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RADIO SPECTRUM UTILIZATION

BACKGROUND

[001]  Ever increasing numbers of wireless devices are being introduced and sold. As
such, the radio channel (RF) spectrum available for these wireless devices to communicate
continues to get more and more crowded. More efficient use of the RF spectrum and sharing
under-utilized RF spectrum are very important to meet the growing number of wireless
devices. One portion of the RF spectrum that is under-utilized is the portion reserved for
broadcasting, such as television (TV) broadcasting. Governmental regulators divided the
TV portion or range (and/or other portions) into a plurality of channels. However, for any
given geographic region many of the channels are not utilized for TV or radio broadcasting.
[002] Unused frequencies or channels of the reserved TV portion of the RF spectrum
can be referred to as TV white space. It is possible to utilize these TV white spaces for other
uses, however, their use tends to be tightly regulated by governmental institutions (such as
the Federal Communications Commission in the United States).
[003] These governmental institutions are establishing databases that map channels or
channel utilization to geographic location. Stated another way, for a given location, the
database can indicate a sub-set of channels that are utilized (c.g., allocated) for TV
broadcasting and other licensed use (such as wireless microphones in some countries) and/or
a different sub-set of channels that are TV white spaces.
[004] Wireless devices that would like to communicate data over a radio white space
channel, such as a TV white space channel, have to do so in compliance with the rules
established by the governmental institutions. For instance, the devices cannot transmit on
allocated channels, since the transmission could interfere with the licensed use.
SUMMARY
[005] The described implementations relate to radio channel utilization. The channels
can include any channels in the radio spectrum that can be utilized to accomplish
communication between devices. The channels can include radio white space channels. As
used herein, the term "radio white space” can include TV white space and/or any other radio
white space.
[006] One example implementation can monitor a location of a mobile device that has
cellular capabilities. The example can identify a set of channels that are available to the

mobile device at the location. The example can also send the set of channels to the mobile
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device with a suggestion for the mobile device to utilize one or more of the channels of the
set to accomplish data communication rather than using the cellular capabilities.

[007]  Another example can obtain a set of channels that are available at a location of a
device. The example can send the set of available channels to the device. The example can
also receive information that the device established a network on an individual channel from
the set of available channels. The example can further cause the information about the
individual channel to be associated with the location.

[008] The above listed examples are intended to provide a quick reference to aid the
reader and are not intended to define the scope of the concepts described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] The accompanying drawings illustrate implementations of the concepts conveyed
in the present document. Features of the illustrated implementations can be more readily
understood by reference to the following description taken in conjunction with the
accompanying drawings. Like reference numbers in the various drawings are used wherever
feasible to indicate like elements. Further, the left-most numeral of each reference number
conveys the FIG. and associated discussion where the reference number is first introduced.
[0010] FIGS. 1-8 show examples of systems configured to utilize radio channels in
accordance with some implementations of the present concepts.
[0011] FIGS. 9-13 are flowcharts of examples of radio channel utilization techniques in
accordance with some implementations of the present concepts.

DETAILED DESCRIPTION
OVERVIEW
[0012] This patent relates to utilizing radio spectrum, and more specifically to more
efficient use of radio channels of the spectrum. More efficient use of radio channels can
allow the radio spectrum to support more traffic overall and/or at a specific location. More
efficient radio spectrum use can be achieved by tracking radio channels available for use at
a given location along with the use of individual channels. This information can allow traffic
from congested channels to be switched to less congested channels.
[0013] Radio channels can include radio white space channels, cellular channels, Wi-Fi
channels, Bluetooth channels, etc. Radio white space channels can include TV white space
channels and/or other radio white space channels. As used herein a "TV white space
channel” means a channel or channel range that was reserved for TV broadcasting, but
which is not actually used for TV broadcasting in a particular geographic region. Similarly,

"radio white space channel" means a channel or channel range that was reserved for TV
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broadcasting, for other radio broadcasting, or two way radio communications, but which is
not actually used in such manner in a particular geographic region. Stated another way, radio
white space can refer to allocated but unused radio spectrum.

SYSTEM EXAMPLES

[0014] For purposes of explanation consider introductory FIG. 1, which shows a scenario
involving a system 100 where utilization of radio white space channels can be accomplished.
System 100 can include a wireless access point (AP) 102, a regulatory database 104 and
intermediary 106. Assume for purposes of explanation that the AP is at hypothetical location
“B”. Assume further that the AP wants to establish a wireless network and as such wants to
know what channels (e.g., channels are available). Note that while specific examples of APs
are utilized for purposes of explanation, from one perspective an AP can be any kind of
device that can establish a wireless network on a relatively temporary basis (e.g., smart
phone) or a relatively long term basis (e.g., router).

[0015] Atinstance 1, the AP 102 could query the regulatory database 104 with its location
information. The regulatory database could return a set of location-based available radio
white space channels and associated constraints to the AP. Alternatively or additionally, in
the illustrated configuration, the AP can contact the intermediary 106 as indicated at 108.
The AP 102 can provide its location to the intermediary 106. (In a third contemplated
scenario, the AP could contact both the regulatory database and the intermediary).

[0016] In this implementation, the intermediary 106 can be in communication with the
regulatory database 104 as indicated at 110. The intermediary can maintain a dynamic
database of channels (hereinafter, “dynamic database”) 112 with location specific
information from the regulatory database. As indicated at 114, the intermediary can return
the set of location-based available radio white space channels 114 to the AP at 116. Further,
the intermediary can return additional information 118 about the set of location-based
available radio white space channels 114. For instance, in this case, for location B,
hypothetical channels 51, 53, 55, and 57 are available. Further, the additional information
118 (on a per row basis) indicates that channel 51 is experiencing “High Interference”,
channel 53 is experiencing “low Interference”, channel 55 is experiencing “medium
Interference”, and channel 57 is experiencing “medium Interference”. (This is just one
example of additional information. Additional examples are described below).

