wo 20097146349 A 1[I 0K OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o T
(19) World Intellectual Property Organization /g3 [} 1M1 NI0POA 1.0 00 PO O 0
nternational Bureau S,/ 0 |
(43) International Publication Date \.;/ , S (10) International Publication Number
3 December 2009 (03.12.2009) WO 2009/146349 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO4W 48/16 (2009.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ gg’ gg’ gg > ]])31}({, 3\1\}[]’ gg’ gé’
PCT/US2009/045390 EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/130215 30 May 2008 (30.05.2008) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): MO- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TOROLA, INC. [US/US]; 1303 East Algonquin Road, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Schaumburg, IL 60196 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

(75) Inventors/Applicants (for US only): RAINBOLT,
Bradley J. [US/US]; 1397 NW 126th Way, Sunrise, FL ?A‘?{P;I(SFS’I\]?J’TSF’T%)G’ CL CM, GA, GN, GQ, GW, ML,
33323 (US). RUDOWICZ, Michael J. [US/US]; 10878 ? T ’ ’

Canyon Bay Lane, Boynton Beach, FL 33473 (US). Published:

(74) Agents: VAAS, Randall, S. et al.; 600 North US High- —  with international search report (Art. 21(3))
way 45, Libertyville, IL 60048 (US).

(54) Title: METHOD AND APPARATUS FOR SELECTING SCANNING RATES IN A MULTI-MODE COMMUNICATION
DEVICE

300

302

Measure parameter associated with interaction between first network and
multi-mode device

304
Select scan rate of multi-mode device for second network
306
Decrease scan rate when velocity is lower than a predetermined threshold
308

Increase scan rate when signal strength is lower than predetermined
threshold

FIG.3

(57) Abstract: A method and system for selecting scanning rates in a multi-mode communication device is disclosed herein. The
method can include the step of - at a multi-mode communication device - measuring at least one parameter associated with an in-
teraction between a first network and the multi-mode communication device. The method can further include the step of - in re-
sponse to measuring the parameter - selecting a scanning rate of the multi-mode communication device for a second, different net-
work that interacts with the multi-mode communication device. In the method, the first network and the second network can have
independent synchronization procedures.



WO 2009/146349 PCT/US2009/045390

METHOD AND APPARATUS FOR SELECTING SCANNING RATES

IN A MULTI-MODE COMMUNICATION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The claimed subject matter concerns scanning of wireless networks,
and more particularly, methods for adaptively scanning multiple networks to
facilitate vertical handover.

2. Description of the Related Art

As wireless technology continues to evolve, mobile devices will be able
to support an increased number of applications, which may be offered by
different service providers. In such an environment, multi-mode devices may
be capable of simultaneously supporting multiple applications provided by
different, independent networks with overlapping geographical coverage. The
devices may also be capable of handing off a service between networks in a
manner that appears to be seamless to users of the devices.

A challenge in the realization of this seamless mobility experience is
maintaining acceptable battery life for the multi-mode devices, which can
suffer when the devices scan for several networks simultaneously. The
problem is exacerbated as the number of networks increases, particularly
when the synchronization procedures of the networks operate independently.
An efficient method of scanning for multiple networks simultaneously is

needed.
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SUMMARY OF THE INVENTION

A method for selecting scanning rates in a multi-mode communication
device is disclosed herein. The method can include the steps of - at a multi-
mode communication device - measuring at least one parameter associated
with an interaction between a first network and the multi-mode communication
device and in response to measuring the parameter, selecting a scanning rate
of the multi-mode communication device for a second, different network that
interacts with the multi-mode communication device. The first network and
the second network can have independent synchronization procedures.

The parameter can include a coverage status of the first network at the
multi-mode communication device, a signal strength at the multi-mode
communication device, a quality of service support level of the first network at
the multi-mode communication device, or a velocity of the multi-mode
communication device. Moreover, selecting the scanning rate for the second
network can comprise decreasing the scanning rate when the velocity is lower
than a predetermined threshold, or increasing the scanning rate when the
signal strength is lower than a predetermined threshold.

