis has led to the investigation of
proteasome7 002560 inhibition as a potential
anticancer therapy. For example, modulation of the UPP
pathway by inhibition of the 26S proteasome by
VELCADE(r)(bortezomib) has proven to be an effective
treatment in certain cancers and is approved for the
treatment of relapsed and refractory multiple myeloma.
Examples of proteins whose levels are controlled by
cullin-based ubiquitin ligases which are downstream of
NAE and UAE activity include the CDK inhibitor p27Kipl
and the inhibitor of NFKB, IKB. See, Podust et al,
Proc. Natl. Acad. ScI, 97: 4579-4584, (2000), and Read
et al, MoI. Cell Biol, 20: 2326-2333, (2000).
Inhibition of the degradation of p27 is expected to
block the progression of cells through the Gl and S
phases of the cell cycle. Interfering with the
degradation of IKB should prevent the nuclear
localization of NF-kB, transcription of various
NF-kB-dependent genes associated with the malignant
phenotype, and resistance to standard cytotoxic
therapies. Additionally, NF-kB plays a key role in the
expression of a number of pro-inflammatory mediators,
implicating a role for such inhibitors in inflammatory
diseases. Furthermore, inhibition of UPP has been
implicated as a useful target for additional
therapeutics, such as inflammatory disorders,
including, e.g., rheumatoid arthritis, asthma,
multiple sclerosis, psoriasis and reperfusion injury;
neurodegenerative disorders, including e.g.,
Parkinson's disease, Alzheimer's disease, triplet
repeat disorders; neuropathic pain; ischemic
disorders, e.g., stroke, infarction, kidney disorders;
and cachexia. See, e.g., Elliott and Ross, Am J Clin
Pathol. 116:637-46 (2001); Elliott et al, J MoI Med.
81:235-45 (2003); Tarlac and Storey, J. Neurosci. Res.
74: 406-416 (2003); Mori et al., Neuropath. Appl.
Neurobiol., 31: 53-61 (2005); Manning, Curr Pain
Headache Rep. 8 : 192-8 (2004); Dawson and Dawson,
Science 302: 819-822 (2003); Kukan, / Physiol
Pharmacol. 55: 3-15 (2004); Wojcik and DiNapoli,
Stroke. 35:1506-18 (2004); Lazarus et al, A m J
Physiol. 27:E332-41 (1999). [007] Targeting El
activating enzymes provides a unique opportunity to
interfere with a variety of biochemical pathways
important for maintaining the integrity of cell
division and cell signaling. El activating enzymes
function at the first step of ubl conjugation
pathways; thus, inhibition of an El activating enzyme
will specifically modulate the downstream biological
consequences of the ubl modification. As such,
inhibition of these activating enzymes, and the
resultant inhibition of downstream effects of
ubl-conjugation, represents a method of interfering
with the integrity of cell division, cell 



signaling, and several aspects of cellular physiology
which are important for disease mechanisms. Thus, El
enzymes such as UAE, NAE, and SAE, as regulators of
diversecellular functions, are potentially important
therapeutic targets for the identification of novel
approaches to treatment of diseases and disorders.
Description of the Invention [008] This invention
provides compounds that are effective inhibitors of El
activating enzymes, particularly NAE. The compounds
are useful for inhibiting El activity in vitro and in
vivo, and are useful for the treatment of disorders of
cell proliferation, particularly cancers, and other
disorders associated with El activity. Compounds of
the invention are of the general formula (J): or a
pharmaceutically acceptable salt thereof, wherein:
stereochemical configurations depicted at asterisked
positions indicate relative stereochemistry; Ring A is
selected from the group consisting of: and A ii ;
wherein one ring nitrogen atom in Ring A optionally is
oxidized; Xis -C(R n)2, -N(R )-, or -O; Yis -O, -S-,
or -C(Rm)(R>;Ra is selected from the group consisting
of hydrogen, fluoro, -CN, -N3, -OR5, -N(R 2,
-NR4CO2R6, -NR4C(O)R5, -C(O)N(R4 C(O)R5, -OC(O)N(R4)2,
-OC(O)R5, -OCO2R6, or a C1 4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR5*, -N(R4 )(R4y), -CO2R5 , or
-C(O)N(R^)(R45) ; or Ra and Rb together form =O; or Ra
and Rc together form a bond; Rb is selected from the
group consisting of hydrogen, fluoro, C aliphatic, and
C1-4 fluoroaliphatic; or R and R together form =O; or
R , taken together with R and the intervening carbon
atoms, forms a fused cyclopropane ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C1 aliphatic; or
Rb, taken together with Re and the intervening carbon
atoms, forms a fused cyclopropane ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C1-4 aliphatic;
Rc is selected from the group consisting of hydrogen,
fluoro, -CN, -N3, -OR5, -N(R 2, -NR CO2R6, -NR4C(O)R5,
-C(O)N(R4) ,, -C(O)R5, -OC(O)N(R4) ,, -OC(O)R5,
-OCO2R6, or a C1 aliphatic or C1 4 fluoroaliphatic
optionally substituted with one or two substituents
independently selected from the group consisting of
-OR5x, -N(R 1XR4 ), -CO2R5 or -C(O)N(R4x)(R4y); or Rc
and Ra together form a bond; or Rc and Rd together
form =O; Rd is selected from the group consisting of
hydrogen, fluoro, C aliphatic, and C1 fluoroaliphatic;
or R and Rc together form =O; or R , taken together
with R and the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted
with one or two substituents independently selected
from fluoro or C1-4 aliphatic; or R , taken together
with Re and the intervening carbon atoms, forms a
fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1 aliphatic; Re is hydrogen,
or C1 4 aliphatic; or Re, taken together with one R
and the intervening carbon atoms, forms a 3- to
6-membered spirocyclic ring, -which is optionally
substituted with one or two substituents independently
selected from fluoro orC1-4 aliphatic; or Re, taken
together with Rmand the intervening carbon atoms,
forms a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1-4 aliphatic; or Re, taken
together with R and the intervening carbon atoms,
forms a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1 4 aliphatic; Re is hydrogen
or C1-4 aliphatic; or Re , taken together with Rmand
the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted
with one or two substituents independently selected
from fluoro or C1 aliphatic; or R , taken together
with Rd and the intervening carbon atoms, forms a
fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1-4 aliphatic; each R is
independently hydrogen, fluoro, C1-4 aliphatic, or C
fluoroaliphatic, provided that if Xis -O- or -NH-,
then R is not fluoro; or two R taken together form =O;
or two R, taken together with the carbon atom to which
they are attached, form a 3- to 6-membered carbocyclic
ring; or one R, taken together with Re and the
intervening carbon atoms, forms a 3- to 6-membered
spirocyclic ring, which is optionally substituted with
one or two substituents independently selected from
fluoro or C1-4 aliphatic; or one Rf, taken together
with an adjacent R and the intervening carbon atoms,
forms a cyclopropyl ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1 4 aliphatic; or one R and
one Rn together form a double bond; each R is
independently hydrogen or fluoro; or one R , taken
together with an adjacent Rf and the intervening
carbon atoms forms a cyclopropyl ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C aliphatic; or
one R and one R together form a double bond; R is
hydrogen, C1 4 aliphatic, and C1-4 fluoroaliphatic; 



Re is hydrogen, halo, -NO2, -CN, - R R5) ,, -C C-R5,
-ORS, -SR6, -S(O)R6, -SO2R6,-OC(O)R 5, -OCO2R6,
-OC(O)N(R4),,, -C(O)R5 -CO2R5, -C(O)N(R4) ,
-C(O)N(R*)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2, -N(R")C(=NR
'1)-N(R 4)-C(O)R 5, -C(=NR4)-N(R4)2, -C(=NR4)-OR5,
-N(R4)-N(R4)2/ -N(R4)-ORS, -C(=NR4)-N(R4)-OR5,
-C(R6J=N-OR5, or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl; each Rh
independently is hydrogen, halo, -CN-, -OR5, -N(R4)2,
-SR6, or an optionally substituted C1 aliphatic group;
R' is hydrogen, -OR5, -SR6, -N(R4)2, or an optionally
substituted aliphatic, aryl, or heteroaryl group; Rk
is hydrogen, halo, -OR5, -SR6, -N(R4 2, or an
optionally substituted C aliphatic group; Rmis
hydrogen, fluoro, -N(R4)2, or an optionally
substituted C1 4 aliphatic group; or Rm and R together
form =O or =C(R5)2; or Rmand Re, taken together with
the intervening carbon atoms, form a fused
cyclopropane ring, which is optionally substituted
with one or two s bstituents independently selected
from fluoro or C1-4 aliphatic; or Rmand Re, taken
together with the intervening carbon atoms, form a
fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1-4 aliphatic; Rn is
hydrogen, fluoro, or an optionally substituted C1-4
aliphatic group; or Rmand Rn together form =O or
=C(RS)2; each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 4r- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms independently selected from N O, and
S; R4 is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or C
0 ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted; R4y is hydrogen, C1-4 alkyl,
C1-4 fluoroalkyl, C 0 ar(C )alkyl, the aryl portion of
which may be optionally substituted, or an optionally
substituted 5- or 6-membered aryl, t- roarvi or
hptprocvclvl ring; orR and R4y, taken together with
the nitrogen atom to which they are attached, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms independently selected from N, O, and
S; and each R-.5 i.ndependently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; each RSx independently is
hydrogen, C1 4 alkyl, C1-4 fluoroalkyl, or an
optionally substituted C 10 aryl or C6-10 ar(C )alkyl;
each R6independently is an optionally substituted
aliphatic, aryl, or heteroaryl group; and m is 0, 1,
2, or 3, provided that Yis -C(Rm)(Rn)- when m is 0.
[009] In some embodiments, the invention relates to a
compound of formula (I) characterized by formula
(I-A): or a pharmaceutically acceptable salt thereof,
wherein: stereochemical configurations depicted at
asterisked positions indicate relative
stereochemistry; Ring A is selected from the group
consisting of:wherein one ring nitrogen atom in Ring A
optionally is oxidized; Xis -CH2-, -CHF-, -CF2- -NH-,
or -O; Y is -O, -S-, or -C(RM)(Rn)-; Ra is selected
from the group consisting of hydrogen, fluoro, -CN,
-N3, -OR , -N(R )2, -NR4CO2R6, -NR4C(O)R5, -C(O)N(R4 y
-C(O)R5, -OC(O)N(R4)2, -OC(O)R5, -OCO2R , C1 4
fluoroaliphatic, or a C aliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5", -N(R^)(R4
), -CO2R5x, or -C(O)N(R4x)(R4y); R is selected from
the group consisting of hydrogen, fluoro, C1 4
aliphatic, and C1 4 fluoroaliphatic; Rc is selected
from the group consisting of hydrogen, fluoro, -CN,
-N3, -OR5, -N(R4)2, -NR4CO2R6, -NR4C(O)R5, -C(O)N(R4)
, -C(O)R5, -OC(O)N(R%, -OC(O)R5, -OCO2R6, C1 4
fluoroaliphatic, or a C1 4 aliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR *, -N(R )(R
), -CO2R5x, Or-C(O)N(R^)(R4 ); R is selected from the
group consisting of hydrogen, fluoro, C1 aliphatic,
and C1 , fluoroaliphatic; Re is hydrogen, or C1-4
aliphatic; or R , taken together with one R and the
intervening carbon atoms, forms a 3- to 6-membered
spirocyclic ring; e' ' R is hydrogen or C1 4
aliphatic; each R is independently hydrogen, fluoro,
C1-4 aliphatic, or C1-4 fluoroaliphatic, provided that
if Xis -O- or -NH-, then Rf is not fluoro; or two Rf
taken together form =O; or two Rf, taken together with
the carbon atom to which they are attached, form a 3-
to 6-membered carbocyclic ring; or one R, taken
together with Re and the intervening carbon atoms,
forms a 3- to 6-membered spirocyclic ring; Rs is
hydrogen, halo, -NO2, -CN, -C(R5)=C(RS)2, -C C-R5,
-OR5, -SR6, -S(O)R6, -SO2R6, 



-N(R4 2, -MR4C(O)R5, -NR4C(O)N(R4 2, -N(R 4)C(=NR
4)-N(R 4)2,-N(R4)C(=NR4)-R6 -NR4CO2R6 -N(R4 SO2R6,
-N(R^SO 2N(R4),, -O-C(O)R5, -OCO2R6, -OC(O)N(RV
-C(O)R5, -CO2R5, -C(O)N(R4) ,, -C(0)N(RV0R S,
-C(=NR4)-ORS, -N(R4 -N(R4) , -N(R^-OR 5,
-C(=NR4)-N(R4)-OR5, -C(RVN-OR 5, or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl; each Rh independently is hydrogen, halo,
-CN-, -OR5, -N(R4)2, -SR6, or an optionally
substituted C1 aliphatic group; R' is hydrogen, -OR5,
-SR6, -N(R4 2, or an optionally substituted aliphatic,
aryl, or heteroaryl group; Rk is hydrogen, halo, -OR5,
-SR6, -N(R4)2, or an optionally substituted C
aliphatic group; Rm is hydrogen, fluoro, -N(R )_, or
an optionally substituted C1 aliphatic group; and Rn
is hydrogen, fluoro, or an optionally substituted C1-4
aliphatic group; or Rm and R" together form =O or
=C(R5) ; each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, O2 ring
heteroatoms independently selected from N, O, and S; R
is hydrogen, C 4 alkyl, C fluoroalkyl, or C6 10 ar(C
)alkyl, the aryl portion of which may be optionally
substituted; R4y is hydrogen, C1 alkyl, C1
fluoroalkyl, C 0 ar(C1 )alkyl, the aryl portion of
which may be optionally substituted, or an optionally
substituted 5- or 6-membered aryl, heteroaryl, or
heterocyclyl ring; or R4 and R4y, taken together with
the nitrogen atom to which they are attached, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms independently selected from N, O, and
S; and each R5 independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group;US2007/002560 each R x independen
tly is hydrogen, C1-4 alkyl, C1 4 fluoroalkyl, or an
optionally subs tituted C 0 aryl or C6 10 ar(C
1-4)alkyl; each R6 independen tly is an optionally
subs tituted alip hatic, aryl, or heteroaryl group;
and m is 1, 2, or 3. [010] Compounds of the inven tion
include those described generally above, and are fur
ther defined and illus trated by the detailed descrip
tion and examples herein. [Oil] As used herein, the
term "El," "El enzyme," or "El activating enzyme"
refers to any one of a family of rela ted ATP-dependen
t activating enzymes involved in activating or promo
ting ubiqui tin or ubiqui tin-like (collectively
"ubl") conjuga tion to target molecules. El activating
enzymes func tion through an adenyla tion/thioester
intermediate forma tion to transfer the appropria te
ubl to the respec tive E2 conjugating enzyme through a
transthiolation reaction. The resul ting activated
ubl-E2 promo tes ultima te conjuga tion of the ubl to
a target pro tein. A varie ty of cellular pro teins
that play a role in cell signaling, cell cycle, and
pro tein turnover are subs trates for ubl conjuga tion
which is regula ted through El activating enzymes
(e.g., NAE, UAE, SAE). Unless otherwise indica ted by
con text, the term "El enzyme" is meant to refer to
any El activating enzyme pro tein, including, without
limi tation, nedd activating enzyme (NAE (APPBPl
/Uba3)), ubiqui tin activa ting enzyme (UAE (Ubal)),
sumo activating enzyme (SAE (Aosl/Uba2)), or ISG15
activatingenzyme (UbelL), preferably humanNAE, SAE or
UAE, and more preferably NAE. [012] The term "El
enzyme inhibitor" or "inhibitor of El enzyme" is used
to signify a compound having a structure as defined
herein, which is capable of interactingwith an El
enzyme and inhibiting its enzyma tic activity.
Inhibiting El enzyma tic activity means reducing the
abili ty of an El enzyme to activate ubiqui tin like
(ubl) conjuga tion to a subs trate pep tide or pro
tein (e.g., ubiqui tination, neddyla tion, sumoyla
tion). In various embodimen ts, such reduc tion of El
enzyme activity is at leas t abou t 50%, at leas t
abou t 75%, at leas t abou t 90%, at leas t abou t
95%, or at leas t abou t 99%. In various embodimen ts,
the concen tration of El enzyme inhibitor required to
reduce an El enzyma tic activity is less than abou t 1
mM, less than abou t 500 nM, less than abou t 100 nM,
less than abou t 50 nM, or less than abou t 10 nM.
[013] In some embodimen ts, such inhibition is selec
tive, i.e., the El enzyme inhibitor reduces the abili
ty of one or more El enzymes (e.g., NAE, UAE, or SAE)
to promo teT/US2007/002560 ubl conjugation to
substrate peptide or protein at a concentration that
is lower than the concentration of the inhibitor that
is required to produce another, unrelated biological
effect. Tn some such embodiments, the El enzyme
inhibitor reduces the activity of one El enzyme at a
concentration that is lower than the concentration of
the inhibitor that is required to reduce enzymatic
activity of a different El enzyme- In other
embodiments, the El enzyme inhibitor also reduces the
enzymatic activity of another El enzyme, preferably
one that is implicated in regulation of pathways
involved in cancer (e.g., NAE and UAE). [014] The term
"about" is used herein to mean approximately, in the
region of, roughly, or around. When the term "about"
is used in conjunction with a numerical range, 



