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(7) ABSTRACT

A method for handing off a call between networks includes
monitoring a quality of a first link between a mobile station
and a wireless local area network (WLAN) when the mobile
station is actively connected with the WLLAN on a call and
monitoring a quality of a second link between the mobile
station and a cellular network when the mobile station is
actively connected with the WLLAN on the call. The method
also includes handing off the call from the WLAN to the
cellular network when the quality of the first link is less than
a handoff trigger threshold for a drop count duration and
when the quality of the second link is greater than a
minimum cellular link quality threshold.
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METHOD AND SYSTEM FOR TRIGGERING
HANDOFF OF A CALL BETWEEN NETWORKS

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates in general to the field of
wireless communications and, more particularly, to a
method and system for triggering handoff of a call between
networks.

BACKGROUND OF THE INVENTION

[0002] Wireless communication systems, such as 802.11
compliant systems, enable relatively short range, wireless
communication of packets. These systems, originally
designed for data communication, have now been put to use
for telephony applications. This has introduced a range of
problems, complexities and opportunities.

SUMMARY OF THE INVENTION

[0003] The present invention provides a method and sys-
tem for triggering handoff of a call between networks that
substantially eliminates or reduces at least some of the
disadvantages and problems associated with previous meth-
ods and systems.

[0004] In accordance with a particular embodiment of the
present invention, a method for handing off a call between
networks includes monitoring a quality of a first link
between a mobile station and a wireless local area network
(WLAN) when the mobile station is actively connected with
the WLAN on a call and monitoring a quality of a second
link between the mobile station and a cellular network when
the mobile station is actively connected with the WLAN on
the call. The method also includes handing off the call from
the WLAN to the cellular network when the quality of the
first link is less than a handoff trigger threshold for a drop
count duration and when the quality of the second link is
greater than a minimum cellular link quality threshold.

[0005] The method may also include preventing a handoff
of the call from the cellular network to the WLAN until
expiration of a dwell timer as long as the quality of the
second link remains above the minimum cellular link quality
threshold. The method may further include monitoring the
quality of the first link between the mobile station and the
WLAN when the mobile station is actively connected with
the cellular network on the call and handing off the call from
the cellular network to the WLAN when the quality of the
first link is greater than the handoff trigger threshold plus a
hysteresis margin for a pick-up count duration. The WLAN
may communicate using IEEE 802.11 protocol. Monitoring
a quality of a first link between a mobile station and a
WLAN may comprise monitoring a WLAN metric. The
WLAN metric may comprise one of a group of metrics
consisting of a received signal strength, a signal to noise
ration, a signal quality, an error vector magnitude, a bit error
rate and a packet error rate. Monitoring a quality of a second
link between a mobile station and a cellular network may
comprise monitoring a cellular metric. The cellular metric
may comprise one of a group of metrics consisting of a
received signal strength, a bit error rate and a frame error
rate.

[0006] In accordance with another embodiment, a system
for handing off a call between networks comprises a mobile
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station comprising a controller operable to monitor a quality
of a first link between the mobile station and a wireless local
area network (WLAN) when the mobile station is actively
connected with the WLAN on a call. The controller is
operable to monitor a quality of a second link between the
mobile station and a cellular network when the mobile
station is actively connected with the WLLAN on the call. The
controller is also operable to hand off the call from the
WLAN to the cellular network when the quality of the first
link is less than a handoff trigger threshold for a drop count
duration and when the quality of the second link is greater
than a minimum cellular link quality threshold.

[0007] The controller may be further operable to prevent
a handoff of the call from the cellular network to the WLAN
until expiration of a dwell timer as long as the quality of the
second link remains above the minimum cellular link quality
threshold. The controller may be further operable to monitor
the quality of the first link between the mobile station and
the WLAN when the mobile station is actively connected
with the cellular network on the call and hand off the call
from the cellular network to the WLAN when the quality of
the first link is greater than the handoff trigger threshold plus
a hysteresis margin for a pick-up count duration. The mobile
station may further comprise a tuning knob operable to tune
the hysteresis margin to change its value.

[0008] Technical advantages of particular embodiments of
the present invention include a method for handing off a call
of a mobile station from a wireless local area network
(WLAN) to a cellular network and vice versa that monitors
qualities of links between the mobile station and the net-
works to determine an appropriate time to make a handoff.
Accordingly, a user of the mobile station currently on a call
may move in and out of range of the WLAN, and the mobile
station will automatically handoff the call from the cellular
network to the WLAN and vice versa when appropriate
depending on the quality of the links with the cellular
network and the WLAN. Moreover, a dwell timer is utilized
to prevent ping-pong of the call in time between the net-
works after a handoff occurs even if the quality of the link
with the network from which the handoff occurred improves
significantly. In addition, a hysteresis margin may be utilized
to prevent ping-pong of the call in space between the
networks.

