
ION CONDUCTIVE RANDOM COPOLYMERS TECHNICAL FIELD This
invention relates to ion conductive random copolymers
that are useful in forming polymer electrolyte
membranes used in fuel cells. BACKGROUND OF THE
INVENTION Fuel cells have been projected as promising
power sources for portable electronic devices,
electric vehicles, and other applications due mainly
to their non-polluting nature. Of various fuel cell
systems, the polymer electrolyte membrane based fuel
cell technology such as direct methanol fuel cells
(DMFCs) has attracted much interest thanks to their
high power density and high energy conversion
efficiency. The "heart" of a polymer electrolyte
membrane based fuel cell is the so called
"membrane-electrode assembly" (MEA), which comprises a
proton conducting polymer electrolyte membrane (PEM),
catalyst disposed on the opposite surfaces of the PEM
to form a catalyst coated member (CCM) and a pair of
electrodes (i.e., an anode and a cathode) disposed to
be in electrical contact with the catalyst layer.
Proton-conducting membranes for DMFCs are known, such
as Nafion(r) from the E.I. Dupont De Nemours and
Company or analogous products from Dow Chemicals.
These perfluorinated hydrocarbon sulfonate ionomer
products, however, have serious limitations when used
in DMFCs. Nafion(r) loses conductivity when the
operation temperature of the fuel cell is over 80 C.
Moreover, Nafion(r) has a very high methanol crossover
rate, which impedes its applications in DMFCs.U.S.
Patent No. 5,773,480, assigned to Ballard Power
System, describes a partially fluorinated proton
conducting membrane from a, b, b-trifluorostyrene. One
disadvantage of this membrane is its high cost of
manufacturing due to the complex synthetic processes
for monomer a b, b-trifluorostyrene and the poor
sulfonation ability of poly (a b, b-
trifluorostyrene). Another disadvantage of this
membrane is that it is very brittle, thus has to b e
incorporated into a supporting matrix. U.S. Patent
Nos. 6,300,381 and 6,194,474 to Kerrres, et al.
describe an acid-base binary polymer blend system for
proton conducting membranes, wherein the sulfonated
poly(ether sulfone) was made by post-sulfonation of
the poly (ether sulfone). M. Ueda in the Journal of
Polymer Science, 31(1993): 853, discloses the use of
sulfonated monomers to prepare the sulfonated
poly(ether sulfone polymers). U.S. Patent Application
US 2002/0091225Al to McGrath, et al. used this method
to prepare sulfonated polysulfone polymers. The need
for a good membrane for fuel cell operation requires
balancing of various 



properties of the membrane. Such properties included
proton conductivity, methanolresistance, chemical
stability and methanol crossover, fast start up of
DMFCs, and durability to cell performance. In
addition, it is important for the membrane to retain
its dimensional stability over the fuel operational
temperature range. In DMFCs methanol oxidation
generates enough heat to raise the cell temperature.
If the membrane swells significantly, it will increase
methanol crossover. The membrane thus gradually loses
its ability to block methanol crossover, resulting in
degradation of cell performance. The dimension changes
of the membrane also put a stress on the bonding of
the membraneelectrode assembly (MEA). Often this
results in delamination of the membrane from the
electrode after excessive swelling of the membrane.
Therefore, maintaining the dimensional stability over
a wide temperature range and avoiding excessive
membrane swelling are important for DMFC
applications.SUMMARYOF THE INVENTION In one aspect,
the invention provides sulfonated random copolymer
compositions which can be used to fabricate polymer
electrolyte membranes (PEM's), catalyst coated
membrane (CCM's) and membrane electrode assemblies
(MEAs) which are useful in fuel cells. The invention
includes three classes of random ion conductive
copolymers. Such random polymers are o f the following
formulas: Formula I CH, wherein R is a single bond, a
cycloaliphatic of the formula CF - -, or wherein a, b
c and d are mole fractions of the monomer present in
the copolymer where each are independently, from 0.01
to 1; Q is an ion conducting group comprising - S 3X,
-COOX - P 3X or where Rf is a prefluoronated
hydrocarbon having 1-20 carbon atoms; and wherein X is
a cation or a proton. Formula II wherein Rl or R2 are
independently a single bond, a cycloaliphatic of the
formula C H C - - -where R3 is aryl ketone, aryl
sulfone, aryl nitrile, and substituted aryl nitrile;
wherein a, b, c and d are mole fractions of the
monomer present in the copolymer where each are
independently, from 0.01 to 1; 



Q is an ion conducting group comprising - S 3X, -COOX
- P 3X or and wherein X is a cation or a hydrogen
atom. In another embodiment, four comonomers are used
to make the ion conductive copolymer, where at least
one comonomer is ion conducting. A specific embodiment
is set forth in Formula III. Formula III -(Ar X Ar X
Ar X ) A(Ar -X-Ar -X-Ar -X H where Ar , Ar , Ar are
independently phenyl, substituted phenyl napthyl,
terphenyl, aryl nitrile, substitute aryl nitrile, and
Ar and/or Ar further comprise an ion conducting group,
and X are independently C(O)- or -S(O) , X , X , X and
X are independently - O- or -S-. Ar and Ar are the
same or different from each other and are:METHOD AND
APPARATUS FOR EFFICIENTLY USING AIR-LINK RESOURCES TO
MAINTAIN IP CONNECTIVITY FOR INTERMITTENTLY ACTIVE
WIRELESS TERMINALS BACKGROUND I . Field [0001] The
present invention relates generally to communication,
and more specifically to techniques for efficiently
using air-link resources to maintain IP connectivity
for intermittently active wireless terminals. II.
Background [0002] In an Internet Protocol (IP)
network, a host communicates with another host via a
router. L IP terminology, a "node" is a device that
implements IP, a "router" is a node that forwards IP
packets not explicitly addressed to itself, and a
"host" is a node that is not a router. As used herein,
"IP" generically refers to all versions of the
Internet Protocol. A host may have one or multiple
interfaces to a link. In IP terminology, a "link" is a
communication facility or medium over which nodes can
communicate at a link layer (which is the layer
immediately below IP), and an "interface" is a node's
attachment to a link. An interface may be viewed as a
network communication port. Each interface is
associated with one or more IP addresses that uniquely
identify that interface. [0003] Internet Protocol
Version 6 (IPv6) is a version of Internet Protocol
that is slated to replace the widely used Internet
Protocol Version 4 (IPv4). IPv6 resolves some of the
key limitations of IPv4. For example, IPv4 utilizes a
32-bit address that 