it modifies that range by extending the boundaries
above and below the numerical values set forth. In
general, the term "about" is used herein to modify a
numerical value above and below the stated value by a
variance of 10%. [015] The term "aliphatic", as used
herein, means straight-chain, branched or cyclic
C1-C12 hydrocarbons which are completely saturated or
which contain one or more units of unsaturation, but
which are not aromatic. For example, suitable
aliphatic groups include substituted or unsubstituted
linear, branched or cyclic alkyl, alkenyl, alkynyl
groups and hybrids thereof, such as cycloalkyl,
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. In various embodiments, the
aliphatic group has one to ten, one to eight, one to
six, one to four, or one, two, or three carbons. [016]
The terms "alkyl", "alkenyl", and "alkynyl", used
alone or as part of a larger moiety, refer to a
straight and branched chain aliphatic group having
from one to twelve carbon atoms. For purposes of the
present invention, the term "alkyl" will be used when
the carbon atom attaching the aliphatic group to the
rest of the molecule is a saturated carbon atom.
However, an alkyl group may include unsaturation at
other carbon atoms. Thus, alkyl groups include,
without limitation, methyl, ethyl, propyl, allyl,
propargyl, butyl, pentyl, and hexyl. The term "alkoxy"
refers to an -O-alkyl radical. [017] For purposes of
the present invention, the term "alkenyl" will be used
when the carbon atom attaching the aliphatic group to
the rest of the molecule forms part of a carbon-carbon
double bond. Alkenyl groups include, without
limitation, vinyl, 1-propenyl, 1-butenyl, 1-pentenyl,
and 1-hexenyl. [018] For purposes of the present
invention, the term "alkynyl" will be used when the
carbon atom attaching the aliphatic group to the rest
of the molecule forms part of a02560 carbon-carbon
triple bond. Alkynyl groups include, without
limitation, ethynyl, 1-propynyl, 1-butynyl,
1-pentynyl, and 1-hexynyl. [019] The term
"cycloaliphatic", used alone or as part of a larger
moiety, refers to a saturated or partially unsaturated
cyclic aliphatic ring system having from 3 to about 14
members, wherein the aliphatic ring system is
optionally substituted. In some embodiments, the
cycloaliphatic is a monocyclic hydrocarbon having 3-8
or 3-6 ring carbon atoms. Nonlimiting examples include
cyclopropyl, cyclobutyl, cyclopentyl, cydopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cydoheptenyl,
eyclooctyl, cydooctenyl, and cydooctadienyl. In some
embodiments, the cycloaliphatic is a bridged or fused
bicydic hydrocarbon having 6-12, 6-10, or 6-8 ring
carbon atoms, wherein any individual ring in the
bicyclic ring system has 3-8 members. [020] In some
embodiments, two adjacent substituents on a
cycloaliphatic ring, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- to 6-membered aromatic or 3- to 8-membered
non-aiomatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and S. Thus, the
term "cycloaliphatic" includes aliphatic rings that
are fused to one or more aryl, heteroaryl, or
heterocydyl rings. Nonlimiting examples include
indanyl, 5,6,7,8-tetrahydroquinoxalinyl,
decahydronaphthyl, or tetrahydronaphthyl, where the
radical or point of attachment is on the aliphatic
ring. [021] The terms "haloaliphatic", "haloalkyl",
"haloalkenyl" and "haloalkoxy" refer to an aliphatic,
alkyl, alkenyl or alkoxy group, as the case may be,
which is substituted with one or more halogen atoms.
As used herein, the term "halogen" or "halo" means F,
Cl, Br, or I. The term "fluoroaliphatic" refers to a
haloaliphatic wherein the halogen is fluoro. [022] The
terms "aryl" and "ar-", used alone or as part of a
larger moiety, e.g., "aralkyl", "aralkoxy", or
"aryloxyalkyl", refer to a C6 to C14 aromatic
hydrocarbon, comprising one to three rings, each of
which is optionally substituted. Preferably, the aryl
group is a CM0 aryl group. Aryl groups include,
without limitation, phenyl, naphthyl, and anthracenyl.
In some embodiments, two adjacent substituents on an
aryl ring, taken together with the intervening ring
atoms, form an optionally substituted fused 5- to
6-membered aromatic or 4- to 8-membered non-aromatic
ring having 0-3 ring heteroatoms selected from the
group consisting of O, N, and S. Thus, the term
"aryl", as used herein, indudes groups in which an
aromatic ring is fused to one or more heteroaryl,
cycloaliphatic, or heterocydyl rings, where the
radical or point of attachment is on the aromatic
ring. WnniimiHrw r amt les of such fused ring systems
include indolyl, isoindolyl, benzothienyl,2007/002560
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
carbakolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, fluorenyl, indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl,
phenoxazinyl, benzodioxanyl, and benzodioxolyl. An
aryl group may be mono-, bi-, tri-, or polycydic,
preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "aryl" may be used
interchangeably with the terms "aryl group", "aryl
moiety", and "aryl ring". [023] An "aralkyl" or
"arylalkyl" group comprises an aryl group covalently
attached to an alkyl group, either of -which
independently is optionally substituted. Preferably,
the aralkyl group is C6 0 aryl(C16)alkyl, including,
without limitation, benzyl, phenethyl, and
naphthylmethyl. [024] The terms "heteroaryl" and
"heteroar-", used alone or as part of a larger moiety,
e.g., heteroaralkyl, or "heteroaralkoxy", refer to
groups having 5 to 14 ring atoms, preferably 5, 6, 9,
or 10 ring atoms; having 6, 10, or 14 %electrons
shared in a cyclic array; and having, in addition to
carbon atoms, from one to four heteroatoms. The term 



"heteroatom." refers to nitrogen, oxygen, or sulfur,
and includes any oxidized form of nitrogen or sulfur,
and any quaternized form of a basic nitrogen. Thus,
when used in reference to a ring atom of a heteroaryl,
the term "nitrogen" includes an oxidized nitrogen (as
in pyridine N-oxide). Certain nitrogen atoms of
5-membered heteroaryl groups also are substitutable,
as further defined below. Heteroaryl groups include,
without limitation, thienyl, furanyl, pyrrolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, indolizinyl, purinyl,
naphthyridinyl, and pteridinyl. [025] In some
embodiments, two adjacent substituents on a heteroaryl
ring, taken together with the intervening ring atoms,
form an optionally substituted fused 5- to 6-membered
aromatic or 4- to 8-membered non-aromatic ring having
0-3 ring heteroatoms selected from the group
consisting of O, N, and S. Thus, the terms
"heteroaryl" and "heteroar-", as used herein, also
include groups in which a heteroaromatic ring is fused
to one or more aryl, cycloaliphatic, or heterocyclyl
rings, where the radical or point of attachment is on
the heteroaromatic ring. Nonlimiting examples include
indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzof uranyl, indazolyl, benzimidazolyl,
benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,7
002560 tetrahydroisoqtiinolinyl, and pyrido[2 3-b]-l
/4-oxazin-3(4H)-one. A heteroaryl group may be mono-,
bi-, tri-, or polycyclic, preferably mono-, bi-, or
tricyclic, more preferably mono- or bicyclic. The term
"heteroaryl" may be used interchangeably with the
terms "heteroaryl ring", or "heteroaryl group", any of
which terms include rings that are optionally
substituted. The term "heteroaralkyl" refers to an
alkyl group substituted by a heteroaryl, wherein the
alkyl and heteroaryl portions independently are
optionally substituted. [0261 As used herein, the
terms "aromatic ring" and "aromatic ring system" refer
to an optionally substituted mono-, bi-, or tricyclic
group having 0-6, preferably 0-4 ring heteroatoms, and
having 6, 10, or 14 p electrons shared in a cyclic
array. Thus, the terms "aromatic ring" and "aromatic
ring system" encompass both aryl and heteroaryl
groups. [027] As used herein, the terms "heterocycle",
"heterocyclyl", "heterocyclic radical", and
"heterocyclic ring" are used interchangeably and refer
to a stable 3- to 7-membered monocyclic, or to a fused
7- to 10-membered or bridged 6- to 10-membered
bicyclic heterocyclic moiety that is either saturated
or partially unsaturated, and having, in addition to
carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference
to a ring atom of a heterocycle, the term "nitrogen"
includes a substituted nitrogen. As an example, in a
heterocyclyl ring having 1-3 heteroatoms selected from
oxygen, sulfur or nitrogen, the nitrogen may be N (as
in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl),
or +NR (as in N-substituted pyrrolidinyl). A
heterocyclic ring can be attached to its pendant group
at any heteroatom or carbon atom that results in a
stable structure, and any of the ring atoms can be
optionally substituted. Examples of such saturated or
partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolnyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
quinuclidinyl. [028] In some embodiments, two adjacent
s bstituents on a heterocyclic ring, taken together
with the intervening ring atoms, form an optionally
substituted fused 5- to 6-membered aromatic or 3- to
8-membered non-aromatic ring having 0-3 ring
heteroatoms selected from the group consisting of O,
N, and S - Thus, the terms "heterocycle",
"heterocyclyl", "heterocyclyl ring", "heterocyclic
group", "heterocyclic moiety", and "heterocyclic
radical", are used interchangeably herein, and include
groups in which a heterocyclyl ring is fused to one or
more aryl, heteroaryl, or cycloaliphatic rings, such
as007/002560 indolinyl, 3H-indolyl, chromanyl,
phenanthridinyl, or tetrahydroquinolinyl, where the
radical or point of attachment is on the heterocyclyl
ring. A heterocyclyl group may be mono-, bi-, tri-, or
polycyclic, preferably mono-, bi~, or tricyclic, more
preferably mono- or bicyclic. The term
"heterocyclylalkyl" refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [029] As used herein, the term "partially
unsaturated" refers to a ring moiety that includes at
least one double or triple bond between ring atoms.
The term "partially unsaturated" is intended to
encompass rings having multiple sites of unsaturation,
but is not intended to include aryl or heteroaryl
moieties, as herein defined. [030] The term "linker
group" or "linker" means an organic moiety that
connects two parts of a compound. Linkers typically
comprise an atom such as oxygen or sulfur, a unit such
as -NH-, -CH 2-, -C(O)-, -C(O)NH-, or a chain of
atoms, such as an alkylene chain. The molecular mass
of a linker is typically in the range of about 14 to
200, preferably in the range of 14 to 96 with a length
of up to about six atoms. In some embodiments, the
linker is a C1 6 alkylene chain which is optionally
substituted. [031] The term "alkylene" refers to a
bivalent alkyl group. An "alkylene chain" is a
polymethylene group, i.e., -(CH )n-, wherein n is a
positive integer, preferably from one to six, from one
to four, from one to three, from one to two, or from
two to three. A substituted alkylene chain is a
polymethylene group in which one or more methylene
hydrogen atoms is replaced with a substituent.
Suitable substituents include those described below
for a 



substituted aliphatic group. An alkylene chain also
may be substituted at one or more positions with an
aliphatic group or a substituted aliphatic group.
[032] An alkylene chain also can b e optionally
interrupted by a functional group. An alkylene chain
is "interrupted" by a functional group when an
internal methylene unit is replaced with the
functional group. Examples of suitable "interrupting
functional groups" include -C(R*)=C(R*)-, OC-, -O-,
-S-, -S(O)-, -S(O)2-, -S(O) 2N(R +)-, -N(R*)-, -N(R
+)CO-, -N(R +)C(O)N(R +)-, -N(R +)CO 2-, -C(O)N(R +)-,
-C(O)-, -C(O)-C(O)-, -CO 2-, -OC(O)-, -OC(O)O-,
-OC(O)N(R +)-, -C(NR +)=N, -C(OR*)=N-, -N(R +)-N(R>,
or -N(R +)S(O) 2-. Each R+, independently, is hydrogen
or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group, or two R on the
same nitrogen atom, taken together with the nitrogen
atom, form a five to eight membered aromatic or
non-aromatic ring having, in addition to - nifrncrpn
atom, zero to two ring heteroatoms selected from N ,
O, and S. Each R*US2007/002560 independently is
hydrogen or an optionally substituted aliphatic, aryl,
heteioaryl, or heterocyclyl group. [033] Examples of C
alkylene chains that have been "interrupted" with
-Oinclude -CH2OCH2-, -CH2O(CH2),-, -CHp(CH 2V ,
-CHp(CH 2V -(CH2)PCH 2-, -(CH2)P(CH 2V , -(CH2)P(CH 2V
, -(CH2)P(CH 2)-, -(CH2)P(CH 2 . and -(CH2)P(CH 2)-.
Othei examples of alkylene chains that are
"interrupted" with functional groups include
-CH2GCH2-, -CHp(CH 2V , -CH G(CH ),-, -CH2G(CH2V ,
-(CH )2GCH2-, -(CH2)P(CH 2V , -(CH2)P(CH 2V , -(CH
)3G(CH2)-, -(CHJ3GiCHJ2- , and -(CH2)P(CH 2)-, wherein
G is one of the "interrupting" functional groups
listed above. [034] For purposes of clarity, all
bivalent groups described herein, including, e.g., the
alkylene chain linkers described above and the
variables V1, V , T , T2, T3, and T\ are intended to
be read from left to right, with a corresponding
left-to-right reading of the formula or structure in
which the variable appears. [035] One of ordinary
skill in the art will recognize that when an alkylene
chain having an interruption is attached to a
functional group, certain combinations are not
sufficiently stable for pharmaceutical use. Only
stable or chemically feasible compounds are within the
scope of the present invention. A stable or chemically
feasible compound is one in which the chemical
structure is not substantially altered when kept at a
temperature from about -80 0C to about +40 CC,
preferably from about -20 C to about +40 0C, in the
absence of moisture or other chemically reactive
conditions, for at least a week, or a compound which
maintains its integrity long enough to be useful for
therapeutic or prophylactic administration to a
patient. [036] The term "substituted", as used herein,
means that a hydrogen radical of the designated moiety
is replaced with the radical of a specified
substituent, provided that the substitution results in
a stable or chemically feasible compound. The term
"substitutable", when used in reference to a
designated atom, means that attached to the atom is a
hydrogen radical, which can be replaced with the
radical of a suitable substituent. [037] The phrase
"one or more substituents", as used herein, refers to
a number of s bstituents that equals from one to the
maximum number of substituents possible based on the
number of available bonding sites, provided that the
above conditions of stability and chemical feasibility
are met. Unless otherwise indicated, an optionally
substituted group , at each substitutable position of
the group, and the substituents may7 002560 be either
the same or different. As used herein, the term
"independently selected" means that the same or
different values may be selected for multiple
instances of a given variable in a single compound.
[038] An aryl (including the aryl moiety in aralkyl,
aralkoxy, aryloxyalkyl and the like) or heteroaryl
(including the heteroaryl moiety in heteroaralkyl and
heteroaralkoxy and the like) group may contain one or
more substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or
heteroaryl group include -halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, -CsC-R*, -OR*, -SR, -S(O)R0, -SO2R0,
-SO2N(R -N(R+)2 -NR+C(O)R*, -NR+CO2R0, -O-CO2R,
-OC(O)N(R% -O-C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)R*,
-C(O)N(R+)2 -C(=NR>N(R +)2, -C(=NR+)-OR*,
-N(R+)-N(R+)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R0,
-NR+SO2N(R+)2, -P(O)(R*)2, -P(O)(OR*)2, -0-P(O)-OR*,
and -P(O)(NR+)-N(R+)2, wherein R is an optionally
substituted aliphatic or aryl group, and R+ and R* are
as defined above, or two adjacent substituents, taken
together with their intervening atoms, form a 5- to
6-membered unsaturated or partially unsaturated ring
having 0-3 ring atoms selected from the group
consisting of N, O, and S. [039] An aliphatic group or
a non-aromatic heterocyclic ring may be substituted
with one or more substituents. Examples of suitable
substituents on the saturated carbon of an aliphatic
group or of a non-aromatic heterocyclic ring include,
-without limitation, those listed above for the
unsaturated carbon of an aryl or heteroaryl group and
the following: =O, =S, =C(R% =N-N(R+)2, =N-OR*,
=N-NHC(O)R*, =N-NHCO 2R, =N-NHSO 2R, or =N-R*, where
each R* and R is as defined above. For the purposes of
clarity, the term "substituted aliphatic" refers to an
aliphatic group having at least one non-aliphatic
substituent. [040] Suitable substituents on a
substitutable nitrogen atom of a heteroaryl or
heterocyclic ring include -R*, -N(R% -C(O)R*, -CO2R0,
-C(O)-C(O)R* -C(O)CH2C(O)R*, -SO2R", -SO2N(R*)2,
-C(=S)N(R*)2, -C(=NH)-N(R*)2, and -NR*SO2R; wherein
each R* and R is as defined above. [041] Unless
otherwise stated, structures depicted herein are meant
to include 



