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CHANNEL SCAN BASED ON MOBILITY STATE

BACKGROUND

[0001] Devices with wireless cards may perform channel scans to find available
wireless access points to connect to. It may be desirable to periodically perform a
channel scan sven when aiready connected o an access point, as a betler access
point may be available at a later time. However, performing a channel scan can
have drawbacks. For example, performing a channel scan consumes ensrgy,
which can be a valuable and scarce resource, particularly on a mobile device.
Additionally, when a channel scan is performed, the device generally cannot
transmif or receive other data during the scanning operation, which affects
performance.

BRIEF DESCRIPTION OF DRAWINGS
[0002] The following detailed description refers to the drawings, wherein:

[0003] FIG. 1 illustrates 3 method o perform a channel scan based on a device's

mobility state determined using time-of-flight information, according to an example.

[0004] FIG. 2 illustrates a method to dstermine a mobility state of a device based
on time-of-flight information for use in the method of FIG. 1, according o an

example.
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[0008] FIG. 3 illustrates a method to determine a periodicity with which to
perform a channel scan based on mobility state information of a device, according

to an example.

{0006] FIG. 4 illustrates a method to identify and select an access point for use in
the method of FIG. 1, according to an example.

[0007] FIG. 5 illustrates a device that can perform a channel scan based on the
device’'s mobility state determined using time-of-flight information, according to an

example.

[0008] FIG. 6 illustrates normalized time-of-flight values between an access point

and a device, according to an example.

{0009] FIG. 7 illustrates a computer-readable medium to perform a channel scan
based on a device's mobility state determined using time-of-flight information,

according to an example.

DETAILED DESCRIPTION

[0010] Even if a device already has a viable connection o an access point,
performing a channel scan can be beneficial because a better connection with
another access point may be available. This ¢an be especially frue if a device is
mobile and the strength of the connection with the current access point is
decreasing. However, performing repeated channel scans can have drawbacks,
such as excessive power consumption and a decrease in performance.
[0011] In an example, a method may be provided to perform a channel scan
based on mobility information. The method may include determining a mobility
state of the device based on time-of-flight information. For example, the time-of-
flight information may include muitiple measurements of time-of-flight between a
device and an access point. Each time-of-flight may be a measure of the time
between sending of a probe message from the device to the access point and
receiving an acknowledgement from the access point. By determining multiple
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time-of-flights, it may be determined whether the device is in a mobile state (i.e.,
currently moving) or in a static state {i.e., not moving). Furthermore, in the case of
a moving device, the directional heading of the device {e.q., toward or away from
the access point} and velocity of the device may be determined. The method may
further include determining whether {0 petform a channel scan based on the
determined mobility state. For example, it may be determined to perform a channel
scan if the device is moving away from the access point, as that may imply that the
strength of the connection is decreasing and will likely continue fo decrease. The
method may then include performing a scanning operation in response {o a
determination to perform a channel scan.
[0012] As a result of the scanning operation, other available access paints may
be discovered. One of these access points may be selected for wireless
connectivity, and the device can disconnect from the currently connected access
point and connect to the selected access point. Accordingly, by using mobility
state to determine when to perform a channel scan, the frequency of channal
scans may be decreased while increasing the likelihood that a channel scan will be
performed only when there is a greater likelihood that a more suitable access point
may be available. Additionally, as will be described in more detail later, an access
point may be selected based on the mobility state information so as to minimize the
number of handoffs (i.e., the number of times that the device ¢hanges access
noints) while maintaining a minimur level of signatl strength.  Additional examples,
advantages, features, modifications and the like are described below with
reference to the drawings.
[0013] FIGB. 1.4 illustrate methods usable to perform a channel scan based on a
device's mobility state determined using tims-of-flight information, according fo
various examples. Methods 100-400 may be performed by a computing device or
computer, such as mobile device 510 or computer 710. Computler-readable
instructions for implementing methods 100-400 may be stored on a computer
readable storage medium. These instructions as stored on the medium are
referred to herein as "modules” and may be exscuted by a computer.