was originally thought to provide an ample number of
addresses to uniquely identify machines connected to
the Internet. However, the explosive growth of the
Internet has created a real risk of running out of
IPv4 addresses. I 6 ameliorates this concern by
utilizing a 128-bit address. [0004] IPv6 also provides
other improvements over IPv4. For example, IPv6
supports "stateless address autoconfiguration", which
is a process whereby a host can automatically
configure its own IPv6 address(es). Stateless address
configuration can avoid the need to manually configure
each host before connection to a network,eliminate the
need for a dedicated server to administer and assign
addresses to hosts on the network, and facilitate
renumbering of addresses for hosts on the network.
[0005] For stateless address configuration in IPv6, an
IPv6 address for an interface of a host on a link is
obtained by concatenating a "prefix" for the link with
an interface identifier (ID) for the interface. The
interface ID is a value that uniquely identifies the
interface within the link and may be derived based on
an identifier assigned by the interface manufacturer.
The prefix may be viewed as an address for the link
and is associated with a lifetime over which the
prefix is valid. The host can request prefix
information (i.e., the prefix and its lifetime) by
sending a Router Solicitation to routers on the link.
Each router would then respond by sending back a
Router Advertisement with the prefix information. Each
router may also periodically broadcast the prefix
information to hosts on the link via Router
Advertisements. Each host continually listens for
Router Advertisements from the routers to obtain
updated prefix information. A host can also obtain the
address of each router from the Router Advertisement
sent by the router. The host can send IP packets to
specific routers using the router addresses. [0006] A
wireless (e.g., cellular) communication network may
support voice and data services. Data communication
may be achieved by using IPv6 over the air interface
protocols employed by the wireless network. A wireless
terminal (a host) can establish a data session with
the wireless network and communicate with a network
entity (a router) in order to exchange data. The
terminal may be intermittently active during the data
session and may enter a dormant mode when not active
in order to conserve air-link resources. In the
dormant mode, the data-link connection is maintained
but the air-link connection is released. This allows
the terminal to quickly re-establish communication
whenever data needs to be sent. [0007] Implementing
stateless address autoconfiguration in a wireless
network without expending too much system resources is
challenging for several reasons. First, Router
Advertisements may be sent at random times and less
frequently for a wireless 



network than for a wireline network. A wireless
terminal may not know when to wake up from the dormant
mode to receive a Router Advertisement and may need to
remain awake for a long time in order to receive the
Router Advertisement. Second, the terminal is not able
to send a Router Solicitation while in the dormant
mode and would have to re-establish air-link
connection in order to do so. Minimizing dormant
reactivation is desirable to conserve air-link
resources.[0008] There is therefore a need in the art
for techniques to minimize dormant reactivations to
receive IPv6 Router Advertisements. SUMMARY [0009]
Techniques for efficiently using air-link resources to
maintain IP connectivity for an intermittently active
wireless terminal are described herein. These
techniques reduce dormant reactivations for receiving
Router Advertisements to a minimum. These techniques
may be implemented in various manners. Some exemplary
schemes are described below. [00010] In a first
scheme, a timer is used to trigger solicitation for a
Router Advertisement. Whenever a Router Advertisement
is received, a threshold time period is computed based
on the lifetime of a prefix obtained from the Router
Advertisement. For example, the threshold time period
may be a percentage (e.g., 75%) of the prefix
lifetime. The timer is set to the threshold time
period when the Router Advertisement is received. When
the timer expires, the terminal sends a Router
Solicitation. The first scheme does not attempt to
optimize air-link resources. [00011] In a second
scheme, the timer is set to the threshold time period
whenever a Router Advertisement is received. After the
timer expires, the terminal sends a Router
Solicitation whenever it is active (i.e., not
dormant). The second scheme conserves airlink
resources by avoiding dormant reactivations to receive
Router Advertisements. [00012] In a third scheme, the
timer is set to the threshold time period whenever a
Router Advertisement is received. When the timer
expires, the terminal may send a Router Solicitation
if solicitation is triggered by any one of various
conditions such as (1) the configuration of the
terminal (e.g., an always-on data session), (2) past
data activity, (3) likelihood of future data activity,
(4) availability of air-link resources, and so on. The
terminal can send the Router Solicitation right away
if it is active. If the terminal is not active when
solicitation is triggered, then the terminal can send
the Router Solicitation when it becomes active. Like
the second scheme, the terminal may also send a Router
Solicitation if it becomes active at any time after
the timer expires. [00013] In a fourth scheme, two
timers are set to two threshold time periods 



computed based on the prefix lifetime. After the first
timer expires, the terminal sends a Router
Solicitation if solicitation is triggered and when the
terminal is active, similar to the third scheme. After
the second timer expires, the terminal sends a
RouterSolicitation if solicitation is triggered,
regardless of the current state of the terminal (i.e.,
the terminal wakes up to send the Router Advertisement
if it is not active). [00014] Other schemes may also
be implemented based on the description provided
herein. Various aspects and embodiments of the
invention are also described in further detail below.
BRIEF DESCRIPTION OF THE DRAWINGS [00015] The features
and nature of the present invention will become more
apparent from the detailed description set forth below
when taken in conjunction with the drawings in which
like reference characters identify correspondingly
throughout and wherein: [00016] FIG. A shows a CDMA
communication network; [00017] FIG. B shows a UMTS
communication network; [00018] FIG. 2 shows a protocol
stack for a data session between a wireless terminal
and a remote host; [00019] FIG. 3 shows a logical view
of the CDMA network at the network layer; [00020] FIG.
4 shows the formats for link-local and global
addresses in IPv6; [00021] FIG. 5 shows a prefix table
maintained by a PDSN in the CDMA network; [00022] FIG.
6 shows a process to generate IPv6 addresses by the
wireless terminal; [00023] FIGS. 7A through 7D show
four schemes for maintaining IP connectivity for an
intermittently active terminal; [00024] FIG. 8 shows a
process for implementing the second scheme in FIG. 7B;
[00025] FIG. 9 shows a process for implementing the
fourth scheme in FIG. 7D; and [00026] FIG. shows a
block diagram of various entities in the CDMA
network.DETAILED DESCRIPTION [00027] The word
"exemplary" is used herein to mean "serving as an
example, instance, or illustration." Any embodiment or
design described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other embodiments or designs.
[00028] The techniques described herein for minimizing
dormant reactivations to receive Router Advertisements
may be implemented in various wireless communication
networks. For example, these techniques may be
implemented in a Code Division Multiple Access (CDMA)
communication network, a UMTS (Universal Mobile
Telecommunications System) communication network, and
so on. A CDMA network 



