00013 INTERWORKING OF CELLULAR NETWORKS
AND WIRELESS LANS

[0002] FIELD OF INVENTION
[0003] The present invention is related to wireless communication systems. More

specifically, the present invention is a method and systern for interworking between

cellular networks and wireless local area networks (WL ANs).

[0004] BACKGROUND

[0005] Different types of wireless communication networks are presently
deployed, such as WLANS and cellular networks. A multi-mode wireless transmit/receive
unit (WTRU) supports wireless communication in more than one wireless
communication network. As a user of the multi-mode WTRU roams between different
networks, it is necessary to perform handover from one network to the other while
receiving services continuously. For example, a wireless subscriber may roam between a
WLAN and a third generation (3G) network while maintaining continuity in the wireless
service provided to the user. Therefore, there is a need for coordination between the
WTRU and the networks such that the service continuity is maintained as the user roams

between different wireless networks.

{0006] SUMMARY

0007} The present invention is related to a method and system for interworking
between cellular networks and WLANs. At least one cellular network, at least one
WLAN and an IP network are deployed. The WLAN includes an access point (AP). The
celiular network includes a radio access network and a core network. The radio access
network includes a Node-B and a radio network controller, and the core network includes
a packet data gateway (PDQ), a serving GPRS support node (SGSN) and a gateway
GPRS support node (GGSN).

[0008] A WTRU first establishes a connection to a WLAN and a tunnel



between an AP and & PDG is established. The PDG further establishes a
tunnel to an IP network, The WTRU then mvokes & service which is delivered
thongh the WIAN. As signal quality from the AP degrades below &
prodetermined threshold, & handover from the WLAN to the callular network
it performed, A mew conmeciion to the eslhular natwork may be established
aither before or after breaking the current comnection to the WLAN or the two

conmections may be maintained simultansously.

{0008a] According to a first aspect, there is provided a wireless transmit/receive unit (WTRU)
comprising: means for receiving a user service from an Internet Protocol (IP) multimedia subsystem
(IMS) via a wireless local area network (WLAN); means for initiating a handover of the user service
from the WLAN to a cellular network; and means for performing the handover while continuously
receiving the user service from the IMS during the handover and maintaining a connection to the

WLAN while simultaneously maintaining a connection to the cellular network.

[0008b] According to a second aspect, there is provided a method for use in a wireless
transmit/receive unit (WTRU), the method comprising: establishing a connection with a Wireless
Local Area Network (WLAN); invoking an IP session for a user service; receiving the user service via
a packet data gateway (PDG) and the WLAN; initiating a handover from the WLAN to a cellular
network; and performing the handover while continuously receiving the user service from the IMS
during the handover and maintaining a connection to the WLAN and a connection to the cellular

network simultaneously.

[0008c] According to a third aspect, there is provided a wireless transmit/receive unit
(WTRU) comprising: means for establishing a connection to a wireless local area network (WLAN);
means for obtaining the address of a packet data gateway (PDG) using Domain Name Service (DNS)
via the WLAN; means for establishing a tunnel between the WTRU and the PDG; means for
registering with a Third Generation Partnership Project (3GPP) Internet Protocol (IP) multimedia
subsystem (IMS) via the WLAN using Session Initiation Protocol (SIP); means for mnvoking an IP
session for a user service from the IMS; means for receiving the user service from the IMS via the
WLAN and the tunnel between the WIRU and the PDG; means for establishing a connection 10 a
cellular network; means for initiating a handover of the user service from the WLAN to the cellular
network; and means for performing the handover while continuously receiving the user service from
the IMS during the handover and maintaining the connection to the WLAN and the connection to the

cellular network simultaneousty.



[0009] BRIEF DESCRIPTION OF THE DRAWINGS

10010} A more detailed nnderstanding of the invention may be had from
the following description of preferred embediments, given by way of ezample -
and to be understood in conjunction with the accompanying drawings,

wherein:

{0011} Figure 1is a block diagram of a UMIIS-WLAN architecture;

106012]  Figure 2 is a sigmaling diagram of a process for access to 3G
based services through a WLAN,
10018]

Fipure 3 is & signaling diagram of a process for inferworking m
accordance with a firgt embodiment of the present invention;

10014} Figure 4 is 2 signaling diagram of an alternative process for

interworking in accordance with an alternative to the first embodiment of the
present invention;

{0015} Figure b is & sigpaling diagram of a process for interworking in

accordance with a second embodiment of the present invention;
100186]

Figure 6 is a signaling diagram of an albernative process for
mterworking in accerdance with an alternafive to the second embodiment of
the present invention; and

10017 Figure 7 is a signaling diagram of a process for interworking in
g

accordance with a third embodimernt of the present invention.