[0017] At Instance 2, the AP 102 can use the additional information 118 to decide which
individual channel (or multiple channels) to establish a network on. In this case, channel 53

has the least interference. As such, assume that the AP establishes a wireless network on
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channel 53 and communicates this information back to the intermediary 106 as indicated at
120.

[0018] Instance 3 shows the channel information (e.g., feedback) provided by the AP 102
reflected in the dynamic database 112. Specifically, the information is evident at row 122.
The additional information 118 relating to channel 53 recites “Network established by AP
102”. While in the illustrated example the additional information is relatively brief for
purposes of explanation, the additional information can include other details, such as time
the network was established, duration of the network, allowed power, etc. The additional
information 118 of the dynamic database 112 can be useful for other devices that are
attempting to establish a network at location B or utilize a network at location B. One such
example is described below relative to FIG. 2.

[0019] FIG. 2 retains the elements introduced above relative to FIG. 1. FIG. 2 also
introduces a new element in the form of a mobile device 202. For purposes of explanation,
assume that mobile device 202 is proximate to hypothetical location B (e.g., close to AP
102). In one case, the two devices can be within one hundred meters of one another, but the
distance is not critical to the present concepts. Assume further that mobile device 202 wants
to communicate data over a channel, such as (but not limited to) a radio white space channel.
Stated another way, the mobile device wants to find a network on an individual available
channel over which it can communicate the data. In one such example, the mobile device
could be a smart phone that wants to utilize a non-cellular radio channel to download/upload
video. Of course, this example is provided for purposes of explanation and is not intended
to be limiting.

[0020] Toward this end, at Instance 1, the mobile device 202 can send its location to
intermediary 106 as indicated at 204. For example, in the case of the smart phone, the smart
phone can utilize its cellular capabilities to contact the intermediary. As mentioned above
relative to FIG. 1, in this configuration, intermediary 106 can communicate with regulatory
database 104. The regulatory database 104 can maintain a location-specific database of radio
white space channels. Intermediary 106 can populate its own dynamic database 112 with
information from the regulatory database along with additional information. The additional
information can relate to radio white space channels provided by the regulatory database
and/or to other channels that are monitored by the intermediary but not the regulatory
database.

[0021] At Instance 2, in this case, as indicated at 206, the intermediary 106 sends content
208 relating to location B from the dynamic database 112 to mobile device 202. In this
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example, the content is manifest as a set of channels that are available at the location and
additional information about the channels.

[0022] At Instance 3, the mobile device 202 can utilize the content 208 from the
intermediary 106 to identify a network for data communication. Toward this end, the mobile
device can evaluate the content to determine what actions to take. For instance, the mobile
device 202 could decide to start with channel 53 based upon the associated additional
information that a “Network established by AP 102” is present on that channel. For example,
the mobile device could ping AP 102 on channel 53 (probe request). The AP could reply
with a probe response. Once authentication is completed, the mobile device can
communicate data over the network. This process could be faster and/or less resource
intensive than scanning each of the available channels for a network. However, in some
cases, the query may return only channels and not network information for the location. In
such a case, the mobile device 202 can perform active and/or passive scanning on the
returned available channels to identify a network. Further, even in instances where the
returned content indicates channels with networks, the mobile device may scan some or all
of the returned available channels to find additional networks and/or to find additional
information about its environment.

[0023] At Instance 3, the mobile device 202 can communicate information back to the
intermediary 106 as indicated at 210. Stated another way, the mobile device can investigate
its environment and send the results to the intermediary. In this case, the information relative
to channel 53 indicates that the mobile device is “utilizing the network, quality good” as
indicated on row 122. Relative to channel 55 the information indicates “No network
detected”. The intermediary 106 can utilize this information to update dynamic database
112. Thus, even more information is available for subsequent location-based queries and/or
for other uses.

[0024] FIGS. 3-5 collectively expand upon some of the concepts introduced above
relative to FIGS. 1-2 and/or introduce additional concepts. FIG. 3 relates to a system 300
that retains the regulatory database 104 introduced in FIG. 1. System 300 also includes two
APs 302(1) and 302(2). In this example, the intermediary discussed above is manifest as a
service provider 304, such as a cellular service provider. The cellular service provider
controls two cell towers 306(1) and 306(2) and the APs 302(1) and 302(2). The cellular
service provider maintains dynamic database 308 which is similar to the dynamic database

introduced above relative to FIGS. 1-2.
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[0025] Inthis configuration, the service provider 304 further includes a spectrum manager
310. The spectrum manager can be configured to synchronize the dynamic database 308
with the regulatory database 104 for those locations of interest to the service provider. For
instance, the spectrum manager 310 can synchronize the dynamic database 308 with the
regulatory database for those locations (e.g. including locations B and C) for which the
service provider provides cell service.

[0026] The spectrum manager 310 and/or the APs 302(1) and 302(2) can utilize the
information in the dynamic database 308 to manage the APs 302(1) and 302(2). For
instance, assume that each AP wants to establish a network at its respective location. The
APs can query the spectrum manager 310 with their location. The spectrum manager can
reference the location in the dynamic database.