compounds which differ only in the presence of one or
more isotopically enriched atoms. For example,
compounds having the present structure except for the
replacement of a hydrogen atom by a deuterium or
tritium, or the replacement of a carbon atom by a C-
or C-enriched carbon are within the scope of the
invention.[042] It also will be apparent to one
skilled in the art that certain compounds of this
invention may exist in tautomeric forms, all such
tautomeric forms of the compounds being within the
scope of the invention. Unless stereochemical
configuration is expressly defined, structures
depicted herein are meant to include all
stereochemical forms of the structure; i.e., the R and
S configurations for each asymmetric center.
Therefore, unless otherwise indicated, single
stereochemical isomers as well as enantiomeric and
diastereomeric mixtures of the present compounds are
within the scope of the invention. By way of example,
the compounds of formula (J) wherein R is hydroxy can
have R or S configuration at the carbon atom bearing
Ra. Both the R and the S stereochemical isomers, as
well as all mixtures thereof, are included within the
scope of the invention. [043] Where stereochemical
configuration at a given asymmetric center is defined
by structure, unless stated otherwise, the depicted
configuration indicates stereochemistry relative to
other asymmetric centers in the molecule. Where
stereochemical configuration is defined by chemical
name, the designations (rel), (R*), and (S*) indicate
relative stereochemistry, while the designations (R),
(S), (+), (-), and (abs) indicate absolute
stereochemistry. [044] In the compounds of formula
(J), stereochemical configurations depicted at
asterisked positions indicate relative
stereochemistry, unless expressly stated to indicate
absolute stereochemistry. Preferably, the
diastereomeric purity of the compound is at least 80%,
more preferably at least 90%, still more preferably at
least 95%, and most preferably at least 99%. As used
herein, the term "diastereomeric purity" refers to the
amount of a compound having the depicted relative
stereochemistry, expressed as a percentage of the
total amount of all diastereomers present. [045] In
some embodiments, stereochemical configurations
depicted at asterisked positions indicate absolute as
well as relative stereochemistry. Preferably, the
enantiomeric purity of the compound is at least 80%,
more preferably at least 90%, still more preferably at
least 95%, and most preferably at least 99%. As used
herein, the term "enantiomeric purity" refers to the
amount of a compound having the depicted absolute
stereochemistry, expressed as a percentage of the
total amount of the depicted compound and its
enantiomer. [046] Methods for determining
diastereomeric and enantiomeric purity are wellknown
in the art. Diastereomeric purity can be determined by
any analytical method capable of quantitatively
distinguishing between a compound and its
diastereomers.Examples of suitable analytical methods
include, without limitation, nuclear magnetic
resonance spectroscopy (NMR), gas chromatography (GC),
and high performance liquid chromatography (HPLC).
Similarly, enantiomeric purity can be determined by
any analytical method capable of quantitatively
distinguishing between a compound and its enantiomer.
Examples of suitable analytical methods include,
without limitation, GC or HPLC, using a chiral column
packing material. Enantiomers may also be
distinguishable by NMR if first derivatized with an
optically enriched derivatizing agent, e.g., Mosher's
acid. [047] In the compounds of formula (I), X is -C(R
n )2, -N(R12)-, or -O. Each R is independently
hydrogen or fluoro; or one Rn , taken together with an
adjacent R and the intervening carbon atoms forms a
cyclopropyl ring; or one R and one R together form a
double bond. Rb is hydrogen, C1 4 aliphatic, or C1-4
fluoroaliphatic. In some embodiments, X is -CH2-,
-CHF-, -CF2-, -NH-, or -O-. In certain embodiments,
Xis -CH -, -NH-, or -O. Ih certain particular
embodiments, Xis -O-. [048] In the compounds of
formula (I), Y is -O-, -S-, or -C(Rm)(Rn)-, where Rm
and Rn are as described above. In some embodiments, Rm
is hydrogen, fluoro, -NH2, -NH(C aliphatic), -N(C1-4
aliphatic)., or C1-4 aliphatic, or Rm and Rn together
form =O. In some embodiments, Y is -O- or -CH . [0491
In the compounds of formula (I), m is 0 1, 2, or 3,
provided that Y is -C(Rm)(R")- when m is 0. In some
embodiments, m is 1, 2, or 3. In certain particular
embodiments, m is 1. [050] In the compounds of formula
(I), Ra is selected from the group consisting of
hydrogen, fluoro, -CN, -N3, -OR5, -N(R 2, -NR4CO2R6,
-NR4C(O)R5 -C(O)N(R4) , -C(O)R5, -OC(O)N(R 4)2,
-OC(O)R5, -OCO2R6 or a C1-4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR5x, -N(R^)(R4 ), -CO2R5 , or
-C(O)N(R4x)(R4y); or Ra and Rb together form =O; or Ra
and Rc together form a bond. In some embodiments Ra is
selected from the group consisting of hydrogen,
fluoro, -CN, N3, C1-4 aliphatic, C1 4 fluoroaliphatic,
-OR5*, -NH(R4), -N(H)CO 2R5, -N(H)C(O)R 5, -C(O)NHR 4,
-C(O)R5, -OC(O)NHR 4, -OC(O)R3, and -OC(O)OR5. In some
embodiments, Ra is selected from the group consisting
of hydrogen, -OH, -OCH 3, t - >r r 1m h at ic . and
fluoro. In certain embodiments, Ra is selected from
thegroup consisting of hydrogen, -OH, -OCH , -CH3, and
fhioro. In certain particular embodiments, Ra is -OH.
[051] In the compounds of formula (I), R is selected
from the group consisting of hydrogen, fluoro, -CN,
-N3, -OR5, -N(R4)2, -NR4CO2R5, -NR4C(O)R5, -C(O)N(R\,
-C(O)R3, -OC(O)N(RV -OC(O)R5, -OCO2R6, or a C1 1
aliphatic or C1 4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5*,
-N(R4x)(R4 ), -CO2R5", or -C(O)N(R4x)(R4y); or Rc and
Ra together form a bond; or Rc and R together from -O.
In some embodiments, Rc is hydrogen, fluoro, -CN, N3, 



C1-4 aliphatic, C 4 fluoroaliphatic, -OR5x, -NH(R4),
-N(H)CO2R5, -N(H)C(O)R5, -C(O)NHR4, -C(O)R5,
-OC(O)NHR4, -OC(O)R5, and -OC(O)OR5. In certain
embodiments, Rc is hydrogen, -OH, -OCH3, or fluoro. In
certain particular embodiments, Rc is hydrogen or -OH.
b . 1052] In the compounds of formula (J), R is
selected from the group consisting of hydrogen,
fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic; or R
and Ra together form =O; or R , taken together with R
and the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted
with one or two substituents independently selected
from fluoro or C1-4 aliphatic; or R , taken together
with Re and the intervening carbon atoms, forms a
fused cyclopropane ring, which is optionally
substituted with one or two substituents independently
selected from fluoro or C1-4 aliphatic. [053] In the
compounds of formula (I), R is selected from the group
consisting of hydrogen, fluoro, C1-4 aliphatic, and
C1-4 fluoroaliphatic; or R and Rc together form =O; or
Rd, taken together with Rb and the intervening carbon
atoms, forms a fused cyclopropane ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C1-4 aliphatic;
or R , taken together with Re and the intervening
carbon atoms, forms a fused cyclopropane ring, which
is optionally substituted with one or two substituents
independently selected from fluoro or C1-4 aliphatic.
[054] In some embodiments, each of Rb and R
independently is selected from the group consisting of
hydrogen, fluoro, C1 4 aliphatic, and C1-4
fluoroaliphatic. In some embodiments, one ofR and R is
C1 4 aliphatic and the other is hydrogen. In some
embodiments, Rb and Rd are each hydrogen.[055] In one
embodiment, Raand Rc axe each -OH, and R and R are
each hydrogen. In another embodiment, Ra is -OH, and
each of Rb, Rc, and Rd is hydrogen. In another
embodiment, R0 is -OH, Rc is fluoro or -OCH3, and Rb
and R are each hydrogen. In another embodiment, Ra is
-OH, Rb is -CH3,Rc is hydrogen or -OH, and R is
hydrogen. In another embodiment, Ra and Rc together
form a bond, and R and R are each hydrogen. [056] In
the compounds of formula (I), each Rf independently is
independently hydrogen, fluoro, C1 aliphatic, or C1 4
fluoroaliphatic, provided that if Xis -O- or -NH-,
then Rf is not fluoro; or two Rf taken together form
O; or two Rf, taken together with the carbon atom to
which they are attached, form a 3- to 6-membered
carbocyclic ring; or one R , taken together with Re
and the intervening carbon atoms, forms a 3- to
6-membered spirocyclic ring, which is optionally
substituted with one or two sbstituenis independently
selected from fluoro or C1 4 aliphatic; or one R ,
taken together with an adjacent Rn and the intervening
carbon atoms forms a cyclopropyl ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C1 , aliphatic;
or one R and one R together form a double bond. In
some embodiments, each Rf independently is hydrogen or
C1 4 aliphatic. In some such embodiments, each R
independently is hydrogen or -CH3. In certain
embodiments, one R1is hydrogen or -CH3, and the other
Rf is hydrogen. In certain particular embodiments,
each R is hydrogen. [057] In the compounds of formula
(I), Re is hydrogen, or C1 aliphatic; or Re, taken
together with one R and the intervening carbon atoms,
forms a 3- to 6-membered spirocyclic ring, which is
optionally substituted with one or two substituents
independently selected from fluoro or C1 4 aliphatic;
or Re, taken together with Rm and the intervening
carbon atoms, forms a fused cyclopropane ring, which
is optionally substituted with one or two substituents
independently selected from fluoro or C1 4 aliphatic;
or Re, taken together with Rb and the intervening
carbon atoms, forms a fused cyclopropane ring, which
is optionally substituted with one or two substituents
independently selected from fluoro or C1 , aliphatic.
In some embodiments, Re is hydrogen or C1 aliphatic.
In some such embodiments, Re is hydrogen or -CH3. In
certain embodiments, Re is hydrogen.[058] In the
compounds of formula (I), Re is hydrogen or C1-4
aliphatic; or Rc, taken together with Rm and the
intervening carbon atoms, forms a fused cyclopropane
ring, which is optionally substituted with one or two
substituents independently selected from fluoro or
C1-4 aliphatic; or R taken together with Rd and the
intervening carbon atoms, forms a fused cyclopropane
ring, which is optionally substituted with one or two
substituents independently selected from fluoro or C
aliphatic. In some embodiments, R is hydrogen or C1-4
aliphatic. In certain particular embodiments, Re is
hydrogen. [059] In the compounds of formula (I), Ring
A is selected from the group consisting of: where R
Rh, R1and R are as defined above and as further
defined below. [060] In the compounds of formula (I),
each R independently is hydrogen, halo, -CN-, -OR ,
-N(R )2, -SR , or an optionally substituted C1
aliphatic group. In some embodiments, each Rh
independently is hydrogen, halo, -CN, -OH, -O-(C1-4
aliphatic), -NH , -NH-(C1-4 aliphatic), -N(C1-4
aliphatic) , -SH, -S-(C1-4 aliphatic), or an opdonally
substituted C1 4 aliphatic group. In certain
embodiments, R is hydrogen or chloro. In certain
particular embodiments, R is hydrogen. [061] In the
compounds of formula (I), each R' independently is
hydrogen, -OR , -N(R4)2, -SR6, or an optionally
substituted aliphatic, aryl, or heteroaryl group. In
some embodiments, each R' independently is hydrogen,
-OH, -0-(C 1 aliphatic), -NH2, -NH-(C1 aliphatic),
-N(C1-4 aliphatic)2, -SH, -S-(C1 1 aliphatic), or an
optionally substitutedC1 4 aliphatic group. In certain
embodiments, R is hydrogen or C1-4 aliphatic. In
certain particular embodiments, R is hydrogen. [062]
In the compounds of formula (I), Rk is hydrogen, halo,
-OR5, -N(R4) -SR6, or an optionally substituted C1-4
aliphatic group. In some embodiments, each R
independently is hydrogen, halo, -OH, -0-(C 1 4
aliphatic), -NH2, -NH-(C 1 4 aliphatic), -N(C1
aliphatic) z, -SH, 



-S-(C1 4 aliphatic), or an optionally substituted C1 4
aliphatic group. In certain embodiments, R is
hydrogen, halo, or C1-4 aliphatic. In certain
particular embodiments, R is hydrogen. [063] In some
embodiments, the compound of formula (I) is
characterized by at least one of the following
features: (a) Xis-O-; (b) Y is -O- or -CH2-; (c) Ra is
-OH; (d) Rb and R are each independently hydrogen or
C1 aliphatic; (e) Rc is hydrogen, fluoro, or -OR5; (f)
R and Re are each hydrogen; (g) each R is hydrogen;
(h) each Rh is hydrogen; (i) R' is hydrogen or C1-4
aliphatic; (j) R is hydrogen, halo, or C aliphatic;
(k) m is 1; and (1) stereochemical configurations
depicted at asterisked positions indicate absolute
stereochemistry. [064] In the compounds of formula
(J), R8 is hydrogen, halo, -NO2, -CN, -C(R5)=C(R5)2,
-CsC-R , -OR5, -SR6, -S(O)R6, -SO R6, -SO2N(R4) ,
-N(R4) , -NR4C(O)R5, -NR4C(O)N(R^)2,
-N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R6,
-N(R4 SO2R6, -N(R4JSQ-N(R.4),, -O-C(O)R5, -OCO2R6,
-OC(O)N(R4)2, -C(O)R5, -CO2R5,
-C(O)N(R4)2,-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5, -C(=NR4)-N(R4)2, -C(=NR4)
OR5 -NCRVNCR 4)^ -N(R*)-OR5, -C(=NR 4)-N(R 4)-OR 5,
-C(RVN-OR 5, or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl. [065] In some
embodiments, Rs is hydrogen, C1-6 aliphatic, C15
fluoroaliphatic, halo, -Rle, -R2g, ~TX-R\ -TT-R26,
-V'-T'-R18, and -V'-T'-R 26, where the variables Rlg,
R2g, V1, and T1 have the values described below. [066]
T is a C1-6 a kylene chain substituted with 0-2
independently selected R or R3\ wherein the alkylene
chain optionally is interrupted by -C(R5J=C(R5)-,
-CsC-, -O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)- -N(R4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R4)C(=NR4)-N(R4)-,
-N(R4)-C(=NR4)-, -N(R4JCO2-, -N(R4JSO2-,
-N(R^SO2N(R4)-, -OC(O)-, -OC(O)N(R4)-, -C(O)-, -CO2-,
-C(O)N(R4)-, -Q=NR 4VN(R4)-, -C(NR4)=N(R4)-
-C(=NR4)-O-, or -C(R^=N-O-, and wherein T or a portion
thereof optionally forms part of a 3-7 membered ring.
[067] In some embodiments, T1 is a C1-4 alkylene chain
optionally substituted with one or two groups
independently selected from fluoro or a ClL aliphatic
or C1-4 fluoroaliphatic optionally substituted with
one or two substituents independently selected from
the group consisting of -OR5", -N(R4x)(R4y), -CO2R5",
and -C(O)N(R4x)(R4y). [068] In certain embodiments, T
is a C1-4 alkylene chain optionally substituted with
one or two groups independently selected from fluoro,
C1-4 aliphatic, and C1-4 fluoroaliphatic. [069] Each R
a independently is selected from the group consisting
of-F, -OH, -Q(C1-4 alkyl), -CN, -N(R\, -C(O)(C1-4
alkyl), -CO2H, -CO2(C1-4 alkyl), -C(O)NH2, and
-C(O)NH(C1-4 alkyl). [070] Each R independently is a
C1-3 aliphatic optionally substituted with R or R , or
two substituents R on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic ring.
[071] Each R independently is an optionally
substituted aryl or heteroaryl ring.[072] V1 is
-C(RS)=C(R5)-/ -CsC-, -O-, -S-, -S(O)-, -S(O)2-,
-SO2N(R4)-, -N(R )-, -N(R 4JC(OJ-, -NR4C(O)N(R 4)-,
-N(R4JQ=NR 4J-N(R4)-, -N(R 4JCt=NR 4J-, -N(R4JCO -,
-N(R 4 SO2-, -N(R4 SO2N(R4)-, -OC(O)-, -OC(O)N(R 4)-,
-C(O)-, -CO2-, -C(O)N(R 4)-, -C(O)N(R 4J-O-, -C(O)N(R
4JQ=NR 4J-N(R4J-, -N(R 4JQ=NR 4J-N(R4J-C(OJ-, -C(=NR
4)-N(R4)-, -C(NR 4J=N(R4J-, -Q=NR 4J-O-, or
-C(R6J=N-O-. In some embodiments, V1 is -N(R4JC(O)-,
-N(R 4JC(OJN(R4J-, -N(R4JSO2-, -N(R4JSO2N(R4J-, or
-N(R 4JCO2-. In certain such embodiments, V1 is
-N(R4JC(O)- or -N(R4JC(O)N(R4)-. In other embodiments,
V1 is -QR 5J=C(R5J, -C C-, -O-, -S-, or -N(R4J-. [073]
Each Rl s independently is an optionally substituted
aryl, heteroaryl, heterocyclyl, or cycloaliphatic
ring. [074] Each R2e independently is -NO2, -CN, -C(R
5J=C(R5)2, -OC-R 5, -OR5, -SR6, -S(OJR6, -SO2R6,
-SO2N(R4J2, -N(R4J2, -NR 4C(O)R5, -NR4C(O)N(R 4J2,
-N(R4JQ=NR 4J-N(R4J2, -N(R4)C(=NR 4)-R6, -NR4CO2R6,
-N(R4JSO2R6, -N(R4JSO2N(R4J2, -O-C(O)R 5, -OCO 2R6,
-OC(OJN(R 4J2, -C(O)R5, -CO2R5, -C(O)N(R 4) ,
-C(O)N(R^-OR 5, -C(O)N(R 4)C(=NR 4J-N(R4)2, -N(R JQ=NR
4J-N(R4J-C(O)R5, -C(=NR4)-N(R 4J2, -C(=NR 4)-OR5,
-N(R4J-N(R4J2, -N(R4J-OR5, -Q=NR 4J-N(R4J-OR5, or
-C(R6J=N-OR5. [075] The invention also relates to a
subgenus of the compounds of formula (IJ,
characterized by formula (II): or a pharmaceutically
acceptable salt thereof, wherein Ring A and the
variables X, Y, Ra, R , Rc,R , Re, Re, R, and m have
the values and preferred values described above for
formula (IJ. [076] The invention also relates to a
subgenus of the compounds of formula (IJ,
characterized by formula (JUT):or a pharmaceutically
acceptable salt thereof, wherein Q is =N- or =C(R )-,
and the variables X, Y, Ra, R , Rd Rd, Re, Rf, Rs, Rh,
R', Rk, and m have the values and preferred values
described above for formula (I). [077] Various
particular embodiments of the invention relate to
subgenera of the 



