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(57) Abstract: A method and apparatus are provided to enable or aid network-controlled selection of an IP address (and anchor) to
be used by a WTRU on an application/service basis. In one example, a method is provided for a WTRU to establish a link with a
gateway, transmit a query related to a selected application via the gateway, receive an advertisement for an internet protocol (IP) ad -
dress, and use the IP address to communicate via the gateway with respect to the selected application. It may be assumed that there
are more than one possible IP address/anchor available for the WTRU to use, as it might be the case in a mobility environment, in
which an operator can provide addresses with different mobility capabilities.
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NETWORK-CONTROLLED WTRU ADDRESS/ANCHOR SELECTION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional
Application Serial No. 61/765,411, filed February 15, 2013, the content of

which 1s hereby incorporated by reference herein.

BACKGROUND

[0002] A mobile operator may decide to deploy or configure its network
in such a way that several types of internet protocol (IP) addresses are made
available for use for attaching wireless transmit/receive units (WTRUs). Each
of these types of IP addresses may be associated with different mobility
capabilities. A non-exhaustive list of types of IP addresses includes the
following: IP mobility enabled, centrally anchored; IP mobility enabled, locally
anchored (i.e., handled by a distributed mobility management (DMM)
mechanism), only valid for local communications/services; IP mobility enabled,
locally anchored (i.e., handled by a DMM mechanism), valid for global
communications/services; and, Non-IP mobility enabled, only valid for local
communications/services. Non-IP mobility enabled, valid for global
communications/services.

[0003] Note that the selection of a particular IP address might also
1mply or require a particular anchor choice. For example, when an IP mobility
enabled, locally anchored, address 1s selected, there may be more than one

potential local anchor available.

SUMMARY
[0004] A method and apparatus are provided to enable or aid network-
controlled selection of the IP address (and anchor) to be used by the WTRU on
an application/service basis. In one example, a method 1s provided for a WTRU
to establish a link with a gateway, transmit a query related to a selected

application via the gateway, receive an advertisement for an internet protocol
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(IP) address, and use the IP address to communicate via the gateway with
respect to the selected application. It may be assumed that there are more
than one possible IP address/anchor available for the WTRU to use, as it
might be the case in a mobility environment in which an operator can provide
addresses with different mobility capabilities (e.g., no IP mobility enabled only
valid for local communications/services, no IP mobility enabled valid for global
communications, IP mobility enabled locally anchored, IP mobility enabled

centrally anchored, and the like).

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0006] Figure 1A 1s a system diagram of an example communications
system 1n which one or more disclosed embodiments may be implemented;
[0007] Figure 1B 1s a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system 1llustrated in Figure 1A;
[0008] Figure 1C 1s a system diagram of an example radio access
network and an example core network that may be used within the
communications system illustrated in Figure 1A;
[0009] Figure 2 1s a system diagram which illustrates an example of
usage of different types of IP addresses;
[0010] Figure 3 1s a system diagram which illustrates an example of
distributed mobility management (DMM) based network architecture;
[0011] Figure 4 1s a system diagram which illustrates a distributed
gateway (D-GW) exposing itself towards a WTRU as multiple routers;
[0012] Figure 5 1s a system diagram which illustrates an example D-GW
logical interface concept;
[0013] Figure 6 1s a system diagram which illustrates an example

application-tailored IP address selection scenario;
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[0014] Figure 7 1s a system diagram which illustrates an example
scenario in which a WTRU is roaming within a dense DMM environment;
[0015] Figure 8 1s a message sequence chart which illustrates an
example of address-deprecation based domain name system (DNS)-triggered
IP address/anchor selection;

[0016] Figure 9 1s message sequence chart which illustrates an example
of address-deprecation based DNS-triggered IP address/anchor selection with
multiple applications;

[0017] Figure 10 1s a message sequence chart which illustrates an
example of address-deprecation based DNS-triggered IP address/anchor
selection with a more specific route and with multiple applications;

[0018] Figure 11 1s a message sequence chart which illustrates an
example of DNS controlled IP address/anchor selection with multiple
applications;

[0019] Figure 12 1s a message sequence chart which illustrates an
example of APN-based anchor selection;

[0020] Figure 13 1s a message sequence chart which illustrates an
example of a network-based mobility solution;

[0021] Figure 14 1s a message sequence chart which illustrates an
example in which the WTRU selects as anchor a node to which it 1s directly
attached,;

[0022] Figure 15 1s a message sequence chart which illustrates an
example in which a WTRU selects to manage its own mobility;

[0023] Figure 16 1s a message sequence chart which illustrates an
example 1n which the anchor to be used by the WTRU 1is one of the
neighboring nodes; and

[0024] Figure 17 1s a message sequence chart which illustrates an

example of signaling for a WTRU 1n a dense environment.
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DETAILED DESCRIPTION

[0025] Figure 1A 1s a diagram of an example communications system
100 in which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources,
including wireless bandwidth. For example, the communications systems 100
may employ one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier
FDMA (SC-FDMA), and the like.

[0026] As shown in Figure 1A, the communications system 100 may
mclude wireless transmit/receive units (WTRUs) 102a, 102b, 102¢, 102d, a
radio access network (RAN) 104, a core network 106, a public switched
telephone network (PSTN) 108, the Internet 110, and other networks 112,
though 1t will be appreciated that the disclosed embodiments contemplate any
number of WTRUs, base stations, networks, and/or network elements. Each
of the WTRUs 102a, 102b, 102¢c, 102d may be any type of device configured to
operate and/or communicate in a wireless environment. By way of example,
the WTRUs 102a, 102b, 102¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment (WTRU), a mobile
station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a smartphone, a laptop, a netbook, a
personal computer, a wireless sensor, consumer electronics, and the like.
[0027] The communications systems 100 may also include a base station
114a and a base station 114b. Each of the base stations 114a, 114b may be
any type of device configured to wirelessly interface with at least one of the
WTRUs 102a, 102b, 102c, 102d to facilitate access to one or more
communication networks, such as the core network 106, the Internet 110,

and/or the other networks 112. By way of example, the base stations 114a,
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114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
Node B, a Home eNode B, a site controller, an access point (AP), a wireless
router, and the like. While the base stations 114a, 114b are each depicted as a
single element, 1t will be appreciated that the base stations 114a, 114b may
include any number of interconnected base stations and/or network elements.
[0028] The base station 114a may be part of the RAN 104, which may
also include other base stations and/or network elements (not shown), such as
a base station controller (BSC), a radio network controller (RNC), relay nodes,
etc. The base station 114a and/or the base station 114b may be configured to
transmit and/or receive wireless signals within a particular geographic region,
which may be referred to as a cell (not shown). The cell may further be
divided into cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base
station 114a may include three transceivers, 1.e., one for each sector of the
cell. In another embodiment, the base station 114a may employ multiple-
mput multiple output (MIMO) technology and, therefore, may utilize multiple
transceivers for each sector of the cell.

[0029] The base stations 114a, 114b may communicate with one or more
of the WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may be
any suitable wireless communication link (e.g., radio frequency (RF),
microwave, infrared (IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access technology (RAT).
[0030] More specifically, as noted above, the communications system
100 may be a multiple access system and may employ one or more channel
access schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the
like. For example, the base station 114a in the RAN 104 and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which
may establish the air interface 116 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet
Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA may include High-
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Speed Downlink Packet Access (HSDPA) and/or High-Speed Uplink Packet
Access (HSUPA).

[0031] In another embodiment, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the air interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

[0032] In other embodiments, the base station 114a and the WTRUs
102a, 102b, 102¢c may implement radio technologies such as IEEE 802.16 (i.e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMAZ2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[0033] The base station 114b in Figure 1A may be a wireless router,
Home Node B, Home eNode B, or access point, for example, and may utilize
any suitable RAT for facilitating wireless connectivity in a localized area, such
as a place of business, a home, a vehicle, a campus, and the Iike. In one
embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radio technology such as IEEE 802.11 to establish a wireless
local area network (WLAN). In another embodiment, the base station 114b
and the WTRUs 102¢, 102d may implement a radio technology such as IEEE
802.15 to establish a wireless personal area network (WPAN). In yet another
embodiment, the base station 114b and the WTRUs 102¢c, 102d may utilize a
cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to
establish a picocell or femtocell. As shown in Figure 1A, the base station 114b
may have a direct connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 110 via the core network 106.
[0034] The RAN 104 may be in communication with the core network
106, which may be any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VoIP) services to one or more

of the WTRUs 102a, 102b, 102c, 102d. For example, the core network 106
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may provide call control, billing services, mobile location-based services, pre-
paid calling, Internet connectivity, video distribution, etc., and/or perform
high-level security functions, such as user authentication. Although not
shown in Figure 1A, 1t will be appreciated that the RAN 104 and/or the core
network 106 may be in direct or indirect communication with other RANs that
employ the same RAT as the RAN 104 or a different RAT. For example, in
addition to being connected to the RAN 104, which may be utilizing an E-
UTRA radio technology, the core network 106 may also be in communication
with another RAN (not shown) employing a GSM radio technology.

[0035] The core network 106 may also serve as a gateway for the
WTRUs 102a, 102b, 102c, 102d to access the PSTN 108, the Internet 110,
and/or other networks 112. The PSTN 108 may include circuit-switched
telephone networks that provide plain old telephone service (POTS). The
Internet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol (UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112
may include wired or wireless communications networks owned and/or
operated by other service providers. For example, the networks 112 may
include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 104 or a different RAT.

[0036] Some or all of the WTRUs 102a, 102b, 102c, 102d in the
communications system 100 may include multi-mode capabilities, i.e., the
WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102c¢ shown in Figure 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE
802 radio technology.

[0037] Figure 1B 1s a system diagram of an example WTRU 102. As
shown in Figure 1B, the WTRU 102 may include a processor 118, a
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transceiver 120, a transmit/receive element 122, a speaker/microphone 124, a
keypad 126, a display/touchpad 128, non-removable memory 130, removable
memory 132, a power source 134, a global positioning system (GPS) chipset
136, and other peripherals 138. It will be appreciated that the WTRU 102
may include any sub-combination of the foregoing elements while remaining
consistent with an embodiment.