[0027] Assume that AP 302(1) wants to establish a network at location B. The spectrum
manager 310 has obtained information and populated the information into dynamic database
308. This information relates to both radio white space channels (e.g., rows 312-318 and
332-338) and other channels (e.g., rows 320-330). For instance, rows 312, 314, 316, and
318 relate to radio white space channels 51, 53, 55, and, 57, respectively. Row 320 relates
to a 4G cellular network channel. Rows 322 and 324 relate to Wi-Fi- channels. Rows 326,
328, and 330 relate to 4G LTE channels. Of course, while relatively few channels can be
illustrated for sake of brevity, the dynamic database 308 can include any radio channels that
could be used for communicating data.

[0028] Each of these rows 312-338 of the dynamic database 308 lists additional
information. In this illustrated example, some of the additional information is in the form of
detected interference levels, constraints, such as power levels of use (as prescribed by the
regulatory database 104) and duration of use (as prescribed by the regulatory database 104).
Of course, any type of information that can be useful for managing channel usage can be
stored in the dynamic database 308.

[0029] In this implementation, relative to an individual radio white space channel, the
regulatory database 104 may allow multiple combinations of constraints. While not shown
relative to the regulatory database 104 due to space limitations, several such examples are
illustrated relative to the dynamic database 308. For instance, looking at row 312, radio
white space channel 51 can be used at a first power level P for a first duration or time T or
a second power level P2 for a second duration Tz. For instance, power P1 may be a relative
higher power than power P2. For example, power P1 may be 0.1 Watts and power P2 might

be 0.01 Watts. Correspondingly, duration T1 may be less than duration Tz (e.g., more power
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for less time or lower power for more time). For example, duration T2 could be 2 hours and
duration t3 could be 24 hours. Thus, an individual radio white space channel can be used at
a lower power for a longer duration or a higher power for a shorter duration. Further, in this
example, specific alternative constraints or conditions of use are provided.

[0030] In one implementation, when the AP 302(1) queries the spectrum manager 310,
the spectrum manager can return a set of channels/channels (fy, t;), (f,, t2), ... (fp, tp). In
return for being able to select from these options, the AP has to query the spectrum manager
for channel f; in period or duration t;.

[0031] In another case, the spectrum manager 310 can return (fy,f,, ..., f,)(T). In this
case, the AP 302(1) agrees to use the channels assigned and agrees to query the spectrum
manager in duration T. If T is null, the device queries the DB in a default time period (24
hours in the US).

[0032] Another implementation can tie the channel of specified AP queries to power
levels on the utilized channel. For example, the AP 302(1) can query spectrum manager 310
for radio white space channels. Stated another way, the spectrum manager can return a set
of channels (f;, p1, t1), (f;, p2, t2). As a condition of using the channel(s) the AP has to query
the spectrum manager 310 for channel f; in period t; when using power level p; and period
t, when using power p,. Thus, the higher the power level of use the more frequent the AP
has to check in with the spectrum manager.

[0033] In another configuration, the spectrum manager 310 may give permission for the
querying AP 302(1) to use an individual channel for an extended period (for example, 100
days rather than the default one day). In exchange for the extended use, the AP has to agree
to be reachable at specific (or all) times. For instance, the extended conditional use may
requirc the AP to be reachable at all times within 10 minutes, for example. This
configuration can allow the spectrum manager to offer extended use of individual channels,
but retain the right to rescind the use in the event that conditions change. For instance, in
one scenario, the channel could be a channel that is allocated but unused. The spectrum
manager could give permission for the AP to use the channel for six months. However, if
the spectrum manager is informed that the licensed use is going to commence, the spectrum
manager can contact the AP and indicate that the conditional use expires at a specific new
time, such as 24 hours. These aspects are discussed in more detail below.

[0034] In some implementations, the AP may be able to negotiate the conditions of use

rather than selecting from predefined alternatives. For instance, the regulatory database 104
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may associate the radio white space channel with default constraints. The AP may negotiate
the conditions with either the dynamic database 308 or the regulatory database 104 to
identify conditions that are agreeable to both. This aspect is discussed in more detail below.
[0035] Returning to the illustrated dynamic database 308, row 320 shows that 4G
bandwidth use at location B is presently at 90% of capacity. Rows 322 and 324 show that
2.4 and 5.0 Gigahertz channels (e.g., Wi-Fi) are experiencing high levels of interference.
Rows 326, 328, and 330 relate to channels LTE1, LTE2, and LTE3, respectively. (Assume
for purposes of explanation that this channel is licensed to the service provider, but is not
being used for the intended licensed use).

[0036] Row 328 relates to channel LTE2. In this case, duration T4 can be dependent upon
reachability of the device that wants to use the channel. For instance, the duration may be
six months based upon the condition that the device is available (e.g., can be contacted) at
all times within one hour. This can allow the use to be stopped if conditions change, such
as if the licensed use starts during the duration. Of course, while specific examples are
illustrated, the additional information in the dynamic database 308 can relate to any
information that can be useful to allow channels to be utilized efficiently.

[0037] In this case, assume that the 4G cellular network is very crowded at locations B
and C. The spectrum manager 310 can attempt to decrease use of the 4G channel (row 320)
by shifting communication to other networks. Toward this end, the spectrum manager 310
can suggest or instruct the AP 302(1) to utilize LTE1 consistent with row 326. As a condition
of this usage, the spectrum manager can request that the AP 302(1) report its progress and
information about its environment. As such, AP 302(1) can establish a network consistent
with row 326 and report conditions relating to the network, such as the amount of
interference and/or the amount of use.