[0018] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018] The present invention will be described with reference to the

drawing figures wherein ke numerals represent liks elements throughout.
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{60201 When referred to hereinafter, the terminology "WTRU" includes
but is not limited to a user equipment, a mobile station, a fixed or mobile
subseriber unit, a pager, or any other type of device capable of operating in a
wireless environment. When referred to heremafter, the terminology "Node-
B" and "AP" includes but is not lionited to a pase station, a site controller or
any other type of interfacing device in a wireless environment,

{0621l The present invention provides methods for maintaining service
continuity and seamless handover between & WLAN and a celludar network by
defining steps for establishing the cellular network connectivity, steps for
performing 2 handover, and steps for breaking the connectivity between the
user and the WLAN. It should be noted that the cellular network can be any
type of cellular nebwork including, bub not limited to, a universal mobile
telecommunication system (UMTS), cdmaZ000 and a global system for mobile
commmunication (GEM), and the WLAN can be any type of WLAN inclnding,
but not limited to, an IREE 802.x nebwork.

{0022} Figure 1 is a block diagram of a UMTIS-WLAN interworking
network 100. WLANs 130a, 130b, (e.g., WLAN hot spots), are deployed in the
coverage area of the UMTS 110. Bach WLAN 130a, 180b includes at least one
AP 182a, 132b for radio access. The AP 182z, 182b is connected to an access
router (AR) 154 for access to external networks, such as an IP network 140,
(e.g., Internet), or a cellumlar core nebwork 120 for 3G-based services through
the WLAN hotspot.

f0023] Base stations 112 are deplayed in the UMTS coverage area for
access to UMTS networks. The base station 112 is comnected to a radio
network controller (RNC) 114 which is connected to the celtular corve network
120.

[o0241 The cellular core network 120 comprises a circuit. switched core
network (not shown) and & packet switched core network (shown in Figure 1).
The packet switched core network 120 comprises an SGSN 122, an
awthentication, authorization and accounting (AAA) server 124, a home
location register (HLRYhome subscriber server (FISS) 126, o GGSN 128, a
PDG 129 and 2 WLAN access gateway (WAG) 121,



{0025} Referring to Figures 1 and 2, a process 200 for access to 3G-based
services throngh WLAN is explained hereinafter, A WIRU 102 is currently in
a service area of the WLAN hotspot 180a. The WTRU 102 acquires system
information of the WLAN hotspot 180a through active or passive scanning
(step 202). In active scanning, the WIRU 102 sends a probe request to the AP
1524 and the AP 182a sends a probe response in response to the probe request
(steps 202a, 202b). The WIRU 102 may receive beacons from more than one
AP, In such case.the WIRU typically selects the AP having the strongest
signal. In passive scanning, the WTRU 102 listens to the beacon fransmitted
from the AP 132a periodically (step 202¢).

[0028] After acquiring the system information, WLAN) association and
authentication procedures are periormed. The WIRU 102 sends am
association request message to the selected AP 132a (step 204) and the AP
132a sends an association response message to the WIRU 102 (step 2068), At
such point, an association is established and WLAN authentication procedure
is performed (step 208).

[0027) The WIRU 102 then iniilates subscription and service
anthentication procedures by registering with the UMIB network for
receiving UMTS-based services through the WLAN 130a (step 210). The
WLAN 130a resolves the Network Access Id (NAD) provided by the WIRU 102.
The AR 134 uses the NAI to route AAA messages to the relevant AAA server
194 in the UMTS core network 120. The AR 184 iriggers extensible
authentieafion protocol (EAP)-authentication key agreement (AKA)
authentication and relay messages to a UMTS AAA server 124, Onece the
WIRU 102 Teceives an authentication success message, the WIRU 102 uses
dynamic host configuration protocel (DHCP) to receive an IP address and then
initiates a tunnel establishment with the PDG 129 through the WAG 121. The
WIRU 102 constructs a fully gualified domain name (FQDN) and performs a
domain name service (DNB) guery for the PDG 129 from a DNE 142 (step
2192). The WTRU 102 selects a PDG from the received list in the DNS guery
response and establishes an end-to-end tunnel between the selected PDG 129
end the WIRU 102 (step 214).