[0038] The processor 118 may be 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 Array (FPGAs) circuits, any other
type of integrated circuit (IC), a state machine, and the like. The processor
118 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the WTRU 102 to
operate 1n a wireless environment. The processor 118 may be coupled to the
transceiver 120, which may be coupled to the transmit/receive element 122.
While Figure 1B depicts the processor 118 and the transceiver 120 as separate
components, 1t will be appreciated that the processor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0039] The transmit/receive element 122 may be configured to transmit
signals to, or receive signals from, a base station (e.g., the base station 114a)
over the air interface 116. For example, in one embodiment, the
transmit/receive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the transmit/receive
element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In yet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both
RF and light signals. It will be appreciated that the transmit/receive element
122 may be configured to transmit and/or receive any combination of wireless

signals.
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[0040] In addition, although the transmit/receive element 122 1is
depicted in Figure 1B as a single element, the WTRU 102 may include any
number of transmit/receive elements 122. More specifically, the WTRU 102
may employ MIMO technology. Thus, in one embodiment, the WTRU 102
may include two or more transmit/receive elements 122 (e.g., multiple
antennas) for transmitting and receiving wireless signals over the air
interface 116.

[0041] The transceiver 120 may be configured to modulate the signals
that are to be transmitted by the transmit/receive element 122 and to
demodulate the signals that are received by the transmit/receive element 122.
As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for enabling the WTRU 102
to communicate via multiple RATSs, such as UTRA and IEEE 802.11, for
example.

[0042] The processor 118 of the WTRU 102 may be coupled to, and may
recelive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display
unit or organic light-emitting diode (OLED) display unit). The processor 118
may also output user data to the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128. In addition, the processor 118 may access
information from, and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory 132. The non-
removable memory 130 may include random-access memory (RAM), read-only
memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 132 may include a subscriber identity module (SIM) card,
a memory stick, a secure digital (SD) memory card, and the like. In other
embodiments, the processor 118 may access information from, and store data
in, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0043] The processor 118 may receive power from the power source 134,

and may be configured to distribute and/or control the power to the other
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components in the WTRU 102. The power source 134 may be any suitable
device for powering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium (N1Cd), nickel-zinc
(N1Zn), nickel metal hydride (N1IMH), lithium-ion (Li-ion), etc.), solar cells,
fuel cells, and the like.

[0044] The processor 118 may also be coupled to the GPS chipset 136,
which may be configured to provide location information (e.g., longitude and
latitude) regarding the current location of the WTRU 102. In addition to, or in
lieu of, the information from the GPS chipset 136, the WTRU 102 may receive
location information over the air interface 116 from a base station (e.g., base
stations 114a, 114b) and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location information by way of
any suitable location-determination method while remaining consistent with
an embodiment.

[0045] The processor 118 may further be coupled to other peripherals
138, which may include one or more software and/or hardware modules that
provide additional features, functionality and/or wired or wireless
connectivity. For example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a Bluetooth® module, a frequency
modulated (FM) radio unit, a digital music player, a media player, a video
game player module, an Internet browser, and the like.

[0046] Figure 1C 1s a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above, the RAN 104 may
employ an E-UTRA radio technology to communicate with the WTRUs 102a,
102b, 102c¢c over the air interface 116. The RAN 104 may also be in
communication with the core network 106.

[0047] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though it
will be appreciated that the RAN 104 may include any number of eNode-Bs
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while remaining consistent with an embodiment. The eNode-Bs 140a, 140b,
140c may each include one or more transceivers for communicating with the
WTRUs 102a, 102b, 102¢ over the air interface 116. In one embodiment, the
eNode-Bs 140a, 140b, 140c may implement MIMO technology. Thus, the
eNode-B 140a, for example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU 102a.

[0048] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown in Figure 1C, the eNode-Bs 140a,
140b, 140c may communicate with one another over an X2 interface.

[0049] The core network 106 shown in Figure 1C may include a mobility
management gateway (MME) 142, a serving gateway 144, and a packet data
network (PDN) gateway 146. While each of the foregoing elements are
depicted as part of the core network 106, i1t will be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core
network operator.

[0050] The MME 142 may be connected to each of the eNode-Bs 140a,
140b, 140c in the RAN 104 via an S1 interface and may serve as a control
node. For example, the MME 142 may be responsible for authenticating users
of the WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the WTRUs 102a, 102b,
102¢, and the like. The MME 142 may also provide a control plane function
for switching between the RAN 104 and other RANs (not shown) that employ
other radio technologies, such as GSM or WCDMA.

[0051] The serving gateway 144 may be connected to each of the eNode
Bs 140a, 140b, 140c in the RAN 104 via the S1 interface. The serving gateway
144 may generally route and forward user data packets to/from the WTRUs
102a, 102b, 102c. The serving gateway 144 may also perform other functions,

such as anchoring user planes during inter-eNode B handovers, triggering
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paging when downlink data is available for the WTRUs 102a, 102b, 102c,
managing and storing contexts of the WT'RUs 102a, 102b, 102¢, and the like.
[0052] The serving gateway 144 may also be connected to the PDN
gateway 146, which may provide the WTRUs 102a, 102b, 102c with access to
packet-switched networks, such as the Internet 110, to facilitate
communications between the WTRUs 102a, 102b, 102c and IP-enabled
devices.

[0053] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102b, 102¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102c¢ and
traditional land-line communications devices. For example, the core network
106 may include, or may communicate with, an IP gateway (e.g., an IP
multimedia subsystem (IMS) server) that serves as an interface between the
core network 106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 102b, 102¢ with access to the networks 112, which
may include other wired or wireless networks that are owned and/or operated
by other service providers.

[0054] In contrast to current Mobile IPv6 (MIPv6) and Proxy Mobile
IPv6 (PMIPv6) approaches that rely on centralized entities for both control
and data plane operation, distributed mobility management (DMM)
approaches push mobility anchors towards the edge of the network.

[0055] The disclosure relates to mechanisms to enable or aid network-
controlled selection of the IP address (and anchor) to be used by a WI'RU on
an application/service basis. The IP address selection may be from among
several types associated with different mobility capabilities. For example, a
mobility enabled IP address might be required if the application making use of
it 1s not able to survive an IP address change and the WTRU 1is expected to
change its point of attachment during the lifetime of the session. On the other

hand, if an application 1s able to handle IP address changes or 1s known to be
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short-lived 1in advance, 1t might be more efficient — resource wise — to make
use of an IP address that is not mobility enabled.

[0056] The selection mechanisms may include ways for the network (for
example, a DMM GW) to detect a new application flow and provide the WTRU
with a particular TP address, and may include DNS-triggered IP
address/anchor selection, APN-based anchor selection or Network-controlled
anchor (local or remote) selection in a dense environment.

[0057] The disclosure also relates to mechanisms to enable or aid
WTRU-based selection of the IP address (and anchor) with the assistance from
the network. These mechanisms may include anchor "coloring,” e.g. providing
anchoring IP connectivity capabilities to the WTRU to facilitate anchor
selection by the WTRU. The capabilites information may include IP
connectivity (local, global), anchored address (local, central) and mobility
support (yes/no), for example.

[0058] Figure 2 1s a system diagram illustrating an overview of an
example network where a WTRU 200 has configured several types of IP
addresses. In this example, WTRU 200 is shown having configured three IP
addresses 205, 210, 215. IP address 205 1s a locally anchored address which 1s
anchored at its serving gateway, which in this case is distributed gateway D-
GW2 220. IP address 210 is a centrally anchored at Packet Data Network
Gateway (PGW) 225 via its serving gateway D-GW2 220. IP address 215 1s
DMM enabled and 1s anchored at D-GW1 230 via a tunnel 235 which is
maintained between D-GW1 230 and D-GW2 220 for this purpose.

[0059] The network shown i1n Figure 2 also contains a mobile
communications network (MCN) 250, home subscriber server (HSS) 255, and
an additional gateway D-GW3 260. It is noted however that various
topologies are possible which may include different elements.

[0060] Figure 3 1s a system diagram illustrating another example
network. In this example, a Home Public Land Mobile Network (HPLMN) 300
which 1s connected to the Internet 390 includes a includes a MCN 305 having
a PGW 310, HSS 315, an Authentication, Authorization, and Accounting
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server (AAA) 320, Serving Gateway (SGW) 325, a Mobility Management
Entity (MME) 330, and a D-GW 335.

[0061] In this architecture, other D-GW logical entities 340, 345, 350,
355 are placed at the edge of the network, close to WTRUs 360 and 365.
Multiple D-GWs exist in a DMM domain, anchoring mobility sessions of the
WTRUs attached to the domain. The Distributed Logical Interface (DLIF)
artifact enables each (serving) D-GW to expose itself towards each WTRU as
multiple routers, one per (active) anchoring D-GW.

[0062] Figure 4 illustrates a D-GW creating a logical interface with a
WTRU for itself as serving D-GW and for each active anchoring D-GW. As
shown in Figure 4, the WTRU 400 initially attaches to D-GW1 410,
configuring an IPv6 address (PrefA::UE1) from a prefix locally anchored at D-
GW1 410 (PrefA::/64).

[0063] At this stage, D-GW1 410 plays the role of both anchoring D-GW
and serving D-GW. D-GW1 410 creates a logical interface to communicate
(point-to-point link) with the WTRU, exposing itself as a (logical) router with a
specific MAC (00:11:22:33:01:01) and IPv6 addresses (PrefA::1/64 and
fe80:211:22ff:fe33:101/64) using the logical interface ueldgwl. As explained
below, these addresses represent the “logical” identity of D-GW1 410 towards
the WTRU 400, and will “follow” the WTRU 400 while roaming within the
domain (note that all this information is maintained up-to-date on the home
subscriber server (HSS)).

[0064] In this example, WTRU 400 later moves and attaches to a
different D-GW of the domain, which 1s D-GW2 420. D-GW2 creates a new
logical interface (ueldgw?2) to expose 1itself towards WTRU 400, and provides
WTRU 400 with a locally anchored prefix (PrefB::/64). Because the HSS has
information about other active addresses used by the WTRU 400, and about
which D-GWs are anchoring WTRU 400, D-GW2 420 also creates additional
logical interface(s) configured to exactly resemble the one(s) used by each of
the active anchor D-GW(s) to communicate with the WTRU 420. In this
example, D-GW1 410 1s the only active anchor D-GW other than D-GW2 420,
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(which 1s the serving D-GW), and so in addition to ueldgw2, only logical
interface ueldgwl is created.