3
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[0014] Methods 100-400 will be described here relative to environment 500 of
FIG. 5. Environment 500 may include a mobile device 510 and various access
points 520-540. Mobile device 510 may be a mobile phone, smariphone, tablet
computer, {aptop computer, or the like, and may include wireless access capability,
such as through a wireless card. Mobile device 510 may include a communication
interface B12 {e.qg., wireless card), a processor 514, and a channel scan module
818, which can be executed by processor 514, Channel scan module 516 may be
configured to perform methods 100-400 of FIGS. 1-4 and/or instructions 732-736 of
FIG. 7. Access points {APs) 520-540 may be wireless access points that provide
wireless network access to devices. The APs may implement known wireless
networking protocols, such as IEEE 802.11 variations.

[0015] Mobile device 510 may include one or more controllers and one or more
maching-readable storage media. A controller may include a processor and &
memory for implementing machine readable instructions. The processor may
include at least one central processing unit {CPU), at least one semiconductor-
based microprocessor, at least one digital signal pracessor {(DSP) such as a digital
image processing unit, other hardware devices of processing elements suitable to
retrieve and execute instructions stored in memory, or combinations thereof. The
processor can include single or multiple cores on a chip, mulliple cores across
multiple chips, mulliple cores across mutltiple devices, ar combinations thereof.
The processor may fetch, decode, and execute ingtructions from memory o
perform various functions. As an alternative or in addition to refrieving and
execuling instructions, the processor may include at least one integrated circuit
{1C}, other control logic, other electronic circuits, or combinations thereof that
include a number of electronic components for performing various tasks or

functions.

{0016] The controller may include memory, such as a machine-readable storage
medium. The machine-readable siorage medium may be any electronic, magnstic,

optical, or other physical storage device that contains or stores executable
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instructions. Thus, the machine-readable storage medium may comprise, for
example, various Random Access Memory (RAM), Read Only Memory (ROM),
flash memory, and combinations thereof. For example, the machine-readable
medium may include a Non-Volatile Random Access Memary (NVRAM), an
Electrically Erasable Programmable Read-Only Memory (EEPROM), a storage
drive, 2 NAND flash memory, and the like. Further, the machine-readable storage
medium can be computer-readable and non-transitory. Additionally, mobile device
510 may include one or more machine-readable storage media separate from the

one or more contrallers.

[0017] Method 100 may be used 1o perform a channel scan based on a device’s
mohility state determined using time-of-flight information, according to an example.
For illustration, method 100 will be described as executed by mobile device 510,
{0018] Method 100 may begin at 110, where the mobility state of device 510 may
be determined. The mobhility stale may be delermined relative 10 an access point
based on lime-of-flight {ToF) information. The ToF may capture the propagation
delay between a transmitter at device 510 and a receiver at one of the APs 520-
540.

{0019] For example, method 200 may be performed to determine the maobility
state of device 510. AL 210, device 510 may send a first probe to an AP, such as
AP 520, in one example, the probe may be a NULL data frame. For example,
device 510 may send a NULL data frame that includes an 802.11 frame control
field, type 10 and subtype 0100 or a Qo8& NULL data frame that includes an 802.11
frame control filed, type 10 and subtype 1100. The AP 520, even if it is not
associated with the device 510, may reply with an acknowledgement (ACK), for
example, as specified in the IEEE 802.11 standard. Thus, at 220, device 510 may
receive a first acknowledgement, which acknowledges having received the first
probe. At 230, device 510 may calculate a ToF value based on an elapsed period
between sending the first probe and receiving the first acknowledgement. At 240,
device 510 may send a second probe to the AP 520 at a later fime {relative to
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sending the first probe). At 250, device 510 may receive a second
acknowledgement to the second probe. At 260, device 510 may calculate a
second ToF based on an elapsed period between sending the second probe and
receiving the second acknowledgament. At 270, device 510 may determine its
mobility state based on the first ToF and second ToF.