[0038] Now assume that AP 302(2) queries the spectrum manager 310 with its location
C. The spectrum manager can supply some or all of the information (rows 332-338) relating
to location C to the AP. In this case, assume that AP 302(2) establishes a network on channel
52 and reports this information back to the spectrum manager 310. Further, assume that AP
302(2) agrees to utilize channel 52 at P1 for duration T2 (2 hours in this example). This
information will be reflected in updates to the dynamic database 308 reflected in FIG. 4 (not
all of the information can be illustrated due to space constraints on the drawing page).
[0039] FIG. 4 shows the dynamic database 308 updated at rows 326 and 332 to reflect the
information obtained from APs 302(1) and 302(2), respectively. Assume that ten minutes
has passed since AP 302(2) started its network. As such, row 332 indicates that the network
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provided by AP 302(2) may cease in 110 minutes. Assume also that a mobile device 402 is
now at location B and is utilizing the 4G channel of row 320 to transfer large amounts of
data. This data transfer may exceed the available bandwidth on the 4G channel and/or may
contribute to the mobile device incurring costs, such as may be associated with exceeding a
cellular data plan. For these or other reasons, the mobile device may query the spectrum
manager looking for an alternative network to utilize for the data transfer. The mobile device
402 can query the spectrum manager 310 with its location and request information about
available channels and/or networks.

[0040] In an alternative scenario, the spectrum manager 310 may monitor devices within
its service area and/or utilizing the service provider’s resources. In this example, the
spectrum manager may contact mobile device 402 and make a suggestion to the mobile
device based upon information from the dynamic database 308. For example the spectrum
manager may contact mobile device 402 and suggest that the mobile device attempt to utilize
the network provided by AP 302(1) to accomplish the data transfer. The spectrum manager
may suggest that all of the data transfer be switched from the 4G channel to the LTE1
network established by AP 302(1). In the alternative, the spectrum manager may suggest
that certain types of data transfers be switched to the LTE1 network while other types of
data transfers arc maintained on the 4G channel. For instance, video transfer may be
switched while voice (e.g., a phone call) may be maintained on the 4G channel.

[0041] FIG. 5 shows a subsequent view of system 300 where mobile device 402 has
moved from location B to location C as indicated at 502. In this scenario, the dynamic
database 308 and the spectrum manager 310 can assist the mobile device to maintain
network connectivity. For instance, as the mobile device leaves location B, the spectrum
manager can suggest to the mobile device to switch back to 4G lacking other options.
Similarly, as the mobile device approaches location C, the spectrum manager can suggest
that the mobile device switch to channel 52 and contact AP 302(2) to join its network. Stated
another way, the spectrum manager can send information about the AP that is hosting the
network to the mobile device to facilitate the mobile device joining the network. For
instance, the spectrum manager can send the device identification of the AP (in this case
represented by indicator 302(2)) to the mobile device. The mobile device can utilize the
device identification to initiate communications with the AP.

[0042] Assume in this case, that 10 more minutes have passed between the view of FIG.

4 and the view of FIG. 5. This change is evidenced in row 332 which shows that AP 302(2)’s
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network may cease in 100 minutes (e.g., updated from 110 minutes in FIG. 4 and originally
two hours).

[0043] Thus, the spectrum manager can make an informed suggestion to mobile device
402 that AP 302(2)’s network is likely in operation when the mobile device approaches
location C. In another configuration, the spectrum manager may query AP 302(2) about the
status of the network before making the suggestion to mobile device 402. In summary, the
dynamic database 308 and/or the spectrum manager 310 can facilitate more efficient use of
available white space channels and/or other channels.

[0044] As mentioned above, the spectrum manager 310 can utilize the information in the
dynamic database 308 to enhance network continuity (e.g., the ability to successfully
communicate data) for the mobile device 402. The spectrum manager can also utilize the
dynamic database information to enhance AP functionality. For instance, the spectrum
manager can note that AP 302(2)’s use of radio white space channel 52 expires in 100
minutes. As the expiration approaches, the spectrum manager can supply channels from the
database with which the AP can establish a new network. These channels could include
radio white space channel 52 as well as other channels. The point being that the spectrum
manager can aid the AP in preparing for a new network prior to expiration of the existing
network. Once the AP establishes a new network (on the same channel or a different
channel) the AP can report that information to the spectrum manager. The spectrum manager
can contact devices which might be affected by the network change (such as mobile device
402). The spectrum manager can provide information about the new network to these
devices. The devices can then seamlessly transition to the new network with little or no
connectivity interruption (¢.g., no dropped connections).

[0045] Thus, the dynamic database 308 and the spectrum manager 310 can contribute to
more efficient use of radio channel bandwidth, such as by allowing devices to negotiate for
channel use that is customized to the intended use. Further, the dynamic database 308 and
the spectrum manager 310 can facilitate temporary use of allocated but unused channels.
Further, the dynamic database 308 and the spectrum manager 310 can provide information
to mobile (e.g., client devices) that allows the client devices to utilize less crowded and/or
less costly (to the client device) channels and to seamlessly transition between networks.
[0046] Note that space constraints limit the number of illustrated channels in the dynamic
database 308 and the additional information associated with individual channels. In practice,
the dynamic database could include any and/or all channels of the radio spectrum and greater

detail and/or different types of additional information than the illustrated examples. The
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dynamic database can provide information about what channels are available at a location
and the conditions of the channels. This information can allow data communication to be
shifted from relatively congested channels to relatively less congested channels.

[0047] FIG. 6 shows another system 600. This system includes three APs 602(1), 602(2),
and 602(3) and four cell towers 604(1), 604(2), 604(3), and 604(4). Assume for purposes of
explanation that AP 602(1) and cell towers 604(1) and 604(3) are associated with a first
service provider (e.g., SP1) and AP 602(2) and cell towers 604(2) and 604(4) are associated
with a second service provider (e.g., SP2). AP 602(3) is not associated with either service
provider. System 600 further includes dynamic database 608 and spectrum manager 610.
Dynamic database 608 and/or spectrum manager 610 can be associated with one of the
service providers, a regulatory body, and/or a third party.