may implement one or more air-interface standards such
as IS-95, IS-2000, IS-856 (also referred to as
IxEVDO), and so on, and one or more mobile networking
protocols such as IS-41. A UMTS network may implement
one or more air-interface standards such as Global
System for Mobile Communications (GSM), General Packet
Radio Service (GPRS), Wideband-CDMA (W-CDMA), and so
on, and one or more mobile networking protocols such
as GSM Mobile Application Part (GSM-MAP). These
airinterface standards and mobile networking protocols
are well known in the art. Different wireless networks
employ different network entities and use different
terminology. [00029] FIG. A shows a diagram of a CDMA
communication network 100, which includes network
entities described by a consortium named "3rd
Generation Partnership Project 2" (3GPP2). In CDMA
network 100, a wireless terminal 110 communicates with
a base station 130 via an air-link connection.
Wireless terminal 110 may be a cellular phone or some
other wireless communication device. For packet data
services, base station 130 communicates with a Packet
Control Function (PCF) 140, which further communicates
with a Packet Data Serving Node (PDSN) 150. Base
station 130 and PCF 140 are part of a radio network
(RN) 120. PCF 140 is an entity in radio network 120
which controls the transmission of packets between
base station 130 and PDSN 150. PDSN 150 supports
packet data services for the terminals in CDMA network
100. For example, PDSN 150 is responsible for the
establishment, maintenance, and termination of a PPP
(Point-to-Point Protocol) session with terminal 110.
PDSN 150 may also assign dynamic IP addresses to the
terminals, as described below. PDSN 150 couples to the
Internet and can communicate with other entities
(e.g., a remote host 160) that also couple to the
Internet.[00030] FIG. B shows a diagram of a UMTS
communication network 102, which includes network
entities described by a consortium named "3rd
Generation Partnership Project" (3GPP). n UMTS network
102, a wireless terminal 112 communicates with a Node
B 132 via an air-link communication. For packet data
services, Node B 132 communicates with a Serving GPRS
Support Node (SGSN) 142, which further communicates
with a Gateway GPRS Support Node (GGSN) 152. Node B
132 and SGSN 142 are part of a UMTS Terrestrial Radio
Access Network (UTRAN) 122. SGSN 142 controls the
transmission of packets between Node B 132 and GGSN
152. GGSN 152 supports packet data services for the
terminals in UMTS network 102. [00031] As shown in
FIGS. A and IB, Node B 132 in UMTS network 102
corresponds to base station 130 in CDMA network 100,
SGSN 142 corresponds to PCF 



140, UTRAN 122 corresponds to radio network 120, and
GGSN 152 corresponds to PDSN 150. PDSN 150 and GGSN
152 support the edge routing function of their
respective networks. To external packet data networks,
PDSN 150 and GGSN 152 perform the tasks of IP routers.
[00032] The techniques described herein may also be
implemented in other wireless communication networks.
For clarity, these techniques are specifically
described below for CDMA network 100. [00033] FIG. 2
shows a protocol stack for a data session between
wireless terminal 110 in CDMA network 100 and remote
host 160. Terminal 110 and remote host 160 may
communicate via a transport layer, which may be
implemented with Transmission Control Protocol (TCP),
User Datagram Protocol (UDP), or some other protocol.
TCP and UDP are well known in the art. The transport
layer operates on top of a network layer, which is
implemented with IP. Transport layer data is
encapsulated in IP packets that are exchanged between
terminal 110 and remote host 160 via PDSN 150. With
IP, which is a connectionless protocol, each IP packet
travels independently from the source node until it
arrives at the destination node. IPv4 is described in
RFC961, entitled "Internet Protocol DARPA Internet
Program Protocol Specification," September 1981, and
IPv6 is described in RFC2460, entitled "Internet
Protocol, Version 6 (IPv6) Specification," December
1998. The network layer operates on top of a data link
layer, which may be implemented with PPP or some other
protocol. Terminal 110 may maintain a PPP session with
PDSN 150 for the data session. PPP is described in
RFC1661, entitled "The Point-to-Point Protocol (PPP),"
July 1994.[00034] For data exchange, terminal 110
communicates with radio network 120 via a Link Access
Control (LAC) protocol and a Media Access Control
(MAC) protocol that operate on top of an air-link
protocol. These protocols are described by the
particular air-interface standards implemented by
radio network 120 (e.g., IS-95, IS-2000, and/or
IS-856). Radio network 120 communicates with PDSN 150
via a radio network-PDSN (or simply, "R-P") interface
that operates on top of a physical layer. The R-P
interface is described in IS-41, which is publicly
available. PDSN 150 communicates with remote host 160
via IP over a link layer and a physical layer. [00035]
FIG. 3 shows a logical view of CDMA network 100 at the
network layer. Wireless terminals HOa through HOn in
CDMA network 100 are referred to as hosts at the
network layer, and PDSN 150 is referred to as a
router. Wireless terminals 110 (hosts) communicate
with each other via PDSN 150 (router) and may further
communicate with remote hosts via the PDSN. Wireless
terminals 110 and PDSN 150 