[0020] To illustrate how the mobility state may be determined, FiG. 6 depicts
normalized ToF values between an AP and a device that uses the AP, according {o
an example. The Tok is proportional {o the distance between a fransmitter {e.g., &t
the device 510 or one of the APs} and a receiver (g.g., at the ather one of the APs
or the device 510). A change in the ToF values may be used {o determine a
mobility state of device 510, In particular, for example, the ToF information may be
used to determine (1) whether device 510 is static (i.e., stationary/not moving) or
mobite (Le., moving), (2) a directional heading of device 510 relative to the AP {iLe.,
whether the device is approaching or moving away from the AP), and {3} a velocity
of device 510 relative to the AP,

{0021] Forinstance, if the ToF is not changing over time, it may be determined
that device 510 is static. i the ToF is changing, it may be delermined that device
510 is mobile. Note that a threshold may be used o determine a maobile vs, siatic
state. For example, some variation in ToF over time may be allowed to account for
deviations in ToF due {o minor movement, environmental conditions, or the like.
Once the threshold is met, however, # may be assumed that the deviations are
significant enough that the device 510 is indeed moving a significant amount. In
addition, if the ToF is increasing (e.g., see FIG. 6), it may be determined that the
device 510 is heading away from the AP. Otherwise if the ToF is decreasing, it
may be determined that the device 510 is approaching the AP. Finally, velocity of

the device 510 relative o the AP may be determined using the following equation:
- FaRi-TaF2

311

1 is the time when the first probe was sent, and {2 is the time when the second

, where v is the velocity, ToF7 is the first ToF, ToF2 is the second ToF,

probe was sent. A positive velocity would indicate velocity toward the AP while a
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negative velocity would indicate velocity away from the AP, Mulliple successive
determinations of ToF over time can be performed to confirm the correctness of the
determined mobility state.
{0022] Retuming to method 100, at 120 it may be determined whether to perform
a channel scan based on the mobility state. A channel scanisascanofa
particular radio frequency {channel) to identify available APs. The channetl scan
may be an active scan, in which the mobile device 510 transmits a probe and wails
for acknowledgements from available APs. It may be determined to perform a
channel scan if the mobility state of device 510 is “mobile” and o not perform a
channel scan if the mobility state of device 510 is "static”. This is because if device
510 is mobile, it may be more likely that a betlter or more acceptable AP will be
available, while if the device 510 is static, it may be less likely that a better or more
acceptable AP will be available. Nonetheless, even if determined that the device
510 is static, a channel scan may still be performed if the signal strength of a
currently associated AP falis below a signal strength threshold value. This can
help to ensure a certain fevel of connectivity regardiess of mobility state.
[0023] A similar determination may be made based on a determined velocity of
the device 510, Turning to FIG. 3, method 300 begins at 310 where a velocity of
device 510 may be determined based on ToF information, such as described
abave. Al 320, a penodicity with which to perform a channel scan may he
determined based on the velocity of device 510, For example, if the velocity is
below a first threshold value, it may be determinad {o not perform a channel scan
untess signal strength of the AP associated with device 510 falls below a signal
strength threshold value. On the other hand, if the determined velocity is above the
first threshold value, the periodicity may be sel {o a value proportional to the
determined velocity of the device. For example, the higher the velocity is, the
higher the more frequently device 510 can perform a channel scan. There may
also be a second threshold value, where if the determined velocity is above the
second threshold vaiue, the periodicity is set to a predetermined value. The
predetermined value may serve as a maximum periodicity for performing the

7
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channel scan, to account for the case where device 510 is moving very quickly
{e.g., in a car, train, or plane). In some examples, the periodicity may be setin
other ways, such that the periodicily is not proportional to the determined velocity.

{0024] At 130, a scanning operation may be performed in response {o a
determination to perform a channel scan. For example, channel scan module 516
can cause the communication interface 512 {e.g., via a wireless card) of to perform
a channel scan at predetermined intervals according to the determined periodicity.
Accordingly, a channel scan may be performed independent of the current signal
strength value of an AP that device 510 is associated with.