compounds of formula (III), represented by formulae
(III-A), (HI-B), (HI-C), (III-D), (HI-E) and (UI-F): R
v R or a pharmaceutically acceptable salt thereof,
wherein the variables Q, Ra, Rc, Rd, R and R' have the
values and preferred values described herein for
formula (I). [0781 One embodiment of the invention
relates to a compound of formula (I), wherein Re is an
optionally substituted aryl, heteroaryl, or
heterocyclyl group. In some such embodiments, the
invention relates to a subgenus of the compounds of
formula (I), characterized by formula (IV):or a
pharmaceutically acceptable salt thereof, -wherein:
Ring B is an optionally substituted 5- or 6-membered
aryl or heteroaryl ring having zero to three ring
nitrogen atoms and optionally one additional ring
heteroatom selected from oxygen and sulfur; and the
variables Q, X, Y, Ra, Rb, RC, R , Re, Rf, Rh, R', and
mhave die values and preferred values described above
for formula (I). [079] In some embodiments, Rs is an
optionally substituted furanyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or triazinyl, wherein one ring
nitrogen atom in Rg optionally is oxidized. In certain
particular embodiments, Rs is an optionally
substituted phenyl, imidazolyl, or triazolyl. [080]
Substitutable ring carbon atoms in Ring Bpreferably
are substituted with 0-3 substituents independently
selected from the group consisting of halo, -NO2, -CN,
-C(R5)=C(R5)2, -OC-R 5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R*)2, -N(R4 2, -NR4C(O)R5, -NR4C(O)N(R4),,,
-NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R4)2, -Q-C(O)R5,
-OCO R6, -OC(O)N(R*)2, -C(O)R5, -CO2R5, -C(O)N(RV
-C(O)N(RVOR 5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR*)-N(R4)-C(O)RS, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C(=NR*)-N(R4)-OR5, -C(R6J=N-OR5, or an
optionally substituted aliphatic, or an optionally
substituted aryl, heterocyclyl, or heteroaryl group;
or two adjacent substituents, taken together with the
intervening ring atoms, form an optionally substituted
fused 4- to 8-membered aromatic or non-aromatic ring
having 0-3 ring heteroatoms selected from the group
consisting of O, N, and S. [081] In some embodiments,
Ring B is substituted with 0-2 substituents
independently selected from the group consisting of
halo, -CN, -N(R )2, -NR4C(O)R ,-NR4^(O)N(R 4).,,
7NR4CO2R6, -C(O)N(R4),,, -CO2R5, -OR5, or a C^ 4
aliphatic or C1-4 fluoroaliphatic optionally
substituted with -OR5*, -N(R4x)(R4y), -CO2R5*, or
-C(O)N(R4x)(R4y). The variables R4, R5, R6, R4*, R4y,
and R5x have the values described above for formula
(I). [082] Another embodiment of the invention relates
to a compound of formula (I), wherein Rs is -VW- E?S,
-V'-R18, -T^R18, or -T1-V1-Rle. Rle is an optionally
substituted monoor bicyclic aryl, heteroaryl,
heterocyclyl, or cydoaliphatic group. In some
embodiments, C1-4 alkylene chain optionally
substituted with one or two groups independently
selected from fluoro or a C1-4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR *, -N(R4*)(R y), -CO2R *, and
-C(O)N(R4x)(R4y) . In certain embodiments, T1 is a
C1-4 alkylene chain optionally substituted with one or
two groups independently selected from fluoro, C1-4
aliphatic, and C1A fluoroaliphatic. In some
embodiments, V1is -N(R4)C(O)-, -N(R^C(O)N(R 4)-,
-N(R^SO2-, -N(R4JSO2N(R4)-, or -N(R4)CO2-. In certain
such embodiments, V1 is -N(R^C(O)- or
-N(R4JC(O)N(R4)-. In other embodiments, V1 is -C(RVC(R
5), -CaC-, -O-, -S-, or -N(R4)-. In certain such
embodiments, V1 is -N(R4)-. [083] In some embodiments,
the invention relates to a subgenus of the compounds
of formula (T), characterized by formula (V): or a
pharmaceutically acceptable salt thereof, -wherein: V1
is -N(R8K -O-, or -S-; R8 is hydrogen or C1-4
aliphatic; T1 is a C1-4 alkylene chain optionally
substituted with one or two groups independently
selected from fluoro or a CM aliphatic or C1-4
fluoroaliphatic optionally substitutedwith one or two
substituents independently selected from the group
consisting of -OR5* -N(R4x)(R4y), -CO2R5 , and
-C(O)N(R )(R4y); Ring C is an optionally substituted
3- to 8-membered heterocydyl or cycloaliphatic ring,
or an optionally substituted 5- or 6-membered aryl or
heteroaryl ring; and the variables Q, X, Y, Ra, Rb,
Rc,Rd, Re, Rf, R R', and mhave the values and
preferred values described above for formula (I).
[084] In some such embodiments, T is a C1-4 alkylene
chain optionally substituted with one or two groups
independently selected from fluoro, C1-4 aliphatic,
and C1-4 fluoroaliphatic. [085] In some embodiments,
Ring C is substituted with 0-2 R and 0-2 R80, where:
each R independently is halo, -NO2, -CN,
-C(R5)=C(R5)2, -C C-RS, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)C(=NR4)-Rb, -NR4CO2R6, -N(R4 SO2R6,
-N(R4)SO2N(R4)2, -O-C(O)R5, -OCO2R6, -OC(O)N(R4);
-C(O)R5, -CO2R5, -C(O)N(R4)2, -C(O)N(R4)-OR5,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5,
-C(=NR4)-N(R4)2, or an optionally substituted
aliphatic, or an optionally substituted aryl,
heterocydyl, or heteroaryl group; or 



two R on the same saturated ring carbon atom, taken
together with the carbon atom, form an optionally
substituted 3- to 8-membered spirocyclic cydoaliphatic
or heterocydyl ring; or two adjacent R, taken together
with the intervening ring atoms, form an optionally
substituted fused 4- to 8-membered aromatic or
nonaromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O,N, and S; each R,8o
i.ndependently is selected from the group consisting
of C1-4 aliphatic, C1 4 fluoroaliphatic, halo, -OR ,
-N(R'4 ) (R 4y) , or a C 1 4 aliphatic or C1 t
fluoroaliphatic optionally substituted with -OR5x, or
-C(O)N(R4x)(R4y); and the variables R4*, R4 , and R5
have the values described above for formula (I)-[086]
In some such embodiments, Ring C is a C3 6
cycloaliphatic, phenyl, pyrrolyl, imidazolyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
pyrazolyl, triazolyl, tetrazolyl, oxadiazolyl,
thiadiazolyl, pyrrolinyl, imidazolinyl, pyrazolinyl,
pyrrolidinyl, imidazolidinyl, pyrazolidinyl,
piperidinyl, morpholinyl, piperazinyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, or
tetrahydropyrimidinyl ring, any of which is
substituted with 0-2 R and 0-2 R80. [087] In certain
embodiments, T is a C1 2 alkylene chain optionally
substituted with one or two groups independently
selected from fluoro or a C1 4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR5x, -N(R4 )(R4y), -CO2R5", and
-C(O)N(R4 )(R4y), and Ring C is a C cydoaliphatic,
phenyl, oxazolyl, or isoxazolyl ring, any of which is
substituted with 0-2 R8 and optionally is fused to an
optionally substituted benzene, dioxolane, or dioxane
ring. [088] Another embodiment of the invention
relates to a subgenus of the compounds of formula (I),
characterized by formula [VT): or a pharmaceutically
acceptable salt thereof, wherein: T1 is a C1 4
alkylene chain optionally substituted with one or two
groups independently selected from fluoro or a C1-4
aliphatic or C fluoroaliphatic optionally substituted
with one or two substituents independently selected
from the group consisting of -OR5x, -N(R4 )(R4y),
-CO2R5 , and -C(O)N(R4x)(R4y); Ring C is a 3- to
8-membered heterocyclyl or cydoaliphatic ring, or a 5-
or 6-membered aryl or heteroaryl ring, any of which
rings is substituted with 0-2 R and 0-2 R8o; and the
variables Q, X, Y, Ra, Rb, Rc, Rd, Re, Rf, Rh, R, R,
R8 R* R4y, R5x, and m have the values and preferred
values described above for formulae (I)-(V).[0891 In a
particular embodiment, the invention relates to a
compound of formula (VI) or a pharmaceutically
acceptable salt thereof, wherein: T1 is a C . alkylene
chain optionally substituted with one or two groups
independently selected from fluoro or a C1-4 aliphatic
or C1 4 fluoroaliphatic optionally substituted with
one or two substituents independently selected from
the group consisting of -OR5*, -N(R4x)(R4y) -CO2R5 ,
and -C N R4 ) ); and Ring C is phenyl, which is
substituted with 0-2 R and optionally is fused to an
optionally substituted benzene, dioxolane, or dioxane
ring. [090] Another embodiment of the invention
relates to a subgenus of the compounds of formula (I),
characterized by formula (VII)^\ or a pharmaceutically
acceptable salt thereof, wherein: V2 is -N(R8)-, -O-,
or -S-; R is hydrogen or C1 aliphatic; Ring D is an
optionally substituted aryl, heteroaryl, heterocyclyl,
or cycloaliphatic ring; and the variables Q, X, Y, Ra,
Rb,Rc, Rd Re, Rf, Rh, R1, and mhave the values and
preferred values described above for formula (I).
[091] In some embodiments, v is -N(R 8)-. In certain
embodiments, V2 is -NH-. [092] In some embodiments,
Ring D is a mono-, bi-, or ticyclic ring system. In
some embodiments, Ring D is a mono- or bicydic ring
system. In some such embodiments. Ring D selected from
the group consisting of furanyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
indolizinyl, indolyl, isoindolyl, indazolyl,
benzimidazolyl, benzthiazolyl, benzothienyl,
benzofuranyl,purinyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, pte dinyl, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl,
quinudidinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl,
benzodioxolyl, chromanyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cydoheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl,
cyclooctadienyl, bicydoheptanyl and bicyclooctanyl. In
certain embodiments, Ring D is an optionally
substituted indanyl, tetrahydronaphthyl, or chromanyl.
[093] i g D may be unsubstituted or may be substituted
on either or both of its component rings, and the
substituents may be the same or different. In
particular, each substitutable saturated ring carbon
atom in Ring D is unsubstituted or substituted with
=O, or -Rp. Each substitutable unsaturated ring carbon
atom in Ring D is unsubstituted or substituted with
-Rp. Each substitutable ring nitrogen atom in Ring D
is unsubstituted or substituted 



with -R . The variables Rp and R p have the values
described below. [094] Each Rp independently is halo,
-NO , -CN, -C(R5)=C(R5)2, -CsC-R5, -OR5, -SR6,
-S(O)R6, -SO R6, -N(R4)C(=NR4)-R6, -NR4CO2R6, -N(R4
SO2R6, -N(R4 SO2N(R4) , -O-C(O)R5, -OCO2R6,
-OC(O)N(R4).,, -C(O)R5, -CO2R5, -C(O)N(R*)2,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NRVN(RVC(O)R5, -C(=NRVN(RVOR5, -C(R6J=N-OR5,
or an optionally substituted aliphatic, or an
optionally substituted aryl, heterocyclyl, or
heteroaryl group; or two Rp on the same saturated
carbon atom, taken together with the carbon atom to
which they are attached, form an optionally
substituted 3- to 6-membered spirocydic cydoaliphatic
ring. [095] Each R9 independently is -C(O)R5,
-C(O)N(R^2, -CO2R6, -SO2R6, -SO2N(R4)., or a C1
aliphatic optionally substituted with R3 or R7. [096]
In some embodiments, each Rp independently is selected
from the group consisting of halo, C1 6 aliphatic, C1
fluoroaliphatic, -Rlp, -R , -T'-R1 ', and -T -R211; or
two Rpon the same saturated carbon atom, taken
together with the carbon atom to which they are
attached, form an optionally substituted 3- to
6-membered spirocyclic cydoaliphatic ring. The
variables Rlp, R2p, and T2have the values described
below. 1097] T2 is a C1-6 alkylene chain optionally
substituted with R3a or R3b. [098] Each Rl p
independently is an optionally substituted aryl,
heteroaryl, or heterocyclyl group. [099] Each R2p
independently is -NO2, -CN, -CCRVQR 5)^ -CSC-R 5,
-OR5, -SR6, -S(O)R6, -SO2R6, -SO2N(RV -N(R.4)*
-NR4C(O)R5, -NR4C(O)N(R4),, -N(R 4)C(=NR 4)-N(R 4)2,
-N(R4)C(=NR4)-R6, -NR4CO2R6, -N(R^SO2R6,
-N(R4)SO2N(R4)2, -O-C(O)R5, -OCO2R6, -OC(O)N(R^)2,
-C(O)R5, -CO2R5, -C(O)N(R4)^ -C(O)N(R4)-OR5,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5,
-C(=NR4)-N(R4)2, -C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5, or
-C(R^=N-OR 5. [0100] In some embodiments, Ring D is
selected from the group consisting of: each Rp
independently is selected from the group consisting of
fluoro, -OR x, -N(R4x)(R4y), -CO2R5x, or
-C(O)N(R4x)(R4y), or a Cw aliphatic or C1-4
fluoroaliphatic optionally substituted with -OR5x,
-N(R4O(R4 5) , -CO2R5", or -C(O)N(R4x)(R4y); each R8p
independently is selected from the group consisting of
fluoro, -OR5*, -N(R4O(R4*), -CO2R5*, or -C(O)N(R4")
(R4y), or a C1-4 aliphatic or C1-4 fluoroaliphatic
optionally substituted with -OR5x, -N(R4x)(R4y),
-CO2R5x, or -C(O)N(R^)(R 4"), provided that R8p is
other than -OR5x or -N(R ^)(R y) when located at a
position adjacent to a ring oxygen atom, and further
provided that when two R8p are attached to the same
carbon atom, one must be selected from the group
consisting of fluoro, -CO2R5x, -C(O)N(R4x)(R4y), and
C1-4 aliphatic or C1-4 fluoroaliphatic optionally
substituted with -OR5", -N(R4O(R4O, -CO2R5x, or
-C(O)N(R 4x)(R4y); or two R8p on the same carbon
atomtogether form =O or =C(R5*)2; or two R8p on the
same carbon atom are taken together with the carbon
atom to which they are attached to form a 3- to
6-membered spirocyclic ring; s is 0, 17 2, 3, or 4; t
is 0, 1, or 2; and the variables R4*, R4y, R5x have
the values described above for formula (I). [0101] In
some embodiments, each R8p independently is selected
from the group consisting of fluoro, -OR5x,
-N(R^)(R47), -CO2R5*, or -C(O)N(R^)(R*7), or a C1-4
aliphatic or C1-4 fluoroaliphatic optionally
substituted with -OR5*, -N(R4x)(R4y), -CO2R5x, or
-C(O)N(R^)(R*7); or two R8p on the same carbon atom
are taken together with the carbon atom towhich they
are attached to form a 3- to 6-membered spirocyclic
ring; provided that R8p is other than -OR5x or
-N(R4x)(R4y) when located at a position adjacent to a
ring oxygen atom; and s is 0, 1, or 2. [0102] Another
embodiment of the invention relates to a compound of
formula (1), wherein: RBis -N(R8XR9); R8 is hydrogen
or C1-4 aliphatic; R9 is hydrogen, C1-4 aliphatic,
-T'-R 9a or -T*-R9b; T3 is a Cw alkylene chain
substituted with 0-2 independently selected R3a or R ;
T4 is a C2-6 alkylene chain substituted with 0-2
independently selected R3a or R3 ; R9s is
-C(R^=C(R5),, -CC-R5, -S(O)R6, -SO2R6, -SO2-N(R4),,
-C(RV^-OR 5, -CO2R5, -C(O)-C(O)R5, -C(O)R5,
-C(O)N(R4)2, -C(=NR4)-N(R4) , or -C(=NR4)-OR5; and R9b
is halo, -NO2, -CN, -OR5, -SR6, -N(R^2, -N(R4)C(O)R5,
-N^QOMR 4^ , -N(R^)CO2R5, -O-CO2-RS, -OC(O)N(R^2,
-OC(O)R5, -N(R^)-N(R4),, -N(R4JS(O)2R6, Or-N(R^SO
2-N(R4),.[0103] In some such embodiments, R9 is
hydrogen or a C1 6 aliphatic or C1-6 fluoroaliphatic
optionally substituted with one or two substituents
independently selected from the group consisting of
-OR5x, -N(R4x)(R4y), -CO2R5 , -C(O)N(R4 ) (R4y).
[0104] In a particular embodiment, the invention
relates to a subgenus of the compounds of formula (I),
characterized by formula (VIII): or a pharmaceutically
acceptable salt thereof, wherein: stereochemical
configurations depicted at asterisked positions
indicate absolute stereochemistry; and the variables
Q, Ra, Rb, Rc, Rd, Rg, Rh, and R' have the values and
preferred values described above for formulae
(I)-(VII). 