[0009] Other technical advantages will be readily apparent
to one skilled in the art from the following figures, descrip-
tions and claims. Moreover, while specific advantages have
been enumerated above, various embodiments may include
all, some or none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of particular
embodiments of the invention and their advantages, refer-
ence is now made to the following descriptions, taken in
conjunction with the accompanying drawings, in which:

[0011] FIG. 1 illustrates a communication system for
handing off a call between a cellular network and a wireless
local area network, in accordance with a particular embodi-
ment of the present invention;

[0012] FIG. 2 illustrates a dual-mode mobile station for
handing off a call between a cellular network and a wireless
local area network, in accordance with a particular embodi-
ment of the present invention; and
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[0013] FIG. 3 illustrates a method for handing off a call
between networks, in accordance with a particular embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] FIG. 1 is a simplified block diagram of a commu-
nication system 10 for handing off a call between a cellular
network 14 and a wireless local area network (WLAN) 16,
in accordance with a particular embodiment of the present
invention. Communication system 10 includes a mobile
station 12, internet protocol (IP) phone 26, cellular network
14, WLAN 16 and an IP data network 17. In particular
embodiments, cellular network 14 may comprise a public
network and WLAN 16 may comprise a private network.
Communication system 10 provides for handoff of a call
involving mobile station 12 from WLAN 16 to cellular
network 14 and vice versa. For example, a user of mobile
station 12 may currently be on a call with another endpoint,
(e.g., IP phone 26) through an active link with WLAN 16. As
the active link with WLAN 16 weakens as mobile station 12
leaves range of the WLAN, a handoff of the call from
WLAN 16 to cellular network 14 may occur such that
mobile station 12 is on the call with IP phone 26 through an
active link with cellular network 14. Mobile station 12
includes dual-mode technology to support the transition
from one network to another.

[0015] Communication system 10 also includes wireless
links 18, which facilitate the delivery of voice data between
mobile station 12 and cellular network 14 and WLAN 16.
For example, wireless link 18z may facilitate communica-
tion of circuit-switched and/or packet-switched voice data
between mobile station 12 and cellular network 14. It should
be understood that wireless link 18a represents links
between mobile station 12 and a plurality of potential base
station systems 22 to which mobile station 12 may be
connected, and wireless link 185 represents links between
mobile station 12 and a plurality of potential access points
24 to which mobile station 12 may be connected. Commu-
nication system 10 also includes wireless or wireline com-
munication segments 19 for coupling cellular network 14
and WLAN 16 with IP data network 17.

[0016] In particular embodiments of the present invention,
mobile station 12 is a wireless handset, with dual-mode
capability for communicating with both cellular network 14
and WLAN 16. In some embodiments, mobile station 12
may comprise other suitable devices used to communicate
with cellular network 14 and WLAN 16, such as a computer,
a personal digital assistant (PDA), a laptop or an electronic
notebook, a telephone, a mobile terminal or any other
device, component, element or object capable of initiating
voice or data exchanges within communication system 10.
Mobile station 12 may also include a suitable interface to a
human user, such as a keypad, a microphone, a display, a
keyboard or other suitable terminal equipment. Mobile
station 12 may also be any device that seeks to initiate a
communication session on behalf of another entity or ele-
ment, such as a program, a database or any other component,
device, element or object capable of initiating a voice or a
data exchange within communication system 10. Data or
information, as used herein in this document may refer to
any type of numeric, voice, video, audio-visual or script
data, or any type of source or object code, or any other
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suitable information in any appropriate format that may be
communicated from one point to another.

[0017] Cellular network 14 includes base station systems
(BSSs) 22, mobile switching center (MSC) 20 and a series
of points or nodes of interconnected communication paths
for receiving and transmitting circuit or packet-switched
information that propagates to or from mobile station 12. A
subscription or an agreement may be provided by cellular
network 14 to offer cellular service to an end user of mobile
station 12. Cellular network 14 offers a communicative
interface between mobile station 12 and any suitable loca-
tion within or external to communication system 10, such as
network 17. Cellular network 14 may comprise a global
system for mobile (GSM) architecture. In particular embodi-
ments, cellular network 14 may comprise code division
multiple access (CDMA), time division multiple access
(TDMA) or frequency division multiple access (FDMA)
environments. Cellular network 14 may cooperate with any
version of a general packet radio service (GPRS) tunneling
protocol (GTP) that includes a platform for executing data
management operations. This may be inclusive of first
generation, 2G, and 3G architectures that deliver a service or
a capability to one or more clients or end users.

[0018] MSC 20 operates as an interface between BSSs 22
and other network components. MSC 20 represents a loca-
tion that generally houses communication switches and
computers and ensures that its cell sites in a given geo-
graphical area are connected. Cell sites refer generally to the
transmission and reception equipment or components,
potentially including a number of suitable base station
systems that connect elements such as mobile station 12 to
a network. By controlling transmission power and radio
frequencies, MSC 20 may monitor the movement and the
transfer of a wireless communication from one cell to
another cell and from one frequency or channel to another
frequency or channel. In a given communication environ-
ment, cellular network 14 may include multiple MSCs 20
that are operable to facilitate communications to and from
base station systems 22. MSC 20 may also generally handle
connection, tracking, status, billing information and other
user information for wireless communications in a desig-
nated area. This may include, for example, the fact that a
user of mobile station 12 is assigned certain wireless capa-
bilities or use time.

[0019] BSSs 22 provide bi-directional communication
with mobile station 12 over wireless link 18a. BSSs 22 may
comprise any hardware, software, firmware or combination
thereof operable to communicate with mobile station 12
over wireless link 18a. BSSs 22 may, for example, comprise
one or more base transceiver stations that may comprise
radio transmission/reception devices, components or
objects, and antennas. The base transceiver stations may be
coupled to base station controllers of BSSs 22 that use a
landline (such as a high-speed T1/E1 line, for example)
interface. The base transceiver stations may operate as a
series of complex radio modems and may assist in perform-
ing a handover execution process where appropriate and
may also perform transcoding and rate adaptation functions
in accordance with particular needs.