[0048] In this example, the dynamic database 608 maintains a grid of locations 612. In
this case, the grid of locations is demarcated on the horizontal axis with letters (e.g., “A”,
“B”, and “C”, etc.) and on the vertical axis with numerals (e.g., “17, “2”, and “3”, etc.). The
grid of locations can relate locations with services available at individual locations, devices
at individual locations, channels at individual locations (cellular and non-cellular channels),
conditions at individual locations, and/or other information. Of course, other types of
mappings between geographic locations and services available at individual locations,
devices at individual locations, conditions at individual locations, and/or other information
can be utilized.

[0049] Looking now to the first horizontal line of the dynamic database 608 indicates that
the location Al has listed available channels (e.g., channels that can be utilized) as 51, 53,
and 55 (radio white space), as well as 2.4 (Wi-Fi), and 4G. Of course, the space limitations
of the drawing page do not lend themselves to a full listing. As such, the illustrated listing
of channels is intended to be representative for purposes of explanation. This line also
indicates under the device heading that service provider (SP1) has cell tower 604(1) at this
location. In this example, a single network in the form of a 4G cell network provided by
SP1 is available at this location. No other information is listed for this location.

[0050] Note that the location size (e.g., each unit of the grid) can be any selected size that
is useful for managing the devices and/or services of the grid. For instance, in the US, the
television white spaces regulatory database requires device locations to be known within
100 meters. As such, the units of the grid could represent 100 meters. (For ease of
explanation in the illustrated example, assume that cach cell tower provides coverage in its

occupied grid unit and each adjacent grid unit. For example, cell tower 604(1) can provide
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cell coverage to grid units Al, B1, A2, and B2. Similarly, cell tower 604(2) can provide
coverage to B1, C1, B2, and C2. Of course, the scale of the cell coverage may be different
in other scenarios, but this ratio serves the purposes of explanation).

[0051] Line B1 shows the channels and networks available at this location. In this case,
cell networks are available from both service provider 1 (SP1) and service provider 2 (SP2).
[0052] Skipping ahead to location B2, the dynamic database 608 indicates that AP 602(1)
is at this location. The available networks include SP1 and SP2 4G networks as well as 2.4
Gigahertz Wi-Fi and channel 51 radio white space provided by AP 602(1). Further, the other
information section indicates high (*1”’) interference on the 2.4 Gigahertz network.
Additionally, the network provided by AP 602(1) on radio white space channel 51 expires
in 12 hours.

[0053] Looking now at location C2, the dynamic database 608 indicates that AP 602(2)
is at this location. The available networks include SP1 and SP2 4G networks as well as 2.4
Gigahertz Wi-Fi and channel 55 radio white space provided by AP 602(2). Further, the other
information section indicates high (“1”) interference on the 2.4 Gigahertz network.
Additionally, the network provided by AP 602(2) on radio white space channel 55 expires
in 3 hours.

[0054] Skipping ahead to location B3, the dynamic database 608 indicates that AP 602(3)
is at this location. The available networks include SP1 and SP2 4G networks as well as 2.4
Gigahertz Wi-Fi provided by AP 602(3). Further, the other information section indicates
high (“1”) interference on the 2.4 Gigahertz network.

[0055] At this point, assume that AP 602(3) wants to provide another network. For
instance, the AP may want to provide another network based upon the high interference on
its 2.4 Gigahertz network. Toward this end, the AP 602(3) can use the dynamic database
608 as a resource to determine which channel to utilize for the new network. In this case,
three radio white space channels 51, 53, and 55 are available. However, the dynamic
database indicates that radio white space channels 51 and 55 are being utilized at adjacent
locations (e.g., B2 and C2). As such, AP 602(3) can rank radio white space channel 53 as
the channel to try first.

[0056] In an alternative configuration, the spectrum manager 610 may monitor the
dynamic database 608 and notice the high interference levels on the 2.4 Gigahertz channel
as reported by APs 602(1), 602(2), and 602(3). Based upon this information, the spectrum
manager may identify other channels that could be utilized by AP 602(3). The spectrum
manager 610 could contact AP 602(3) and suggest that the AP provide a new network on
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one of the other channels, such as radio white space channel 53. The spectrum manager can
then suggest that AP 602(3) provide the network and attempt to switch some of its network
users (not shown) to the new network.

[0057] In either case, (whether AP initiated or spectrum manager initiated) assume for
purposes of explanation, AP 602(3) successfully provides the new network and reports
conditions at its location back to the spectrum manager 610 for inclusion in the dynamic
database 608. In some implementations, use of the dynamic database or information thereof
can be made conditional on the device providing conditions at its location. This location
information can then be used to update the dynamic database 608.

[0058] FIG. 7 shows a subsequent view of system 600. At this point, in dynamic database
608, location B3 is updated to reflect the new network established by AP 602(3) on radio
white space channel 53. The additional information indicates that the new network expires
in 24 hours.

[0059] Further, mobile device 702 is now in the grid of locations 612 at location A2. This
is also reflected in the dynamic database 608 in row A2 under ‘devices’. The mobile device
702 can use the dynamic database 608 to identify available networks at its location. Further,
the mobile device can use the dynamic database to identify available channels at its location
in the event that the mobile device wanted to function as an AP.

[0060] In this example, assume that the mobile device 702 is a smart phone that can
determine its location and direction of movement. Assume further that the mobile device
wants to utilize available networks to communicate data. At location A2 the dynamic
database 608 indicates that only cellular networks are available. At this point, assume that
the mobile device has a relationship with either SP1 or SP2 to allow the mobile device to
use an individual cellular network. Assume further that the mobile device is moving from
left to right on the printed page as indicated by arrow 704.