[0065] In order for the prefix anchored at D-GW1 410 to remain
reachable by the WTRU 400, a tunnel 430 between D-GW1 410 and D-GW2
420 1s established, and the routing is modified accordingly (note that this is
done by performing the required signaling, e.g., proxy binding update/proxy
binding acknowledge (PBU/PBA) for the case of the Proxy Mobile IPv6
(PMIPv6)-based solution). From a practical viewpoint, this may require
source-based routing.

[0066] Figure 5 illustrates the logical interface concept in more detail.
The figure shows two D-GWs and four WTRUs. Here, D-GW1 500 1s currently
serving WTRU1 510 and WTRU2 520, while D-GW2 530 1s serving WTRU3
540 and WTRU4 550. WTRU1 510 has three active anchoring D-GWs: D-
GW1 500, D-GW2 530 and D-GW3 (not shown). WTRUZ2 520 has two active
anchoring D-GWs: D-GW1 500 and D-GW3 (not shown). WTRU3 540 has
two active anchoring D-GWs: D-GW2 530 and D-GW3 (not shown). Finally,
WTRU4 550 has also two anchoring D-GWs: D-GW1 500 and D-GW2 530.
[0067] A serving D-GW typically plays the role of anchoring D-GW for
an attached (served) WTRU, and each D-GW has one single physical wireless
interface (athwifi0). Each WTRU “sees” multiple logical routers — one per
active anchoring D-GW — independent of to which serving D-GW the WTRU 1s
currently attached. From the perspective of the WTRU, each anchoring D-GW
(including the serving D-GW, which also functions as an anchoring D-GW) 1s
portrayed as a different router even though the WTRU 1is physically attached
to a single physical interface. The serving D-GW facilitates this by
configuring different logical interfaces.

[0068] In the example of Figure 5, WTRU1 510 is currently attached to
D-GW1 500. In other words, D-GW1 500 is the serving D-GW for WTRU1 510.
Accordingly, WTRU1 510 has configured an IPv6 address from D-GW1’s pool
(in this case PrefA::/64), and D-GW1 500 has created a logical interface

(ueldgwl) on top of its wireless physical interface (athwifi0) which 1s used to
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serve WTRU1 510. This interface has a logical MAC address (MAC A),
different from the hardware MAC address of the physical interface athwifi0 of
D-GW1 (MAC 1). D-GW1 advertises its locally anchored prefix PrefA::/64 over
the ueldgw1 interface.

[0069] In the example of Figure 5, WTRU1 510 visited and attached to
D-GW2 530 and D-GW3 (not shown) prior to attaching to D-GW1 500.
Accordingly, WTRU1 510 configured locally anchored addresses at D-GW2 530
and D-GW3 (not shown), which are still being used by WTRU1 in active
communications. Although WTRU1 510 i1s no longer directly wirelessly
connected to D-GW2 530 and D-GW3 (not shown), WTRU1 still “sees”
interfaces connecting to D-GW2 530 and D-GW3 (not shown), as if it were
directly wirelessly connected to all three D-GWs. This 1s facilitated by D-
GW1, which configures logical interfaces ueldgw2 and ueldgws3 in its role as
serving D-GW.

[0070] From the perspective of WTRU1 510, logical interfaces ueldgw?2
and ueldgw3 behave in the same way as the logical interfaces configured by
the D-GW2 530 and D-GW3 (not shown) when WTRU1 was attached to them
directly. This means that both the MAC and IPv6 addresses configured on
these logical interfaces remain the same regardless of the physical D-GW
which 1s serving the WTRU. The information required by a serving D-GW to
properly configure these logical interfaces can be obtained from the HSS or by
any other means.

[0071] From an implementation point of view, several operating systems
(OSs) already support the creation of different logical interfaces over the same
physical interface. Each logical interface appears as a regular interface to the
OS, and the OS supports configuring the MAC address exposed by the logical
interface. It 1s actually the destination MAC address that is used by the OS to
decide which logical interface processes an incoming L2 frame.

[0072] In order to enforce use of the locally anchored prefix at the
serving D-GW, router advertisements sent over the logical interfaces

corresponding to the non-serving anchor D-GWs may include a zero prefix
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lifetime parameter. The goal 1s to deprecate prefixes delegated by anchor D-
GWs which are no longer serving the WTRU. Because of the zero prefix
lifetime, on-going communications may continue to use addresses delegated by
non-serving anchor D-GWs, but new communications cannot begin using those
addresses.

[0073] Several examples are presented herein where a WTRU attached
to a mobile network may benefit from network-controlled IP address/anchor
selection support. In these examples, 1t 1s assumed that the WTRU does not
have the intelligence to be able to select and use the right IP address/anchor
solely on 1ts own (this would require an enhanced connection manager, and
also of some mechanisms on the network side to convey the information about
available addresses/anchors — and their associated capabilities — to the
WTRU). An exception 1s the anchor “coloring” solution presented herein,
which presents a solution for the network to convey information useful to the
WTRU to aid it in requesting the right type of IP address to the router it is
attached to.

[0074] FIG. 6 illustrates an example of application-tailored IP address
selection. In the example, a WTRU 600 i1s roaming within one operator’s
domain. Here, the WTRU 600 does not have the capability and/or information
to be able to select the most appropriate IP address, on a per-flow and/or per-
application basis. Because the WTRU 600 does not have the intelligence
required to select and use an appropriate IP address, several problems may
arise 1n the absence of another approach.

[0075] One potential problem 1s that WTRU 600 may become connected
via an IP mobility enabled address for communications that do not require
these capabilities. Examples of such communications include very short
dialogues, such as domain name system (DNS) query and response,
applications that can themselves cope with IP address changes more
efficiently, and so forth. The use of an IP mobility enabled IP address for such
communications may cause unnecessary signaling overhead and additional

traffic in the mobile operator’s core with no added benefit.
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[0076] Another potential problem 1s that WTRU 600 may become
connected using a non-IP mobility enabled address for communications that
require IP address continuity. Voice over Internet Protocol (VoIP))
communications, for example, can require IP address continuity. The use of a
non-IP mobility enabled IP address for such communications may lead to
communication disruptions if the WTRU changes its point of attachment.
[0077] A further potential problem 1s that WTRU 600 may end up
attempting to use an address that is meant for local communications to reach
a peer on the public Internet.

[0078] Still another potential problem 1s that WTRU 600 may keep
using a single IP address (anchored on a node different from its current point
of attachment) even though there might be other IP addresses available for
the WTRU to use that would lead to more optimal paths.

[0079] In the example of Figure 6, it 1s assumed that the WTRU 600 was
mitially attached to D-GW1 610 (this attachment 1s not shown in Figure 6)
and requested to play a certain video which 1s available via a content
distribution network (CDN). Here, the requested video is available at a CDN
cache node 620 which 1s locally connected to D-GW1 610. Based on the nature
of the communication (i.e. video) and the fact that it is likely that the WTRU
600 may move (i.e. no longer be directly wirelessly connected to D-GW1 610)
during the duration of the video, the network may decide to provide the
WTRU 600 with an IP mobility enabled, locally anchored address 660
(PrefNetDMM::/64), to be used by the video application. It is noted that
throughout the specification reference may be made to decisions made or other
actions taken by the network, and it is understood that this may mean that
the decision or action is made by the serving node (e.g. D-GW2 630 in this
case) or another network device in communication with the WTRU, serving
node, or anchoring node as appropriate.

[0080] WTRU 600 later moves and attaches to D-GW2 630 (as shown 1n
Figure 6). The continuity of the video session is maintained by the distributed

mobility management (DMM) mechanism deployed in the network.
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[0081] While attached to D-GW2 630, the user may decide to post some
content to a social network 640 (e.g., Twitter™). Since this traffic 1s short-
lived and can easily cope with an IP address change (e.g. because each posting
1s a different TCP session), the network may decide to provide the WTRU 600
with a non IP mobility enabled address 670 (PrefLocal::/64) to be used by the
social network application.

[0082] Lastly in this example, the user may begin a phone call with a
fixed phone 650 attached to the PSTN. Because this call must be routed via
the mobile operator’s core network, and because it 1s likely that the user will
move during the lifetime of the call, the network may decide to assign the user
a mobility-enabled, centrally anchored IP address 680 (PrefCent::/64) for this
traffic.

[0083] Selecting IP addresses by analyzing application requirements on
the network side in this way may allow “legacy” WTRUs to benefit from
rational IP address choices (also helping improve the overall network
efficiency); and may allow taking network formation/status into consideration
in the decision.

[0084] A WTRU mobility pattern-tailored anchor selection 1s also
possible. In a dense environment, a WTRU may likely change its point of
attachment frequently. If the WTRU 1s using an IP mobility enabled, locally
anchored address (i.e., using a DMM solution), each point of attachment may
be a potential anchor for an IP address. However it might be advantageous
not to assign an IP address on each attachment, but to carefully select which
nodes play the role of anchors. Note that if the WTRU configures a different
IP address on each attachment point (which then plays the role of anchor for
the assigned address), the WTRU may easily end up having many IP
addresses configured. Further, in order to maintain the accessibility of those
IP mobility enabled addresses, the network has to keep an updated tunnel
between the anchor of each TP address and the node to which the WTRU is
currently attached. This not only may add network state, but also may

introduce signaling and handover delays. From the perspective of the node to
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which the WTRU 1is currently attached, network state may refer to the IP
addresses of the anchors of each IP address, as well as the IP prefix or
prefixes to be anchored. From the perspective of the anchors, network state
may refer to an IP address of the node to which the WTRU i1s attached, as well
as the IP prefix or prefixes anchored, for example. Further, in this kind of
dense environment, even if the WTRU 1is not moving quickly, it might be
changing its point of attachment quite often. It may therefore be desirable to
avoid configuring a new IP address on each attachment, which may easily lead
to a significant number of anchors being simultaneously used by the WTRU.
Note that in a non-dense environment, even for a fast-moving WTRU the
number of handovers may be lower. Therefore, it may be more efficient to pre-
select which nodes anchor an IP address. This can be seen as introducing a
kind of hierarchical structure in the network, as out of all the potentially
visited nodes, only a few of them will play the role of anchors. This may save
bandwidth utilization in the network, and may reduce the complexity and
issues arising from frequently changing or adding IP addresses on the
terminal.