[0105] In some embodiments, the invention relates to a
subgenus of the compounds of formula (VIII),
characterized by formula (Villa): (V IIfl) or a
pharmaceutically acceptable salt thereof, wherein: Ra
is -OH; Rb and Rd are each independently hydrogen,
fluoro, or C aliphatic; Rc is hydrogen, fluoro, or -OR
x; R is hydrogen or C aliphatic;each Rp independently
is selected from the group consisting of fluoro, -OR
x, -N(R X)(R y), -CO R5 , or -C(O)N(R4 )(R4y), or a C
aliphatic or C fluoroaliphatic optionally substituted
with -OR5x, -N(R4 )(R4y), -CO2R5", or
-C(O)N(R^)(R43'); each R8p independently is selected
from the group consisting of fluoro, -OR5x, -N(R4
)(R4y) -CO2R5 or -C(O)N(R4x)(R4y) or a C1-4 aliphatic
or C1-4 fluoroaliphatic optionally substituted with
-OR5x, -N(R4x)(R4y), -CO2R5", or -C(O)N(R^)(R45) ,
provided that R8p is other than -OR5x or -N(R4x)(R4y)
when located at a position adjacent to a ring oxygen
atom, and further provided that -when two R8p are
attached to the same carbon atom, one must be selected
from the group consisting of fluoro, -CO2R , -C(O)N(R4
)(R45) , and C1 4 aliphatic or C1 4 fluoroaliphatic
optionally substituted with -OR5x, -N(R^)(R43) ,
-CO2R5 , or -C(O)N(R4 )(R4 ) ; or two R8p on the same
carbon atom together form =O or =C(R5x)2; R4* is
hydrogen, C1 4 alkyl, C1-4 fluoroalkyl, or C6-10
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted; R4y is hydrogen, C1 alkyl, C1
4 fluoroalkyl, C6-10 ar(C1-4)alkyl, the aryl portion
of which may be optionally substituted, or an
optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or R4x and R4y,
taken together with the nitrogen atom to which they
are attached, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition to
the nitrogen atom, 0-2 ring heteroatoms independently
selected from N, O, and S; each R5 independently is
hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or an
optionally substituted C6 10 aryl or C6 10
ar(C1-4)alkyl; s is 0, 1, 2, 3, or 4; and t is 0 1, or
2. [0106] Subgenus definitions for Ring A and
variables X, Y R ,Rb, Rc, Rd, Re, and Rf described for
formula (J) also apply to formulae (1I)-(VIII).
Compounds embodying any combination of the preferred
values for the variables described herein are within
the scope of the present invention.[0107]
Representative examples of compounds of formula (I)
are shown in Table 1. Table 1: El Activating Enzyme
Inhibitors 1-1 1-2 1-3 1-4 1-5 1-6[0001] METHOD AND
APPARATUS FOR PROVIDING AND UTILIZING A NON-CONTENTION
BASED CHANNEL IN A WIRELESS COMMUNICATION SYSTEM
[0002] FIELD OF INVENTION [0003] The present invention
relates to wireless communication systems. More
particularly, the present invention relates to a
method and apparatus for providing and utilizing a
non-contention based channel in a wireless
communication system. [0004] BACKGROUND [0005] The
Long Term Evolution (LTE) of wideband code division
multiple access (WCDMA) third generation (3G) cellular
networks is directed to universal mobile
telecommunication systems (UMTS) beyond the third
generation partnership project (3GPP) Release 7. LTE
may also be referred to as evolved UMTS terrestrial
radio access (E-UTRA). One of the main technological
challenges of such networks is efficient channel usage
when there is a varied traffic mix in the system. This
may be particularly challenging when the various types
of traffic utilize different transmission protocols,
such as voice over internet protocol (VoIP), file
transfer protocol (FTP), or hypertext transfer
protocol (HTTP). For example, in any particular
wireless communication system, there may be numerous
VoIP users, FTP users, and HTTP users all transmitting
simultaneously. [0006] Additionally, the wireless
transmit/receive units (WTRUs) in the system perform a
variety of tasks and functions that require access to
the transmission medium in order to communicate with a
base station. For example, the WTRUs must perform
functions such as timing advance, measurement
reporting, requesting uplink (UL) physical resource
allocation, providing schedule information for
downlink (DL) allocation, keep-alive heartbeat, hybrid
automatic repeat request (HARQ) feedback and/or
MediumAccess Control (MAC) or Radio Resource Control
(RRC) layer signaling.[0007] The WTRUs in a wireless
communication system could utilize a Random Access
Channel (RACH) or physical RACH (PRACH) in order to
communicate with the base station to perform these
functions. However, a RACHis a contention-based
channel, and its use incurs delays that tend toaffect
quality of service (QoS) and may result in inefficient
use of physical resources. A 



reliance on RACH for interactive applications between
transmissions may also negatively impact system
capacity. [0008] Alternatively, the WTRU could utilize
a UL shared channel to perform these functions.
However, a UL shared channel resource request would
first have to be transmitted on a RACH/PRACH, which
would be an inefficient use of resources and would add
delay to these functions due to the two step
procedure. [0009] In the context of LTE, it would be
desirable to utilize an access protocol such as a
non-contention based (NCB) channel, which may also be
referred to as a "thin" or "dedicated" channel. Thin
channels are generally contention-free, or low
contention, control channels that are primarily used
for access. [0010] It would therefore be advantageous
to provide a method and apparatus for providing and
utilizing an NCB channel that would not be subject to
the limitations of the current state of the art.
[0011] SUMMARY [0012] The present invention is
directed to the establishment, maintenance, and
utilization of a non-contention based (NCB) channel in
a wireless communication system comprising at least
one Evolved Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs). Each NCB channel is
dedicated and allocated for use by a particular WTRU
in the system for utilization in a variety of
functions, and the allocation is communicated to the
WTRUs in the system by the eNB. The wireless
communication system analyzes the allocation of each
NCB channel as required, and each NCB channel is
reallocated as required.[0013] BRIEF DESCRIPTION OF
THE DRAWINGS [0014] Amore detailed understanding of
the invention may be had from the following
description of a preferred embodiment, given by way of
example and to be understood in conjunction with the
accompanying drawings wherein: . [0015] Figure 1 shows
an exemplary wireless communication system configured
in accordance with the present invention; [0016]
Figure 2 is a functional block diagram of an eNB and a
WTRUof the wireless communication system of Figure 1;
[0017] Figure 3 is a flow diagram of a method for
establishing and maintaining a non-contention based
(NCB) channel with a particular WTRU, in accordance
with the present invention; [0018] Figure 4 is an
exemplary time-frequency diagram depicting an NCB
channel allocation to a plurality of WTRUs, in
accordance with the present invention; [0019] Figure 5
is a flow diagram of a method for determining a timing
advance using an NCB channel, in accordance with the
present invention; [0020] Figure 6 is a flow diagram
of a method for determining scheduling modifications
using an NCB channel, in accordance with another
embodiment of the present invention; [0021] Figure 7
is a flow diagram of a method of allocating resources
using an NCB channel, in accordance with another
embodiment of the present invention; [0022] Figure 8
is an exemplary time-frequency diagram depicting an
allocation of resources, in accordance with the method
of Figure 6; [0023] Figure 9 is an exemplary block
diagram depicting a frequency diverse NCB channel
allocation in a system comprising a plurality of sub
channels in accordance with the present invention;
[0024] Figure 10 is an exemplary time-frequency
diagram depicting a time and frequency hopping NCB
channel allocation, in accordance with an embodiment
of the present invention; and[0025] Figure 11 is an
exemplary diagram depicting differing NCB channel
requirements for a WTRU, in accordance with an
embodiment of the present invention. [0026] DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0027] When
referred to hereafter, the terminology "wireless
transmit/receive unit (WTRU)" includes but is not
limited t o a user equipment (UE), a mobile station
(STA), a mesh point (MP), a fixed or mobile subscriber
unit, a pager, a cellular telephone, a personal
digital assistant (PDA), a computer, or any other type
of user device capable of operating in a wireless
environment. When referred tohereafter, the
terminology "base station" includes but is not limited
to a Node-B, a site controller, an access point (AP),
or any other type of interfacing device capable of
operating in a wireless environment. [0028] In
general, the present invention is directed to a method
and apparatus for establishing, maintaining, and
utilizing non-contention based (NCB) dedicated
channels. The NCB channels, in a preferred embodiment
of the present invention, are channels that are
dedicated to a particular WTRUfor use during a
particular time and may be re-allocated depending on
system need. The NCB channel utilization may aid in
avoiding latency and inefficient use of 



physical resources associated with an UL contention
based procedure, and may also be used in downlink or
in ad-hoc networks. [0029] Figure 1 shows an exemplary
wireless communication system 100 (also referred to
hereinafter as "system") configured in accordance with
the present invention. The wireless communication
system 100 includes a plurality of evolved Node-Bs
(eNBs) 110 (designated as eNBi and eNB2) and a
plurality of WTRUs 120 (designated WTRUi, WTRU2,
WTRU3, and WTRU4), in wireless communication with the
eNBs 110. The WTRUs 120 depicted in the wireless
communication system 100 may comprise any combination
of WTRUs, such as STAs, MPs, and the like. In a
preferred embodiment, the eNBs 110 provide access to a
network to the WTRUs 120 (WTRUi, WTRU2, WTRU3, and
WTRU4) in communication with them. As shown in an
exemplary configuration in Figure1,WTRUi, WTRU2, and
WTRU3are currently in coinmunication with eNBi while
WTRU4 is in currently in communication with eNB2.
However, any of the WTRUs 120 may be in communication
with either of the eNBs 110, apart from what is
depicted in Figure 1. [0030] Figure 2 is a functional
block diagram of the eNB 110 and a WTRU 120 of the
wireless communication system 100 of Figure 1. As
shown in Figure 2, the eNB 110 and WTRU 120 are in
wireless communication with one another, and are
configured to utilize an NCB channel in the wireless
communication system 100. In one example, the WTRU 120
may be a mobile STA or an MP in communication with the
eNB 110, which provides access to a network for the
WTRU 120. [00311 In addition to the components that
may be found in a typical eNB, the eNB 110 includes a
processor 115, a receiver 116, a transmitter 117, and
an antenna 118. The processor 115 is configured to
establish, maintain and utilize an NCB channel in
accordance with the present invention. The receiver
116 and the transmitter 117 are in communication with
the processor 115. The antenna 118 is in communication
with both the receiver 116 and the transmitter 117 to
facilitate the transmission and reception of wireless
data. [0032] Similarly, in addition to the components
that may be found in a typical WTRU, the WTRU 120
includes a processor 125, a receiver 126, a
transmitter 127, and an antenna 128. The processor 125
is configured t o establish, maintain and utilize an
NCB channel in accordance with the present invention.
The receiver 126 and the transmitter 127 are in
communication with the processor 125. The antenna 128
is in communication with both the receiver 126 and the
transmitter 127 to facilitate the transmission and
reception of wireless data. [0033] Figure 3 is a flow
diagram of a method 300 for establishing and
maintaining an NCB channel with a particular WTRU, in
accordance with the present invention. In step 310,
the NCB channel is established and allocated. The NCB
channel may be configured by the eNB 110. For example,
a network operator may identify certain radio resource
management (RRM) parametersthat are used by the eNB
110 to determine the NCB channel configuration and
when it is established and reconfigured. [0034] In the
establishment of the NCB channel, the duration and
periodicity of the channel may be configured. In a
preferred embodiment, the duration may be infinite.
Additionally, the system or WTRU 120 may have the
ability to terminate or reconfigure the allocated NCB
channel. In the infinite case, signaling from either
the eNB 110 or the WTRU 120 may terminate the NCB
channel allocation. [0035] The NCB channel may be
allocated to a particular WTRU 120 for a given
duration. The duration may be a subset of time for the
WTRU 120 to utilize the NCB channel or the WTRU 120
may be assigned a periodic interval for usage of the
NCB channel. It should also be noted that any
combination of the above allocations may be utilized,
and the durations and/or periodic operation may
include the physical resources allocated being time
multiplexed among a plurality of WTRUs 120. [0036] The
wireless communication system 100 may utilize a number
of characteristics in configuring the NCB channel. For
example, the NCB channel may be configured to support
functions such as timing advance, measurement
reporting, UL physical resource requesting, providing
information for DL resource scheduling, keep-alive
heartbeat, hybrid automatic repeat request (HARQ)
feedback and/or Medium Access Control (MAC) or Radio
Resource Control (RRC) layer signaling, all of which
are described herein following. Furthermore, the NCB
channel may be configured to support a combination of
functions. For example, a particular WTRU120
perforrning a scheduling request may also be
concurrently providing measurement reporting or
concurrently providing a synchronization burst to
perform timing advance. Accordingly, any combination
of these functions may be performed in a common
signaling procedure. Therefore, any number of
functions may be performed concurrently on a
configured NCB channel. In another embodiment, a
periodic NCB channel may be configured following a
predefined period during which no UL 



transmissions have been occurring.[0037] Additionally,
the service types such as Voice over IP (VoIP) or
internet gaming, the Quality of Service (QoS)
requirements for services currently active on the WTRU
120 may be utilized, as well as the activity rate of
those services. [0038] The configuration of the NCB
channel may also include multiplexing it in the
frequency domain, such as through frequency division
multiplexing (FDM). The NCB channel may also be
multiplexed in the code domain by using spreading
codes, in the time domain, and in the space domain
using spatial division multiplexing (SDMA) or other
MIMO techniques. Furthermore, the NCB channel may be
multiplexed by any combination of the above
multiplexing techniques. [0039] In this way, physical
resources utilized by the NCB channel may be
configured for use by more than one WTRU 120 at
various times without being contended for by those
WTRUs 120 during any particular period of time. For
example, the NCB channel may be allocated to WTRUi for
a particular periodicity and/or duration, and
allocated to WTRU2 for another periodicity and/or
duration. Accordingly, the NCB channel is typically
dedicated to a particular WTRU 120 at a particular
moment in time, but shared among a plurality of WTRUs
120 over various periods in time. [0040] Still
referring to Figure 3, the NCB channel allocation is
transmitted to the WTRUs 120 in the wireless
communication system 100 by the eNB 110 (step 320)
with which the WTRUs 120 are in communication. In the
example depicted in Figure 1, eNBi transmits the NCB
channel allocation to WTRUi, WTRU2, and WTRU3, while
eNB2 transmits the NCB channel allocation to WTRU4.
This transmission, or communication, may be included
in the downlink (DL) common control channel signaling
or a dedicated control channel signal mapped to a DL
shared channel among the WTRUs 120. [0041]
Alternatively, the NCBchannel may be allocated by the
DL common control channel as other uplink (UL) shared
channel allocations. Additionally, where the NCB
channel is a control channel separate from the UL
sharedchannel used for user data transmissions, a
logical control channel mapped to the DL shared
channel may be utilized. [00421 Figure 4 is an
exemplary time-frequency diagram 400 depicting an
allocation of NCB channels (designated 430, 440, and
450) to a plurality of WTRUs 120, in accordance with
an embodiment of the present invention. In particular,
NCB channel 430 may be dedicated toWTRUi, NCB channel
440 may be dedicated to WTRU2, and NCB channel 450 may
be dedicated to WTRU3. Accordingly, in the present
example, WTRUi accesses eNBi on NCB channel 430, WTRUs
accesses eNBi on NCB channel 440, and WTRU3accesses
eNBi on NCB channel 450, whereby the WTRUs 120 do not
need to contend with one another for access to the eNB
110. [0043] As shown in Figure 3, the allocation of
the NCB channel is analyzed by the wireless
communication system 100 (step 330) to ensure an
optimal allocation. For example, the wireless
communication system 100 may analyze the amount of
time the currently allocated NCB channel has remained
idle, or the QoS requirements for the various WTRUs
120 in the system 100. Alternatively, the system 100
may determine that the NCB channel should be
reconfigured upon reception of channel allocation
signaling whereby data capacity may need to be
increased or decreased. If the system 100 determines
that a reconfiguration or reallocation is required
based on the analysis (step 340), then the system 100
may reconfigure the allocation of the NCB channel, and
transmit the updated NCB channel allocation to the
WTRUs 120 in the system (step 350). [0044] Figure 5 is
a flow diagram of a method 500 for determining a
timing advance using an NCB channel, in accordance
with the present invention. In step 510, the WTRU 120
transmits a synchronization burst to the eNB 110 over
the NCB channel allocated to the WTRU 120. This
synchronization burst may be transmitted periodically
or dynamically based on specific triggering events.
Since timing advance is relative to signal propagation
delay and a maximum WTRU speed is known, a periodicity
requirement of timing advance bursts can be calculated
and matched with the configured periodicity of the NCB
channel.Preferably, the synchronization bursts are
coordinated with the time intervals that the NCB
channel exists for that particular WTRU 120. [0045]
The eNB 110 receives the synchronization burst from
the WTRU 120 and performs timing estimation to
determine whether or not a timing advance (TA)
adjustment is needed to maintain physical
synchronization between the WTRU 120 and the eNB 110
(step 520). If a TA adjustment is needed (step 520),
then the eNB transmits a TA command to the particular
WTRU 120 (step 530). This TAcommand may be sent on the
DL common control channel or on a control channel
mapped to a DL shared channel assigned to the
particular WTRU 120. [0046] Since a periodic NCB
channel may be configured following a predefined
period during which no UL transmissions have been
occurring, the 