[0061] Asthe mobile device 702 moves toward location B2, the mobile device can access
information from the dynamic database 608 relating to location B2. As such, the mobile
device can be ready to handle network changes before they occur rather than reactively. In
this case, the mobile device can determine from the dynamic database 608 that location B2
includes two networks provided by AP 602(1). Further, the Wi-Fi network on the 2.4
Gigahertz channel is experiencing high interference. As such, the mobile device may select
to ping AP 602(1) on radio white space channel 51 in an attempt to authenticate to and use

this network. The mobile device can switch some or all of its data communication to the
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new network. For instance, the mobile device may switch video streaming to the radio white
space channel 51 and keep voice communication on the 4G network.

[0062] Further, as the mobile device 702 continues across location B2, the mobile device
can obtain information about location C2 from dynamic database 608. As such, the mobile
device can be ready to transition from the network on radio white space channel 51 to the
network on radio white space channel 55. Further, in some cases the mobile device does not
need to scan channels, it can simply get the information about the networks at the location.
It can then ping the device indicated on the channel on the dynamic database’s network
listing (e.g., “AP 602(2)” on channel 55”°). These features can avoid the issue of ‘dropping’
connections and then looking for a new connection. Instead, the mobile device can
seamlessly transition with no interruption of service (or an interruption that is so short that
it is likely imperceptible to the user).

[0063] Alternatively, the spectrum manager 610 can monitor the mobile device 702 and
can send suggestions to the mobile device. For instance, when the mobile device is heading
from location A2 to location B2, the spectrum manager can send information about the
networks available at location B2 to the mobile device. Thus, the mobile device can be ready
to ping AP 602(1) upon crossing from location A2 to location B2. Further, the spectrum
manager 610 may make application specific reccommendations. For instance, the spectrum
manager may suggest that the mobile device switch video transfer to the radio white space
channel 51 while maintaining the voice (e.g., phone) application on the 4G channel. Stated
another way, the spectrum manager may separate the overall bandwidth usage of the mobile
device into multiple portions and handle individual portions differently.

[0064] Similarly, as the mobile device approaches location C2, the spectrum manager 610
can provide information from the dynamic database 608 about the networks at this location.
This information can allow the mobile device to make a seamless transition between
networks. In a further implementation, the spectrum manager 610 and/or the mobile device
may consider various parameters to accomplish ‘smart transitions’. For instance, one
parameter can relate to latency sensitivity. For example, voice communication tends to be
latency sensitive (¢.g., the user does not want to lose words during the conversation). On the
other hand, video downloading tends to not be as sensitive because data communication can
get ahead of data playback and content can be buffered or cached for a few seconds before
it is played. Thus, the cache can potentially bridge any interruption in service so that

playback is unaffected.
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[0065] Thus, as the mobile device approaches the periphery of location B2, the mobile
device 702 or the spectrum manager 610 may switch latency sensitive applications to 4G
until the mobile device successfully transitions to the channel 55 network at location C2.
Further still, the mobile device or the spectrum manager may attempt to temporarily increase
the content in the mobile device’s cache in preparation for the transition.

[0066] This is only one example of how the mobile device 702 or the spectrum manager
610 can facilitate a smart transition. For instance, in the video streaming example, the
mobile device or the spectrum manager may cause different content to be streamed in the
adjacent networks. For instance, in preparation for the transition, the mobile device may
cache as much video content as possible. As the transition is accomplished, the mobile
device may stream a specific subset of the video content on the new network for a short
duration of time. For instance, the mobile device may begin by streaming only I-frames of
the video content on the new network on radio white space channel 55. The I-frames in
combination with the cached content can provide sufficient video quality and content to the
user that the user does not notice the transition as the remaining video content is obtained
on the new network.

[0067] Further still, in an instance where the mobile device 702 changes directions or gets
close to location B3, the spectrum manager 610 can provide information about the networks
in this location.

[0068] Additionally, while only a single mobile device 702 is illustrated, the spectrum
manager can manage multiple devices on the grid of locations 612 and/or at individual
locations. For example, in an instance where 10 mobile devices are at location C2, the
spectrum manager may make suggestions to individual mobile devices to balance usage
between the available networks. For example, initially the 4G and 2.4 channels may be
crowded as per reports supplied by the mobile devices to the dynamic database 608. As
such, the spectrum manager may attempt to transition increasing numbers of these mobile
devices to the network provided by AP 602(2) on radio white space channel 55 until
feedback indicates that some balance is being achieved between the available networks.
[0069] The spectrum manager 610 may take other actions to attempt to address the
crowding. For instance, the spectrum manager may suggest to AP 602(2) to start another
network on another available channel, such as channels 51 or 53. If the new network is
established, the spectrum manager can attempt to transition some of the mobile devices to

the new network.
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[0070] The spectrum manager 610 may also allow the mobile devices to influence
decisions regarding which networks are suggested for them. For instance, an individual
mobile device may specify that maintaining quality of service is of higher importance to it
(e.g. its user) than other factors. Another mobile device may weight cost as more important.
For instance, in the latter case, the mobile device could be configured to (by itself or with
the assistance of the spectrum manager) transition to any free network, whenever possible
rather than utilizing an alternative network, such as a service provider’s 4G network that
could incur additional charges. Further, the transition of the mobile device to a new channel
could be across all applications or different for different for different applications. For
instance, the mobile device could be configured to transition all data transfer to free
networks except voice which is to be maintained on the 4G network when available. Of
course, individual mobile devices can decide what networks to use rather than relying on
recommendations from the spectrum manager.