The method can further include the step of ranking each member of a
set of networks based on measuring at least one parameter associated with
an interaction between each network and the multi-mode communication
device in which the set of networks can include the first network and the
second network. The parameters on which the ranking of each member is
based can include the quality of service support level of the network at the

multi-mode communication device or the signal strength at the multi-mode
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communication device. In one embodiment, the first network can be a local
area network, and the second network can be a wide area network.

Another method for selecting scanning rates in a multi-mode
communication device is also disclosed herein. The method can include the
steps of - at a multi-mode communication device - measuring at least one
parameter associated with an interaction between a first network and the
multi-mode communication device and measuring at least one parameter
associated with an interaction between a second, different network and the
multi-mode communication device. The method can further include the step
of - in response to measuring the parameters - selecting a scanning rate of
the multi-mode communication device for the second network. The first
network and the second network can have independent synchronization
procedures.

A multi-mode communication device is also disclosed herein. The
multi-mode communication device can include a first transceiver that can
interact with a first network having a first synchronization procedure. The
multi-mode communication device can further include a second transceiver
that can interact with a second, different network having a second
synchronization procedure that can be independent of the synchronization
procedure of the first network. Moreover, the multi-mode communication
device can include a processor that is coupled to the first transceiver and
coupled to the second transceiver. The processor can be operable to scan for
the first network, scan for the second network, measure at least one
parameter associated with the first network and in response to the measuring

the parameter, select a scanning rate of the second network.
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BRIEF DESCRIPTION OF THE DRAWINGS

Features that are believed to be novel are set forth with particularity in
the appended claims. The claimed subject matter may best be understood by
reference to the following description, taken in conjunction with the
accompanying drawings, in the several figures of which like reference
numerals identify like elements, and in which:

FIG. 1 illustrates an example of a first and second network and a multi-
mode communication device that can communicate with the networks;

FIG. 2 shows an example of a block diagram of a base station of a
communication network and a block diagram of a multi-mode communication
device; and

FIG. 3 illustrates an example of a method of selecting scanning rates at
a multi-mode communication device.

DETAILED DESCRIPTION

As required, detailed embodiments of the claimed subject matter are
disclosed herein; however, it is to be understood that the disclosed
embodiments are merely exemplary and can be embodied in various forms.
Therefore, specific structural and functional details disclosed herein are not to
be interpreted as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to variously employ the
claimed subject matter in virtually any appropriately detailed structure.
Further, the terms and phrases used herein are not intended to be limiting but
rather to provide an understandable description.

The terms “a@” or “an,” as used herein, are defined as one or more than

one. The term “plurality,” as used herein, is defined as two or more than two.
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The term “another,” as used herein, is defined as at least a second or more.
The terms “including” and/or “having,” as used herein, are defined as
comprising (i.e., open language). The term “coupled” as used herein, is
defined as connected, although not necessarily directly, and not necessarily
mechanically.

The term “transceiver” can be defined as any component or group of
components that is capable of transmitting and/or receiving communications
signals, including groups of components that are capable of at least
simultaneously receiving communication signals from different sources that
can support different protocols in which the source can be a network or a
receiving unit. The term “processor” can mean any component or group of
components, including any suitable combination of hardware and software,
that is capable of carrying out any of the processes described herein.

The term “communication protocol” can refer to a set of pre-determined
rules used by two units to exchange wireless signals. The term
“synchronization” can refer to a process in which a communication device at
least learns a timing reference used by another communication device. The
terms “scan” or “monitor’ can mean periodically checking one or more
communication channels for one or more signals, which can include
synchronization signals. A “handover” or a “vertical handover” can be a
process in which a communication device receiving signals from a first
network during a communication session subsequently receives signals from
a second, different network during the same communication session.