[0025]
available APs identified during the channel scan. An AP may be selected from the

| At 140, device 510 may select an AP {0 associate with from a list of

list based on various techniques. In one example, an available AP having a
highest signal strength may be selected for association, The signal strength of
each available AP may be determined by device 510 via its wirsless card. Other
criteria may be examined, as well. For example, FIG. 4 llustrates a method 400 to
identify and select an access point, according to an example.

[00268] Method 400 may begin at 410, where a respective mobility state of device
810 relative to sach available AP may be determined. For example, referring to
environment 500, the mobility state of device 510 may be determined relative o
sach of AP 520, AP 530, and AP 540. The mobility state may be deferminad
relative to each AP based on ToF information using the techniques described
earhier, such as method 200. The arrow 550 indicates that device 510 is moving
toward APs 530 and 540, and away from AP 520. Thus, for AP 520, it may be
determined that device 510 is mobile, is moving away from AP 520, and is moving
at velocity X relative to AP 520, For AP 530, it may be determined that device 510
is mobile, is moving toward AP 5§30, and is moving at velocity Y relative to AP 530.
For AP 540, it may be determined that device 510 is mobile, is moving toward AP
540, and is moving at velocity Z relative to AP 540. Note that the determined
velocity relative to each AP may differ due to the different locations of the APs,

8
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[0027] At 420, available APs that device 510 is headed towards may be
identified. For example, APs 530 and 540 may be identified as available APs in
this regard. AP 520 would not be identified because device 510 is moving away
from AP 520. After 420, a selection technigque may be used chosen fo select one
of the identified available APs. Two example selection techniques are a selection
technigue that attempls to maximize throughput (430) and a selection technigue
that attempts to minimize the number of handoffs (460),

[0028] Forthe maximize throughput selection technique (430}, method 400 may
proceed to 440 where an AP (from the APs identified in block 420} having the
highest projected throughput may be identified. The throughput may be projected
hased on various criterta, such as signal strength of the AP and the 802.11 protocol
that is supported by the AP, At 450, the AP identified in block 440 may be selected
and associated with. Referring to environment 500, AP 530 would likely be
selected using this selection technigue because AP 530 is closer to device 510 and
thus probably would have a higher signal strength than AP 540 and, thus, a higher
projected throughput. The maximize throughput selection technique may be used
when device 510 is executing an application requiring high throughput, such as a
bulk transfer application (e.g., file download/upload, video or audio

download/upload, elc.).

[0029] For the minimize handoffs selection technique {480}, method 400 may
select an AP that is expected to provide the longest lasting viable connection {i.e.,
a connection likely 1o provide at least the minimum signal strength for the longest
period of time). At 470, a minimum signal strength value may be determined. The
minimum signal strength value may be a minimum signal strength value that is
deemed acceptable for connection purposes. The minimum value may be a sef,
predetermined valug. Alternatively, the minimum value may be dependent on the
type of application being executed on device 510 or on the bandwidth requirements

of an application being executed an device 510.
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[0030] At 480, an AP may be selected (from the APs identified in block 420) and
associated with, where the AP has a lowest signal strength value above the
minimum value. Referring to environment 500, assuming AP 540 has a signal
strength above the minimum value, AP 540 would likely be selected using this
selection technique because AP 540 is farther from device 510 and would thus
likely have a weaker signal strength than AP 530. The reason selection of AP 540
may minimize the number of handoffs is because device 510 would probably be
able to stay associated with AP 540 for 2 longer period of time than with AP 530
due to the mobility direction of device 510. in other words, by associating with AP
540, device 510 may pul off having to re-associate with a new AP because the
connaction with AP 540 should be viable for a longer periad of time than it would
have been with AP 530, The minimize handoffs selection technigque may be used
when device 510 is executing an application that is sensitive to latency or jitter,
such as a real-time application involving audio or video conferencing. In such
case, interrupting the connection for channel scans may result in degraded
performance, so a longer {asting connection would be preferred.