f0028;] Figure 3 is a signaling diagram of a process 300 for interworking
in accordance with the frst embodiment of ihe present invention, In
accordance with the first embodiment, 2 new connection to the UMTS network
is established before breaking the current connection to the WLAN hotspot,
L.e., “make before break™). When establishing the tunnel at step 214 in Figure
2, the WIRU indicates an application, such as voiee over IP (VoIP) services,
and the tunnel is set up for this certain application. The tunnel is established
by the WTRU 102 sending a request to the AP 132a (step 30%a) and the AP
182a forwarding the request to the PDG 129 (step 302b).  After the tunnel
between the WIRLU 102 and the PDG 129 is established, the WIRU 102
invokes the indicated service (step 302).

00281 There are two opfions that may follow the indication of the
application. One is that 2 request iz sent fo the PDG 129 {0 establish the
connection $o the IP Multimedia Subsystem (IMS) 150 and allocate the Proxzy

proxy for the WIRU 102. The other option is that a request is sent to the
PDG 129 to establish the tunmnel and wait for the WIRU 102 to request a
connection to the IME 150 and the allocation of the SIP proxy or the P-CSCF
is performed after the reguest for connection. - The first option is preferred
since it will save additional delaj in setting up the call. However, the second
option may be the implementation in certain situations. The step 304 between
the PDG 129 and the IMS 150 indicates the stepe taking place to establish the
connection between the PDG 129 and the IMS 150, such as SIP registratioﬁ,
allocation of P-U8CF and the allocation of Serving CSCF (8-CBCH). A C8CF
is a specific type of SIP server, whick is used to process SIP gignaling packets
in an IMS network. A P-CSCF is an SIP proxy that is the first point of contact
for the WTRU. An S-CSCF is a central node of the signai:'mg plane.

[0030] As the WIRU 102 moves away from the current WLAN hotspot
130a, as shown in Figure 1, a bandover from the current WLAN hotspot 180a
to the UMTS network 110 is initiated. In accordance wilh this embodiment, a
new connectivity to the UMTS network 110 is established hefore breaking the
existing conmectivity to the cuzrent WLAN hotspot 180a.

.



[0051) Referring again to Figure 3, the WTRU 102 establishes =
connection to the GGSN 128 as indicated by arrow 305 by the following steps
306-310. The WTRU 102 first establishes a radio access bearer (RAB) t0 a
Node-B 112 {step 306) and invokes a 3GPP system attachment (step 808). The
WTRU 102 then invokes 3GPP IP connectivity by establishing a packet data
protocol (PDP) context (step 310). When the WIRU 102 sets up a PDP
context, the WTRU 102 selects an access point and an access point name
(APN) is determined. The APN is used in & DNS guery. This process finally
gives an IP address of the GGSN 128 which serves the access point. The
WITRU 102 then invokes 3GPP IMS connectivity through SIP registration at
step 312 at such point the cannection between the GOSN 128 and the IMS 150
is also established as indicated by arrow 312a. ’

{00321 Once the connectivity to the UMTS network 110 is established, a
process for breaking the conpectivity to the current WLAN hotspot 130a is
initiated. The WTRU 102 sends & handover request to the AF 182a {step 314};
The handover resguest identifies the tunnel end points, the user ID, radio
resources, frequency channels, priority, or the like, The AP 132a then sends a
3GPP relocation request to the PDG 129 (siep 316). There are two options
with respect to the 3GPP relocation request. The PDG 128 may be removed
from the call path after the connectivity to the WLAN 130a is terminated or
the PDG 129 may remain on the call path after the copnectivity to the WILAN
180z is terminated. Figure 8 illustrates the first option and the second option
will be explained with reference to Figure 4 hereinafter.