A method and system for selecting scanning rates in a multi-mode

communication device is disclosed herein. The method can include the steps
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of - at a multi-mode communication device - measuring at least one
parameter associated with an interaction between a first network and the
multi-mode communication device and in response to measuring the
parameter, selecting a scanning rate of the multi-mode communication device
for a second, different network that interacts with the multi-mode
communication device. The first network and the second network can have
independent synchronization procedures. This method allows a multi-mode
communication device to efficiently scan for multiple networks, which can
increase the battery life of the device.

Referring to FIG. 1, a system 100 can include a first communication
network 110 and a second communication network 120. The first network
110 can include one or more base stations 115 that can communicate with
one or more communication devices 105 over a wireless channel 118.
Similarly, the second network 120 can include one or more base stations 125
that can communicate with one or more communication devices 105 over a
wireless channel 128. In one arrangement, the first network 110 can support
a first communication protocol, and the second network 120 can support a
second, different communication protocol. As such, the first network 110 and
the second network 120 can have independent synchronization procedures.

The communication device 105 can be operable to communicate
simultaneously with the first network 110 over the wireless channel 118 and
the second network 120 over the wireless channel 128. The communication
device 105 can be a multi-mode device, which can be defined as a device that
is capable of communicating with two or more different networks, which may

or may not operate according to different protocols. As such, the device 105
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can operate according to a communication protocol supported by the first
network 110 and a communication protocol supported by the second network
120. One of the networks 110, 120 may be a primary network, or a network
that is currently actively serving the device 105. In this scenario, the other
network 110, 120 may be referred to as a non-primary network.

As an example, the first network 110 can be a local area network (LAN)
and the second network 120 can be a wide area network (WAN), though one
skilled in the art will recognize that each of the networks 110 and 120 can be
a WAN or a LAN, or any other suitable type of network. As an example, a
WAN or a LAN as disclosed herein can support Global System for Mobile
Communications (GSM), Code Division Multiple Access (CDMA), Worldwide
Interoperability for Microwave Access (WiIMAX), Long Term Evolution of GSM
(LTE), 802.11, or any other suitable communication protocol. Furthermore,
although the process described above is conducted over a network, those of
skill in the art will appreciate that this idea could be implemented in a
systemless, asynchronous communication environment.

Referring to FIG. 2, an example of the communication device 105 and
a base station 115 are shown. In one arrangement, the communication
device 105 can include a processor 150, a first transceiver 152, a second
transceiver 153, a memory 154, and a user interface 158. As an option, each
of the transceivers 152, 153 can include groups of components that are
capable of at least simultaneously receiving communication signals from
different networks that can support different protocols. As an example, the
first transceiver 152 can scan for synchronization signals from the first

network 110 and the second transceiver 153 can scan for synchronization
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signals from the second network 120, although one skilled in the art will
appreciate that each transceiver 152, 153 can scan for either or both of the
networks 110, 120.

The memory 154 may be a part of the processor 150 or may be a
separate unit under the control of the processor 150. The user interface 158
and the transceivers 152, 153 can all be coupled to and under the control of
the processor 150. As an example, the user interface 158 may include a
display, a speaker, a keypad, or a vibration mechanism, although other
suitable components may be part of the user interface 158. In an optional
embodiment, the user interface 158 can be operable to give a visible, audible,
or haptic indication to a user of the receiving unit 105 in response to a
handover.

In another arrangement, the base station 115 may include a
transceiver 162, a memory 164 and a processor 160, which may be coupled
to both the transceiver 162 and the memory 164. As an option, the
transceiver 162 can include groups of components that are capable of at least
simultaneously receiving communication signals from different receiving units
that can support different protocols. In addition, the memory 164 may be a
part of the processor 160 or may be a separate unit under the control of the
processor 160. It should be understood that this arrangement can be an
example of the base station 115 of the first network 110 or the base station
125 of the second network 120. A description of the operation of these
components will be presented below.

Referring to FIG. 3, a method 300 of selecting scanning rates in a

multi-mode communication device is shown. To describe this method 300,
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reference will be made to FIGs. 1 and 2, although it is understood that the
method 300 can be practiced in any other suitable system using any other
suitable components. Moreover, the steps of the method 300 are not limited
to the particular order in which they are presented in the figure. Also, the
method 300 can have a greater number of steps or a fewer number of steps
than those shown in the figure.