[0085] The anchor selection may take into consideration different kinds
of information, such as an expected mobility pattern of the WTRU (based on
previous historic recorded patterns or other information that the network
might have on current WTRU movement), as well as the connectivity
requirements of an application running on the WTRU (i.e., not all the anchors
may have the same load or provide connectivity with the same quality to
peer(s) with which the WTRU 1s communicating).

[0086] Figures 7a and 7b each illustrate an example of a scenario in
which a WTRU 700 is roaming within a dense DMM environment.

[0087] Figure 7a illustrates an example where each previously visited
attachment point becomes an anchor. In this example, the anchor nodes for
WTRU 700 are nodes 710 (D-GW1), 720 (D-GW2), 730 (D-GW3), and 740 (D-
GW4), which were each previously attached to WTRU 700. As shown, WTRU

700 1s currently attached to a serving node, which in this case 1s node 760 (D-



WO 2014/127374 PCT/US2014/016966
-21-

GWS6). Serving node 760 maintains a tunnel connection 715, 725, 735, 745,
with each of the anchor nodes 710, 720, 730, 740 respectively so that WTRU
700 may reach the anchored prefixes from serving node 760.

[0088] As can be seen in Figure 7a, WTRU 700 will become attached to
still further serving nodes if it continues to move through the dense DMM
environment shown, and that it will be necessary for each of these serving
nodes to establish tunnel connections with all of the previous serving nodes in
order for WTRU 700 to reach anchored prefixes from each new serving node.
The complexity and overhead associated with establishing and maintaining
these tunnel connections and anchored prefixes will mount accordingly, and in
a dense DMM environment such as shown in Figure 7a, it may not be efficient
for each serving node to become an anchor for IP addresses assigned to WTRU
700.

[0089] Figure 7b illustrates an example where only one of the nodes in
the group of D-GWs plays the role of anchor. In this example, node 750 (D-
GWS5) 1s selected as the anchor node for WTRU 700 when it is attached to any
of the group of nodes shown, and as a consequence only one tunnel 755 will be
required for each successive serving node. It should be noted that node 750
remains the sole anchor for the group of nodes even if WTRU 700 attaches to
node 750 as a serving node, in which case no tunnel would be required.

[0090] A DNGS-triggered solution for the network to detect a new
application flow and provide the WTRU with a particular IP address, as well
as an address-deprecation based approach and a specific-route based approach
are also possible.

[0091] Figure 8 1s a message sequence chart illustrating example
signaling for address-deprecation based DNS-triggered IP address and anchor
selection.

[0092] In step 800, WTRU 805 attaches to a network via an access
router (which i1s a distributed gateway designated as D-GW1 810 in this
example, although other types of access router may be used in various

implementations). In step 815, D-GW1 810 initially assigns an IP address to
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WTRU 805 following a default policy (which might be specific per user or
generic). In this example, the default policy 1s to assign a locally anchored,
non-IP mobility enabled prefix (Prefl.ocal::/64), and this prefix 1s advertised to
WTRU 805 in message 820.

[0093] In step 825, WTRU 805 may configure an IP address
(PrefLocal::UE1/64) using the prefix received in message 820. WTRU 805 may
set a default route via D-GW1 810.

[0094] In step 830, a user of WTRU 805 starts a new application, which
triggers a session dialogue using the configured prefix. In this case, the first
packet sent 1s a DNS query 835 which 1s sent to DNS server 840 via D-GW1
810. In this example, the DNS query solicits the IP address of a server 895
where app_server.foo.xyz.com 1s hosted. It 1s noted that it is typical for
application dialogues to begin by resolving DNS names.

[0095] The response 845 to query 835 1s intercepted 850 by D-GW1 810
which may analyze either or both of the name and the resolved IP address or
addresses against a database to attempt to i1dentify the type of application
that the user 1s starting, and the associated mobility capability requirements.
It 1s noted that the access router may be co-located with a local DNS resolver
(1.e., D-GW1 810 may be co-located with DNS server 840) but in either case a
DNS response will necessarily traverse the access router, where it may be
intercepted. It 1s noted that in some implementations the DNS query itself
may be intercepted and analyzed rather than the DNS query response.

[0096] This application-type and mobility-capability information,
possibly together with other available information about the WTRU 805 (e.g.,
mobility pattern, speed, and the like), may be used 1n a step 855 to select an
appropriate type of IP address/anchor that should be used for this session. D-
GW1 810 may also, in step 855, then deprecate the local address previously
configured, including sending a message 860 to WTRU 805 (which may
deprecate the local address 1n a step 870), and advertise the new local address
(e.g. IP mobility enabled locally anchored address, mobility-enabled centrally
anchored IP address, and the like), including sending a message 865 to WTRU
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805 (which may configure the new local address in a step 875). In a step 880,
D-GW1 810 may also forward the DNS response 845, so that in a step 885 the
WTRU 805 may then start the application session, using the appropriate IP
address/anchor selected by the network for transmitting and receiving
application traffic 890 to and from application server 895.

[0097] Figure 9 1s another message sequence chart illustrating example
signaling for address-deprecation based DNS-triggered IP address and anchor
selection. The message sequence chart of Figure 9 is similar to Figure 8 and
further illustrates how the network may decide upon, advertise, and configure
appropriate IP addresses for a WTRU 900 that 1s running multiple
applications/services simultaneously.

[0098] In step 902, WTRU 900 attaches to a network via an access
router (which i1s a distributed gateway designated as D-GW1 904 in this
example, although other types of access router may be used in various
implementations). In step 906, D-GW1 904 initially assigns an IP address to
WTRU 900 following a default policy (which might be specific per user or
generic). In this example, the default policy 1s to assign a locally anchored,
non-IP mobility enabled prefix (Prefl.ocal::/64), and this prefix 1s advertised to
WTRU 900 in message 908. In step 910, WTRU 900 may configure an IP
address (PreflLocal::UE1/64) using the prefix received in message 908.

[0099] In step 912, a user of WTRU 900 starts a new application, which
triggers a session dialogue using the configured prefix. In this example, the
first packet sent may be a DNS query 914 which is sent to DNS server 916. In
this example, the DNS query solicits the IP address of a server 935 where
app_server.foo.xyz.com 1s hosted. The response 918 to this query may be
intercepted 920 by D-GW1 904, which may analyze either or both of the name
and the resolved IP address or addresses against a database to attempt to
1dentify the type of application that the user is starting, and the associated
mobility capability requirements. It is noted that the access router may be co-
located with a local DNS resolver (i.e., D-GW1 904 may be co-located with

DNS server 916, for example) but in either case a DNS response will
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necessarily traverse the access router, where it may be intercepted. It 1s
noted that in some implementations the DNS query itself may be intercepted
and analyzed rather than the DNS query response.

[00100] This application-type and mobility-capability information,
possibly together with other available information about the WTRU 900 (e.g.,
mobility pattern, speed, and the like) may be used 1n a step 922 to select an
appropriate type of IP address/anchor that should be used for this session. D-
GW1 904 may also in step 922 then deprecate the local address previously
configured, including sending a message 924 to WTRU 900 (which may
deprecate the local address 1n a step 926), and advertise the new local address
(PrefA::/64), including sending a message 928 to WTRU 900 (which may
configure the address in a step 930). In a step 932, D-GW1 904 may also
forward the DNS response 917, so that in a step 934, the WTRU 900 may then
start the application session (APP A), using an appropriate IP address/anchor
selected by the network for transmitting application traffic 936 to and from
application server 935.

[00101] Once the WTRU 900 has started the application flow, D-GW1 904
may 1n a step 938 deprecate the previously assigned address and announce
again the locally anchored prefix, which i1s advertised as a default following
the default policy discussed above. Alternatively, D-GW1 904 may in step 940
wait for the WTRU 900 to start a new application and then deprecate the
previously assigned address and announce again the locally anchored prefix
specified by the default policy discussed above. In either case 938, 940, the D-
GW1 904 may at the appropriate time transmit a deprecation message 942 to
WTRU 900 (which may deprecate the local address in a step 944) and
transmit an advertisement message 946 to WTRU 900 (which may configure
the new local address 1n a step 948). It is noted that even if PrefA::/64 1s
deprecated, the WTRU 900 may continue using it for traffic 976 during the
lifetime of the application APP A session 974.

[00102] If in a step 950 the WTRU 900 starts a new application (APP B),
the same process may be repeated. In this case, D-GW1 904 may in a step 956
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intercept a response 954 to DNS query 952 (for app_server.foo.uvw.com) which
1s sent to DNS server 916. In a step 958, D-GW1 904 may then analyze the
response 954 from DNS server 916, and select an appropriate type of IP
address to be used by the WTRU 900 for APP B.

[00103] D-GW1 904 may then advertise a prefix of this type (in this
example, PrefB::/64) including sending a message 964 to WTRU 900 (which
may configure a new IP address configured from that prefix at step 966). D-
GW1 904 may also deprecate the local address that was previously configured,
and send an appropriate message 960 to WTRU (which may deprecate the
local address 1n a step 962).

[00104] In a step 968 the D-GW1 904 may forward DNS response 954 to
WTRU 900. In a step 970, WTRU 900 may begin using the newly configured
IP address for APP B communication flow 972. Once the WTRU 900 has
started using the newly configured address, D-GW1 904 may deprecate
PrefB::/64 and announce the locally anchored prefix.

[00105] Figure 10 1s a message sequence chart illustrating an example of
a more specific route based DNS-triggered IP address/anchor selection
approach which 1s similar to the address deprecation approaches described
with respect to Figures 8 and 9, but rather than the network deprecating
addresses to force the WTRU to use a particular address, this goal is achieved
instead by advertising more specific routes. Figure 10 illustrates an example
message sequence covering a case involving multiple applications.

[00106] In step 1004, WTRU 1000 may attach to a network via an access
router (which is a distributed gateway designated as D-GW1 1002 in this
example, although other types of access router may be used in various
implementations). In step 1006, WTRU 1000 1s initially assigned an IP
address by D-GW1 1002 following a default policy (which might be specific per
user or generic). In this example, the default policy is to assign a locally
anchored, non-IP mobility enabled prefix (Preflocal::/64), and this prefix 1s
advertised to WTRU 1000 in message 1008. In step 1010, WTRU 1000 may
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configure an IP address (PrefLocal::UE1/64) using the prefix received in
message 1008.