[0038] In the first embodiment shown in Figure 3, the PDG 129 is
removed from the call path after the connectivity to the WLAN 180a is
terminated. The PDG 129 forwards the request to the GGSN 128, and the
GGSN 128 forwards the request to the IMB 150 (steps 818, 320). The tunmnel
batween the PDG 129.and the GGSN 128 lasts only for the duration the
connechivity to the WLAN 130a exists, and thexn a new connection between the
GGSN 128 and the IMS 150 is established and fraffic is forwarded divectly
from the IMS 150 to the GGSN 128 where the WTRU 102 is now connected.
(06034} The IMS 150 sends a relocation response to the GGSN 128, which



forwards the response to the PDG 129 (steps 322, 324). The PDG 129 sends 2
relocation i*esponse to the AP 182a (step 328). The AP 182a then releases the
resources after sending a handover complete message to the WIRU 102 (step
828). The GGSN 128 also sends the handover complete message, (i.e., HO
complete), for resource allocation to the Node-B 112 via the SGSN 122 (steps
330, 332). The Node-B 112 then sends the handover complete message to the
WTRU 102 (step 334). The services from the TMS 150 are then provided
through the UMTS network 110, (l.e., from the IMS 150 via the GGSN 128,
the SGSN 122 and the Node-B 112 to the WIRU 102 as indicated by arrows
336a-388¢) (steps 336, 388).

[0035] Figure 4 is a signaling diagram of an alterpative process 400 1o
the first embodiment. Process 400 is similar to process 300 except the PDG
129 remains on the call path after the commectivity to the WLAN 140z 15
terminated. The PDG 128 will be in the middie of the call path after the
handover. The handover is performed by switching the signaling path in the
P-CSCF toward the GASN 128 from the PDG 129. The traffic is directed from
the PDG 129 to the GGSN 128,

[0036] Steps 402-416 are the same as corresponding steps 302-818 and
will not be repeated herein. After receiving the relocation request from the AP
132z, the PDG 129 sends a tunnel establichment request to the GGSN 128
and the GGSN 128 respomds with a tununel establishment response. At such
point a tunnel is established between the PDG 129 and the GGSEN 128. The
GGRN 128 establishes the SIP connectivity to the IME 150 through the PDG
129 (steps 422, 424). The PDG 129 sends a relocation response to the AP 132a
(step 426). The AP 132a then releases the resources after sending a handover
complete message to the WIRU 102 {(step 428). The GGSEN 128 also sends the
handover complete message for resource allocation to the Node-B 112 via the
SGSN 122 (steps 430, 432}, The Node-B 112 then sends the handover complete
message 10 the WIERU 102 (step 434). The services from the IMS 150 are then
provided through the UMTS network 110, (Le., from the TMS 150 via the PDG
129, the GGSN 128, the SGSN 122 and the Node-B 112 to the WIRU 102 as
indicated by arrows 4362-436¢) (step 436).



10087} Figure 5 is a signaling diagram of a process 500 for interworking
in accordance with a second embodiment of the present invention. In
accordance with the second embodiment, the WIRU 102 may maintain
multiple sessions simultanecusly and the existing connectivity to the WLAN
1302 is not torn down after the handover is eomplete; Two connections are
maintained simulianeously and the application is transferred from ome
network to the other, (Le., “simultaneous”). ‘

{0038] After the tunnel betwsen the WIRU 102 and the PDG 129 is
established, the WIRU 102 invokes a service, such ag VoIP call services (step
502). The WTRU 102 sends a request to the AP 132a (step 502a) and the AP
1822 forwards the request to the PDG 129 (step 502b). The step 504 between
the PDG 129 and the IMS 150 indicates the steps taken place to establish the
gonnection betwesn the PDG 129 and the IMS 150, such as SIP registration,
allocation of P-CSCF and the allocation of 5-CSCF.

{00881 The WTRU 102 establishes an addifional connection to the
UMTS network 110 concurrently. The WIRU 102 establishes a connection to
the GGSN 128 as indicated by arrow 505 by the following steps 506-510. The
WTRU 102 establishes an RAB to a Node-B 112 (step 508) and invokes a
3GPP system attachment (step 508). The WIRU 102 then invokes 3GPP IP
connectivity by establishing a PDP context (step 510). When the WTRU 102
sets up a PDP cantext, the WIRU 102 selects an access point and an APN is
determined. The APN is used in a DNB guery. This process finally gives an
IP address of the GGBN 128 which serves the access point. The WITRU 102
then invokes 8GPP IMS connectivify through SIP registration at step 512 at
such point the connection between the GGSN 128 and the TMS 150 is also
established as indicated by arrow 5122.