[0020] BSSs 22 may also comprise one or more base
station controllers that operate as a management component
for a radio interface. This management may be executed
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through remote commands to a base transceiver station
within cellular network 14. The base station controllers may
manage more than one base transceiver station. Some of the
responsibilities of a base station controller may include
management of radio channels in assisting in handover
scenarios. Any number of suitable communications objects
or elements may be included within, external to, or coupled
to components of BSSs 22, such as base station controllers
and base transceiver stations.

[0021] WLAN 16 is a wireless protocol network that
connects to mobile station 12 through wireless link 18b.
Such a protocol may be generally based on the IEEE 802.11
standard or on any other suitable architecture that provides
for wireless communications in a network environment.
WLAN 16 may be representative of a ‘hot spot’ or a public
WLAN (PWLAN) where appropriate. WLAN 16 may be
deployed in such public places as coffee shops, airports,
restaurants, hotels and conference centers, for example, as a
way to provide connectivity to mobile station 12.

[0022] WLAN 16 may include termination software, an
extensible authentication protocol (EAP) and SIM platforms
for facilitating authentication protocols associated with
mobile station 12. WLAN 16 includes access points 24
operable to facilitate communication sessions, including
authentication protocols in designated locations. Thus,
access points 24 enable the wireless communication of
packets containing any suitable data. Such packets may
include voice data thus enabling voice communications by
mobile station 12. WLAN 16 may also include an access
router to aggregate access points within a corresponding hot
spot. It may also provide a back haul from the public hot spot
location to a corresponding core network whether that core
network is reflected by a broker’s network or an operator’s
network.

[0023] TP data network 17 enables communication
between endpoints coupled to cellular network 14, WLAN
16 and IP data network 17, such as mobile station 12 and IP
phone 26. IP data network 17 may be distributed across
multiple cities and geographic regions. Communication sys-
tem 10 may comprise other networks not explicitly illus-
trated, such as a wide area network (WAN), a public
switched telephone network (PSTN) and a packet switched
data network (PSDN). Networks of communication system
10 may include any number of other elements, such as
switches, routers, hubs, call managers, endpoints, gateways
and other suitable network components for enabling com-
munication of data among such networks and mobile station
12.

[0024] 1P phone 26 is a communication device coupled to
IP data network 17 that seeks to establish a communication
session, or call, with mobile station 12. In other embodi-
ments, [P phone 26 may be replaced with any other suitable
communication device such as a computer, a PDA, a laptop
or an electronic notebook, a telephone (potentially coupled
to a video conference bridge), a mobile station or any other
device, component, element or object capable of initiating a
voice or data exchange within communication system 10.
The IP phone designation has been used for purposes of
example only in providing one communication arrangement
for discussion purposes. The IP protocol may be replaced
with any suitable communication platform based on particu-
lar configuration needs.
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[0025] FIG. 2 illustrates exemplary functional elements
for mobile station 12, in accordance with a particular
embodiment of the present invention. Mobile station 12
includes a controller 42, a memory 44, a display 46, a
wireless interface 48, a speaker 50, a microphone 52 and an
appliance interface 54. During operation, mobile station 12
provides voice telephony services using wireless communi-
cations. Mobile station 12 has dual mode functionality such
that it may support multiple different communication modes,
such as 802.11 and cellular protocols. Moreover, mobile
station 12 includes functionality to enable a call involving
the mobile station to be handed off between cellular network
14 and WLAN 16, depending on the quality of the wireless
links between mobile station 12 and such networks.

[0026] For interactions with a user, mobile station 12
includes a number of user interfaces, including display 46,
speaker 50 and microphone 52. Display 46 presents visual
information detailing current status, available options and
other suitable information. For example, display 46 may
present a battery indicator, signal strength indicator, a menu
of options and other suitable information depending upon a
current state of mobile station 12. Speaker 50 and micro-
phone 52 enable the generation and receipt of audio. Mobile
station 12 may further include any number of input mecha-
nisms, such as a knob 60, buttons and keypads, suitable for
receiving input from a user.

[0027] Wireless interface 48 supports wireless, packet-
based communications with other appropriately enabled
devices. When operating within cellular network 14 on a
call, wireless interface 76 communicates with BSSs 22 to
send and receive data. When operating within WLAN 16 on
a call, wireless interface 48 communicates with access
points 24 to send and receive data.

[0028] Appliance interface 54 enables mobile station 12 to
connect via any suitable interface with other appropriately
enabled devices. According to particular embodiments,
interface 54 permits charging of a battery within mobile
station 12 and interfacing with other appropriately enabled
devices. For example, interface 54 may include a serial
interface, such as a universal serial bus (USB) port, for
coupling to other equipment, such as a personal computer.
Also, appliance interface 54 can support both wired and
wireless communications.

[0029] Controller 42 manages the operation and control of
mobile station 12. For example, controller 42 may be any
suitable combination of microprocessors, programmed logic
devices and other suitable controllers. During operation,
controller 42 performs operations such as packetization and
depacketization of audio, signal processing and other appro-
priate tasks. To support these operations, controller 42 may
access information maintained within memory 44. Control-
ler 42 may also access information maintained within
memory 44 to monitor qualities of links between mobile
station 12 and other networks to determine appropriate times
to handoff a call between such networks. Controller 42 may
also perform such handoff at an appropriate time according
to certain conditions, as further discussed below generally
with respect to mobile station 12.