NCB channel can be dynamically allocated, or
established, during periods of UL inactivity to
maintain synchronization. By maintaining
synchronization during periods of inactivity with the
NCB channel, transmission may be restarted with
reduced latency which allows QoS requirements to be
better maintained. [0047] Figure 6 is a flow diagram
of a method 600 for determining DL scheduling
modifications using an NCB channel, in accordance with
another embodiment of the present invention. The WTRU
120 transmits a burst to the eNB 110 over the NCB
channel reporting the DL channel quality measurements
(step 610). When the eNB 110 receives the channel
quality measurements, the eNB 110 analyzes them to
determine whether or not modifications, or
adjustments, to DL scheduling need to be made (step
620). DL channel quality measurements may be reported
periodically or dynamically based on triggering
events. Preferably, channel quality reporting
coincides with the configured allocation of the NCB
channel. Use of the NCB channel for WTRUmeasurement
reporting provides a more efficient use of physical
resources and provides UL information signaling with
reduced latency compared to use of a RACH, or
dynamically requesting a UL shared channel for this
purpose. Ka DL scheduling modification is needed (step
630), then the eNB 110 transmits the new DL channel
scheduling assignments to the WTRU 120 (step
640).[0048] In the embodiment shown in Figure 6, the
NCB channel may be periodically configured or event
triggered for UL measurement reporting. Accordingly,
as described above, this use of the NCB channel may
coincide with other concurrent functions or uses of
the NCB channel, such as timing advance, scheduling
requests, measurement reporting and the like. [0049]
Figure 7 is a flow diagram of a method 700 of
requesting UL resources using an NCB channel, in
accordance with another embodiment of the present
invention. In step 710, one or more WTRUs 120 transmit
a scheduling request for UL channel access on their
dedictated NCB channel that has been configured and
allocated for them. In the present embodiment, the NCB
channel may be periodically configured or even
triggered for support of scheduling requests.
Additionally, the occurrence of scheduling requests
may coincide with other NCB channel uses, such as
timing advance, channel measurement reporting and the
like. [0050] Referring back again t o Figure 4, the
transmitted request in step 710 of Figure 7 may be a
burst transmitted by one of the WTRUs 120 on its
respective NCB channel (430, 440, or 450) requesting
an allocation of UL physical resources whereby the
presence of the burst itself is indicative of the
resource allocation request for that particular WTRU
120. Alternatively, the burst may be an indication
which, for example, may only include one bit of
information, such as a "zero (0)" or a "one (1)" that
indicates whether or not a resource allocation is
needed. The burst may also include information related
t o the resource allocation request, such as the
amount of UL data the particular WTRU 120 will need to
transmit, the priority of the data, the QoS, latency
requirement, BLER requirement and the like. [0051] The
NCB may be configured with periodic operation with or
without a specified duration. Preferably, the UL
channel allocation request will coincide with the
periodic operation of the NCB channel. If an urgent UL
resource request is required and an NCB is not
available, the RACH may be used. The UL resource
request method may coincide with the timing advance
method 500, ormeasurement reporting method 600. In
these cases the NCB channel provides multiple purposes
in a common UL transmission. [0052] Based on the UL
resource request, a proper allocation of resources is
determined and the eNB 110 transmits the UL shared
access grant to the one or more WTRUs 120 on a DL
common control channel (step 720), as shown in Figure
7. [0053] For purposes of example, Figure 8 is an
exemplary time-frequency diagram 800 depicting an
allocation of physical resources, in accordance with
step 720 of the method 700 of Figure 7. Figure 8 is a
time-frequency diagram 800 that includes an allocated
resources portion 830 and an allocated resource blocks
portion 840. In the present example, the allocated
resources portion 830 depicts a resource allocation
for WTRUi (831), a resource allocation for WTRU2
(832), and a resource allocation for WTRU3 (833). In
this manner, the resource allocation may be determined
implicitly by the WTRUs 120 based on the resource
utilized for the access grant in the DL transmission.
[0054] Alternatively, the resource allocations 831,
832, and 833 may correspond to allocated resource
blocks in the allocated resource blocks portion 840.
For example, referring again t o Figure 8, resource
allocation 831 corresponds t o a single resource block
844 allocated for WTRUi. However, resource allocation
832 corresponds to three (3) resource blocks 845 that
are allocated for WTRU2, while resource allocation 833
corresponds to two (2) resource blocks 846 that are
allocated for WTRU3. It should be noted that the
resource block allocation shown in Figure 8 is
exemplary and any particular resource allocation may
correspond to a single resource block or to a
plurality of 



resource blocks. An identifier (ID) for the particular
WTRU 120 that is allocated a resource block may be
included to identify t o the WTRU 120 which resource
block belongs to it. Alternatively, the DL control
channel may be common to a plurality of WTRUs 120.
[0055] In any event, the resource allocation is
identified to the WTRU 120 as to any period that the
resource is allocated for that WTRU 120, as well
aswhere that allocation exists. For example which
resource blocks are allocated to a particular WTRU 120
is identified to the WTRU 120. [0056] Once particular
WTRUs 120 receive their shared channel access grants
in the DL, the WTRUs 120 transmit over their allocated
channels or resource blocks (step 730). [0057] In yet
another embodiment, the NCB channel may be utilized
for keep-alive heartbeat. For example, the WTRU 120
transmits a periodic keepalive signal over the NCB
channel that is utilized by the system to detect a
failure of the radio link between the WTRU 120 and the
eNB 110. In this manner, the system can institute any
action required to restore any lost connectivity with
this particular WTRU 120 as well as recover any
resources that are allocated to the WTRU 120.
Additionally, as with various other NCB channel
functions and uses, signaling for the keep-alive
heartbeat may be combined with other NCB channel
functions whose UL channel requirement coincides. For
the purposes of a keep-alive signal a similar NCB
channel may be allocated in the DL so that the WTRU
may take proper actions required following a link
failure. [0058] In another embodiment, the NCB channel
may be utilized forHARQ feedback. For example, in
response to HARQ transmissions, the NCB channel may be
utilized for transmission of positive (successful) or
negative (unsuccessful) acknowledgements (ACKs).
Additionally, the process number or any other HARQ
parameters used to coordinate HARQtransmissions may be
transmitted over the NCB channel, depending on the
HARQ method. The NCB channel may be particularly
useful in the case of synchronous HARQ operation where
periodic feedback may be aligned with the periodic
configuration of the NCB channel. [0059] In another
alternative embodiment, the NCB channel may be
utilized for MAC signaling, RRC signaling and/or small
amounts of user data. Additionally, coordination of
the MAC and/or RRC layer operation may be achieved
over the NCB channel. In these cases, procedures with
known frequency may be mapped to the NCB channel to
optimize the use of physical resources. The WTRUs 120
may also transmit small amounts of data on their
allocated NCB channel. In this manner, the NCB channel
may be used by WTRUs 120 totransmit small amounts of
user data when shared channel or other alternate
channel is not available/allocated. Allowing user data
on the NCB channel reduces transmission latency and
improves QoS. [0060] In order to provide resilience
against frequency selective fading, the UL NCB
channels may comprise several sub-channels in an XFDMA
system, such as an orthogonal frequency-division
multiple-access (OFDMA) or single carrier (SC)
FDMAsystem (SC-FDMA). In one subframe of an
XFDMAsystem, there are short blocks (SB) and long
blocks (LB). An SB is typically used to transmit the
reference signals and an LB is typically used to
transmit data packets. The reference signals provide a
complete view of the channel layout in one OFDM
subframe for a particular WTRU 120, and may also be
utilized for channel measurements to determine the
severity of the frequency selective fading.
Accordingly, it can be used to determine how diverse
in frequency the NCB channel allocation will need to
be. [0061] Figure 9 is an exemplary block diagram 900
depicting a frequency diverse NCB channel allocation
in a system comprising a plurality of sub channels, in
accordance with the present invention. For example, as
depicted in Figure 9, the NCB channel allocations
forWTRUi and WTRU are shown spread over a plurality of
sub-channels that may exist in a single resource block
or in a fraction of a resource block. Then the NCB
channel is allocated in a distributed manner based on
the UL channel measurements. [0062] Further efficiency
may be achieved in the utilization of the NCB channel
where the resource is changed for a particular WTRU
120. For example, the NCB resource allocation may be
changed according to a pre-configured time and/or
frequency hopping pattern. An NCB channel with a very
small amount of channel resources may not have good
frequency diversity even if the NCB channel is spread
as wide as possible in the frequency domain.
Therefore, applying time and/or frequency hopping may
further improve the diversity and ensure the NCB
channel is received properly at a receiver side.
[0063] Figure 10 is an exemplary time-frequency
diagram 1000 depicting a time and frequency hopping
NCB channel allocation, in accordance with
anembodiment of the present invention. In different
subframes, where the resource is allocated to a
particular WTRU 120, the frequency allocation of the
resource for an NCB channel will change across
subframes. This frequency allocation change is based
on the hopping pattern in the time and/or frequency
domain, which is pre-configured during the NCB
allocation phase. This is another alternative
embodiment for physical realization of the NCB
channel. The 



frequency/timing hopping pattern is an important
message when signaling NCB channel allocation for a
particular WTRU 120 so that it can transmit using the
NCB channel according to that hopping pattern.
Likewise, the eNB 110 can receive signaling by
following the same pattern in a coordinated way.
[0064] The NCB channel may be further configured by
the eNB 110 transmitting control messages tothe
WTRU120. For example, the eNB 110 may transmit a
resource message relating to sub-carriers, space
(antenna beams), slots, or codes. Additionally, the
eNB 110 may transmit a hopping sequence, such as an
index of a prescribed set of hopping sequences to the
WTRU 120 to which the NCB channel is allocated. [0065]
In an additional embodiment, the NCB channel may be
allocated along with both real time (RT) and non real
time (NRT) services to assist dynamic, semi-dynamic,
persistent or semi-persistent scheduling for the
services. [0066] For NRT services, the NCB channel may
be allocated to support dynamic scheduling. For
example, the NCB channel may be used for timing
advance, periodic measurement reporting, UL physical
resource requesting, UL traffic status reporting ,
providing information for DL resource scheduling, HARQ
feedback and/or MAC/RRC layer signaling, and the like.
The NCB channel supporting dynamic or semi-dynamic
scheduling may be configured at the beginning of the
dynamic or semi-dynamic scheduling of an NRT service
for one WTRU, or in the middle of the scheduling. Also
the NCB channel can be terminated, modified or
extended as situations such as WTRU mobility or
channel conditions change. [0067] An NCB channel for
some particular applications may have consistent
periodicity from the beginning of the scheduling
allocation of the NCB.Alternatively, the NCB channel
for other particular applications may start its
periodicity at a certain time after each bursty
transmission. [0068] For example, in the former case,
timing advance and measurement reporting may require
continuous reporting to support accurate scheduling
decisions. However, a HARQ ACK/NAKfeedback does not
necessarily need to maintain its periodicity from the
beginning of the cheduling, and the NCB channel can
therefore start a certain time after one bursty
transmission for several times unless successful
reception is declared. [0069] The duration of the NCB
channel may be terminated before its allocated life
cycle expires or be extended based on system demand.
Termination of an existing NCB may be signaled through
an indication from the eNB H Ovia an RRC message, MAC
signaling (such as a MAC header) or layer 1 or layer 2
(L1/L2) signaling. In one example, the indication can
simply be an "OFF (0)" signal. [0070] The termination
of the NCB channel allocation can be explicitly or
implicitly signaled. For example, at the end of voice
silent period, the WTRU120 sends a voice activity
change indication to eNB 110 over the NCB channel. The
eNB 110 then allocates new persistent UL radio
resources for voice activity over the DL scheduling
channel. Upon receiving the UL resource allocation on
the DL scheduling channel, the WTRU 120 may implicitly
detect the termination of existing NCB channel
allocations. Alternatively, one explicit indication
can be sent from the eNB H Oto the WTRU 120 to signal
the termination. [0071] An extention of the NCB
channel may be for substantially the same duration as
the previous allocation or for a different duration,
either longer or shorter. The extension may also
include a configuration of new time and frequency
allocation patterns, such as frequency hopping. [0072]
The periodicity of the NCB channel may be determined
based on the application of the NCB channel. For
example, in a WTRUhigh mobility scenario, a high
periodicity NCB channel should be allocated to support
UL timing maintenance. How often measurement reports
should be sent to the eNB 110 are also determined
based on the application of the NCB channel.[0073]
Figure 11 is an exemplary diagram depicting differing
NCB channel requirements for a WTRU, in accordance
with an embodiment of the present invention. Referring
to Figure 11, more than one NCB channel may
simultaneously be allocated to a particular WTRU 120
for different scheduling purposes. These different NCB
channels may have different configurations. For
example, among other things, NCB channel periodicity
and channel capacity may be configured to meet
different requirements. [0074] In a voice silent
period, there may be NCB channels used to maintain UL
timing, to send voice activity reports, to send
measurement reports, to send UL scheduling requests
and to send voice silence indication detections
(SIDs), and the like to eNB 110. However, the
periodicity for SID packets in the UL is every 160
milliseconds (ms), which may be different from the
periodicity required for other functions. For example,
the periodicity for a UL timing advance function may
be either shorter or longer than the periodicity for
sending SIDs. Also, radio resources used for SID
packets and other UL utility purposes are different,
which again requires different NCB channel
configurations. Accordingly, different NCB channel
configurations and allocations for different 



system requirements may be required. On the other
hand, applications with similar resource and
periodicity requirements may be grouped into one NCB
channel configuration and allocation. [0075]
Additionally, there may be different application
requirements for oneWTRUwhere an NCB channel with one
periodicity is allocated. In this case, the NCB
channel may be configured with different radio
resource allocations for different intervals within
oneNCB allocation. For example, a SID packet interval
may coincide with other UL functions such as a UL
scheduling request, timing maintenance and measurement
reporting, and the like, for example every 160 ms.
However, if at 160 ms intervals there are more radio
resources needed to accommodate extra SID packet
needs, the eNB 110 may allocate more radio resources
at 160 ms intervals, and less resources at non-160 ms
intervals. In doing so, the eNB 110 does not need to
always allocate the maximum radioresources for all the
NCB channel intervals to accommodate all different
scenarios, thereby making resource utilization much
more efficient. [0076] Additionally, the NCB channel
should be maintained during handovers from one base
station to another. To this end, a source base station
exchanges signaling with a target base station to
allocate the NCB channel for the WTRU 120 in the
target cell to which the WTRU is being handed over.
This may be accomplished by transmission via a common
control channel in the source cell or a shared channel
allocated to a particular WTRU 120 to convey target
cell NCB channel information to the particular WTRU
120. The information may include NCB channel resources
in the target cell, hopping patterns in the target
cell, or the timing advance, such as the timing
difference between the source and target cells. The
timing difference between cells in this case may be
computed by the system and transmitted to the WTRU 120
about to be handed over by the source or target base
station. [0077] The present invention may be
implemented in any type of wireless communication
system, as desired. By way of example, the present
invention may be implemented in any type of 802 type
system, XFDMA, SC-FDMA, OFDMA, E-UTRA, LTE or any
other type of wireless communication system. [0078]
Additionally, the features of the present invention
may be implemented by software, may be incorporated
into an integrated circuit (IC) or be configured in a
circuit comprising a multitude of interconnecting
components. Additionally, the processors 115/125 of
the eNB 110 and WTRU 120, respectively, may be
configured to perform the steps of any of the methods
described above. The processors 115/125 may also
utilize the receivers 116/126, transmitters 117/127,
and antennas 118/128, respectively, tofacilitate
wirelessly receiving and transmitting data. [0079]
Although the features and elements of the present
invention are described in the preferred embodiments
in particular combinations, each feature or element
can be used alone without the other features and
elements of the preferred embodiments or in various
combinations with or without other features and
elements of the present invention. The methods or flow
charts provided inthe present invention may be
implemented in a computer program, software, or
firmware tangibly embodied in a computer-readable
storage medium for execution by a general purpose
computer or a processor. Examples of computerreadable
storage mediums include a read only memory (ROM), a
random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as
internal hard disks and removable disks,
magnetooptical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs). [0080]
Suitable processors include, by way of example, a
general purpose processor, a special purpose
processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one
or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application
Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGAs) circuits, any
integrated circuit, and/or a state machine. [0081]
Aprocessor in association with software may be used
toimplement a radio frequency transceiver for in use
in a wireless transmit receive unit (WTRU) user
equipment, terminal, base station, radio network
controller, or any host computer. The WTRU may be used
in conjunction with modules, implemented in hardware
and/or software, such as a camera, a videocamera
module, a videophone, a speakerphone, a vibration
device, a speaker, a microphone, a television
transceiver, a handsfree headset, a keyboard, a
Bluetooth module, a frequency modulated (FM) radio
unit, a liquid crystal display (LCD) display unit, an
organic light-emitting diode (OLED) display unit, a
digital music player, a media player, a video game
player module, an Internet browser, and/or any
wireless local area network (WLAN) module. [0082]
Embodiments 1. Amethod for providing a non-contention
based (NCB) channel to a plurality of wireless
transmit/receive units (WTRUs) in a wireless
communication system.2. The method of embodiment 1,
further comprising an evolvedNode-B 