{00401 As the WIRU 102 moves away from the current WLAN hotspot
180a, as shown in Figure 1, the applicafion is transferred from the WLAN
130 to the UMTS network 110 without breaking the existing comnection o
the WLAN 180a. The WTRU 102 sends a handover request to the AP 1322
(step 514). The handover request identifies the tunnel end points, the wser ID,

radio resources, frequency channels, priority, er the like. The AP 132z then
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sends a SGPP relocation reguest to the PDG 120 (step 518). As stated
hereinbefors with respect to the first embodiment and itg alternative, the PDG
129 may be removed from the call path after the connection is switched to the
UMTS or may remain on the call path. Figure 5§ illustrates the first option
and the second option will be explained with reference to Figure 8 hereinafter.
[0041] The PDG 129 forwards the request to the GGBIN 128, and the
GGSN 128 forwards the feques’n fo the IMS 150 (steps 518, 520). The PDG
129 is removed from the call path after the connectivity to the WLAN 1304 ig
switched. The tunnel between the PDG 129 and the GGSN 128 lasts only for a
certain interval, and a new commection between the GGSN 128 and the TMS
150 is established and fraffic is forwarded directly from the IMS 150 to the
GGSN 128 where the WIRU 102 is connected.

[0042] The IMS 150 sends a relocation response to the GGSN 128, which
forwards the response to the PDG 129 (stens 522, 524). The PDG 129 sends a
relocation i&spcnse to the AP 182z (step 528). The AP 132a then releases the
resources after sending a handover cornplete message to the WIRU 102 (step
5928). The GGSN 128 also sends the handover complete message for resourece
allocation to the Node-B 112 via the SGSN 122 (steps 530, 532). The Node-B
112 then sends the handover complete message to the WIRU 102 {step 534).
The services from the IMS 150 are then provided through the UMTS network
110, (i.e., from the IMS 150 vie the GGEN 128, the SGSN 122 and the Node-B
112 to the WT'RU 102 as indicated by arrows 536a-536¢) (steps 536, 538).
{0043] Figure 6 iz a signaling diagram of a process 600 which is an
alternative to the second emboediment of the present invention. Process 800 is
similar to process 500 exeept the PDG 129 remains on the call path after the
connectivity to the WLAN 1302 is switched. The PDG 129 will be in the
middle of the call path after the handover.

10044] Steps 602-616 are the same as corresponding steps 502~516‘ of
process 500 and will not be repeated berein. After receiving the relocation
reguest from the AP 132a, the PDG 129 sends 2 tunnel establishment request
to the GGSN 128 and the GGSN 128 responds with 2 tunne! establishment

response (gteps 618, 620). At such point a tunnel is established between the



PDG 129 and the GGSN 128, The GGSN 128 establishes the SIP connectivity
to the TMS 150 through the PDG 129 (steps 622, 624). The PDG 128 sends a
relocation response to the AP 132a (step 626). The AP 132a then releases the
resources at step 629 after sending a handover complete messagé to the
WTRU 102 (step 628), The GGSN 128 also sends the handover complete
message for resource allocation to the Node-B 112 via the BGEN 122 (steps
630, 832). The Node-B 112 ther sends the handover complete message to the
WIRU 102 {(step 634). The services from the IMS 150 are then provided
through the UMTS network, (Le., from the IMS 150 via the PDG 129, the
GGSN 128, the SGSN 122 and the Node-B 112 to the WIRU 102 as indicated
by arrows 636a-636c) (step §36).

[0045] Figure 7 is 2 signaling diagram of a process 700 for interworking
in accordance with a ihird embodiment of the present jnvention. In
accordance with the third embodiment, the existing connectivity to the WLAN
1302 is torn down before handover to the UMTS nebwork 110, (ie., "break
before make"), After the tunnel between the WIRU 102 and the PDG 129 is
established, the WIRU 102 invokes the indicated service (step 702). To
jnvoke the indicated service, the WIRU 102 sends 2 request to the AP 132a
(step 702a) and the AP 182a forwards the request to the PDG 129 (step 702b).
The step 704 between the PDG 128 and'the IMS 150 indicates the steps taken
place to establish fhe connection hetween the PDG and the IMS, such as SIP
registration, allocation of P-CSCF and the allocation of 5-C8CF.