At step 302, at a multi-mode communication device, at least one
parameter associated with an interaction between a first network and the
multi-mode communication device can be measured. At step 304, a scanning
rate of the multi-mode communication device for a second, different network
that interacts with the multi-mode communication device can be selected.
There are at least two optional steps, although these are not necessarily the
only ones available. As an example, in step 306, the scanning rate can be
decreased when the velocity is lower than a predetermined threshold. As
another example, in step 308, the scanning rate can be increased when the
signal strength is lower than a predetermined threshold. In step 310, for a set
of networks comprising at least one network, at least one parameter
associated with an interaction between each network and the multi-mode
communication device can be measured, and each member of the set of
networks can be ranked.

For example, referring to FIGs. 1 and 2, at the multi-mode
communication device 105, at least one parameter associated with an
interaction between a first network 110 and the multi-mode communication
device 105 can be measured. As an example, the parameter can be the type

of network communicating with the device 105, which can be a Personal Area
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Network (PAN), Metropolitan Area Network (MAN), LAN, or WAN, or any
other suitable network type as known in the art. As another example, the
parameter can be the typical cell radius of the first network 110, which can be
stored in the memory 154 before the measurement and retrieved by the
processor 150 at the time of measurement. The cell radius can also be
conveyed to the multi-mode communication device 105 over the wireless link
118 as a data field or can be measured in any other suitable manner known in
the art.

The parameter can also be the signal strength at the multi-mode
communication device 105 or at the first network 110. The signal strength
can be expressed in terms of any suitable quantity known in the art, including,
but not limited to, Carrier to Interference plus Noise Ratio (CINR), Signal to
Interference plus Noise Ratio (SINR), or Received Signal Strength Indicator
(RSSI). The signal strength can be measured at the multi-mode
communication device 105 by execution of at least one operation in the
processor 150 operating on at least one signal received from the first
transceiver 152 or the second transceiver 153. Alternatively, the signal
strength can be measured at the base station 115 by execution of at least one
operation in the processor 160 operating on at least one signal received from
the transceiver 162. It will be understood by one skilled in the art, however,
that any suitable alternative technique for measuring signal strength can be
used.

The parameter may also be the coverage status of the multi-mode
communication device 105 with respect to the first network 110 in which the

status can be categorized using any suitable categories. Suitable categories
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include available, marginal, or not available. In one embodiment, the
coverage status can be measured at the multi-mode communication device
105 by execution of at least one operation in the processor 150 operating on
at least one signal received from the first transceiver 152 or the second
transceiver 153. As an example, the multi-mode communication device 105
can assign the coverage status of the first network 110 to be “available” if the
measured signal strength is above a first predetermined threshold or can
assign the coverage status of the network 110 to be “not available” if the
measured signal strength is below the first or another predetermined
threshold. A coverage status of “marginal” can be assigned if the measured
signal strength is within a certain range of any of these predetermined
thresholds. The above examples serve to illustrate, but not to limit, the
technigues that can be used to measure a coverage status.

As an additional example, the parameter can be a time stamp of the
last synchronization between the multi-mode communication device 105 with
the first network 110 or the current scanning rate of the multi-mode
communication device 105 with respect to the first network 110. In an
alternative embodiment, the parameter can be the velocity of the multi-mode
communication device 105 at the last signal strength measurement, which
can be found through any suitable method known in the art, such as Doppler
frequency based velocity estimation or Global Position System (GPS) based
velocity estimation.

As another example, the parameter can be the minimum duration of
scanning needed to detect the presence of the network 110, to synchronize to

the network 110, or to receive signals from the network 110, including, but not

11
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limited to, paging signals. These durations can be stored in the memory 154
before the measurement and retrieved by the processor 150 at the time of
measurement, can be conveyed to the multi-mode communication device 105
over the wireless link 118 as a data field or can be measured in any other
suitable manner known in the art.