belong to the same link (e.g., a PPP link), and remote
hosts are external to this link. [00036] In IPv6, a
host may communicate with other nodes on the same link
using a "link-local address" that is unique to that
host for that link. Link-local addresses have
link-only scope and only need to be unique within the
link. A router does not forward an IP packet outside
of the link if the IP packet contains a link-local
address for the destination address. A host within the
link may communicate with other hosts external to the
link using a global address that has unlimited scope.
Unique addresses are needed at the link and global
levels to ensure that IP packets are sent to the
proper destination nodes. [00037] FIG. 4 shows the
formats for a link-local address and a global address
in IPv6. The link-local address is composed of a
link-local prefix and an interface ID. An IPv6 address
is 128-bit wide, but there are no specific
requirements for the widths of the prefix and the
interface ID. The link-local prefix is known a
prioriby hosts and has a predefined value of FE80::0,
where FE80 are the four most significant hexadecimal
digits and all remaining hexadecimal digits are zero.
In a typical implementation, the interface ID is a
64-bit value and the prefix is also a 64-bit value. In
this case, the linklocal prefix is FE80 followed by 12
hexadecimal digits of zero. [00038] For a wireline
network, the interface ID is unique to the host (or
more specifically, unique to the interface) on the
link and may be obtained based on a unique number
assigned by the manufacturer. For example, the
interface ID may be generated based on a 48-bit
Ethernet address assigned to the interface. For a UMTS
network, theinterface ID is assigned by the network to
the wireless terminal during PDP context activation,
which is the signaling to establish a packet data
call. For a CDMA network, the interface ID may be
configured during PPP negotiation. [00039] The global
address is composed of an RA prefix and the interface
ID. For a wireline network, a host may request RA
prefixes by sending a Router Solicitation to all
routers in the link. Each router then responds with a
Router Advertisement containing prefix information
(i.e., RA prefixes and their lifetimes) for that
router. Each router will typically broadcast Router
Advertisements periodically to all hosts on the link.
[00040] For a wireless network, a wireless terminal is
assigned one or more unique IP addresses for use in a
data session. For IPv4, the wireless network assigns a
unique IPv4 address to the terminal for the data
session. For IPv6, the wireless network may assign one
or more unique RA prefixes to the terminal, where each
RA prefix is associated with a lifetime. The terminal
can generate a unique IPv6 address based on each
assigned RA prefix. Referring back to FIG. 3, wireless
terminals 110a through 



1On are assignedRA prefixesof through P ,
respectively, by the wireless network. [00041] FIG. 5
shows a prefix table 500 that may be maintained by the
PDSN for RA prefixes assigned to wireless terminals.
In this example, table 500 includes three columns for
RA prefix, preferred lifetime, and valid lifetime.
Table 500 also includes one entry for each RA prefix
that has been assigned to a terminal. In IPv6, each RA
prefix is associated with a preferred lifetime and a
valid lifetime. An RA prefix and its lifetimes may be
sent to a terminal via a Router Advertisement. An
assigned RA prefix and its preferred and valid
lifetimes are stored as one entry in table 500.
[00042] As noted above, an IPv6 address may be
generated by combining an RA prefix with an interface
ID. This IPv6 address is a "preferred" address until
the preferred lifetime expires. The IPv6 address
becomes a "deprecated" address during the time period
between the preferred lifetime and the valid lifetime.
Preferred and deprecated addresses are "valid"
addresses that may be used for communication, but only
preferred addresses should be used when initiating new
communications. A valid address becomes an "invalid"
address when the valid lifetime expires. An invalid
address cannot be used for any communication. [00043]
FIG. 6 shows a flow diagram of a process 600 to
generate IPv6 addresses by a wireless terminal. At the
start of a data session, the terminal generates a
link-local address based on the known link-local
prefix and an interface ID, which may be assigned by,
or negotiated with, the wireless network (step 610). A
determination isthen made whether or not the terminal
received a Router Advertisement from the network (step
612). For the CDMA network, the PDSN sends a Router
Advertisement as part of the data call setup. If the
terminal does not receive a Router Advertisement after
a particular amount of time has elapsed or if the
wireless network does not automatically send the
Router Advertisement (i.e., the answer is 'no' for
step 612), then the terminal can send a Router
Solicitation to the PDSN (step 614) and then return to
step 612. The terminal typically waits for a time
period before sending the next solicitation for Router
Advertisement, which is not shown in FIG. 6 for
simplicity. [00044] If the terminal received a Router
Advertisement from the PDSN in step 612, then the
terminal processes the Router Advertisement, extracts
the prefix information from the Router Advertisement,
and saves the prefix information (step 616). The
prefix information includes one or more RA prefixes
assigned to the terminal by the wireless network and
the preferred and valid lifetimes for each RA prefix.
Typically, only one RA prefix is assigned to each
terminal. However, multiple RA prefixes may be
assigned for various reasons (e.g., RA prefixes with
different lifetimes may be assigned 



to the terminal). The terminal can generate an IPv6
address with each RA prefix and the interface ID (step
620). The IPv6 address(es) may be used for
communication with other terminals and remote hosts.
[00045] The terminal thereafter listens for new Router
Advertisements sent by the PDSN (step 622). The PDSN
periodically sends Router Advertisements to all
terminals using an all-nodes multicast address. The
PDSN also sends a Router Advertisement to a specific
terminal using a unicast address of the terminal upon
receiving a solicitation from the terminal. If a new
Router Advertisement is not received, as determined in
step 624, then the terminal returns to step 622. The
terminal loops between steps 622 and 624 until a new
Router Advertisement is received or after some
predetermined amount of time has elapsed. If a new
Router Advertisement is received, as determined in
step 624, then the terminal extracts the prefix
information from the new Router Advertisement and
updates the stored prefix information with the
received prefix information, as described below (step
626). The terminal then returns to step 620 to update
the IPv6 addresses, if necessary, based on the updated
prefix information. [00046] As shown in FIG. 6, a
wireless terminal may continually listen for Router
Advertisements for updated prefix information. For
each Router Advertisement received from the wireless
network, the terminal determines if the Router
Advertisement includes any Prefix-Information option.
Each Prefix-Information optionincludes an RA prefix
and its associated lifetimes. For each
Prefix-Information option, the terminal (1) stores the
received RA prefix and its associated lifetimes, if
this RA prefix is a new RA prefix that is not already
stored by the terminal or (2) updates the lifetimes of
the received RA prefix to reflect the new
advertisement, if this RA prefix is already stored by
the terminal. Thus, the received prefix information
does not obsolete the stored prefix information.
[00047] Updating the prefix information from Router
Advertisements may be straightforward for a host that
is connected at all times but is challenging for a
wireless terminal that is intermittently connected.
The terminal may establish a data session with the
PDSN, open a data-link layer connection (e.g., a PPP
session) with the PDSN, and communicate with the radio
network whenever there is data to exchange. During the
time between data exchanges, the terminal may enter a
dormant mode in which the datalink connection is
maintained but the air-link connection with the radio
network is released. The terminal may also enter the
dormant mode whenever it moves out of coverage of the
radio network. n any case, the dormant mode allows the
terminal to maintain IP connectivity while conserving
air-link resources. With IP connectivity, 