(eNB). 3. A method as in any preceding embodiment,
further comprising establishing an NCB channel. 4. A
method as in any preceding embodiment, further
comprising allocating an NCB channel to a first WTRU.
5. A method as in any preceding embodiment, further
comprising determining whether a reallocation of an
NCB channel is required. 6. A method as in any
preceding embodiment, further comprising reallocating
an NCB channel based upon a reallocation
determination. 7. A method as in any preceding
embodiment, further comprising transmitting an NCB
channel allocation to a first WTRU. 8. A method as in
any preceding embodiment, further comprising
configuring an NCB channel. 9. Amethod as in any
preceding embodiment wherein a duration of an NCB
channel is configured. 10. Amethod as in any preceding
embodiment wherein a duration of an NCB channel is
configured for an infinite time. 11. Amethod as in any
preceding embodiment wherein a duration of an NCB
channel is configured for a period of time.12. A
method as in any preceding embodiment an NCB channel
is configured to exist at periodic intervals. 13.
Amethod as in any preceding embodiment wherein an NCB
channel is allocated to a first WTRU at a first
periodic interval and reallocated to a second WTRUfor
a second periodic interval: 14. Amethod as in any
preceding embodiment wherein a configuration of an NCB
channel is based upon at least one of the following
functions: timing advance, measurement reporting,
physical resource requesting, schedule requesting,
keep-alive heartbeat, hybrid automatic repeat request
(HARQ) feedback and medium access control (MAC)/radio
resource control (RRC) layer signaling. 15. Amethod as
in any preceding embodiment wherein a configuration of
an NCB channel is based upon a combination of the
functions timing advance, measurement reporting,
physical resource requesting, schedule requesting,
keepalive heartbeat, HARQ feedback and MAC/RRC layer
signaling. 16. Amethod as in any preceding embodiment
wherein a configuration of an NCB channel is based
upon at least one of a quality of services (QoS)
requirement for services currently active on a
particular WTRUin the wireless communication system, a
type of service, and an activity rate of the currently
active services. 17. Amethod as in any preceding
embodiment wherein an NCB channel is configured as a
low rate shared channel. 18. A method as in any
preceding embodiment, further comprising a first WTRU
transmitting data over an NCB channel.19. Amethod as
in any preceding embodiment wherein an NCB channel is
configured to provide signaling within a physical
channel control field. 20. Amethod as in any preceding
embodiment wherein an NCB channel is configured to
provide signaling within a media access control (MAC)
layer. 21. Amethod as in any preceding embodiment
wherein an NCBchannel is configured to provide
signaling within a radio resource controller (RRC)
layer. 22. A method as in any preceding embodiment,
further comprising multiplexing an NCB channel. 23.
Amethod as in any preceding embodiment wherein an NCB
channel is multiplexed in the frequency domain. 24.
Amethod as in any preceding embodiment wherein an NCB
channel is multiplexed using frequency division
multiplexing (FDM). 25. Amethod as in any preceding
embodiment wherein an NCB channel is multiplexed in
the code domain. 26. Amethod as in any preceding
embodiment wherein an NCB channel is multiplexed in
the code domain using spreading codes. 27. Amethod as
in any preceding embodiment wherein an NCB channel is
multiplexed in the time domain. 28. Amethod as in any
preceding embodiment wherein an NCB channel is
multiplexed in the space domain.29. Amethod as in any
preceding embodiment wherein an NCB channel is
multiplexed using spatial division multiplexing
(SDMA). 30. A method as in any preceding embodiment,
further comprising reallocating an NCB channel to a
second WTRU. 31. A method as in any preceding
embodiment, further comprising terminating an NCB
channel allocation. 32. Amethod as in any preceding
embodiment wherein a first WTRU terminates an NCB
channel allocation. 33. A method as in any preceding
embodiment wherein an eNB terminates an NCB channel
allocation. 34. A method as in any preceding
embodiment, further comprising 



transmitting an NCB channel allocation to a first WTRU
via downlink (DL) common control signaling. 35. A
method as in any preceding embodiment, further
comprising transmitting an NCB channel allocation to a
first WTRUvia a dedicated control channel signal that
is mapped to a DL shared channel. 36. Amethod as in
any preceding embodiment wherein an NCB channel is
allocated by a DL common control channel as UL shared
channel allocations. 37. A method as in any preceding
embodiment, further comprising analyzing an NCB
channel allocation.38. A method as in any preceding
embodiment, further comprising determining a
reallocation is required due to a changing type of
service requirement or a QoS requirement. 39. A method
as in any preceding embodiment, further comprising
determining a reallocation is required due to an NCB
channel remaining idle for a particular period of
time. 40. A method as in any preceding embodiment,
further comprising determining a reallocation is
required due to a requirement for increased or
decreased data capacity. 41. A method as in any
preceding embodiment, further comprising transmitting
a reallocation determination to WTRUs in the wireless
communication system. 42. A method as in any preceding
embodiment, further comprising a first
WTRUtransmitting a synchronization burst or existing
data packet to an eNB over an NCB channel. 43. Amethod
as in any preceding embodiment, further comprising an
eNB determining whether a timing advance (TA)
adjustment is needed. ... 44. A method as in any
preceding embodiment, further comprising an eNB
transmitting a TAadjustment command to a first
WTRUdepending upon a determination of whether a TAis
needed. 45. A method as in any preceding embodiment
wherein an eNB determines that a TA adjustment is
needed in order to maintain a physical synchronization
between an eNB and a first WTRU.46. Amethod as in any
preceding embodiment wherein a TAcommand is
transmitted to a first WTRU on a DL common control
channel. 47. Amethod as in any preceding embodiment
wherein a TAcommand is transmitted on a control
channel mapped to a DL shared channel assignment among
WTRUs. 48. A method as in any preceding embodiment
wherein a synchronization burst is transmitted
following a predefined period during which UL
transmissions have not been occurring. 49. A method as
in any preceding embodiment, further comprising a
first WTRUtransmitting channel quality measurements
toan eNB over an NCB channel. 50. Amethod as in any
preceding embodiment, further comprising an eNB
analyzing channel quality measurements. 51. A method
as in any preceding embodiment, further comprising an
eNB determining whether scheduling modifications are
needed. 52. A method as in any preceding embodiment,
further comprising an eNB transmitting new DL
scheduling assignments toa first WTRUbased upon a
determination of whether scheduling modifications are
needed. 53. A method as in any preceding embodiment
wherein an eNB transmits new DL scheduling assignments
over a DL control channel. 54. A method as in any
preceding embodiment, further comprising a first
WTRUtransmitting a request for resources over an NCB
channel.55. A method as in any preceding embodiment,
further comprising a first WTRUmonitoring DL common
control channels. 56. A method as in any preceding
embodiment, further comprising determining an
allocation of resources for a first WTRU by the
wireless communication system. 57. A method as in any
preceding embodiment, further comprising an eNB
transmitting a UL shared channel access grant
allocation to a first WTRU overDL common control
channels. 58. A method as in any preceding embodiment,
further comprising a first WTRUtransmitting over a
channel allocated to a first WTRU. 59. A method as in
any preceding embodiment wherein an UL shared channel
access grant allocation is implied to a first
WTRUbased on a resource utilized for an access grant
in a transmission overDL common control channels. 60.
A method as in any preceding embodiment wherein a UL
shared channel access grant allocation is explicitly
communicated to a first WTRU. 61. A method as in any
preceding embodiment wherein at least one resource
block is communicated to a first WTRU as being
allocated to a first WTRU. 62. A method as in any
preceding embodiment wherein a UL shared channel
access grant allocation includes an identifier (ID)
for a first WTRU. 



63. A method as in any preceding embodiment, further
comprising a plurality of WTRUs transmitting a request
for resources over an NCB channel and monitoring DL
common control channels.64. A method as in any
preceding embodiment, further comprising determining
an allocation of resources for a plurality of WTRUs.
65. A method as in any preceding embodiment, further
comprising an eNB transmitting a UL shared channel
access grant allocation to a plurality of WTRUs over
DL common control channels. 66. A method as in any
preceding embodiment, further comprising a plurality
of WTRUs transmitting over their respective allocated
channels. 67. A method as in any preceding embodiment,
further comprising transmitting a keep-alive signal to
an eNB over an NCB channel. 68. A method as in any
preceding embodiment, further comprising detecting a
failure of a radio link between a particular WTRU and
an eNB. 69. A method as in any preceding embodiment,
further comprising restoring lost connectivity between
a particular WTRU and an eNB. 70. A method as in any
preceding embodiment, further comprising recovering
resources allocated to a particular WTRU. 71. A method
as in any preceding embodiment, further comprising
receiving a hybrid automatic repeat request (HARQ)
transmission. 72. A method as in any preceding
embodiment, further comprising transmitting an
acknowledgement (ACK) over an NCB channel. 73. A
method as in any preceding embodiment wherein an ACK
is a positive ACK.74. A method as in any preceding
embodiment wherein an ACK is a negative ACK(NACK). 75.
A method as in any preceding embodiment wherein a HARQ
transmission is transmitted over an NCB channel. 76. A
method as in any preceding embodiment, further
comprising transmitting a process number over an NCB
channel. 77. A method as in any preceding embodiment,
further comprising transmitting HARQ parameters over
an NCB channel. 78. A method as in any preceding
embodiment, further comprising multiplexing RRC
signaling messages over an NCB channel. 79. A method
as in any preceding embodiment, further comprising
transmitting small amounts of data over an NCB
channel. 80. A method as in any preceding embodiment,
further comprising coordinating MAC layer operation
over an NCB channel. 81. A method as in any preceding
embodiment, further comprising configuring an NCB
channel for transmission by a first WTRU. 82. A method
as in any preceding embodiment, further comprising
allocating an NCB channel to a first WTRU. 83. A
method as in any preceding embodiment, further
comprising spreading an NCB channel over a plurality
of sub-channels.84. A method as in any preceding
embodiment wherein a plurality of sub-channels exist
within a single resource block. 85. A method as in any
preceding embodiment wherein a plurality of
sub-channels exist in a fraction of a resource block.
86. A method as in any preceding embodiment, further
comprising changing an allocation of an NCB channel
for a first WTRU. 87. Amethod as in any preceding
embodiment wherein an allocation is changed according
to a pre-configured time sequence. 88. Amethod as in
any preceding embodiment wherein an allocation is
changed according to a pre-configured frequency
hopping sequence. 89. A method as in any preceding
embodiment, further comprising an eNB transmitting
control messages to a first WTRU. 90. A method as in
any preceding embodiment wherein control messages
include information including any of the following: a
resource message relating to a sub-carrier, slot
information, codes, and a hopping sequence. 91. A
method as in any preceding embodiment wherein a
hopping sequence includes an index of a prescribed set
of hopping sequences towhich an NCB channel is
allocated for a first WTRU. 92. A method as in any
preceding embodiment wherein a wireless communication
system includes a source base station in a source cell
and a target base station in a target cell.93. A
method as in any preceding embodiment, further
comprising a source base station signaling a target
base station to allocate an NCB channel for a WTRU
about to be handed over. 94. A method as in any
preceding embodiment, further comprising a target base
station allocating an NCB channel for a WTRU about to
be handed over. 95. A method as in any preceding
embodiment, further comprising signaling to a WTRU an
NCB channel allocation allocated by a target base
station. 96. Amethod as in any preceding embodiment
wherein an NCB channel 



allocation is signaled to a WTRUabout to be handed
over via a common control channel. 97. Amethod as in
any preceding embodiment wherein an NCB channel
allocation is signaled to a WTRU about to be handed
over via a shared channel allocated to the WTRU. 98.
Amethod as in any preceding embodiment wherein an NCB
channel allocation signaled t o a WTRU about to be
handed over includes information relating to an NCB
channel resources in a target cell. 99. Amethod as in
any preceding embodiment wherein an NCBchannel
allocation signaled t o a WTRU about to be handed over
includes information relating to hopping sequences in
a target cell. 100. Amethod as in any preceding
embodiment wherein an NCB channel allocation signaled
to a WTRU about to be handed over includes information
relating to timing advance.101. Amethod as in any
preceding embodiment wherein timing advance
information includes a timing difference between a
source cell and a target cell. 102. A method as in any
preceding embodiment wherein a source base station
signals an NCB channel allocation to a WTRU. 103. A
method as in any preceding embodiment wherein a target
base station signals an NCB channel allocation to a
WTRU. 104. A method as in any preceding embodiment,
further comprising configuring an NCB channel for a
function including any of the following: timing
advance, measurement reporting, UL physical resource
requesting, providing information for downlink (DL)
resource scheduling, keep-alive heartbeat, HARQ
feedback, and Medium Access Control (MAC) or Radio
Resource Control (RRC) layer signaling. 105. A method
as in any preceding embodiment, further comprising
allocating an NCB channel to a first WTRU. 106. A
method as in any preceding embodiment, further
comprising determining whether a reallocation of an
NCB channel is required. 107. A method as in any
preceding embodiment, further comprising reallocating
an NCB channel based upon a reallocation
determination. 108. Amethod as in any preceding
embodiment wherein an NCB channel is configured for
any combination of the following functions: timing
advance, measurement reporting, UL physical resource
requesting, providing information for DL resource
scheduling, keep-alive heartbeat, HARQ feedback, and
MAC/RRC layer signaling.109. Amethod as in any
preceding embodiment wherein an NCB channel is
allocated periodically. 110. Amethod as in any
preceding embodiment wherein an NCB channel is
allocated for a duration. 111. A method as in any
preceding embodiment, further comprising reconfiguring
an NCB channel after detecting a period of WTRU
inactivity. 112. A method as in any preceding
embodiment, further comprising reconfiguring an NCB
channel based upon a detected event. 113. An eNB
configured to perform a method as in any preceding
embodiment. 114. The eNB of embodiment 113, further
comprising a receiver. 115. An eNB as in any of
embodiments 113-114, further comprising a transmitter.
116. An eNB as in any of embodiments 113-115, further
comprising a processor in communication with the
receiver and the transmitter. 117. An eNB as in any of
embodiments 113-116 wherein a processor is configured
to establish and allocate an NCB channel. 118. An eNB
as in any of embodiments 113-117 wherein a processor
is configured to transmit an allocation of an NCB
channel to a particular WTRU. 119. An eNB as in any of
embodiments 113-118 wherein a processor is configured
to determine whether an NCB channel is to be
reallocated.120. An eNB as in any of embodiments
113-119 wherein a processor is configured to
reallocate an NCB channel base upon a reallocation
determination. 121. An eNB as in any of embodiments
113-120 wherein a processor is configured to configure
an NCB channel based upon any of the following
functions: timing advance, measurement reporting, UL
physical resource requesting, providing information
for DL resource scheduling, keep-alive heartbeat, HARQ
feedback, and MAC/RRC layer signaling. 122. An eNB as
in any of embodiments 113-121 wherein a processor is
further configured to configure an NCB channel based
upon a combination of the functions timing advance,
measurement reporting, UL physical resource
requesting, providing information for DL resource
scheduling, keep-alive heartbeat, HARQ feedback, and
MAC/RRC layer signaling. 123. An eNB as in any of
embodiments 113-122 wherein a processor is configured
to analyze QoS requirements. 124. AWTRUconfigured to
perform a method as in any of embodiments 1-112. 