[0031] FIG. 7 illustrates a computer-readable medium to perform a channel scan
based on a device's mobility state determined using time-of-flight information,
according to an example. Computer 710 may be a computing device such as
mobile device 510, such as a laptop, tablet, smariphone, PDA, or the like. The
comptiter may include one or more controllers and one or more maching-readable

storage media, as described with regpect to mobile device 510, for example.

{0032] Processor 720 may be at least one central processing unit (CPU), at least
one semiconductor-based microprocessor, other hardware devices or processing
elements suitable 1o retrieve and execute instructions stored in machine-readable
storage medium 730, or combinations theyeof. Processor 720 can include single or
muitiple cores on a chip, multiple cores across multiple chips, multiple cores across
multiple devices, or combinations thereof. Processor 720 may fetch, decode, and
execute instructions 732-736 among others, 1o implement various processing. As

10
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an alternative or in addition to retrieving and executing instructions, processor 720
may include at least one integrated circuit (IC}, other control logie, other electronic
circuits, or combinations thereof that include a number of electronic components for
petforming the functionality of instructions 732-736. Accordingly, processor 720
may be implemented across multiple processing units and instructions 732-736
may be implemented by different processing units in different areas of computer
710.

[0033] Machine~-readable slorage medium 730 may be any electronic, magnetic,
optical, or other physical storage device that contains or stores executable
instructions. Thus, the machine-readable storage medium may comprise, for
example, various Random Access Memory (RAM), Read Only Memory {(ROM),
flash memory, and combinations thereof. For example, the machine-readable
medium may include a Non-Volatile Random Access Memory (NVRAM), an
Electrically Erasable Programmable Read-Only Memary (EEPROM), a storage
drive, 8 NAND flash memory, and the like. Further, the machine-readable storage
medium 730 can be computer-readable and non-transitory. Machine-readable
storage medium 730 may be encoded with a series of executable instructions for

managing processing elements.

[0034] The instruclions 732-736 when execuied by processor 720 (e.g., via one
processing element or multiple processing elements of the processor) can cause
processor 720 to perform processes, for example, methods 100-400, and/or
variations and portions thereof.

[0035] For example, mobility state instructions 732 may cause processor 720 o
determine a mobility state of computer 710 based on time-of-flight {ToF)
information calculated with respect to an access point (AP). Determining
instructions 734 can cause processaor 720 to determine whether {o perform a
channetl scan based on the determined mobility state. Scanning instructions 736
can cause processor 720 to perform a scanning operation in response 1o @
determination to perform a channetl scan. Available AFPs may be identified based

11
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on the scanning operation. One of the APs may be selected for association using
a selection technique.,

[0036] In the foregoing description, numerous details are set forth {o provide an
understanding of the subject matter disclosed herein. However, implementations
may be practiced without some or all of thess details, Other implementations may
include modifications and variations from the details discussed above. ltis
intended that the appended claims cover such modifications and variations.

12
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CLAIMS

What is claimed is:

1. A method comprising, by a processor of a device:
determining a mobility state of the device based on time-of-flight information;
determining whether o perform a channel scan based on the determined
maobility state; and
performing a scanning operation in response o a determination {o perform a

channel scan.

2. The method of claim 1, wherein the mobility state is determined with respect
to an access point, the mobility state comprising {1} a directional heading indicating
whether the device is moving toward or away from the access pointand (2) a
velocity with which the device is moving toward or away from the access point.

3. The method of claim 1, wherein determining a mobility state of the device
based on time-of-flight information comprises:

sending a first probe 1o an access point at a first ime;

receiving a first acknowledgement to the first probe;

calculating a first time-of-fight based on an elapsed pericd between sending
the first probe and receiving the first acknowledgement;

sending a second probe 1o the access point at a second time later than the
first time;

receiving a second acknowledgement to the second probe; and

calculating a second time-of-flight based on an elapsed period between
sending the second probe and receiving the second acknowledgement; and

determining the mobility state based on the first time-of-flight and the second
time-of-flight.

13
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4, The method of claim 3, further comprising:
determining a velocity of the mobile device relative to the access point
hased on the following equationy

L TaFi~TaFl
£2--r1

v

where v is the velocity, ToF7 is the first time-of-flight, ToF2 is the second
time-of-flight, {2 is the second time, and ¢7 is the first time.