In another arrangement, the parameter can be a quality of service
(QoS) support level of the first network 110 at the multi-mode communication
device 105. A QoS support level of the network 110 can refer to a set of
criteria that can describe a communication session between a network and a
multi-mode communication device 105, including, but not limited to, a
maximum supported data rate. This exemplary definition of QoS support level
should serve not to limit, but to illustrate, the concept and it will be understood
by one skilled in the art that suitable alternative definitions of “QoS support
level” can be used.

At the multi-mode communication device 105, the QoS support level
can be measured by decoding one or more bit fields transmitted over the
wireless link 118 in which the bit fields can convey information such as the
supported data rate or any other suitable criteria. The QoS support level of
the network 110 can also be determined at the multi-mode communication
device 105 by measuring characteristics of signals received from the network
110, such as, but not limited to, received data rate at the multi-mode
communication device 105. The QoS support level can also be determined in
any other suitable manner known in the art.

It will be understood that the above examples of parameters are not

limiting in any way. Moreover, any suitable combination of parameters

12
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associated with the interaction between the multi-mode communication device
105 and the first network 110, including individual parameters, can be
monitored for purposes of selecting a scanning rate.

As noted earlier, in view of the monitored parameters, a scanning rate
of the multi-mode communication device for a network can be selected. Also,
each network in the set of networks can be ranked, such as by using the QoS
support level, signal strength, or any other suitable parameter as described
above. In one example, as a result of the ranking, the scanning rate can be
increased or decreased, or can remain the same. Alternatively, the network
can be eliminated from the set of networks to be scanned.

An example process that can be used to select the scanning rate for a
network and to rank a network will now be described. Any suitable method
can be used, and the exemplary process given here is for illustrative purposes
and should not be considered limiting in scope. In the process, the following
thresholds can be used —

e Acceptable_Primary_Network_Signal_Strength — this threshold can
be a minimum signal strength needed in order for the multi-mode
communication device 105 to operate on the primary network without
monitoring other networks.

e Maximum_Primary_Network_Velocity — this threshold can be a
maximum allowed velocity of the multi-mode communication device
105 in order for the multi-mode communication device 105 to operate

on the primary network without monitoring other networks

13
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e Stationary_Threshold — this threshold can be a maximum velocity
measurement for which the multi-mode communication device 105 is
deemed stationary.

¢ Handover_ Monitor_Threshold — this threshold can be a minimum level
of signal strength required in order for the multi-mode communication
device 105 to monitor only the primary network. Below this threshold,

it can be required that at least one secondary network be scanned.

The scanning rates can be set to levels such as the following, although other
levels or fewer levels can also be used —
e Very Frequent Scanning — this rate can be a rate needed to detect a
network handover candidate as soon as possible
e Very Infrequent Scanning — this rate can be a rate that is infrequent
enough such that a predetermined level of battery life is obtained

(conserved).

In this exemplary process, an initial scan of all supported networks can
be performed, and each network can be ranked according to, for example,
signal strength and QoS support level. Based on the above ranking, a
primary network can then be designated (based on signal strength and QoS
support level). It can then be determined if any non-primary networks are to
be scanned.

For example, for each non-primary network, if the signal strength is
less than the Handover_Monitor_Threshold or the velocity of the device 105 is

greater than Maximum_Primary_Network_Velocity, the non-primary network

14
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should be scanned. The rate of scanning for each non-primary network that is
to be scanned can also be determined. In particular, if the coverage status of
the primary network is in the available or marginal categories and if the
velocity of the device 105 is less than Stationary_Threshold, then the
scanning rate for the non-primary network(s) can be decreased to a minimum
required scanning rate, such as the Very Infrequent Scanning level. A
minimum scanning rate can be any suitable rate that can help preserve
battery life and can even include the cessation of scanning for a particular
network. If, however, the velocity of the device 105 is greater than or equal to
Stationary_Threshold, then the scanning rate can be increased according to
the network cell radius and the velocity, for example.