[00107] In step 1012, a user of WTRU 1000 may start a new application
(APP A), which triggers a session dialog using the configured prefix. The first
packet sent may be a DNS query 1014 which 1s sent to DNS server 1016. In
this example, the DNS query 1014 solicits the IP address of a server 1018
where app_server.foo.xyz.com 1s hosted. @ The response 1020 may be
intercepted 1022 by D-GW1 1002, which may analyze either or both of the
name and the resolved IP address or addresses against a database to attempt
to 1dentify the type of application that is being started on WTRU 1000, and its
associated mobility capability requirements. It is noted that the access router
may be co-located with a local DNS resolver (i.e., D-GW1 1002 may be co-
located with DNS server 1016 for example) but in either case a DNS response
may be intercepted. It is noted that in some implementations the DNS query
itself may be intercepted and analyzed rather than the DNS query response.
[00108] This application-type and mobility-capability information,
possibly together with other available information about the WTRU 1000 (e.g.,
mobility pattern, speed, and the like) may be used in a step 1024 to select the
most appropriate type of IP address/anchor that may be used for this session.
D-GW1 1002 may then transmit a message 1026 advertising a new prefix
(PrefA::/64) and which may also include a more specific route, for example by
using a Route Information Option (RIO). The WTRU 1000 may then in a step
1028 configure the new prefix and specific route for server 1018. D-GW1 1002
may also in a step 1030 forward the DNS response 1020. The WTRU 1000
may then in step 1032 use the IP address/anchor selected by the network to
send and receive information 1034 between WTRU 1000 and server 1018 in
the application session for APP A.

[00109] If in step 1036 the WTRU 1000 starts a new application (APP B),
the same process may be repeated. In this case, D-GW1 1002 may in a step
1038 1intercept a response 1040 to a DNS query 1042 (for
app_server.foo.uvw.com) which 1s sent to DNS server 1016. In a step 1044, D-
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GW1 1002 may then analyze the response 1040 from DNS server 1016, and
select an appropriate type of IP address to be used by the WTRU 1000 for APP
B.

[00110] D-GW1 may then send a message 1046 to WTRU 1000
advertising a prefix of this type (in this example, PrefB::/64) which may also
include a more specific route (e.g. using RIO) for the IP address of a server
1048 where app_server.foo.uvw.com 1s hosted. The WTRU 1000 may then in
step 1050 configure the new prefix and specific route for server 1048. D-GW1
1002 may also in a step 1052 forward the DNS response 1040. The WTRU
1000 may then in step 1054 use the IP address configured from the new prefix
for the APP B communication flow 1056.

[00111] It 1s noted that WTRU 1000 may continue using the IP address
configured for APP A during the lifetime of the application APP A session
1058, 1060. It 1s also noted that in some implementations the use of the
distributed logical interface (DLIF) concept may be required. This 1s because
the present default address selection mechanism specifies that a node should
prefer addresses 1n a prefix advertised by the next-hop. Therefore, in this case
if more specific routes are used, the route announced (i.e., the next-hop that
would be stored on the routing table of the WTRU) should be different for each
announced prefix. It is also noted that both the address deprecation and more
specific route approaches may also be used together.

[00112] Figure 11 i1s a message sequence chart illustrating an example of
a DNGS-triggered and controlled approach for the network to detect a new
application flow and provide the WTRU with an IP address of a particular
type. In this case, the network conveys a preference for a particular IP
address 1in a modified DNS response. A new type of DNS register may be
required for this approach.

[00113] In a step 1102, WTRU 1100 attaches to the network via an access
router (which is a distributed gateway designated as D-GW1 1004 in this
example, although other types of access router may be used in various

implementations). In a step 1106, WIRU 1100 1is initially assigned an IP
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address following a default policy (which might be specific per user or generic).
In this example, the default policy is to assign a locally anchored, non-IP
mobility enabled prefix (PreflLocal::/64), and this prefix is advertised to WTRU
1100 in message 1108. In step 1110, the WTRU 1100 may configure an IP
address (PreflLocal::UE1/64) using the prefix received in message 1108.

[00114] In step 1112, a user of WTRU 1100 starts a new application (APP
A) which triggers a session dialogue using the configured prefix. The first
packet sent may be a DNS query 1114 which 1s sent to DNS server 1116. In
this example, the DNS query 1114 solicits the IP address of a server 1118
where app_server.foo.xyz.com 1s hosted. The response 1120 to query 1114 may
be intercepted 1122 by D-GW1 1104, which may analyze either or both of the
name and the resolved IP address or addresses against a database to attempt
to 1dentify the type of application that the user i1s starting, and the associated
mobility capability requirements.

[00115] It 1s noted that the access router may be co-located with a local
DNS resolver (i.e., D-GW1 1104 may be co-located with DNS server 1116 for
example) but in either case a DNS response may be intercepted.

[00116] This application-type and mobility-capability information,
possibly together with other available information about the WTRU (e.g.,
mobility pattern, speed, and the like) may be used in a step 1124 to select the
most appropriate type of IP address/anchor that should be used for this
session.

[00117] If D-GW1 1104 has not already advertised an address of the
selected type, D-GW1 1104 may then transmit a message 1126 advertising a
new prefix (PrefA::/64) of the selected type. In a step 1128 WTRU 1100 may
configure an IP address based on this prefix.

[00118] In step 1130, D-GW1 1104 may also modify the DNS response
1120 which was previously intercepted. The modification may include adding
a preferred source address register to the DNS response. The modified DNS
response 1132 may then be forwarded to the WTRU 1100. The WTRU may

then 1n step 1134 use the selected IP address/anchor to send and receive
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information 1136 between WTRU 1100 and server 1118 in the application
session for APP A.

[00119] If in step 1138 the WTRU 1100 starts a new application (APP B),
the same process may be repeated. D-GW1 1104 may intercept 1142 a
response 1144 to a DNS query 1140 (for app_server.foo.uvw.com) sent by
WTRU 1100 to DNS server 1116. In step 1146, D-GW1 1104 analyzes the
DNS response 1144, which may include analyzing either or both of the name
and the resolved IP address or addresses against a database to attempt to
1dentify the type of application that the user is starting, and the associated
mobility capability requirements.

[00120] This application-type and mobility-capability information,
possibly together with other available information about WTRU 1100 (e.g.,
mobility pattern, speed, and the like) may be used to select the most
appropriate type of IP address to be used by WTRU 1100 for APP B.

[00121] If D-GW1 1104 has not already advertised an address of the
selected type, D-GW1 1104 may then transmit a message 1148 advertising a
new prefix (PrefB::/64), of the selected type. In step 1150, WTRU 1100 may
configure an IP address based on the prefix.

[00122] In step 1152 D-GW1 1104 may also modify the DNS response
1144 which was previously intercepted, which may include adding a preferred
source address register to the DNS response. The modified DNS response
1154 may then be forwarded to the WITRU 1100. WTRU1 may then in step
1156 use the selected IP address to send and receive information 1158
between WTRU 1100 and server 1160 in the application session for APP B.
[00123] It 1s noted that WTRU 1100 may continue using the IP address
configured for APP A during the lifetime of the application APP A session
1162, 1164. It is also noted that the approach described with respect to figure
11 may require changes to the WTRU 1100, to enable it to receive and process
a new type of DNS register and configure IP forwarding based on the content

of the DNS response.
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[00124] Figure 12 is a message sequence chart illustrating an example of
an Access Point Name (APN)-based anchor selection mechanism. In this
approach, the network may decide the type of anchor and IP address based on
an APN provided by the WTRU.

[00125] In step 1202, WTRU 1200 may attach to a network via an access
router (which is a distributed gateway designated as D-GW1 1204 in this
example, although other types of access router may be used in various
implementations). In step 1206, WTRU 1200 may start an application (APP
A) which requires the use of a particular APN (n this example
APN=localMobility). This APN implies that a locally anchored IP mobility
enabled address should be provided to the WTRU 1200.

[00126] The network (1.e. D-GW1 1204 or another part of the network)
may be informed that this APN has certain requirements through several
different means. For example, the APN requirements may be explicit (e.g. the
WTRU 1200 knows the requirements of the application and explicitly requests
an APN that provides that type of address) or may be inferred by the network
(e.g., the APN implies a service from which the address & anchor mobility
capability requirements can be derived).

[00127] WTRU 1200 may interact with a multimedia management entity
(MME) 1208 to complete L3 attachment and a packet data network (PDN)
connectivity request 1210, and receive a prefix advertisement 1212
(PrefDMM::UE1/64) from D-GW1 1204. In a step 1214 the WTRU 1200 may
then configure the provided address (PrefDMM::UE1/64). WTRU 1200 may
use this address for the new application session APP A 1220, to transmit and
recelve communications 1216 with server 1218 (app_server.foo.xyz.com, which
hosts the running application for APP A).

[00128] If the user later starts 1222 another application (APP B) on
WTRU 1200, the same process may be repeated. In this example, for APP B
the selected APN=centralMobility, which implies that the WTRU 1200 1is
requesting a centrally anchored IP mobility enabled address

(PrefCentral::UE1/64).
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[00129] WTRU 1200 may interact with MME 1208 to complete a PDN
connectivity request in step 1224 relating to the request for a centrally
anchored TP mobility enabled address. D-GW1 1204 then signals in step 1226
the requirement for a centrally anchored prefix to P-GW 1228. P-GW 1228
subsequently provides in step 1230 a centrally anchored prefix which it
communicates in a message 1232 to D-GW1 1204. A tunnel 1234 is then
established in step 1236 between D-GW1 1204 and P-GW 1228 (e.g., PMIPv6 /
GTP) in order to maintain the central anchoring at P-GW 1228 for the
centrally anchored prefix. WTRU 1200 may then complete in step 1238 L3
configuration of the centrally anchored prefix with D-GW1 1204, and in step
1240 may configure an IP address using this prefix.

[00130] Thereafter, WTRU 1200 may use the centrally anchored IP
mobility enabled IP address to transmit and receive communications 1242
with server 1244 (app_server.foo.uvw.com, which hosts the running
application APP B) via tunnel 1234 and P-GW 1228.