[0030] Memory 44 represents any suitable combination of
static and/or dynamic memory used by mobile station 12. In
the illustrated embodiment, memory 44 maintains code 56
and configuration information 58. Code 56 includes soft-



US 2005/0059400 Al

ware, logic modules, microcode and/or other suitable logic
for use by elements of mobile station 12. For example, code
56 may include logic routines for implementing wireless
communication protocols, for interacting with users, for
establishing secure sessions, and for other appropriate
operations. In particular embodiments, code 56 may include
logic routines for monitoring quality of links 18a and 18b
with cellular network 14 and WLAN 16, respectively, to
determine when a handoff of a call from one network to
another should be triggered. Code 56 may include an algo-
rithm for making such determination and such handoff.
Configuration information 86 includes settings and other
configurations used during operation of mobile station 12.
For example, configuration information 86 may include
parameters used by an algorithm to determine an appropriate
time to handoff a call from WLAN 16 to cellular network 14
or vice versa. In particular embodiments, a user or admin-
istrator of mobile station 12 may manually tune one or more
of such parameters through knob 60.

[0031] While the embodiment illustrated and the preced-
ing description focus on a particular embodiment of mobile
station 12 that includes specific elements, it should be
understood that particular embodiments contemplate mobile
stations having any suitable combination and arrangement of
elements for supporting dual mode functionality and handoff
of a call from one network to another. Various items may be
replaced, provided external to mobile station 12, or removed
entirely from the architecture of mobile station 12. Moreover
the elements that may be included in mobile station 12 may
be reflective of accommodations being made for a particular
type of communications protocol or based on selected
performance parameters. Other elements could be added to
such an architecture where appropriate in order to address
some of these concerns, which may be in accordance with
particular needs. It is critical to note the any of the elements
identified below may be provided in any suitable software,
hardware, processor, API, ASIC, object, module, algorithm
or provided in any other suitable element where appropriate
and based on particular communication protocols or archi-
tectures.

[0032] Mobile station 12 monitors link quality indicators
(LQIs) of both WLAN link 18 and cellular link 18b. Link
quality indicators indicate the quality of such links, and the
monitoring of the LQIs helps to determine when it is
appropriate to handoff a mobile station from one network to
another during a call, for example from WLAN 16 to cellular
network 14 or vice versa. In particular embodiments, such
monitoring of link qualities may comprise monitoring quali-
ties of links with multiple access points 24 of WLAN 16 and
with multiple BSSs 22 of cellular network 14, notwithstand-
ing the particular active link through which mobile station
12 may be connected on a call through cellular network 14
or WLAN 16.

[0033] In particularly embodiments, L.QIs may comprise
one or more metrics related to WLAN link 186 and cellular
link 184 in order to evaluate the link qualities. Metrics that
may be used to measure quality of WLAN link 18 may
include received signal strength (RSS), signal to noise ratio
(SNR), signal quality, error vector magnitude (EVM), bit
error rate (BER) and frame/packet error rate. RSSI may be
a predictor of link quality, bit error rate and packet error rate
and may comprise a scalar value (e.g., 8 bits). SNR takes
into account received signal strength and level of back-
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ground noise or interference. Thus, in particular embodi-
ments SNR may be a better predictor of bit error rate and
packet error rate than RSS. Signal quality may be based on
pseudorandom noise (PN) code correlation strength of a
direct sequence spread spectrum (DSSS) receiver. Error
vector magnitude is a physical layer (PHY) demodulation
quality indicator. Metrics that may be used to measure
quality of cellular link 182 may include RSS, BER and
frame error rate. In addition to those link quality metrics
discussed, other link quality metrics may be used in par-
ticular embodiments to indicate quality of WLAN link 185
and cellular link 18a.

[0034] As discussed above, particular embodiments may
utilize more than one metric to indicate link quality of
WLAN link 186 and/or cellular link 18a. For example, in
particular embodiments an LQI may comprise a two or three
dimension vector, for example (RSSI/SNR, SQ/EVM). In
some embodiments, an LQI may comprise a scalar value
representing a function of multiple link quality parameters.
In other embodiments, other parameters may be utilized
such as quality of service considerations and collision error
rates. For example, in some embodiments, quality of service
parameters such as packet jitter, delay, WLAN collision
error rate and channel utilization may be used to indicate
WLAN link quality. Thus, in such embodiments a handoff to
the cellular network may be triggered when WLAN VOIP
quality of service drops below an acceptable level or when
WLAN quality of service reservation fails due to admission
control. Particular embodiments may also take into account
in-building radio propagation environment factors.