applications in higher layers behave as if the
terminal has a data connection and are not (and need
not be) aware of the release of the underlying
air-link connection. While in the dormant mode, the
terminal is not able to receive Router Advertisements
sent by the PDSN and would not be able to update the
prefix information. The PDSN can force the terminal to
become active in order to deliver a Router
Advertisement. However, this is not desirable as it
consumes air-link resources for "overhead" messages.
[00048] The techniques described herein may be used
for a wireless terminal that is intermittently
connected. These techniques may be implemented in
various manners. Some exemplary schemes are described
below. In the following description, "lifetime" can
refer to the preferred lifetime or the valid lifetime,
depending on the desired implementation. [00049] FIG.
7A illustrates a first scheme for maintaining IP
connectivity for an intermittently active terminal
based on a timer and a threshold time period. The
timer is used to trigger a solicitation for a Router
Advertisement prior to expiration of the lifetime of
the current RA prefix. The threshold time period is
shorter than the current RA prefix lifetime and may be
computed based on a formula. For example, the
threshold time period may be a particular percentage
(e.g., 75%) of the lifetime, the lifetime minus a
fixed amount of time (e.g., 10 minutes), and so on.
The threshold timeperiod may also be configurable. For
example, the formula and/or its parameter values
(e.g., the percentage value) may be preconfigured in
or sent to the terminal during data call setup and/or
may be adjusted during the data session. Whenever a
Router Advertisement is received, the threshold time
period is computed based on the lifetime obtained from
the Router Advertisement, and the timer is set to the
threshold time period at time T . [00050] For the
first scheme, the terminal solicits a Router
Advertisement when the timer expires at time T by
sending a Router Solicitation. If the terminal is
active at this time, then it can easily send the
Router Solicitation. If the terminal is not active at
this time, then it goes active to initiate a call to
the radio network to re-establish the air-link
connection and then sends the Router Solicitation. In
any case, after sending the Router Solicitation, the
terminal waits for a Router Advertisement from the
PDSN. Upon receiving the Router Advertisement, the
terminal computes the new threshold time period based
on the lifetime included in the received Router
Advertisement and resets the timer with the new
threshold time period. Since the lifetime can change
from Router Advertisement to Router Advertisement, the
threshold time period can also change correspondingly.



[00051] The first scheme ensures that the terminal
maintains IP connectivity even if the terminal goes in
and out of dormancy during the lifetime of the RA
prefix. If the prefix lifetime is sufficiently long
(e.g., few hours or more) and if the threshold time
period is set toward the end of the lifetime, then
only small amounts of air-link resources may be needed
to maintain IP connectivity for the terminal. [00052]
FIG. 7B illustrates a second scheme for maintaining IP
connectivity for an intermittently active terminal
based on a timer, a threshold time period, and an
operating mode of the terminal. The second scheme
avoids dormant reactivations to receive Router
Advertisements. Whenever a Router Advertisement is
received, the threshold time period is computed based
on the lifetime obtained from the Router
Advertisement, and the timer is set to the threshold
time period at time T , as described above. [00053]
For the second scheme, the terminal solicits a Router
Advertisement whenever it is active (i.e., not
dormant) after the threshold timer expires. When the
timer expires at time T , the terminal sends a Router
Solicitation if it is active at this time. The
terminal can also send a Router Solicitation if it
becomes active at any time after time T and before the
expiration of the RA prefix lifetime at time T3. The
terminal typically becomes active when it has data to
send, when it receives data fromthe wireless network,
and so on. If the Router Solicitation is sent, then
the terminal waits for a Router Advertisement. Upon
receiving the Router Advertisement, the terminal
computes the new threshold time period based on the
lifetime included in the Router Advertisement and
resets the timer to the new threshold time period.
[00054] FlG. 7 illustrates a third scheme for
maintaining IP connectivity for an intermittently
active terminal based on a timer, a threshold time
period, and a solicitation trigger. The third scheme
minimizes dormant reactivations for Router
Advertisements. Whenever a Router Advertisement is
received, the threshold time period is computed based
on the lifetime obtained from the Router
Advertisement, and the timer is set to the threshold
time period, as described above. [00055] For the third
scheme, the terminal solicits a Router Advertisement
after the timer expires at time if solicitation is
triggered and when the terminal is active. The
solicitation may be triggered by various conditions
such as the configuration of the terminal, past data
activity, likelihood of future data activity,
availability of air-link resources, and so on, as
described below. In general, the solicitation trigger
may occur at any time. [00056] The terminal may be
triggered to send a Router Solicitation if the
terminal is configured with an always-on data session.
The always-on configuration may be 



associated with a premium service. [00057] The
terminal may be triggered to send a Router
Solicitation if there has been data activity during
the threshold time period or some other time period.
[00058] The terminal may be triggered to send a Router
Solicitation when the timer expires if there is
likelihood of future data activity. This likelihood
may be determined based on various factors such as the
configuration of the terminal (e.g., an always-on
terminal may be more likely to send data), past data
activity (e.g., recent data activity may be indicative
of future data activity), user input (e.g., a user may
indicate a preference to stay connected), and so on.
[00059] The terminal may be triggered to send a Router
Solicitation if air-link resources are readily
available. The network may signal or broadcast the
availability of air-link resources. The terminal may
also unilaterally ascertain the availability of
airlink resources. For example, air-link resources are
less scarce during evenings and weekends. The terminal
may then be triggered to send the Router Solicitation
during evenings and weekends.[00060] If solicitation
is triggered and the terminal is active, then the
terminal can send a Router Solicitation right away.
Otherwise, the terminal can store the solicitation
trigger and send a Router Solicitation when the
terminal goes active. The terminal can also send the
Router Solicitation if it becomes active at any time
after the expiration of the timer at time and prior to
the expiration of the RA prefix lifetime at time T3,
similar to the second scheme. [00061] FTG. 7D
illustrates a fourth scheme for maintaining IP
connectivity for an intermittently active terminal
based on two timers and two threshold time periods.
The terminal sends a Router Advertisement after the
first timer expires if solicitation is triggered and
when the terminal is active. The terminal sends a
Router Advertisement after the second timer expires if
solicitation is triggered, regardless of the current
state of the terminal. [00062] The first and second
threshold time periods are shorter than the lifetime
of the current RA prefix. The first threshold time
period may be equal to a particular percentage of the
lifetime, the lifetime minus a fixed amount of time,
and so on. The second threshold time period is longer
than the first threshold time period. For example, the
second threshold time period may be a percentage of
the time period between the expiration of the first
timer and the expiration of the lifetime, the lifetime
minus a fixed amount of time, and so on. [00063]
Whenever a Router Advertisement is received, the first
and second threshold 