Alternatively, if the coverage status of the primary network is in the not
available category and the velocity of the device 105 is greater than or equal
to Stationary_Threshold, then the scanning rate for the non-primary
network(s) can be set to the Very Frequent Scanning level. In addition, if the
velocity is below Stationary_Threshold or the velocity is unavailable, then the
scanning rate for the non-primary network can be set to the Very Infrequent
Scanning level. Of course, the above examples are not meant to be limiting in
any way, as the scanning rates can be modified in accordance with any other
suitable rules or scenarios.

The method 300 of FIG. 3 is described in which the parameters that
are monitored are associated with the interaction between the primary
network and the device. It must be noted that this description is not so
limited. Specifically, the parameters of both the primary network and one or

more non-primary networks can be monitored or measured for purposes of
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selecting a scanning rate of one or more non-primary networks. Once
parameters for both primary and non-primary networks have been measured,
the processes described above can be performed.

While the various embodiments of the present invention have been
illustrated and described, it will be clear that the claimed subject matter is not
so limited. Numerous modifications, changes, variations, substitutions and
equivalents will occur to those skilled in the art without departing from the
spirit and scope of the present invention as defined by the appended claims.

What is claimed is:

16
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CLAIMS

1. A method for selecting scanning rates in a multi-mode communication
device, comprising:

at the multi-mode communication device, measuring at least one
parameter associated with an interaction between a first network and the
multi-mode communication device; and

in response to measuring the parameter, selecting a scanning
rate of the multi-mode communication device for a second, different network
that interacts with the multi-mode communication device;

wherein the first network and the second network have

independent synchronization procedures.

2. The method of claim 1, wherein the parameter includes a coverage
status of the first network at the multi-mode communication device, a signal
strength at the multi-mode communication device, a Quality of Service
support level of the first network at the multi-mode communication device, or a

velocity of the multi-mode communication device.

3. The method of claim 2, wherein selecting the scanning rate for the
second network comprises decreasing the scanning rate when the velocity is
lower than a predetermined threshold, or increasing the scanning rate when

the signal strength is lower than a predetermined threshold.

17
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4, The method of claim 1, further comprising ranking each member of a
set of networks based on measuring at least one parameter associated with
an interaction between each network and the multi-mode communication
device, wherein the set of networks includes the first network and the second

network.

5. The method of claim 4, wherein the parameters on which the ranking of
each member is based include the Quality of Service support level of the
network at the multi-mode communication device or the signal strength at the

multi-mode communication device.

6. A multi-mode communication device, comprising:

a first transceiver that interacts with a first network having a first
synchronization procedure;

a second transceiver that interacts with a second, different
network having a second synchronization procedure that is independent of the
synchronization procedure of the first network; and

a processor that is coupled to the first transceiver and coupled

to the second transceiver and operable to:
scan for the first network;
scan for the second network;
measure at least one parameter associated with the first
network; and
in response to the measuring the parameter, select a

scanning rate of the second network.

18
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7. The multi-mode communication device of claim 6, wherein the
parameter includes a coverage status of the first network at the multi-mode
communication device, a signal strength at the multi-mode communication
device, a Quality of Service support level of the first network at the multi-mode

communication device, or a velocity of the multi-mode communication device.

8. The multi-mode communication device of claim 7, wherein selecting the
scanning rate for the second network comprises decreasing the scanning rate
when the velocity is lower than a predetermined threshold, or increasing the
scanning rate when the signal strength is lower than a predetermined

threshold.

0. The multi-mode communication device of claim 6, wherein the first
network is a Local Area Network and the second network is a Wide Area

Network.

10.  The multi-mode communication device of claim 6, wherein the
processor is further operable to rank each member of a set of networks based
on measuring at least one parameter associated with an interaction between
each network and the multi-mode communication device, wherein the set of

networks includes the first network and the second network.

11. The multi-mode communication device of claim 10, wherein the

parameters on which the ranking of each member is based include the Quality

19
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of Service support level of the network at the multi-mode communication

device or the signal strength at the multi-mode communication device.

20
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