[0035] In operation, when a mobile station 12 is on a call
through a connection with WLAN 16, mobile station 12
monitors the LQI of access point 24 with which mobile
station 12 currently has an active connection as well as the
LQI of other potential target access points 24. Mobile station
12 also monitors the quality of cellular link 184 (e.g., the
link between mobile station 12 and BSSs 22). Such moni-
toring may comprise measuring link quality at sample
intervals, for example every 250 milliseconds in particular
embodiments. A handoff of the existing call may occur from
WLAN 16 to cellular network 14 if the LQI of cellular link
184 is greater than a cellular link minimum threshold and if
the link quality of WLAN link 185 is less than a handoff
trigger threshold for a certain count of sample intervals, also
referred to as a drop count. For example, if link quality is
measured every 250 milliseconds, then a handoff to cellular
network 14 may be triggered if the LQI of WLAN link 185
is less than a handoff trigger threshold for, as an example, 8
out of 10 such measurements in a sliding window and if the
LQI of cellular link 18a is greater than a cellular link
minimum threshold. The use of a drop count prevents a short
term dip in the LQI of WLAN link 18 from triggering a
handoff to cellular network 14. This may prevent sudden
changes in link quality (as a result of fading, for example)
from triggering a handoff. The triggering of a handoff to
cellular network 14 may occur, for example, when mobile
station 12 leaves an enclosure in which WLAN 16 is
installed or operational such that link 185 with WLAN 16
weakens.

[0036] The handoff trigger threshold and the cellular link
minimum threshold may comprise any suitable values
according to the WLAN link and cellular link qualities
desired. Such threshold values will also depend on the
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particular metric(s) taken into account to determine link
quality. The handoff trigger threshold may be set higher than
a minimum acceptable L.QI for WLAN link 18b in order to
take into account an amount of time required to complete a
handoff from WLAN network 16 to cellular network 14.
This enables mobile station 12 to be connected to both
WLAN network 16 and cellular network 14 at the same time
during handoff and ensures that a connection is made with
cellular network 14 before the connection with WLAN
network 16 becomes inactive. The number of sample inter-
vals required for the LQI of WL AN link 185 to be below the
handoff trigger threshold (the drop count) may comprise any
suitable values; for example, in particular embodiments as
discussed above such drop count may be 8 out of 10 such
samples.

[0037] After a handoff has occurred from WLAN 16 to
cellular network 14, a handoff back to WLAN 16 is pre-
vented for a certain period of time by a dwell timer as long
as the LQI of cellular link 18a stays above the cellular link
minimum threshold. Such dwell timer prevention prevents
ping-ponging in time from one network to another, for
example even if the LQI of WLAN link 186 improves
significantly.

[0038] While the call is actively connected through cellu-
lar network 14, the LQI of WLAN link 186 is monitored.
Such monitoring includes the monitoring of links with
potential access points 24, including the access point with
which mobile station 12 most recently had an active con-
nection. A handoff back to WLAN network 16 is triggered
if the LQI of WLAN link 18b is greater than the handoff
trigger threshold increased by a hysteresis margin for a
pick-up count duration. The pick-up count duration is simi-
lar to the drop count in that it requires the LQI to remain
above the trigger threshold for a certain count of sample
intervals, (e.g., sample intervals may comprise 250 or 500
milliseconds in particular embodiments).

[0039] The increase of the handoff trigger threshold by the
hysteresis margin prevents a ping-ponging in space. The
hysteresis margin may comprise any suitable value accord-
ing to operational needs. The amount of the hysteresis
margin may be adjusted according to a tradeoff between how
much ping-ponging a user or administrator desires to toler-
ate versus how quickly a trigger is desired. In particular
embodiments, the hysteresis margin may be fixed, while in
some embodiments the hysteresis margin may be manually
or automatically tunable. It should be understood that hys-
teresis functionality may additionally be used with respect to
a handoff from WLAN network 16 to cellular network 14 in
a similar manner to that described with respect handoff from
cellular network 16 to WLAN network 14.

[0040] In particular embodiments, knobs or other controls
may be provided for administrators or users to tune various
parameters relating to the trigger of a handoff of one network
to another. Such tunable parameters may include the dwell
timer, drop count, pick-up count, trigger threshold and
hysteresis margin. For example, the turning of a knob could
result in a change of the trigger threshold from its default
value. In some embodiments, a single knob or controller
may be mapped to variation of more than one parameter.

[0041] The operational example discussed above
describes handoff of a call from WLAN 16 and to cellular
network 14 and back to WLAN 16. This example assumes
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that a preferred or default network of mobile station 12 is
WLAN 16. For example, a controlling factor in whether
mobile station 12 remains actively connected with WLAN
16 is the quality of WLAN link 18b.

[0042] In other embodiments, a preferred or default net-
work may be cellular network 14. In this situation, a
controlling factor in whether mobile station 12 remains
actively connected with cellular network 14 may be the
quality of cellular link 18a. For example, mobile station 12
may be actively connected with cellular link 18a on a call,
and a handoff may be triggered when the quality of cellular
link 18 is less than a handoff trigger threshold for a drop
count duration and when the quality of WL AN link 185 is
greater than a minimum WLAN link quality threshold. A
dwell timer may be used to prevent ping-pong of a call
recently handed off to WLAN 16. A handoff back to cellular
network 14 from WLAN 16 may be triggered when the
quality of cellular link 18« is greater than the handoff trigger
threshold plus a hysteresis margin for a pick-up count
duration.