time periods are computed based on the lifetime
obtained from the Router Advertisement. The first and
second timers are then set to the first and second
threshold time periods, respectively, at time After
the first timer expires at time the terminal sends a
Router Solicitation if solicitation is triggered and
when the terminal is active, similar to the third
scheme. If the terminal sends the Router Solicitation,
then it waits for a Router Advertisement. Upon
receiving the Router Advertisement, the terminal
computes new threshold time periods based on the
lifetime included in the Router Advertisement and
resets both timers with the new threshold time
periods. [00064] After the second timer expires at
time T3, the terminal sends a Router Solicitation if
solicitation is triggered. If the terminal is not
active when solicitation is triggered after time T3,
then the terminal activates in order to send the
Router Advertisement. [00065] The terminal can also
send a Router Solicitation any time after time if it
becomes active, similar to the second and third
schemes.[00066] ETG. 8 shows a flow diagram of a
process 800 for the second scheme. Initially, at time
the terminal receives a Router Advertisement with
prefix information, which includes an RA prefix and
its lifetime (step 812). The terminal then computes
the threshold time period based on the RA prefix
lifetime and sets the timer with the threshold time
period (step 814). The terminal next waits for the
timer to expire, which is typically performed as a
background task that does not consume much resource of
the terminal (step 816). After the timer expires at
time a determination is periodically made whether or
not the terminal is active (step 818). Step 818 may be
implemented with an interrupt mechanism. If the answer
is 'y ' f 818, then the terminal sends a Router
Solicitation (step 820) and then returns to step 812.
Otherwise, if the answer is 'no' for step 818, then a
determination is made whether or not the RA prefix
lifetime has expired (step 822). The process returns
to step 818 if the answer is 'no' for step 822 and
terminates if the answer is 'yes'. [00067] For the
second scheme, the terminal delays sending the Router
Solicitation until it becomes active (e.g., because
there is data to exchange). The terminal does not go
active just to send the Router Solicitation. The
second scheme can provide several benefits. First, the
terminal re-establishes air-link connection, e.g.,
when there is data to send and not for administrative
tasks such as soliciting for a Router Advertisement.
Second, the terminal does not inadvertently interfere
with mechanisms employed by the wireless network to
reclaim data-link resources (e.g., PPP state) for
terminals not configured to always maintain IP
connectivity. For example, the wireless network may 



employ an inactivity timer to reclaim resources (e.g.,
PPP state) from such a terminal after a long period of
inactivity. This inactivity timer may be reset each
time the terminal sends a Router Solicitation. The PPP
session may then be maintained longer than intended.
By sending a Router Solicitation only when active, the
terminal does not inadvertently interfere with the
inactivity timeouts. [00068] FIG. 9 shows a flow
diagram of a process 900 for the fourth scheme.
Initially, at time T , the terminal receives a Router
Advertisement with prefix information, which includes
an RA prefix and its lifetime (step 912). The terminal
then computes the first and second threshold time
periods based on the RA prefix lifetime and sets the
first and second timers with the first and second
threshold time periods, respectively (step 914). The
terminal next waits for the first timer to expire
(step 916). After the first timer expires at time a
determination is periodically made whether or not the
terminal is active (step 918). If the answer is 'yes'
for step 918, then adetermination is made whether or
not solicitation for a Router Advertisement is
triggered (step 922). If the answer is 'no', then the
process proceeds to step 930. Otherwise, if the answer
is 'yes' for step 922, then the terminal sends a
Router Solicitation (step 924) and then returns to
step 912 to receive a Router Advertisement. [00069] If
the answer is 'no' for step 918, then a determination
is made whether or not the second timer has expired
(step 920). If the answer is 'yes' for step 920, then
a determination is made whether or not solicitation
for a Router Advertisement is triggered (step 922). If
the answer is 'yes' for step 922 and the terminal is
not active, then the terminal re-establishes air-link
connection. In any case, the terminal sends a Router
Solicitation at step 924 if the answer is 'yes' for
step 922 and proceeds to step 930 if the answer is
'no'. [00070] If the answer is 'no' for step 920 or
922, then a determination is made whether or not the
RA prefix lifetime has expired (step 930). The process
returns to step 918 if the answer is 'no' for step 930
and terminates if the answer is 'yes'. [00071] For the
four schemes described above, the terminal effectively
stores a solicitation and sends it at a future time,
which may be when a timer expires, when the terminal
becomes active, or when solicitation is triggered
based on a condition. [00072] In general, any number
of timers and any number of threshold time periods may
be used, and this is within the scope of the
invention. The threshold time periods are computed
based on the lifetime of the RA prefix obtained from a
Router Advertisement. Each timer may be set to a
respective threshold time period when the Router
Advertisement is received. Each timer may also be
associated with a respective 



condition or mechanism for triggering a solicitation
for a Router Advertisement. [00073] As a specific
example, a design with four timers for four triggering
conditions/mechanisms may be implemented as follows.
The first and earliest timer may be associated with
the operating mode of the terminal. A Router
Solicitation may be sent when the first timer expires
if the terminal is active at this time. The second and
next timer may be associated with the configuration of
the terminal. A Router Solicitation may be sent when
the second timer expires if the terminal is configured
with an always-on data session. The third and next
timer may be associated with past data activity. A
Router Solicitation may be sent when the third timer
expires if there has been data activity since the time
when the timers were reset. The fourth and last timer
may be associated with availability of air-link
resources. A Router Solicitationmay be sent when the
fourth timer expires for certain time periods such as
nights and weekends. [00074] The above description for
FIGS. through 7D, 8 and 9 is for one RA prefix. If a
wireless terminal is assigned multiple RA prefixes,
then the same processing may be performed for each RA
prefix based on the lifetime for that RA prefix. The
timer(s) for each RA prefix may be reset whenever a
Router Advertisement is received with information for
that RA prefix. [00075] The wireless network may also
schedule to send a Router Advertisement to a wireless
terminal. The wireless network can keep track of which
terminals have opened PPP sessions, which terminals
are dormant when Router Advertisements are sent, and
which terminals need to receive Router Advertisements
when they go active. The wireless network can send a
Router Advertisement to each terminal that needs to
receive Router Advertisement when the terminal goes
active. The wireless network does not re-establish an
air-link connection to send Router Advertisement to a
terminal that is dormant. [00076] Some of the
techniques described herein may also be used for IPv4.
For example, a wireless network may assign an IPv4
address to a wireless terminal for a particular time
duration. This time duration may be indicated to the
terminal during call setup or via signaling. The
techniques described above may then be used to solicit
a new IPv4 address prior to the expiration of the time
duration. [00077] FIG. 10 shows a block diagram of
various entities in CDMA network 100. On the forward
path, PDSN 150 may send IP packets (e.g., for a Router
Advertisement) to terminal 110. A data processor 1054
receives prefix information stored in a memory unit
1052, encapsulates the prefix information in IP
packets, and sends the IP packets 