[00131] An anchor “coloring” solution may also be employed to assist the
WTRU to discover the IP connectivity capabilities of available anchors.
Coloring in this sense may refer to information regarding the capabilities of a
particular anchor. For example, a router may advertise its capability to
provide both a local mobility enabled address and a centrally anchored
mobility enabled address in a router advertisement message. A router might
have very different capabilities in terms of IP address anchoring, including
but not limited to: providing IP local connectivity, using locally anchored
addresses (i.e., optimal routing path) with no mobility support; providing IP
global connectivity using locally anchored addresses (i.e., optimal routing
path) with no mobility support; providing IP global connectivity, using locally
anchored addresses (i.e., optimal routing path, at least while connected to this
router) with IP mobility support (i.e. DMM case) where additional information
may be provided to indicate whether the node supports client or network-
based DMM operation; or, providing IP global connectivity, using centrally

anchored addresses with IP mobility support (1.e. PMIP/GTP case).
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[00132] Figure 13 1s a message sequence chart illustrating operations for
an example where a network-based mobility solution which includes anchor
coloring 1s used.

[00133] In step 1302, the WTRU 1300 may attach to D-GW1 1304. D-
GW1 1304 may advertise 1306 its IP capabilities and may also advertise the
IP capabilities of neighboring anchors, in this case, of D-GW2 1308. Upon
attachment to D-GW1 1304, WTRU 1300 may receive a router advertisement
message 1310 which may convey the IP connectivity/addressing capabilities of
D-GW1 1304 and D-GW2 1308. It 1s noted that the advertisement of
capabilities could also or instead be done using L2 signaling.

[00134] In this case, D-GW1 1304 1s a router capable of anchoring a local
address with no IP mobility support, and a local address with IP mobility
support. D-GW1 1304 also may signal the capabilities of a neighboring router,
D-GW2 1308, which 1s capable of anchoring a local address with IP mobility
support and also a centralized address with IP mobility support. Note that
while D-GW1 1304 advertises neighbor capabilities in this example, other
1implementations are possible where D-GW1 1304 does not advertise neighbor
capabilities. These capabilities may be conveyed in a new option within a
router advertisement message which does not need to include any prefix
information option.

[00135] Based on the its knowledge of application requirements and its
own capabilities, the WTRU 1300 may in step 1312 select a type of address
and 1in a step 1314 request it from D-GW1 1304. In the example shown in
Figure 13, this request may be made by sending a router solicitation message
1316 including a new option which specifies which type of address is
requested. This option might include a list of types, ordered by preference, for
example for cases in which the WTRU 1300 does not know in advance the
capabilities of the router, or where the router runs out of addresses for the
most preferred requested type. It is noted that in some implementations, a
WTRU may transmit a request which specifies a type which type of address 1s

requested without having received any communication regarding the IP
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mobility or anchoring capabilities of the gateway or gateways (e.g. in this
example, WTRU 1300 may transmit message 1316 without first having
received router advertisement message 1310.) In this example, the WTRU
1300 1s requesting a locally anchored address with IP mobility support (i.e.
DMM). In step 1318, D-GW1 1304 assigns PrefDMM::/64 to the WTRU 1300
and performs required configuration steps, and advertises this prefix to
WTRU 1300 in a router advertisement 1320. After receiving advertisement
1320, WTRU 1300 may configure an IP address using this prefix in step 1322.
It 1s noted that the IP address configuration steps after discovering the
capabilities of D-GW1 1304 and D-GW2 1308 could also be performed using
the Dynamic Host Configuration protocol (DHCP) or a technology specific
protocol.

[00136] If the WTRU 1300 subsequently attaches to a different router
because of mobility reasons, or simply because it needs a different kind of
address which cannot be provided by the router it 1s attached to, but there 1s
another anchor reachable that can, then the same signaling procedures may
be performed. For example, in step 1324 the WTRU 1300 needs to access a
service provided by the mobile operator’s core and in order to do that it may
require a centrally anchored address. Since WTRU 1300 has been informed
that D-GW2 1308 can provide an address with this capability and that it 1s
reachable, the WTRU 1300 may decide to attach to D-GW2 1308.

[00137] After the attachment 1326 of WTRU 1300 to D-GW2 1308 1s
complete, D-GW2 1308 may provide for continued accessibility of the
previously assigned address PrefDMM::UE1/64 that was configured in step
1322 by performing DMM procedures, including signaling 1328 and
establishing a tunnel 1330 between D-GW1 1304 and D-GW2 1308

[00138] D-GW2 1308 may advertise 1332 1ts IP capabilities and may also
advertise the IP capabilities of neighboring anchors, in this case, of D-GW1
1304. WTRU 1300 may receive a router advertisement message 1334 from D-
GW2 1308 which may convey the IP connectivity/addressing capabilities of D-
GW2 1308 and D-GW1 1304. In this case, D-GW2 1308 1s a router capable of
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anchoring a centralized address with mobility support, and in a step 1336
WTRU 1300 transmits an appropriate router solicitation message 1338 to D-
GW2 1308 requesting a centrally anchored mobility enabled IP address. It is
noted that WTRU 1300 may transmit the router solicitation 1338 without
waiting for the router advertisement 1334 if i1t has already been apprised of
the capabilities of D-GW2 1308, as for example in router advertisement 1310.
[00139] In response to router solicitation 1338, D-GW2 may provide for
the accessibility of the central anchor at P-GW 1340 by performing
appropriate signaling 1342 (in this example including PMIP/GTP signaling)
and establishing a tunnel 1344 between D-GW2 1308 and P-GW 1340 in order
to maintain the anchoring for a centrally anchored prefix. In step 1346, D-
GW2 1308 also assigns an IP prefix matching the requested capabilities (i.e.
centrally anchored, IP mobility enabled) and advertises the prefix to WTRU
1300 in a router advertisement 1348. WTRU 1300 may then in step 1350
configure an IP address using this prefix.

[00140] While WTRU 1300 1s attached to D-GW2 1308, traffic using
PrefDMM::UE1/64 (i.e. the locally anchored IP mobility enabled address)
appears to be transmitted as traffic 1352 between WTRU 1300 and D-GW1
1304 (where this address 1s anchored). However, this traffic in fact travels as
traffic 1354 between WTRU 1300 and D-GW2 1308, which forwards the traffic
to D-GW1 1304 wvia tunnel 1330 (and vice-versa). Traffic using
PrefCentral::UE1/64 travels as traffic 1356 to D-GW2 1308, the currently
connected (serving) GW in this case, which forwards the traffic to the central
anchor P-GW 1340 via tunnel 1344.

[00141] The example depicted in Figure 13 illustrates a case in which the
WTRU 1300 selects as anchor a node to which it i1s directly attached (i.e.
WTRU 1300 changed its point of attachment to obtain an IP address of a type
which was not available at its original point of attachment). However it 1s also
possible to select a node other than the router to which WTRU 1s directly

attached as an anchor. Figure 14 illustrates an example of this case.



WO 2014/127374 PCT/US2014/016966
-35-

[00142] In step 1402, WTRU 1400 attaches to D-GW1 1404. D-GW1 1404
may advertise 1406 its IP capabilities and may also advertise the IP
capabilities of neighboring anchors, in this case, of D-GW2 1408. TUpon
attachment to D-GW1 1404, WTRU 1400 may receive a router advertisement
message 1410 which may convey the IP connectivity/addressing capabilities of
D-GW1 1404 and D-GW2 1408. It 1s noted that the advertisement of
capabilities could also, or instead, be done using L2 signaling.

[00143] Here, D-GW1 1404 1s a router capable of anchoring a local
address with no IP mobility support, and a local address with IP mobility
support. D-GW1 1404 also may signal the capabilities of a neighboring router,
D-GW2 1408, which 1s capable of anchoring a local address with IP mobility
support and also a centralized address with IP mobility support.

[00144] Based on 1ts knowledge of application requirements and its own
capabilities, the WTRU 1400 may in step 1412 decide that it requires a locally
anchored IP-mobility enabled address. In a step 1414, WTRU 1400 may
decide to use D-GW2 1408 as an anchor for the locally anchored IP-mobility
enabled address, based at least in part on the information it received in router
advertisement 1410. WTRU 1400 may request a locally anchored IP-mobility
enabled address that 1s anchored at D-GW2 1408 by sending a router
solicitation message 1416 to D-GW1 1404, where this message includes
information regarding the selection of D-GW2 1408 as the anchor, in addition
to specifying the required mobility requirements.

[00145] Upon receiving message 1416, D-GW1 1400 may perform
signaling 1418 to obtain an IP prefix 1422 of the requested type
(PrefDMM::/64 1n this case) from D-GW2 and to establish a tunnel 1420 and
state needed to enable the accessibility of that address by WTRU 1400 from D-
GW2 1408 via D-GW1 1404. D-GW1 may then advertise the obtained prefix
(PrefDMM::/64) in a router advertisement 1424, and the WTRU 1400 may
configure and use an address from the prefix (PrefDMM::UE1/64) in step
1426.
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[00146] If in step 1428 the WTRU 1400 later requires a locally anchored
(1.e. anchored at D-GW1 1404) address, for example to access to services
locally available at a network directly connected to D-GW1 1404, WTRU 1400
may request this type of address by sending a new router solicitation message
1430. D-GW1 may then assign a locally anchored prefix (PrefLocal::/64) to the
WTRU 1400 in a router advertisement 1432. WTRU 1400 may then in step
1434 configure an IP address using the prefix (PrefLocal::UE1/64) and begin
to use 1t for communications. Thereafter, traffic 1438 on PrefLocal::UE1/64
may remain anchored at D-GW1 1404, and traffic 1436 on PrefDMM::UE1/64
may remain anchored at D-GW2 1408 and be forwarded to D-GW2 1408 from
D-GW1 1404 via tunnel 1420.

[00147] If a client-based mobility solution 1s in place, a WTRU may use
the anchor coloring information to also decide which node should manage the
mobility of a certain flow, 1.e., either the network or the terminal itself. For
example, if the WTRU 1s attached to a node that is able to play the role of
anchor of an IP mobility enabled address, the network may be capable of
providing mobility support to that IP address. However, a client-mobility
capable WTRU could also decide to use a non-IP mobility enabled address
(thus obviating the signaling and network state associated with providing
network-based mobility support) and manage its mobility using another node
as an anchor (e.g., a home agent at the home network of the WITRU, or locally
available node discovered by the WTRU, which 1s capable of anchoring a
session). It should be noted that it is likely that a client-mobility enabled
WTRU could attach to a network capable of providing network-based mobility
support, and in this case, it would be beneficial if the WTRU could decide
which entity manages its mobility (on an address basis).