[0043] 1t should be understood that while, as discussed
above, network preferences may be included into the opera-
tion of mobile station 12 (e.g., cellular network 14 or WLAN
16 as a preferred network), any number of other policies or
preferences may be utilized by mobile station 12 to deter-
mine when a handoff is triggered. For example, in particular
embodiments it may be desired that a handoff from a cellular
network to a WLAN or vice versa may not be allowed in
certain situations. Such operational needs may be imple-
mented in various embodiments. Moreover, while the teach-
ings and functionality discussed herein with respect to
mobile station 12 apply to the situation when the mobile
station is on a current call with a network, such functionality
can also be implemented during a call setup process (e.g., as
the mobile station is deciding to which network it should be
actively connected to begin a call).

[0044] As discussed above, particular embodiments may
monitor more than one metric indicating link quality to
determine appropriate times for handoff. For example, some
embodiments may monitor signal to noise ratio, signal
quality and packet error rate to indicate link quality of a
WLAN link. In such cases, the LQI may comprise a three-
dimensional vector (e.g., LQI=[SNR SQ PER)) or a scalar
value that is a function of such metrics (e.g., LQI=f(SNR,
SQ, PER)). In these situations, a threshold trigger value may
comprise a vector or scalar value, respectively.

[0045] As an example, when LQI of WLAN link 18b
comprises three-dimensional vector [SNR, SQ, PER, , —
PER], the trigger threshold above which the LQI of link 185
must stay for the drop count duration may comprise [SNR,, ,,
SQ,,, PER_ . -PER,, ]. In such case, one qualification for a
handoff to be triggered may be if the lowest component of
the vector yielded when the trigger threshold vector is
subtracted from the LQI vector is less than zero for the drop
count duration.

[0046] As another example, when LQI of WLAN link 185
comprises a scalar value f (SNR, SQ, PER) determined by
a function of three metrics. For example, the L.QI of WLAN
link 186 may comprise w;*(SNR-SNR_; J/(SNR_ -SN-
Rmin)+w2*(SQ_SQmin)/(SQmaX_SQmin)+W3*(PERmax_

PER)/PER ., where weights w,, w,, and w are chosen such
that w, +w,+w;=100. Thus, a function is performed on three
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metric parameters to yield a single scalar value to represent
link quality. In this case, the trigger threshold may comprise
f (SNRtlv Sch> PERth)

[0047] FIG. 3 is a flowchart illustrating a method for
handing off a call between networks, in accordance with a
particular embodiment of the present invention. The method
begins at step 100 where a quality of a first link between a
mobile station and a WLAN is monitored when the mobile
station is actively connected with the WLAN on a call. At
step 102, a quality of a second link between the mobile
station and a cellular network is monitored when the mobile
station is actively connected with the WLLAN on the call. The
monitoring of the qualities of the first and second links may
comprise monitoring one or more WLAN link metrics and
cellular link metrics, respectively.

[0048] At step 104, if the quality of the first link is less
than a handoff trigger threshold for a drop count duration
then the method proceeds to step 106. At step 106, if the
quality of the second link is greater than a minimum cellular
link quality threshold then the method proceeds to step 108.
At step 108, the call is handed off from the WLAN to the
cellular network.

[0049] At step 110, a handoff back from the cellular
network to the WLAN is prevented until a dwell timer has
expired. At step 112, the quality of the first link between the
mobile station and the WLAN is monitored. At step 114, if
the quality of the first link is greater than the handoff trigger
threshold increased by a hysteresis margin for a pick-up
count duration, then the method proceeds to step 116. At step
116, the call is handed off from the cellular network to the
WLAN.

[0050] While the flowchart of FIG. 3 illustrates a situation
in which the WLAN is a preferred network, it should be
understood that in other embodiments the cellular network
may be the preferred network such that the quality of the
cellular link is a controlling factor regarding the network to
which the mobile station is actively connected. It should also
be understood that the teachings and functionality discussed
herein with respect to a mobile station on a current call with
a network can also be utilized during a call setup process
(e.g., as the mobile station is deciding to which network it
should be actively connected to begin a call).

[0051] Some of the steps illustrated in FIG. 3 may be
combined, modified or deleted where appropriate, and addi-
tional steps may also be added to the flowchart. Additionally,
steps may be performed in any suitable order without
departing from the scope of the invention.

[0052] Although the present invention has been described
in detail with reference to particular embodiments, it should
be understood that various other changes, substitutions, and
alterations may be made hereto without departing from the
spirit and scope of the present invention. For example,
although the present invention has been described with
reference to a number of elements included within commu-
nication system 10 and mobile station 12, these elements
may be combined, rearranged or positioned in order to
accommodate particular routing architectures or needs. In
addition, any of these elements may be provided as separate
external components to each other where appropriate. The
present invention contemplates great flexibility in the
arrangement of these elements as well as their internal
components.
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[0053] Numerous other changes, substitutions, variations,
alterations and modifications may be ascertained by those
skilled in the art and it is intended that the present invention
encompass all such changes, substitutions, variations, alter-
ations and modifications as falling within the spirit and
scope of the appended claims. Moreover, the present inven-
tion is not intended to be limited in any way by any
statement in the specification that is not otherwise reflected
in the claims.