{0048]  As the WTRU 102 moves away from the current WLAN hotspot
130z, as shown in Figure 1, handover from the current WLAN hoispot 180a to
the UMTS network 110 is performed. In accordance with this embodiment, a
new connectivity to the UMTS network 110 is established after breaking the
existing connectivity to the current WLAN hotspot 1301, (e.g., loss of signal),
10047 When the signal from the AP 132a is lost (step 708), the WIRU
may initiate the handover to the UMTS system or alternatively the WLAN
may initiate the handover. Since the WLAN is conmnected to the PDG 128, the
WILAN may initiate the handover to the target UMTE system. When the

signal loss is detected, the AP 132a sends a message, (& relocation request), to
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the PDG 129 (step 708). The session is then maintained for a certain interval
(step 710}, .

[0048] The WTRD 102 then establishes a connection to the GGSN 198
as indicated by arrow 711 by the following steps 712-716. The WTRU 102
establishes an RAB to a Node-B 112 (step 712) and invokes a 8GPP system
attachment (step 714). The WIRU 102 then invokes 8GPP IP conpectivity by
establishing 2 PDP context (step 716}, When the WIRU 102 sets up 2. PDP
context, the WIRU 102 selects an access point and an APN is determined.
The APN is used in 2 DNS guery. This process finally gives an IP address of
the GGSN 128 which serves the access point. The WIRD 102 then invokes
3GPP IMS connectivity through SIF registration at step 718, at such point the
connection between the GGSN 128 and the IMS 150 is also estabiished as
indicated by arrow 718z, |

{0049] A handover bending session iz then inifiated (step 720). 'The
WIRU 102 sends the information related fo the existing session to the IMS
13{), (e,  SIP server). The mmformation imcludes the sessien/service
identification, originating and terminating IP addresses, a request to redirect
the traffic to the UMTS system with the new contact information, (i.e., current
IP address), or the iike. The IMS 150 then updates the new routing of the
call/session. The IMS 150 establishes a new P-CSCF and S-CSCF for the new
session.

(0050 The IMS 150 then sends a handover request notification to the
PDG 129 with information regarding the session and indicgtions that the
call/session has been redirected and resources previously reserved should be
released (step 722). The PDG 129 then sends a relocation response to the AP
132a along with the session information and WTRU identity (step 724). The
AP 132a then releases resources allocated for the WIRU 102, The session is
resumed between the WIRT 102 and the IMS 150 (steps 726a-7264d) and user
invoked services are provided from the IMS 150 via the GGEN 128, the SGSN
122 and the Node-B 112 to the WTRU 102 (step 728).

{0051} The PDG 129 may indicate & handover to the IMS 150
Alternatively, the WIRU 102 may indicate the handover to the IMS 150 and
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provide the old connection information.

0052 Embodiments

[0053] 1. A method for interworking between a cellular network and
a WLAN for a user service provided by an IMS, whereby the user service is
continuously provided through the cellular network after the handover. A
WIRU initially establishes a conmection to a WLAN and establishes a tunnel
between the WLAN and a PDG of the celiular network and, in turn, 2 tunnel
between the PDG and an IP network to receive 2 user service through the
WLAN. The WTRU estabiishes & connection to the cellular network and
performs 2 handover from the WLAN io the cellular network by sending a
handover signaling through the WLAN,

[0054] 2. The method of embodiment 1 wherein the PDG gends a
relocation request to a GGSN of the cellular network when the PDG recetves
the handover iequest, whereby the PDG is removed from a call path after the
handover is performed, and the call path between the TMS and the WIRU is
established through the GGSN.

[0085] 2. The method of embodiment 1 wherein the PDG sends &
tummel sstablishment reguest to a GGSN when the PDG receives the handover
request, whereby the PDG remains on & call path after the handover is
performed, and the call path between the IMS and the WIRU is established
via the GGSN and the PDG.