via a communication (Comm) unit 1056 to PCF 140 (not
shown in FIG. 10). PCF 140 is responsible for the
communication channel between PDSN 150 and the radio
network and is described in IS-835. [00078] Within
base station 130, the data from PCF 140 is received by
a communication unit 1036 and processed by a data
processor 1034 to generate over-theair messages. The
messages are then processed (e.g., coded, modulated,
filtered, amplified, quadrature modulated, and
upconverted) by a modulator/transmitter (Mod/TMTR)
1040 to obtain a forward link signal, which is then
transmitted via an antenna 1042 to the wireless
terminals within the coverage of base station
130.[00079] Terminal 110 receives the forward link
signal from base station 130. The received signal from
an antenna 1010 is processed by a receiver/demodulator
(RCVR/Demod) 1012 to recover the messages sent by base
station 130. A receive (RX) data processor 1014
further processes the received messages to recover IP
packets sent by PDSN 150 and extracts the prefix
information contained in the Router Advertisement.
[00080] A controller 1020 receives and stores the
prefix information in a memory unit 1022. Controller
1020 further computes the threshold time period(s)
based on the lifetime in the prefix information and
sets a timer 1024 with the threshold time period(s).
Timer 1024 implements all of the timers used for
soliciting Router Advertisement. Controller 1020
determines if and when a Router Solicitation needs to
be sent based on the output from timer 1024 and other
pertinent information (e.g., the configuration of
terminal 110, past data activity, and so on).
Controller 1020 initiates transmission of a Router
Solicitation if necessary. The Router Solicitation is
processed by a transmit (TX) data processor 1016,
further processed by a modulator/transmitter 1018, and
transmitted from antenna 1010. [00081] Within base
station 130, the reverse link signal from terminal 130
is processed by a receiver/demodulator 1044, further
processed by data processor 1034, and forwarded via
communication unit 1036 to PCF 140. PCF 140 receives
and processes the data from base station 130 and
forwards IP packets to PDSN 150. Within PDSN 150, the
IP packets are received by communication unit 1056 and
processed by data processor 1054. A controller 1050
initiates transmission of another Router Advertisement
in response to the Router Solicitation received from
terminal 110. [00082] Controllers 1020, 1030, and 1050
perform various processing and control functions for
terminal 110, base station 130, and PDSN 150,
respectively. Memory units 1022, 1032, and 1052 store
program codes and data for controllers 1020, 1030, 



and 1050, respectively. RX data processor 1014 and TX
data processor are shown as separate units in FIG. 10
but may be implemented within one processor (e.g., one
digital signal processor). [00083] The techniques
described herein may be implemented by various means.
For example, these techniques may be implemented in
hardware, software, or a combination thereof. For a
hardware implementation, the processing units used to
perform the techniques described herein (e.g.,
processes 800 and 900 and the four schemes shown in
FIGS. 7A through 7D) may be implemented within one or
more application specificintegrated circuits (ASICs),
digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers,
microprocessors, other electronic units designed to
perform the functions described herein, or a
combination thereof. [00084] For a software
implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions,
and so on) that perform the functions described
herein. The software codes may be stored in a memory
unit (e.g., memory units 1022 and/or 1052 in FIG. 10)
and executed by a processor (e.g., controllers 1020
and/or 1050). The memory unit may be implemented
within the processor or external to the processor, in
which case it can be communicatively coupled to the
processor via various means as is known in the art.
[00085] The previous description of the disclosed
embodiments is provided to enable any person skilled
in the art to make or use the present invention.
Various modifications to these embodiments will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
other embodiments without departing from the spirit or
scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown
herein but is to be accorded the widest scope
consistent with the principles and novel features
disclosed herein. [00086] WHAT IS CLAIMED IS:CLAIMS .
A wireless terminal in a wireless communication
system, comprising: a receive data processor operative
to receive a first message with prefix information at
a first time instant, wherein the prefix information
includes a prefix used to derive an Internet Protocol
(IP) address for the terminal and a lifetime for the
prefix; and a transmit data processor operative to
send a second message to solicit updated prefix
information after a second time instant if a
designated condition is met, wherein the second time
instant is a threshold time period from the first time
instant, and 



wherein the threshold time period is derived based on
the lifetime for the prefix and is shorter than the
lifetime. 2. The terminal of claim 1, wherein the
first message is a Router Advertisement in Internet
Protocol Version 6 (IPv6) and the second message is a
Router Solicitation in IPv6. 3. The terminal of claim
1, wherein the designated condition is met if the
terminal is active. 4. The terminal of claim 1,
wherein the designated condition is met if an air-link
connection is established for the terminal. . The
terminal of claim , further comprising: a controller
operative to derive the threshold time period based on
the lifetime of the prefix. 6. The terminal of claim
1, further comprising: a timer operative to expire at
the end the threshold time period. 7. The terminal of
claim 1, wherein the threshold time period is a
percentage of the lifetime for the prefix.8. The
terminal of claim 1, wherein the threshold time period
is the lifetime for the prefix minus a fixed amount of
time. 9. The terminal of claim 1, wherein the receive
data processor is further operative to receive a third
message with the updated prefix information, and
wherein the threshold time period is updated based on
the lifetime for the prefix in the updated prefix
information. 10. The terminal of claim 1, wherein the
designated condition is met if the terminal is
configured with an always-on data session. 11. The
terminal of claim 1, wherein the designated condition
is met if there was data activity during the threshold
time period. 12. The terminal of claim 1, wherein the
wireless communication system is a Code Division
Multiple Access (CDMA) communication system. 13. A
method of maintaining Internet Protocol (IP)
connectivity for a wireless terminal in a wireless
communication system, comprising: receiving a first
message with prefix information at a first time
instant, wherein the prefix information includes a
prefix used to derive an IP address for the terminal
and a lifetime for the prefix; and sending a second
message to solicit updated prefix information after a
second time instant if a designated condition is met,
wherein the second time instant is a 