What is claimed is:
1. A method for handing off a call between networks,
comprising:

monitoring a quality of a first link between a mobile
station and a wireless local area network (WLAN)
when the mobile station is actively connected with the
WLAN on a call;

monitoring a quality of a second link between the mobile
station and a cellular network when the mobile station
is actively connected with the WLLAN on the call; and

handing off the call from the WLAN to the cellular
network when the quality of the first link is less than a
handoff trigger threshold for a drop count duration and
when the quality of the second link is greater than a
minimum cellular link quality threshold.
2. The method of claim 1, further comprising preventing
a handoff of the call from the cellular network to the WLAN
until expiration of a dwell timer as long as the quality of the
second link remains above the minimum cellular link quality
threshold.
3. The method of claim 2, further comprising:

monitoring the quality of the first link between the mobile
station and the WLAN when the mobile station is
actively connected with the cellular network on the
call; and

handing off the call from the cellular network to the
WLAN when the quality of the first link is greater than
the handoff trigger threshold plus a hysteresis margin
for a pick-up count duration.

4. The method of claim 3, further comprising tuning a
control to change a value of the hysteresis margin.

5. The method of claim 3, further comprising tuning a
control to change a value of the drop count duration.

6. The method of claim 3, further comprising tuning a
control to change a value of the dwell timer.

7. The method of claim 1, wherein the WLAN commu-
nicates using [EEE 802.11 protocol.

8. The method of claim 1, wherein monitoring a quality of
a first link between a mobile station and a WLAN comprises
monitoring a WLAN metric.

9. The method of claim 8, wherein the WLAN metric
comprises one of a group of metrics consisting of a received
signal strength, a signal to noise ration, a signal quality, an
error vector magnitude, a bit error rate and a packet error
rate.

10. The method of claim &8, wherein the WLAN metric
comprises a quality of service parameter.

11. The method of claim 10, wherein the quality of service
parameter comprises packet jitter, delay or WLAN collision
error rate.
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12. The method of claim 1, wherein monitoring a quality
of a first link between a mobile station and a WLAN
comprises monitoring a plurality of WLAN metrics.

13. The method of claim 12, wherein monitoring a plu-
rality of WLAN metrics comprises determining a vector
comprising a plurality of WLAN metrics.

14. The method of claim 12, wherein monitoring a plu-
rality of WLAN metrics comprises determining a scalar
value comprising a function of a plurality of WL AN metrics.

15. The method of claim 1, wherein monitoring a quality
of a second link between the mobile station and a cellular
network comprises monitoring a cellular metric.

16. The method of claim 15, wherein the cellular metric
comprises one of a group of metrics consisting of a received
signal strength, a bit error rate and a frame error rate.

17. The method of claim 1, wherein the drop count
duration comprises a first number of samples out of a second
number of samples taken at a sample interval.

18. The method of claim 17, wherein the sample interval
comprises 250 milliseconds.

19. A system for handing off a call between networks,
comprising a mobile station comprising a controller oper-
able to:

monitor a quality of a first link between the mobile station
and a wireless local area network (WLAN) when the
mobile station is actively connected with the WLAN on
a call;

monitor a quality of a second link between the mobile
station and a cellular network when the mobile station
is actively connected with the WLAN on the call; and

hand off the call from the WLAN to the cellular network
when the quality of the first link is less than a handoff
trigger threshold for a drop count duration and when
the quality of the second link is greater than a minimum
cellular link quality threshold.

20. The system of claim 19, wherein the controller is
further operable to prevent a handoff of the call from the
cellular network to the WLAN until expiration of a dwell
timer as long as the quality of the second link remains above
the minimum cellular link quality threshold.

21. The system of claim 20, wherein the controller is
further operable to:

monitor the quality of the first link between the mobile
station and the WLAN when the mobile station is
actively connected with the cellular network on the
call; and

hand off the call from the cellular network to the WLAN
when the quality of the first link is greater than the
handoff trigger threshold plus a hysteresis margin for a
pick-up count duration.

22. The system of claim 21, wherein the mobile station
further comprises a tuning knob operable to tune the hys-
teresis margin to change its value.

23. The system of claim 19, wherein the WLAN commu-
nicates using [EEE 802.11 protocol.

24. The system of claim 19, wherein a controller operable
to monitor a quality of a first link between a mobile station
and a WLAN comprises a controller operable to monitor a
WLAN metric.

25. The system of claim 24, wherein the WLAN metric
comprises one of a group of metrics consisting of a received
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signal strength, a signal to noise ration, a signal quality, an
error vector magnitude, a bit error rate and a packet error
rate.

26. The system of claim 24, wherein the WLAN metric
comprises a quality of service parameter.

27. The system of claim 26, wherein the quality of service
parameter comprises packet jitter, delay or WLAN collision
error rate.

28. The system of claim 19, wherein a controller operable
to monitor a quality of a first link between a mobile station
and a WLAN comprises a controller operable to monitor a
plurality of WLAN metrics.

29. The system of claim 28, wherein a controller operable
to monitor a plurality of WLAN metrics comprises a con-
troller operable to determine a vector comprising a plurality
of WLAN metrics.

30. The system of claim 28, wherein a controller operable
to monitor a plurality of WLAN metrics comprises a con-
troller operable to determine a scalar value comprising a
function of a plurality of WLAN metrics.

31. The system of claim 19, wherein a controller operable
to monitor a quality of a second link between the mobile
station and a cellular network comprises a controller oper-
able to monitor a cellular metric.

32. The system of claim 31, wherein the cellular metric
comprises one of a group of metrics consisting of a received
signal strength, a bit error rate and a frame error rate.

33. The system of claim 19, wherein the drop count
duration comprises a first number of samples out of a second
number of samples taken at a sample interval.