[00148] Figure 15 1s a message sequence chart illustrating an example in
which a client-mobility capable WTRU elects to manage its own mobility, by
requesting a locally anchored, non-IP mobility enabled address to D-GW1 and
using it as a care-of address (CoA) with a home agent (HA).
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[00149] In step 1502, the WTRU 1500 may attach to D-GW1 1504. D-
GW1 1504 may advertise 1506 its IP capabilities and may also advertise the
IP capabilities of neighboring anchors, in this case, of D-GW2 1508. Upon
attachment to D-GW1 1504, WTRU 1500 may receive a router advertisement
message 1510 which may convey the IP connectivity/addressing capabilities of
D-GW1 1504 and D-GW2 1508.

[00150] In this case, D-GW1 1504 1s a router capable of anchoring a local
address with no IP mobility support, and a local address with IP mobility
support. D-GW1 1504 also may signal the capabilities of a neighboring router,
D-GW2 1508, which 1s capable of anchoring a local address with IP mobility
support, and a centrally anchored address with IP mobility support. Note that
while D-GW1 1304 advertises neighbor capabilities in this example, other
1implementations are possible where D-GW1 1504 does not advertise neighbor
capabilities.

[00151] In step 1512, WTRU 1500 may decide which type of IP address it
requires. In this example WTRU 1500 is client-mobility capable, and in step
1514, WTRU 1500 decides to manage its mobility requirements on its own. To
this effect, WTRU 1500 transmits a router solicitation message 1516 to D-
GW1 1504 requesting a locally anchored, non-IP mobility enabled IP prefix.
[00152] In step 1518, D-GW1 1504 then assigns an IP prefix matching
the requested capabilities and performs the appropriate configuration steps
which may include signaling and routing. D-GW1 1504 then transmits a
router advertisement message 1520 to WTRU 1500, which may configure an
IP address (PrefLocal::UE1/64) using this prefix in step 1522.

[00153] In step 1524, WTRU 1500 establishes the IP address
(PrefLocal::UE1/64) as its CoA with a HA (in this example, the HA 1s a P-GW
1530), which may include appropriate signaling 1526 (e.g. DSMIPv6 signaling
BU/BA) and establishing a tunnel 1528 with the HA. It is noted that the HA
may have been pre-provisioned by or configured via bootstrapping
mechanisms. Pre-provisioning may be done for example by assigning in

advance an IP address to the WTRU 1500, for example, by hardcoding,
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configuration using dynamic or static policies and the like, or by storing the IP
address locally (e.g. on a SIM car). Bootstrapping in this case may be done for
example by using the DSMIP tunnel establishment to obtain an HoA from P-
GW or by requesting an HoA from P-GW (e.g. by sending a DHCP request to
P-GW.

[00154] Figure 16 1s a message sequence chart illustrating an example in
which the anchor to be used by the client-mobility capable WTRU is a
neighboring node (rather than a centralized P-GW as in the example of Figure
15).

[00155] In step 1602, the WTRU 1600 may attach to D-GW1 1604. D-
GW1 1604 may advertise 1606 its IP capabilities and may also advertise the
IP capabilities of neighboring anchors, in this case, of D-GW2 1608. Upon
attachment to D-GW1 1604, WTRU 1600 may receive a router advertisement
message 1610 which may convey the IP connectivity/addressing capabilities of
D-GW1 1604 and D-GW2 1608.

[00156] In this case, D-GW1 1604 1s a router capable of anchoring a local
address with no IP mobility support and a local address with IP mobility
support. D-GW1 1604 also may signal the capabilities of a neighboring router,
D-GW2 1608, which 1s capable of anchoring a local address with IP mobility
support and a centrally anchored address with IP mobility support. In this
way, WTRU 1600 may learn that a node other than the one to which it 1s
attached (1.e. D-GW2 1608 in this example) can be used as an anchor for a
client-based mobility approach.

[00157] In step 1612, WTRU 1600 may decide which type of IP address it
requires. In this example WTRU 1600 1is client-mobility capable, and in step
1614, WTRU 1600 decides to manage its mobility requirements on its own. To
this effect, WTRU 1600 may transmit a router solicitation message 1616 to D-
GW1 1604 requesting a locally anchored, non-IP mobility enabled IP prefix (to
be used in establishing an IP address for use as a CoA).

[00158] In step 1618, D-GW1 1604 then assigns an IP prefix matching

the requested capabilities and performs the appropriate configuration steps
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which may include signaling and routing. D-GW1 1604 then transmits a
router advertisement message 1620 to WTRU 1600, which may configure an
IP address (PrefLocal::UE1/64) using this prefix in step 1622.

[00159] In step 1624, WTRU 1600 obtains an IP mobility enabled address
anchored at D-GW2 1608 to be used as a HA. WTRU 1600 may obtain the
address anchored at D-GW2 1608 by bootstrapping 1626 or otherwise, and
may proceed with appropriate signaling 1628 for binding to D-GW2 and
establishing a tunnel between WTRU 1600 and D-GW2 1608. In some
implementations, WTRU 1600 may instead obtain the address anchored at D-
GW2 during establishment of the tunnel 1630. WTRU 1600 may then use
PrefLocal::UE1/64, previously configured in step 1622, as a CoA.

[00160] Figure 17 1s a message sequence chart illustrating example
signaling for network-controlled anchor selection in a dense environment. This
example assumes a very dense environment and a mobile WTRU 1700 which
may attach to many different access routers (D-GWs in this example). In this
case, it may be beneficial for the WTRU 1700 not to configure a different local
IP address for each visited D-GW, but rather for only some access routers to
anchor sessions. Note that this approach may be used in combination with the
previous solutions for deciding which kind of IP address should be provided.
[00161] In step 1702, WTRU 1700 attaches to the network at an access
router, which in this example 1s a distributed gateway designated as D-GW1
1704. In step 1706, D-GW1 1704 may conduct an analysis of whether it
should provide a locally anchored IP address to WTRU 1700, or if another
access router should provide an anchor. This analysis may be based, for
example, on an expected mobility pattern of WITRU 1700 and/or application
requirements, and may include contacting a different network entity which
may have the required information and/or intelligence for this purpose (not
shown). The result of this analysis may determine that another router, for
example D-GW5 1790, should be selected as anchor.

[00162] In this case, D-GW1 1704 may exchange the required signaling
1708 with D-GW5 1790 to obtain a prefix 1710 (PrefA::/64), and may announce
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the prefix 1710 1n a router advertisement 1712 to WTRU 1700. A tunnel
1714 may also be established between D-GW1 1704 and D-GW5 1790.
Because the WTRU 1700 1s expected to move in this example, pre-provision
signaling 1716 may also be exchanged with other routers, D-GW2 1792, D-
GW3 1794 D-GW4 1796 and D-GW6 1798, which may potentially be visited by
WTRU 1700, to prepare these routers for possible attachment. In a step 1718
WTRU 1700 may configure an IP address PrefA::UE1/64 based on the prefix
received in router advertisement 1712, and may use 1t for its communications.
Traffic 1720 on PrefA::UE1/64 may be encapsulated between D-GW1 1704 and
D-GW5 1790 via tunnel 1714.

[00163] If the WTRU 1700 changes its point of attachment from D-GW1
1704, the tunnel 1714 may need to be updated. For example, in step 1722
WTRU 1700 may decide to switch its point of attachment to D-GW2 1792. In
step 1724, attachment to D-GW2 1792 1s complete, and D-GW2 exchanges
appropriate signaling 1726 with D-GW5 to obtain a prefix 1728 (PrefA::/64)
already allocated to WTRU 1700, and may announce the prefix 1728 in a
router advertisement 1730 to WTRU 1700. A tunnel 1732 may also be
established between D-GW2 1792 and D-GW5 1790 to provide for traffic 1734
to be forwarded, thus replacing the tunnel 1714 between D-GW1 1704 and D-
GW5 1790. It 1s noted that in this example, the required network state was
pre-provisioned (not shown).

[00164] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature
or element can be used alone or in any combination with the other features
and elements. In addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of
computer-readable media include electronic signals (transmitted over wired or
wireless connections) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited to, a read only

memory (ROM), a random access memory (RAM), a register, cache memory,
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semiconductor memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in association
with software may be used to implement a radio frequency transceiver for use
in a WTRU, WTRU, terminal, base station, RNC, or any host computer.
[00165] Embodiments
[00166] 1. A method for use 1n a wireless transmit/receive unit (WTRU),
the method comprising:

establishing a link with a network access device;

transmitting a capability requirement to the network access device;

and,

receiving an IP address selected from a plurality of available IP

addresses based upon the capability requirement;

wherein the capability requirement comprises an IP mobility

management capability or an anchoring capability.
[00167] 2. The method of embodiment 1, wherein the capability
requirement indicates a desired capability of the network access device or a
second network access device in communication with the network access
device.
[00168] 3. The method of any one of embodiments 1 or 2, wherein the
WTRU transmits the capability requirement to the network access device
after receiving a communication from the network access device, the
communication comprising information regarding a capability of the network
access device or a second network access device in communication with the
network access device.
[00169] 4. The method of any one of embodiments 1 — 3, wherein the
WTRU determines the capability requirement based upon the communication.
[00170] 5. The method of any one of embodiments 1 — 4, wherein the

communication comprises a router advertisement.
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[00171] 6. The method of any one of embodiments 1 — 5, wherein the
communication comprises a dynamic host configuration protocol (DHCP)
communication.
[00172] 7. The method of any one of embodiments 1 — 6, wherein the
WTRU transmits a router solicitation which comprises the capability
requirement to the network access device.
[00173] 8. The method of any one of embodiments 1 — 7, wherein the
WTRU transmits a plurality of different capability requirements ranked by
preference to the network access device.
[00174] 9. The method of any one of embodiments 1 — 8, wherein the
WTRU transmits the capability requirement to the network access device
prior to receiving any communication regarding an IP mobility management
capability or anchoring capability of the network access device or a second
network access device in communication with the network access device.
[00175] 10. The method of any one of embodiments 1 — 9, wherein the
WTRU requests an IP address from the network access device or from a
second network access device in communication with the network access
device based on the capability requirement.
[00176] 11. A method for use in a wireless gateway, the method
comprising:
establishing a link with a wireless transmit/receive unit (WTRU);
receiving, from the WTRU, a capability requirement; and,
transmitting an IP address to the WTRU selected from a plurality of
available IP addresses based upon the capability requirement;
wherein the capability requirement comprises an IP mobility
management capability or an anchoring capability.
[00177] 12. The method of embodiment 11, wherein the capability
requirement indicates a desired capability of the wireless gateway or a second
wireless gateway in communication with the wireless gateway.
[00178] 13. The method of any one of embodiments 11 or 12, wherein the