threshold time period from the first time instant, and
wherein the threshold time period is derived based on
the lifetime for the prefix and is shorter than the
lifetime. 14. The method of claim 13, wherein the
first message is a Router Advertisement in Internet
Protocol Version 6 (IPv6) and the second message is a
Router Solicitation in I v6. 15. The method of claim
13, wherein the designated condition is met if the
terminal is active.16. The method of claim 13, further
comprising: receiving a third message with the updated
prefix information; and updating the threshold time
period based on the lifetime for the prefix in the
updated prefix information. 17. The method of claim
13, wherein the wireless communication system is a
Code Division Multiple Access (CDMA) communication
system. 18. An apparatus in a wireless communication
system, comprising: means for receiving a first
message with prefix information at a first time
instant, wherein the prefix information includes a
prefix used to derive an Internet Protocol (IP)
address for a terminal and a lifetime for the prefix;
and means for sending a second message to solicit
updated prefix information after a second time instant
if a designated condition is met, wherein the second
time instant is a threshold time period from the first
time instant, and wherein the threshold time period is
derived based on the lifetime for the prefix and is
shorter than the lifetime. 19. The apparatus of claim
18, wherein the first message is a Router
Advertisement in Internet Protocol Version 6 (IPv6)
and the second message is a Router Solicitation in
IPv6. 20. A processor readable media for storing
instructions operable in a wireless device to: receive
a first message with prefix information at a first
time instant, wherein the prefix information includes
a prefix used to derive an Internet Protocol (IP)
address for a terminal and a lifetime for the prefix;
and send a second message to solicit updated prefix
information after a second time instant if a
designated condition is met, wherein the second time
instant is a threshold time period from the first time
instant, and wherein the threshold time period is
derived based on the lifetime for the prefix and is
shorter than the lifetime. 21. A method of avoiding
dormant reactivation to receive Internet Protocol
Version 6 (IPv6) Router Advertisements in a wireless
communication system, 



comprising:receiving a Router Advertisement with
prefix information at a first time instant, wherein
the prefix information includes a prefix used to
derive an IPv6 address for a terminal and a lifetime
for the prefix; waiting for a threshold time period
after receiving the Router Advertisement, wherein the
threshold time period is derived based on the lifetime
for the prefix and is shorter than the lifetime; and
sending a Router Solicitation to solicit updated
prefix information after a second time instant if the
terminal is active, wherein the second time instant is
the threshold time period from the first time instant.
22. A wireless terminal in a wireless communication
system, comprising: a receive data processor operative
to receive a first message with prefix information at
a first time instant, wherein the prefix information
includes a prefix used to derive an Internet Protocol
(IP) address for the terminal and a lifetime for the
prefix; and a transmit data processor operative to
send a second message to solicit updated prefix
information at a second time instant, wherein the
second time instant is a threshold time period from
the first time instant, and wherein the threshold time
period is derived based on the lifetime for the prefix
and is shorter than the lifetime. 2 . A wireless
terminal in a wireless communication system,
comprising: a receive data processor operative to
receive a first message with prefix information at a
first time instant, wherein the prefix information
includes a prefix used to derive an Internet Protocol
(IP) address for the terminal and a lifetime for the
prefix; and a transmit data processor operative to
send a second message to solicit updated prefix
information after a second time instant if a first
condition is met, wherein the second time instant is a
first threshold time period from the first time
instant, and send the second message at a third time
instant if a second condition is met, wherein the
third time instant is a second threshold time period
from the first time instant, wherein the first and
second threshold time periods are derived based on the
lifetime for the prefix and are shorter than the
lifetime, and wherein the second threshold time
periodis longer than the first threshold time
period.24. The terminal of claim 23, wherein the first
condition is met if the terminal is active. 25. The
terminal of claim 23, wherein the second condition is
met if the 



terminal is configured with an always-on data session.
26. The terminal of claim 23, wherein the second
condition is met if there was data activity during the
second threshold time period. 27. The terminal of
claim 23, wherein the second condition is met if there
is likelihood of future data activity. 28. A method of
maintaining Internet Protocol (IP) connectivity for a
wireless terminal in a wireless communication system,
comprising: receiving a first message with prefix
information at a first time instant, wherein the
prefix information includes a prefix used to derive an
IP address for the terminal and a lifetime for the
prefix; sending a second message to solicit updated
prefix information after a second time instant if a
first condition is met, wherein the second time
instant is a first threshold time period from the
first time instant; and sending the second message at
a third time instant if a second condition is met,
wherein the third time instant is a second threshold
time period from the first time instant, wherein the
first and second threshold time periods are derived
based on the lifetime for the prefix and are shorter
than the lifetime, and wherein the second threshold
time period is longer than the first threshold time
period. 29. An apparatus in a wireless communication
system, comprising: means for receiving a first
message with prefix information at a first time
instant, wherein the prefix information includes a
prefix used to derive an Internet Protocol (IP)
address for a terminal and a lifetime for the prefix;
means for sending a second message to solicit updated
prefix information after a second time instant if a
first condition is met, wherein the second time
instant is a first threshold time period from the
first time instant; andmeans for sending the second
message at a third time instant if a second condition
is met, wherein the third time instant is a second
threshold time period from the first time instant,
wherein the first and second threshold time periods
are derived based on the lifetime for the prefix and
are shorter than the lifetime, and wherein the second
threshold time period is longer than the first
threshold time period. 30. A network entity.in a
wireless communication system, comprising: a
controller operative to determine an operating mode of
a wireless terminal when a first message with prefix
information was sent, wherein the prefix information
includes a prefix used to derive an IP address for the
terminal and a lifetime for the prefix; and 



a data processor operative to, if the terminal was in
a dormant mode when the first message was sent, send a
second message with updated prefix information to the
terminal when the terminal is in an active mode. 31. A
method of maintaining Internet Protocol (IP)
connectivity for a wireless terminal in a wireless
communication system, comprising: determining an
operating mode of the terminal when a first message
with prefix information was sent, wherein the prefix
information includes a prefix used to derive an IP
address for the terminal and a lifetime for the
prefix; and if the terminal was in a dormant mode when
the first message was sent, sending a second message
with updated prefix information to the terminal when
the terminal is in an active mode. 