8. The method of claim 1, further comprising:

determining a directional heading of the mobile device relative 1o the access
point based on whether the second time-of-flight is increasing or decreasing
refative o the first time-of-flight.

6. The method of claim 1, further comprising:
determining a pericdicity with which o perform the channe! scan based on
the mobility state, wherein the periodicity is proportional to a determined velocity of

the device.

7. The method of claim 6, wherein:

if the determined velocity is below a first threshold, a channel scan is not
performed unless signal strength of an access point associated with the device falls
below a first predetermined value, and

if the determined velocity is above a second threshold, the periodicity is set
to a second predetermined value.

8. The method of claim 1, further comprising, afler performing the scanning
aperation:

selecting one of a plurality of available access points;

associating with the selected access point.

14
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9, The method of claim 8, wherein selecting one of a plurality of available
access points comprises:
determining signal strength of each of the available access points; and

selecting an access point having the highest signal strength.

10.  The method of claim 8, wherein selecting one of a plurality of available
access points comprises:

determining a respective mobility state of the device relative to each access
point based on time-of-flight information;

wentifying, based on the determined mobility states, available access points
that the davice is headed towards;

determining a minimum signal strength value; and

selecting an access point from the identified access points that has a lowest
signal strength value above the minimum signal strength value.

11.  The method of claim 10, wherein the minimum signal strength value is
determined hased on bandwidth requirements of an application executing on the

device.

12. A device comprising:
a communication interface 1o send probes to an access point and receive
acknowledgements from the access point; and
a processor to:
calculate time-of-flight information for the access point based on the
sent probes and received acknowledgements;
determine a mobility state of the device with respect to the access
point based on the respective time-of-flight information,
perform a channel scan in response to a determination that the
device's mobility state is active and refrain from performing a channel scan
in response to a determination that the device’s mobility state is static.

15
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13, The device of claim 12, wherein the mobility state of the device is
determined based on successive calculations of time-of-flight information.

14,  The device of claim 12, wherein the mobility state of the device comprises a
velocity and a directional heading, the mobility state being determined based on
the following equation:

. ToF1-ToF2

T grery

where vis the velocity, ToF71 is a first ime-of-flight calculated based on an

12

clapsed period between sending a first probe and receiving a first
acknowledgement from the access point, ToF2 is a second time-of-flight based on
an elapsed pericd between sending a second probe and receiving a second
acknowledgement from the access point, t1 is a first Hime at which the first probe
was sent, and {2 is a second time at which the second probe was sent,

wherein the directional heading is determinad to be toward the access point

if the velocity is positive and away from the access point if the velocity is negative.

15.  The device of claim 14, wherein the processor is to:

select, according to a selection technigue, one of a plurality of available
access points discoverad during the channel scan; and

associate with the selected access point.

18.  The device of claim 185, wherein the selsction technigue attempts to
maximize throughput, the selection technique comprising:
determining signal strength of each of the available access points; and
selecting an access point having the highest signal strength.

17.  The device of claim 15, wherein the selection technique attempts to

minimize a number of hand-offs, the selection technique comprising:

16
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determining a respective mobility state of the device relative to each
available access point based on time-of-flight information;

identifying, based on the determined mobility states, available access points
that the device is headed towards;

determining a minimum signal strength value; and

selecting an access point from the identified access points that has a lowest

signal strength value above the minimum signal strength value.

18.  The device of claim 15, wherein the processor is 1o choose the seleclion
technique from a plurality of selection technigues based on bandwidth
requirements of an application executing on the device or based on a type of an

application executing on the device.

19, A non-transitory computer-readable storage medium storing instructions for
execution by a processor, the instructions when executed causing the processor {o:

determine a mobility state of the processor based on time-of-flight
information calculated with respect to an access point;

determing whether to perform a channel scan based on the determinad
mobility state; and

perform a scanning operation in response o a determination to perform a

channel scan.

17
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