wireless gateway receives the capability requirement from the WTRU after
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transmitting a communication to the WTRU, the communication comprising
information regarding a capability of the wireless gateway or a second
wireless gateway in communication with the wireless gateway.
[00179] 14. The method of any one of embodiments 11 — 13, wherein the
WTRU determines the capability requirement based upon the communication.
[00180] 15. The method of any one of embodiments 11 — 14, wherein the
communication comprises a router advertisement.
[00181] 16. The method of any one of embodiments 11 — 15, wherein the
communication comprises a dynamic host configuration protocol (DHCP)
communication.
[00182] 17. The method of any one of embodiments 11 — 16, wherein the
wireless gateway receives a router solicitation which comprises the capability
requirement from the WTRU.
[00183] 18. The method of any one of embodiments 11 — 17, wherein the
wireless gateway receives a plurality of different capability requirements
ranked by preference from the WTRU.
[00184] 19. The method of any one of embodiments 11 — 18, wherein the
wireless gateway receives the capability requirement from the WTRU prior to
transmitting any communication regarding an IP mobility management
capability or anchoring capability of the wireless gateway or a second wireless
gateway in communication with the network access device.
[00185] 20. The method of any one of embodiments 11 — 19, wherein the
wireless gateway or a second wireless gateway in communication with the
wireless gateway receives a request from the WTRU for an IP address based
on the capability requirement.
[00186] 21. A method for use in a wireless gateway, the method
comprising:
establishing a link with a wireless transmit/receive unit (WTRU);
receiving information related to a requirement of the WTRU;,
selecting an IP address from a plurality of available IP addresses

based on the information; and
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advertising the selected IP address to the WTRU.
[00187] 22. The method of embodiment 21, wherein the information
comprises a response to a domain name system (DNS) query from the WTRU.
[00188] 23. The method of embodiment 21 or 22, further comprising
intercepting and analyzing the response to a DNS query, wherein the IP
address 1s selected based at least partly on the analysis.
[00189] 24. The method of any one of embodiments 21 — 23, wherein the
information 1s associated with a mobility pattern of the WTRU.
[00190] 25. The method of any one of embodiments 21 — 24, wherein the
information comprises an access point name (APN).
[00191] 26. The method of any one of embodiments 21 — 25, further
comprising transmitting a message to the WTRU including an instruction to
use the IP address.
[00192] 27. The method of embodiment 21 - 26, wherein the message
comprises information instructing the WTRU to deprecate an IP address.
[00193] 28. The method of embodiment 21 - 27, wherein the message
comprises a setting for a lifetime parameter of an IP address.
[00194] 29. The method of embodiment 21 - 28, wherein the message
comprises a modified DNS response.
[00195] 30. The method of embodiment 21 - 29, wherein the message
comprises a specific route to a server.
[00196] 31. The method of any one of embodiments 21 — 30, further
comprising transmitting a message to the WTRU indicating a capability of the
wireless gateway or another device in communication with the wireless
gateway; and wherein the information 1s received from the WTRU and relates
to the capability.
[00197] 32. A method for wireless communications, the method
comprising:

establishing a link with a network access device;

transmitting information to the network access device which

includes a requirement of the WTRU; and
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receiving an advertisement from the network access device of a
selected IP address;

wherein the selected IP address is selected from a plurality of
available IP addresses based at least partly upon the information.
[00198] 33. The method of embodiment 32, wherein the information
comprises a response to a domain name system (DNS) query.
[00199] 34. The method of embodiment 32 or 33, wherein the information
1s associated with a mobility pattern of the WTRU.
[00200] 35. The method of any one of embodiments 32 — 34, wherein the
information comprises an Access Point Name (APN).
[00201] 36. The method of any one of embodiments 32 — 35, comprising
recelving a message from the network access device which includes an
instruction to use the selected IP address.
[00202] 37. The method of embodiment 32 - 36, wherein the message
comprises information instructing the WTRU to deprecate an IP address.
[00203] 38. The method of embodiment 32 - 37, wherein the message
comprises a setting for a lifetime parameter of an IP address.
[00204] 39. The method of embodiment 32 - 38, wherein the message
comprises a modified DNS response.
[00205] 40. The method of embodiment 32 - 39, wherein the message

comprises a specific route to a server.
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CLAIMS

What 1s claimed 1s:

1. A method for use in a wireless transmit/receive unit (WTRU), the

method comprising:

establishing a link with a network access device;

transmitting a capability requirement to the network access device;
and,

receiving an IP address selected from a plurality of available IP
addresses based upon the capability requirement;

wherein the capability requirement comprises an IP mobility

management capability or an anchoring capability.

2. The method of claim 1, wherein the capability requirement indicates a
desired capability of the network access device or a second network

access device in communication with the network access device.

3. The method of claim 1, wherein the WTRU transmits the capability
requirement to the mnetwork access device after receiving a
communication from the network access device, the communication
comprising information regarding a capability of the network access
device or a second network access device in communication with the

network access device.

4. The method of claim 3, wherein the WTRU determines the capability

requirement based upon the communication.

5. The method of claim 3, wherein the communication comprises a router

advertisement.
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10.

11.

47-
The method of claim 3, wherein the communication comprises a

dynamic host configuration protocol (DHCP) communication.

The method of claam 5, wherein the WTRU transmits a router
solicitation which comprises the capability requirement to the network

access device.

The method of claim 1, wherein the WTRU transmits a plurality of
different capability requirements ranked by preference to the network

access device.

The method of claim 1, wherein the WTRU transmits the capability
requirement to the network access device prior to receiving any
communication regarding an IP mobility management capability or
anchoring capability of the network access device or a second network

access device in communication with the network access device.

The method of claim 1, wherein the WTRU requests an IP address from
the network access device or from a second network access device in
communication with the network access device based on the capability

requirement.

A method for use in a wireless gateway, the method comprising:
establishing a link with a wireless transmit/receive unit (WTRU);
receiving, from the WTRU, a capability requirement; and,

transmitting an IP address to the WTRU selected from a plurality of
available IP addresses based upon the capability requirement;

wherein the capability requirement comprises an IP mobility

management capability or an anchoring capability.
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12.

13.

14.

15.

16.

17.

18.

19.

-48-
The method of claim 11, wherein the capability requirement indicates a
desired capability of the wireless gateway or a second wireless gateway

1n communication with the wireless gateway.

The method of claim 11, wherein the wireless gateway receives the
capability requirement from the WTRU after transmitting a
communication to the WTRU, the communication comprising
information regarding a capability of the wireless gateway or a second

wireless gateway in communication with the wireless gateway.

The method of claim 13, wherein the WTRU determines the capability

requirement based upon the communication.

The method of claim 13, wherein the communication comprises a router

advertisement.

The method of claim 13, wherein the communication comprises a

dynamic host configuration protocol (DHCP) communication.

The method of claim 15, wherein the wireless gateway receives a router
solicitation which comprises the capability requirement from the

WTRU.

The method of claim 11, wherein the wireless gateway receives a
plurality of different capability requirements ranked by preference from

the WTRU.

The method of claim 11, wherein the wireless gateway receives the
capability requirement from the WTRU prior to transmitting any

communication regarding an IP mobility management capability or
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anchoring capability of the wireless gateway or a second wireless

gateway in communication with the network access device.

20. The method of claim 11, wherein the wireless gateway or a second
wireless gateway in communication with the wireless gateway receives
a request from the WTRU for an IP address based on the capability

requirement.

21. A method for use in a wireless gateway, the method comprising:
establishing a link with a wireless transmit/receive unit (WTRU);
receiving information related to a requirement of the WTRU;
selecting an IP address from a plurality of available IP addresses based

on the information; and

advertising the selected IP address to the WTRU.

22. The method of claim 21, wherein the information comprises a response

to a domain name system (DNS) query from the WTRU.

23. The method of claim 22, further comprising:
intercepting and analyzing the response to a DNS query, wherein the

IP address 1s selected based at least partly on the analysis.

24. The method of claim 21, wherein the information 1s associated with a

mobility pattern of the WTRU.

25. The method of claim 21, wherein the information comprises an access

point name (APN).

26. The method of claim 21, further comprising:
transmitting a message to the WT'RU including an instruction to use

the IP address.
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27. The method of claim 26, wherein the message comprises information

instructing the WTRU to deprecate an IP address.

28. The method of claim 26, wherein the message comprises a setting for a

lifetime parameter of an IP address.

29. The method of claim 26, wherein the message comprises a modified

DNS response.

30. The method of claim 26, wherein the message comprises a specific route

to a server.

31. The method of claim 21, further comprising:

transmitting a message to the WTRU indicating a capability of the
wireless gateway or another device in communication with the wireless
gateway; and wherein the information 1s received from the WTRU and relates

to the capability.

32. A method for use in a wireless transmit/receive unit (WTRU), the
method comprising:
establishing a link with a network access device;
transmitting information to the network access device which includes a
requirement of the WTRU; and,
receiving an advertisement from the network access device of a selected
IP address;
wherein the selected IP address 1s selected from a plurality of available

IP addresses based at least partly upon the information.

33. The method of claim 32, wherein the information comprises a response

to a domain name system (DNS) query.
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34. The method of claim 32, wherein the information 1s associated with a

mobility pattern of the WTRU.

35. The method of claim 32, wherein the information comprises an Access

Point Name (APN).

36. The method of claim 32, further comprising receiving a message from
the network access device which includes an instruction to use the selected IP

address.

37. The method of claim 36, wherein the message comprises information

instructing the WTRU to deprecate an IP address.

38. The method of claim 36, wherein the message comprises a setting for a

lifetime parameter of an IP address.

39. The method of claim 36, wherein the message comprises a modified

DNS response.

40. The method of claim 36, wherein the message comprises a specific route

to a server.
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