125. The WTRU of embodiment 124, further comprising a
receiver. 126. A WTRUas in any of embodiments 124-125,
further comprising a processor in communication with
the receiver and the transmitter. 127. AWTRUas in any
of embodiments 124-126 wherein a processor is
configured to receive an allocation of an NCB channel
for transmissions. 128. AWTRUas in any of embodiments
124-127 wherein a processor is configured to transmit
on an NCB channel.129. A WTRU as in any of embodiments
124-128 wherein a processor is configured to receive a
reallocation of an NCB channel. 130. A WTRU as in any
of embodiments 124-129 wherein a processor is
configured to transmit a synchronization burst over an
NCB channel. 131. A WTRU as in any of embodiments
124-130 wherein a processor is configured to perform a
timing adjustment. 132. A WTRU as in any of
embodiments 124-131 wherein a processor is configured
to transmit channel measurements over an NCB channel
to an eNB. 133. A WTRU as in any of embodiments
124-132 wherein a processor is configured to receive
updated scheduling assignments from an eNB. 134. A
WTRU as in any of embodiments 124-133 wherein a
processor is configured t o transmit a resource
request over an NCB channel to an eNB.CLAIMS What is
claimed is: 1. In a wireless communication system
comprising at least one evolved Node-B (eNB) and a
plurality of wireless transmit/receive units (WTRUs),
a method for providing a non-contention based (NCB)
channel to the plurality of WTRUs, the method
comprising: (a) establishing an NCB channel; (b)
allocating the NCB channel to a first WTRU; (c)
determining whether a reallocation of the NCB channel
is required; and (d) reallocating the NCB channel
based upon the reallocation determination. 2. The
method of claim 1, further comprising: (e)
transmitting the NCB channel allocation to the first
WTRU. 3. The method of claim 1 wherein step (a)
further comprises configuring the NCB channel. 4. The
method of claim 3 wherein the duration of the NCB
channel is configured. 5. The method of claim 4
wherein the duration of the NCB channel is configured
for an infinite time. 6. The method of claim 4 wherein
the duration of the NCB channel is configured for a
period of time. 7. The method of claim 4 wherein the
NCB channel is configured to exist at periodic
intervals.8. The method of claim 7 wherein the NCB
channel is allocated to the first WTRU at a first
periodic interval and reallocated to a second WTRU for
a second periodic interval. 9. The method of claim 3
wherein the configuration of the NCB channel is based
upon at least one of the following functions: timing
advance, measurement reporting, physical resource
requesting, schedule requesting, keepalive heartbeat,
hybrid automatic repeat request (HARQ) feedback and
medium access control (MAC)/radio resource control
(RRC) layer signaling. 10. The method of claim 9
wherein the configuration of the NCB channel is based
upon a combination of the functions timing advance,
measurement reporting, physical resource requesting,
schedule requesting, keepalive heartbeat, HARQ
feedback and MAC/RRC layer signaling. 11. The method
of claim 3 wherein the configuration of the NCB
channel is based upon at least one of a quality of
services (QoS) requirement for services currently
active on a particular WTRUin the wireless
communication system, a type of service, and an
activity rate of the currently active services. 12.
The method of claim 3, wherein the NCB channel is
configured as a low rate shared channel. 13. The
method of claim 12, further comprising: (e) the first
WTRU transmitting data over the NCB channel. 14. The
method of claim 3 wherein the NCB channel is
configured t o provide signaling within a physical
channel control field. 15. The method of claim 3
wherein the NCB channel is configured to provide
signaling within a media access control (MAC)
layer.16. The method of claim. 3 wherein the NCB
channel is configured to provide signaling within a
radio resource controller (RRC) layer. 17. The method
of claim 1, further comprising: (e) multiplexing the
NCB channel. 18. The method of claim 17 wherein the
NCB channel is multiplexed in the frequency domain.
19. The method of claim 18 wherein the NCB channel is
multiplexed using frequency division multiplexing
(FDM). 



20. The method of claim 17 wherein the NCB channel is
multiplexed in the code domain. 21. The method of
claim 20 wherein the NCB channel is multiplexed in the
code domain using spreading codes. 22. The method of
claim 17 wherein the NCBchannel is multiplexed in the
time domain. 23. The method of claim 17 wherein the
NCB channel is multiplexed in the space domain. 24.
The method of claim 23 wherein the NCB channel is
multiplexed using spatial division multiplexing
(SDMA). 25. The method of claim 1 wherein step (d)
further comprises reallocating the NCB channel to a
second WTRU.26. The method of claim 1, further
comprising: (e) terminating the NCB channel
allocation. 27. The method of claim 26 wherein the
first WTRU terminates the NCB channel allocation. 28.
The method of claim 26 wherein the eNB terminates the
NCB channel allocation. 29. The method of claim 1,
further comprising: (e) transmitting the NCB channel
allocation to the first WTRU via downlink (DL) common
control signaling. 30. The method of claim 1, further
comprising: (e) transmitting the NCB channel
allocation to the first WTRU via a dedicated control
channel signal that is mapped to a DL shared channel.
31. The method of claim 1wherein the NCB channel is
allocated by the DL common control channel as UL
shared channel allocations. 32. The method of claim 1,
further comprising: (e) analyzing the NCB channel
allocation. 33. The method of claim 1 wherein step (c)
further comprises determining a reallocation is
required due to a changing type of service requirement
or a QoS requirement. 34. The method of claim 1
wherein step (c) further comprises determining a
reallocation is required due tothe NCB channel
remaining idle for a particular period of time.35. The
method of claim 1 wherein step (c) further comprises
determining a reallocation is required due to a
requirement for increased or decreased data capacity.
36. The method of claim 1, further comprising: (e)
transmitting a reallocation determination to the WTRUs
in the wireless communication system. 37. In a
wireless communication system comprising at least one
evolved Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), a method for timing
advance over a non-contention based (NGB) channel, the
method comprising: (a) a first WTRUin the wireless
communication system transmitting a synchronization
burst or existing data packet to the eNB over an NCB
channel; (b) the eNB determining whether a timing
advance (TA) adjustment is needed; and (c) the eNB
transmitting a TAadjustment command to the first WTRU
depending upon the determination of whether a TA is
needed. 38. The method of claim 37 wherein the eNB
determines that a TA adjustment is needed in order to
maintain physical synchronization between the eNB and
the first WTRU. 39. The method of claim 37 wherein the
TAcommand is transmitted to the first WTRU on a
downlink (DL) common control channel. 40. The method
of claim 37 wherein the TAcommand is transmitted on a
control channel mapped to a DL shared channel
assignment among WTRUs.41. The method of claim 37
wherein the synchronization burst is transmitted
following a predefined period during which UL
transmissions have not been occurring. 42. In a
wireless communication system comprising at least one
evolved Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), a method for
determining scheduling for the WTRUs over a
non-contention based (NCB) channel, the method
comprising: (a) a first WTRU transmitting channel
quality measurements to the eNB over the NCB channel;
(b) the eNB analyzing the channel quality
measurements; (c) the eNB determining whether
scheduling modifications are needed; and (d) the eNB
transmitting new downlink (DL) scheduling assignments
to the first WTRU based upon the determination of
whether scheduling modifications are needed. 43. The
method of claim. 42 wherein the eNB transmits new DL
scheduling assignments over a DL control channel. 



44. In a wireless communication system comprising at
least one evolved Node-B (eNB) and a plurality of
wireless transmit/receive units (WTRUs), a method for
requesting and allocating resources for the WTRUs over
a noncontention based (NCB) channel, the method
comprising: (a) a first WTRU transmitting a request
for resources over an NCB channel; (b) the first
WTRUmonitoring downlink (DL) commoncontrol channels;
(c) determining an allocation of resources for the
first WTRU by the wireless communication system; (d)
the eNB transmitting an uplink (UL) shared channel
access grant allocation to the first WTRU over the DL
common control channels; and(e) the first
WTRUtransmitting over the channel allocated tothe
first WTRU. 45. The method of claim 44 wherein the UL
shared channel access grant allocation is implied
tothe first WTRUbased on a resource utilized for the
access grant in the transmission over the DL common
control channels. 46. The method of claim 44 wherein
the UL shared channel access grant allocation is
explicitly communicated to the first WTRU. 47. The
method of claim 45 wherein at least one resource block
is communicated to the first WTRU as being allocated
to the first WTRU. 48. The method of claim 47
wherein/the UL shared channel access grant allocation
includes an identifier (ID) for the first WTRU. 49.
The method of claim 44, further comprising: (f) a
plurality ofWTRUs transmitting a request for resources
over the NCB channel and monitoring the DL common
control channels. 50. The method of claim 49, further
comprising: (g) determining an allocation of resources
for the plurality of WTRUs; (h) the eNB transmitting
the UL shared channel access grant allocation to the
plurality of WTRUs over the DL common control
channels; and (i) the plurality ofWTRUstransmitting
overtheir respective allocated channels. 51. In a
wireless communication system comprising at least one
evolved Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), a method for
performing a keep-alive for the WTRUs over a
non-contention based (NCB) channel, the method
comprising:(a) transmitting a keep-alive signal to the
eNB over an NCB channel; (b) detecting a failure of
the radio link between a particular WTRU and the eNB;
and (c) restoring lost connectivity between the
particular WTRU and the eNB. 52. The method of claim
51, further comprising: (d) recovering resources
allocated to the particular WTRU. 53. In a wireless
communication system comprising at least one evolved
Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), a method for hybrid
automatic repeat request (HARQ) feedback over a
noncontention based (NCB) channel, the method
comprising: (a) receiving a ELARQ transmission; and
(b) transmitting an acknowledgement (ACK) over an NCB
channel. 54. The method of claim 53 wherein the ACK i
s a positive ACK. 55. The method of claim 53 wherein
the ACK is a negative ACK (NACK). 56. The method of
claim 53 wherein the HARQ transmission is transmitted
over the NCB channel. 57. The method of claim 53,
further comprising: (c) transmitting a process number
over the NCB channel. 58. The method of claim 53,
further comprising: (c) transmitting HARQ parameters
over the NCB channel.59. In a wireless communication
system comprising at least one evolved Node-B (eNB)
and a plurality of wireless transmit/receive units
(WTRUs), a method for media access control (MAC) and
radio resource control (RRC) over a non-contention
based (NCB) channel, the method comprising: (a)
multiplexing RRC signaling messages over an NCB
channel; (b) transmitting small amounts of data over
the NCB channel; and (c) coordinating MAC layer
operation over the NCB channel. 60. In a wireless
communication system comprising at least one evolved
Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), a method for providing
resilience against frequency selective fading, the
method comprising: (a) configuring a non-contention
based (NCB) channel for transmission by a first WTRU;
(b) allocating the NCB channel to the first WTRU; and
(c) spreading the NCB channel over a plurality of
sub-channels. 61. The method of claim 60 wherein the
plurality of sub-channels exist within a single
resource block. 



62. The method of claim 60 wherein the plurality of
sub-channels exist in a fraction of a resource block.
63. The method of claim 60, further comprising: (d)
changing the allocation of the NCB channel for the
first WTRU. 64. The method of claim 63 wherein the
allocation is changed according to a pre-configured
time sequence. 65. The method of claim 63 wherein the
allocation is changed according to a pre-configured
frequency hopping sequence.66. The method of claim 60,
further comprising: (d) the eNB transmitting control
messages to the first WTRU. 67. The method of claim 66
wherein the control messages include information
selected from the group consisting of: a resource
message relating to a sub-carrier, slot information,
codes, and a hopping-sequence. 68. The method of claim
67 wherein the hopping-sequence includes an index of a
prescribed set of hopping-sequences to which the NCB
channel is allocated for the first WTRU. 69. In a
wireless communication system comprising a source base
station in a source cell, a target base station in a
target cell and at least one wireless transmit/receive
unit (WTRU), a method for maintaining a noncontention
based (NCB) channel during a handover, the method
comprising: (a) the source base station signaling the
target base station to allocate an NCB channel for a
WTRU about to be handed over; (b) the target base
station allocating an NCB channel for the WTRU about
to be handed over; and (c) signaling tothe WTRUthe NCB
channel allocation allocated by the target base
station. 70. The method of claim 69 wherein the NCB
channel allocation is signaled to the WTRU about to be
handed over via a common control channel. 71. The
method of claim 69 wherein the NCB channel allocation
is signaled to the WTRU about tobe handed over via a
shared channel allocated to the WTRU.72. The method of
claim 69 wherein the NCB channel allocation signaled
to the WTRU about to be handed over includes
information relating to NCB channel resources in the
target cell. 73. The method of claim 69 wherein the
NCB channel allocation signaled to the WTRU about to
be handed over includes information relating to
hopping sequences in the target cell. 74. The method
of claim 69 wherein the NCB channel allocation
signaled to the WTRU about to be handed over includes
information relating to timing advance. 75. The method
of claim 74 wherein the timing advance information
includes a timing difference between the source cell
and the target cell. 76. The method of claim 69
wherein the source base station signals the NCB
channel allocation to the WTRU. 77. The method of
claim 69 wherein the target base station signals the
NCB channel allocation to the WTRU. 78. In a wireless
communication system comprising at least one evolved
Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), the eNB comprising: a
receiver; a transmitter; and a processor in
communication with the receiver and the transmitter,
wherein the processor is configured to establish and
allocate a non-contention based (NCB) channel,
transmit the allocation to a particular WTRU,
determine whether the NCB channel is to be
reallocated, and reallocate the NCB channel based upon
the determination.79. The eNB of claim 78 wherein the
processor is further configured to configure the NCB
channel based upon at least one of the following
functions: timing advance, measurement reporting,
physical resource requesting, schedule requesting,
keep-alive heartbeat, hybrid automatic repeat request
(HARQ) feedback and Medium Access Control (MAC)/Radio
Resource Control (RRC) layer signaling. 80. The eNB of
claim 78 wherein the processor is further configured
to configure the NCB channel based upon a combination
of the functions timing advance, measurement
reporting, physical resource requesting, schedule
requesting, keep-alive heartbeat, HARQfeedback and
MAC/RRC layer signaling. 81. The eNB of claim 78
wherein the processor is further configured to analyze
quality of service (QoS) requirements. 82. In a
wireless communication system comprising at least one
evolved Node-B (eNB) and a plurality of wireless
transmit/receive units (WTRUs), each WTRU comprising:
a receiver; a transmitter; and a processor in
communication with the receiver and the transmitter, 



wherein the processor is configured to receive an
allocation of a non-contention based (NCB) channel for
transmissions, transmit on the NCB channel, and
receive a reallocation of the NCB channel. 83. The
WTRU of claim 82 wherein the processor is further
configured to transmit a synchronization burst over
the NCB channel and perform a timing adjustment.84.
The WTRUof claim 82 wherein the processor is further
configured totransmit channel measurements over the
NCB channel tothe eNB and receive updated scheduling
assignments from the eNB. 85. The WTRUof claim 82
wherein the processor is further configured to
transmit a resource request over the NCB channel to
the eNB. 86. In a wireless communication system
comprising at least one evolved Node-B (eNB) and a
plurality of wireless transmit/receive units (WTRUs),
a method for providing a non-contention based (NCB)
channel to the plurality of WTRUs, the method
comprising: (a) configuring an NCB channel for a
function selected from the following functions: timing
advance, measurement reporting, uplink (UL) physical
resource requesting, providing information for
downlink (DL) resource scheduling, keep-alive
heartbeat, hybrid automatic repeat request (HARQ)
feedback, and Medium Access Control (MAC) or Radio
Resource Control (RRC) layer signaling; (b) allocating
the NCB channel to a first WTRU; (c) determining
whether a reallocation of the NCB channel is required;
and (d) reallocating the NCB channel based upon the
reallocation determination. 87. The method of claim
86wherein the NCB channel is configured for a
combination of the followingfunctions: timing advance,
measurement reporting, UL physical resource
requesting, providing information for DL resource
scheduling, keep-alive heartbeat, HARQ feedback, and
MAC/RRC layer signaling. 88. The method of claim 86
wherein the NCB channel is allocated periodically.89.
The method of claim 86 wherein the NCB channel is
allocated for a duration. 90. The method of claim 86,
further comprising: (e) reconfiguring the NCB channel
after detecting a period of WTRU inactivity. 91. The
method of claim 86, further comprising: (e)
reconfiguring the NCB channel based upon a deteced
event. 