0656] 4. The method of any one of embodiments 1-3 wherein a
turme! between the PDG and the IMS is established after indication of the
service.

[0057] 5, The method of any one of embodirnents 1-3 wherein the
tunnel between the PDG and the IMS is established after a request from the
WTRU.

[0058] 8. The method of any one of embodiments 1-5 Whereiil the
handover request identifies tunnel end points.

{0058] 7. The method of any one of embodiments 1-6 wherein the
handover request identifies user identity (ID).

{00601 &. The method of any one of embodiments 1-7 wherein the

219



handover reguest identifies radio resources.

[0061] 9, The method of any one of embodiments 1-8 wherein the
handover request identifies freguency channels,

100621 10. The method of any one of embodiments 1-9 wherein the
handover request identifies priority

v[GOGS} 11, The method of any one of embodiments 1-10 wherein the
connection to the WLAN is terminated after the connection to the cellular
network is establighed.
- [0064] 12, The method of any one of embodiments 1-11 wherein the
connection to the WLAN and the conneclion to the cellular network are
maintained simultaneously.

[0063] 18. A method for interworking between a cellilar network and
a WLAN for a user service provided by the IMS, whereby the user service is
continuously provided through the cellular network, A WTRU establishes a
eonnection to 2 WLAN and a tunnel between the WLAN and a PDG and, in
turn, a tunnel between the PDG and an IP network to receive a user service
through the WLAN. The WTRU establishes a connection to the eellular
network when the connection to the WITRU ig broken and initiates a handover
bending session to recover the session and performs =2 handover from the
WLAN to the cellular network.

{00661 14, The msthod of embodiment 13 wherein the handover to the
cellular network is initiated by the WLAN,

{6067} 15.  The method of embodiment 18 wherein the handover to the
cellular network is initiated by a user,

10068] 18. A system for mmferworking between the cellular network
and the WLAN for a user service provided by the IMS, whereby the WTRU
continuously receives the user service through the cellular metwork after
handover by establishing a connection to the cellular network. The cellular
network comprises a radio access network and a core network which inciudes
a PDG, a2 SGSN and a GGEBN. The WLAN is configured to establish a tunnel
between the WLAN and the PDG and the PDG is configured fo establish a
tunnel between the PDG and fthe IMS. The WIRU is configured to
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communicate with both the WLAN and the cellular network and o performn a

handover from the WLAN to the cellular network by sending & handover
signahng through the WLAN.

[00669] 17.  The system of embodiment 18 wherein the PDG sends a

relocation reguest to the GGSN when the PDG receives the handover request,

whereby the PDG is removed from a call path after the handover is performed,

and the call path between the IMS and the WIRU is established through the

GGBN.

[6070] 18. The system of embodiment 18 wherein the PDG sends &

tunmnel establishment request to the GGSN when the PDG receives the

handover request, whereby the PDG remains on a call path after the handover
is performed, and the call path between the IMS and the WIRU is established

via the GGSN and the PDG.

0071 19 The system of any one of embodiments 16-18 wherein a

tunnel between the PDG and an IMS is established after indication of the

service.

[0072; 20. The system of any one of embodiments 16-18 wherein a

tunnel between the PDG and an IMS is established affer a request from the

WIRU.

10073} 21, The system of any one of emnbodiments 16-20 Wheréin the

handover request identifies tunnel end poinis.

00741 22. The systent of any one of embodiments 18-21 wherein the

handover request identifies user identity (ID).

[0075] 23.  The system of any one of embodiments 16-22 whersin the

handover request identifies radio resources.

[00786) 24.  The system of any one of embodiments 16-23 wherein the

handover request identifies frequency channels.

(60771 28.  The system of any one of embodiments 16-24 wherein the

handover request identifies priority.

{0078) 26, The gystem of any one of embodiments 16-35 wherein the

connechion to the WLAN is terminated after the comnection to the cellular

network is established.



[0079] 27. The system of any one of embodiments 16-26 wherein the
connection to the WLAN and the co;mection to the cellular network are
maintained simultaneously. .