[0071] In a similar fashion, the service providers could influence how their networks and
their customers’ mobile devices are handled. For instance, the service provider could request
the spectrum manager 610 transition their mobile devices off of their 4G networks, so long
as quality of service parameters (between the service provider and the individual mobile
device) are maintained.

[0072] As noted above, dynamic database 608 can contain information about any radio
channels, not just those associated with specific technologies or entities. This information
in the dynamic database can allow much more informed decisions about channel utilization
than has previously been possible. For instance, a mobile device may be transitioned from
4G, to Wi-Fi, to another Wi-Fi, to a TV white space channel, and back to 4G in a seamless
manner without any input or diminished service from a user perspective.

[0073] Further, the dynamic database 608 can enable resource sharing between service
providers or other entities. For instance, the spectrum manager could transition the mobile
device from a 4G network of a first service provider to a Wi-Fi network provided by a
second service provider and back to the 4G network. The first and second service providers
can reach some type of agreement, such as a reciprocity agreement to facilitate such use.
The mobile device can be configured to implement the suggestions conveyed from the
spectrum manager. Alternatively, the mobile device can be configured to access information
from the dynamic database to make its own decisions rather than relying on the spectrum

manager. In a similar manner, the APs can rely on the spectrum manager to make
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suggestions regarding channels to utilize for networks or individual APs can make their own
decisions utilizing information from the dynamic database.

[0074] Further, while only a single AP is shown per location, in many scenarios, multiple
APs may be positioned in a manner that provides overlapping network coverage. The
dynamic database can avoid interruptions in service that might otherwise occur. For
example, assume that the overlapping networks utilize radio white space channels and
expire at a particular point in time. The information in the dynamic database can indicate
when individual networks expire and allow the spectrum manager 610 to remind the AP to
attempt to establish a new network (either on the same channel or a different channel) before
the expiration. Further, the expiration of the overlapping networks can be evaluated to avoid
a situation where the networks expire at the same time so that in the event one network goes
down coverage is still supplied by the other network. Stated another way, in this example,
the spectrum manager 610 can employ policies that produce staggered expirations of
overlapping networks. Stated more broadly, the spectrum manager can utilize information
in the dynamic database 608 to reduce the likelihood that multiple overlapping networks
will become unavailable at the same time.

[0075] FIG. 8 shows system 800 that can enable the dynamic database concepts described
above. Further, system 800 can include multiple devices 802 that can be similar to the
devices described above. For example, device 802(1) can be similar to mobile device 202,
402, and/or 702. Further, device 802(2) can be similar to APs 102, 302, and/or 602. Device
802(3) can be a computing device that can be employed by various entitics, such as
regulatory database 104, intermediary 106, service provider 304, or a third party. (In this
discussion, the use of a designator with the suffix, such as “(1)”, is intended to refer to a
specific device instance. In contrast, use of the designator without a suffix is intended to be
generic). Of course, not all device implementations can be illustrated and other device
implementations should be apparent to the skilled artisan from the description above and
below.

[0076] Devices 802 can include several elements which are defined below. For example,
these devices can include a processor 806 and storage/memory 808. The devices can also
include (or be communicatively coupled with) a transmitter 810, a receiver 812, wireless
circuitry 814, cell circuitry 816, GPS circuitry 818, a spectrum manager 820, and/or a
dynamic database 822. The devices can alternatively or additionally include other elements,
such as input/output devices (e.g., touch, voice, and/or gesture), buses, graphics cards,

displays, etc., which are not illustrated or discussed here for sake of brevity.
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[0077] The term “device”, "computer"”, or "computing device" as used herein can mean
any type of device that has some amount of processing capability and/or storage capability.
Processing capability can be provided by one or more processors (such as processor 806)
that can execute data in the form of computer-readable instructions to provide a
functionality. Data, such as computer-readable instructions, can be stored on storage, such
as storage/memory 808 that can be internal or external to the computer. The storage can
include any one or more of volatile or non-volatile memory, hard drives, flash storage
devices, and/or optical storage devices (e.g., CDs, DVDs, etc.), among others. As used
herein, the term "computer-readable media" can include signals. In contrast, the term
"computer-readable storage media" excludes signals. Computer-readable storage
medium/media includes "computer-readable storage devices". Examples of computer-
readable storage devices include volatile storage media, such as RAM, and non-volatile
storage media, such as hard drives, optical discs, and flash memory, among others.

[0078] Examples of devices can include traditional computing devices, such as personal
computers, desktop computers, servers, notebook computers, cell phones, smart phones,
personal digital assistants, pad type computers, mobile computers, cameras, routers, or any
of a myriad of ever-evolving or yet to be developed types of computing devices. A mobile
computer can be any type of computing device that is readily transported by a user and may
have a self-contained power source (e.g., battery).

[0079] In the illustrated implementation, devices 802 are configured with a general
purpose processor 806 and storage/memory 808. In some configurations, a device can
include a system on a chip (SOC) type design. In such a case, functionality provided by the
device can be integrated on a single SOC or multiple coupled SOCs. One or more processors
can be configured to coordinate with shared resources, such as memory, storage, etc., and/or
one or more dedicated resources, such as hardware blocks configured to perform certain
specific functionality. Thus, the term “processor” as used herein can also refer to central
processing units (CPU), graphical processing units (GPUs), controllers, microcontrollers,
processor cores, or other types of processing devices suitable for implementation both in
conventional computing architectures as well as SOC designs.