34. The system of claim 33, wherein the sample interval
comprises 250 milliseconds.

35. A system for handing off a call between networks,
comprising:

means for monitoring a quality of a first link between a
mobile station and a wireless local area network
(WLAN) when the mobile station is actively connected
with the WLAN on a call;

means for monitoring a quality of a second link between
the mobile station and a cellular network when the
mobile station is actively connected with the WLAN on
the call; and

means for handing off the call from the WLAN to the
cellular network when the quality of the first link is less
than a handoff trigger threshold for a drop count
duration and when the quality of the second link is
greater than a minimum cellular link quality threshold.
36. The system of claim 35, further comprising means for
preventing a handoff of the call from the cellular network to
the WLAN until expiration of a dwell timer as long as the
quality of the second link remains above the minimum
cellular link quality threshold.
37. The system of claim 36, further comprising:

means for monitoring the quality of the first link between
the mobile station and the WLAN when the mobile
station is actively connected with the cellular network
on the call; and

means for handing off the call from the cellular network
to the WLLAN when the quality of the first link is greater
than the handoff trigger threshold plus a hysteresis
margin for a pick-up count duration.
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38. The system of claim 35, wherein the WLAN commu-
nicates using [EEE 802.11 protocol.

39. The system of claim 35, wherein means for monitor-
ing a quality of a first link between a mobile station and a
WLAN comprises means for monitoring a WLAN metric.

40. The system of claim 39, wherein the WLAN metric
comprises one of a group of metrics consisting of a received
signal strength, a signal to noise ration, a signal quality, an
error vector magnitude, a bit error rate and a packet error
rate.

41. The system of claim 35, wherein means for monitor-
ing a quality of a second link between the mobile station and
a cellular network comprises means for monitoring a cellular
metric.

42. The system of claim 41, wherein the cellular metric
comprises one of a group of metrics consisting of a received
signal strength, a bit error rate and a frame error rate.

43. Software embedded in a computer readable medium
comprising code operable to:

monitor a quality of a first link between a mobile station
and a wireless local area network (WLAN) when the
mobile station is actively connected with the WLAN on
a call;

monitor a quality of a second link between the mobile
station and a cellular network when the mobile station
is actively connected with the WLAN on the call; and

hand off the call from the WLAN to the cellular network
when the quality of the first link is less than a handoff
trigger threshold for a drop count duration and when
the quality of the second link is greater than a minimum
cellular link quality threshold.

44. The medium of claim 43, wherein the code is further
operable to prevent a handoff of the call from the cellular
network to the WLAN until expiration of a dwell timer as
long as the quality of the second link remains above the
minimum cellular link quality threshold.

45. The medium of claim 44, wherein the code is further
operable to:

monitor the quality of the first link between the mobile
station and the WLAN when the mobile station is
actively connected with the cellular network on the
call; and

hand off the call from the cellular network to the WLAN
when the quality of the first link is greater than the
handoff trigger threshold plus a hysteresis margin for a
pick-up count duration.

46. The medium of claim 43, wherein the WLAN com-
municates using IEEE 802.11 protocol.

47. The medium of claim 43, wherein code operable to
monitor a quality of a first link between a mobile station and
a WLAN comprises code operable to monitor a WLAN
metric.

48. The medium of claim 47, wherein the WLAN metric
comprises one of a group of metrics consisting of a received
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signal strength, a signal to noise ration, a signal quality, an
error vector magnitude, a bit error rate and a packet error
rate.

49. The medium of claim 43, wherein code operable to
monitor a quality of a second link between the mobile station
and a cellular network comprises code operable to monitor
a cellular metric.

50. The medium of claim 49, wherein the cellular metric
comprises one of a group of metrics consisting of a received
signal strength, a bit error rate and a frame error rate.

51. A method for handing off a call between networks,
comprising:

monitoring a quality of a first link between a mobile
station and a cellular network when the mobile station
is actively connected with the cellular network on a
call;

monitoring a quality of a second link between the mobile
station and a wireless local area network (WLAN)
when the mobile station is actively connected with the
cellular network on the call; and

handing off the call from the cellular network to the
WLAN when the quality of the first link is less than a
handoff trigger threshold for a drop count duration and
when the quality of the second link is greater than a
minimum WLAN link quality threshold.

52. The method of claim 51, further comprising prevent-
ing a handoff of the call from the WLAN to the cellular
network until expiration of a dwell timer as long as the
quality of the second link remains above the minimum
WLAN link quality threshold.

53. The method of claim 52, further comprising:

monitoring the quality of the first link between the mobile
station and the cellular network when the mobile sta-
tion is actively connected with the WLAN on the call;
and

handing off the call from the WLAN to the cellular
network when the quality of the first link is greater than
the handoff trigger threshold plus a hysteresis margin
for a pick-up count duration.

54. The method of claim 53, further comprising tuning a
control to change a value of the hysteresis margin.

55. The method of claim 53, further comprising tuning a
control to change a value of the drop count duration.

56. The method of claim 53, further comprising tuning a
control to change a value of the dwell timer.

57. The method of claim 51, wherein the WLAN com-
municates using IEEE 802.11 protocol.

58. The method of claim 51, wherein monitoring a quality
of afirst link between a mobile station and a cellular network
comprises monitoring a cellular metric.

59. The method of claim 51, wherein monitoring a quality
of a second link between the mobile station and a WLAN
comprises monitoring a WLAN metric.
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