00807  28. A system for interworking between a cellular network and
& WLAN for a user service provided by the IMS, whereby the WIRU
continuously veceives the user service through the celiuler network after
handover by establishing a connection to the cellular network after a
connection to the WLAN is broken. The cellular network comprises a radio
access network and a core nmetwork which includes a PDG, a SGBN and a
- GGBN. The WLAN is configured to establish a tunnel between the WLAN and
the PDG of the cellular network and the PDG is configured to establish a
tunnel between the PDG and the IMS, The WIRU is configured to
communicate with both the WLAN and the cellular network and to perform a
handover from the WLAN to the cellular network by establishing a connection
to the cellular network when the connection to the WTRU is broken by
initiating a handover bending session.

100813 29.  The system of embodiment 28 wherein the handover to the
eellular network is initiated by the WLAN. |

{0082] 30. The system of embodiment 28 wherein the handover to the
cellular network is initiated by a user. :

10082] Although the features and elements of the present imvention are
described in the preferred embodiraents in particular combinafions, each
feature or element can be used alone without the other features and elements
of the preferred embodiments or in various combinations with or without other

features and slements of the present invention.

«15.



CLAIMS

1. A wireless transmit/receive unit (WTRU) comprising:

means for receiving a user service from an Internet Protoco! (IP) multimedia subsystem
(IMS) via a wireless local area network (WLAN);

means for initiating a handover of the user service from the WLAN to a cellular network;
and

means for performing the handover while continuously receiving the user service from
the IMS during the handover and maintaining a connection to the WLAN while simultaneously

maintaining a connection to the cellular network.

2. The WTRU of claim 1, further comprising:

means for obtaining the address of a packet data gateway (PDG) using Domain Name
Service (DNS) via the WLAN; and

means for establishing a tunnel between the WTRU and the PDG.

3. The WTRU of claim 2, further comprising:
means for receiving the user service from the IMS via the WLAN. and the tunnel between

the WTRU and the PDG.

4. The WTRU of ¢laim 1, further comprising:
means for registering with the IMS via the WLAN using Session Initiation Protocol
(SIP).

5. A method for use in a wireless transmit/receive unit (WTRU), the method comprising:
establishing a connection with a Wireless Local Area Network (WLAN);

invoking an IP session for a user service;

receiving the user service via a packet data gateway (PDG) and the WLAN,

initiating a handover from the WLAN to a cellular network; and

16



performing the handover while continuously receiving the user service from the TMS
during the handover and maintaining a connection to the WLAN and a connection to the cellular

network simultaneously.

6. The method of claim 5, further comprising registering with an Internet Protocol (IP)
muitimedia subsystem (IMS) via the WLAN using Session Initiation Protocol (SIP),

wherein the receiving the user service is also performed via the IMS.

7. The method of claim 5, wherein the user service is a voice call service.

8. The method of claim 5, further comprising:

obtaining the address of the PDG using Domain Name Service (DNS) via the WLAN.

9. The method of claim 8, further comprising:

esteblishing a tunnel between the WTRU and the PDG.

10. A wireless transmit/receive unit (WTRU) comprising:

means for establishing a connection to a wireless local area network (WLAN);

means for obtaining the address of a packet data gateway (PDGQ) using Domain Name
Service (DNS) via the WLAN;

means for establishing a tunnel between the WTRU and the PDG;

means for registering with a Third Generation Partnership Project (3GPP) Internet
Protocol (IP} muitimedia subsystem (IMS) via the WLAN using Session Initiation Protocol
(S1pP);

means for invoking an 1P session for a user service fram the IMS;

means for receiving the user service from the IMS via the WLAN and the tunnel between
the WTRU and the PDG;

means for establishing a connection to a cellular network;

means for initiating a handover of the user service from the WLAN to the cellular

network; and
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means for performing the handover while continuously receiving the user service from
the IMS during the handover and maintaining the connection to the WLAN and the connection to

the cellular network simultaneously.

11. The WTRU of claim 10, further comprising means for disconnecting from the PDG

in response to completion of the handover,
12. The WTRU of claim 10, wherein the user service is a voice call service,
13, The WTRU of ¢laim 10, further comprising:
means for sending a DNS query for the address of the PDG; and
means for receiving a response to the DNS query, the response including the address of

the PDG.

14. The WTRU of claim 10, further comprising means for terminating the connection to

the WLAN in response to establishing the connection to the cellular network.
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