[0080] In some configurations, the spectrum manager 820 can be installed as hardware,
firmware, or software during manufacture of the device 802 or by an intermediary that
prepares the device for sale to the end user. In other instances, the end user may install the

spectrum manager 820, such as in the form of a downloadable application.
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[0081] The transmitter 810 and the receiver 812 can function to transmit and receive data
at various channels. For example, the transmitter 810 and the receiver 812 can be configured
to operate at specific channels, such as 2.4 Giga Hertz channel, 5.0 Giga Hertz channel, 60
Giga Hertz channel, radio channels, and/or TV channel channels (50 Mega Hertz to 8§10
Mega Hertz), among others. Alternatively, the transmitters and receivers can be configured
to tune to any channels in the RF spectrum. While discrete components or elements are
illustrated, some implementations may combine elements. For instance, wireless circuitry
814 may include dedicated transmitters and receivers rather than interfacing with distinct
transmitters and receivers.

[0082] Relative to device 802(1), the spectrum manager 820(1) can utilize the GPS
circuitry 818(1) to determine its location. Alternatively or additionally to GPS location
identification, the spectrum manager can cause triangulation (such as cell tower
triangulation or Wi-Fi access point triangulation) to be performed to determine its location.
The spectrum manager can identify an interface to access the dynamic database 822(3) with
the location information. For instance, the spectrum manager can access the Internet and
utilize a uniform resource identifier (URI) of the dynamic database to obtain a set of location
specific radio white space channels. Any type of wired or wireless interface can be utilized
to allow a device to communicate with a remote dynamic database, such as dynamic
database 822(3). For instance, the interface may be a cellular data channel, a cellular control
channel, a Wi-Fi network to a wire (e.g., fiber optic line), etc. Note also that devices, such
as devices 802(1) and 802(2), can include a local or customized copy of the dynamic
database 822(1) and 822(2), respectively.

[0083] From the mobile device 802(1)’s perspective, the local spectrum manager 820(1)
can track individual channels and/or interfaces, such as Bluetooth channels, Wi-Fi channels,
radio white space channels, and cell service, among others that are available to the device
802(1). In some configurations, the spectrum manager 820(1) can store the information
locally along with any respective additional information and/or provide this information to
the remote dynamic database 822(3).

[0084] The local spectrum manager 820(1) and/or the remote spectrum manager 820(3)
can select individual channels or services for use by the device 802(1). The spectrum
manager can then cause the transmitter 810(1), receiver 812(1), wireless circuitry 814(1),
and/or cell circuitry 816(1) to facilitate communication over the selected channel/service.
In this way, the spectrum manager can provide a spectrum manager functionality and can

cause the channels/services to be cached in the dynamic database 822(1). In other cases, the
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mobile device can be configured more as a thin client which reports information about its
location to a remote spectrum manager (such as spectrum manager 820(3). The remote
spectrum manager can store the information in dynamic database 822(3). The remote
spectrum manager can analyze information in the dynamic database. The remote spectrum
manager can then make a suggestion (e.g., instructions) to the mobile device 802(1) via an
interface, such as a cellular control channel. The mobile device can have a short message
service (SMS) code stack that executes the instructions and causes the mobile device to
implement the suggestion.

[0085] Relative to device 802(3), the spectrum manager 820(3) can obtain location-
specific radio white space channel data from regulatory database 104 (FIG. 1). The spectrum
manager 820(3) can store the location-specific radio white space channel data in the
dynamic database 822(3). The spectrum manager 820(3) can store information about other
radio channels in the dynamic database. The spectrum manager 820(3) can gather and store
additional information in the dynamic database 822(3). In some configurations, the
spectrum manager 820(3) can track mobile devices and/or APs and correlate the location of
individual devices with available channels and networks.

[0086] Spectrum manager 820(3) can also receive feedback from individual devices, such
as devices acting as client devices and devices acting as APs and store the feedback in the
dynamic database 822(3). The feedback information can be utilized by the spectrum
manager 820(3) to make recommendations to individual APs and client devices regarding
selection of channels and/or networks.

[0087] Further, in some cases, the spectrum manager 820 can track usage of individual
resources and make recommendations to mobile devices based upon the tracked usage. For
instance, the spectrum manager may monitor data usage by the mobile device utilizing a
specific technology, such as a cell data plan. In an instance where the rate of use and/or total
use is high such that the device may exceed its data plan and incur additional expenses, the
spectrum manager 820 may suggest that the mobile device switch to a radio white space
channel network or other network based upon the mobile device’s location and feedback
from (or proximate to) the location.

[0088] In other cases, the spectrum manager 820 may consider the resources of the service
provider. For example, in an instance where a cell tower or other resource servicing device
802(1) is operating above a threshold value, the spectrum manager 820(3) may suggest to
the spectrum manager 820(1) of the device to conduct some or all of its data communication

over an alternative channel. The spectrum manager 820(3) may even offer an incentive to
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the spectrum manager 820(1) to make such a switch. For example, if the mobile device
switches for a period of time from using the cell resources to radio white space resources,
the spectrum manager 820(3) may give a cash or data credit for future use on the device’s
data plan. Thus, the spectrum manager 820(3) can reduce congestion on the service
provider’s resources (e.g., cell towers, satellites, etc.) by causing some of the devices using
the congested resources to other available networks.

[0089] The spectrum manager 820 may make a similar arrangement with APs. For
instance, spectrum manager 820(3) may offer an incentive to AP 802(2) if the AP provides
information to the spectrum manager and allows the spectrum manager to direct mobile
devices to the AP. For instance, AP 802(2) could be a third party AP that is not associated
with a cellular service provider. The spectrum manager 820(3) may offer the AP a cash or
other incentive if the spectrum manager can direct mobile device communications to the AP
in the event that other available networks, such as 4G networks are operating above a
threshold level.

[0090] Note that the discussion above performs functions based upon a location of a
device, such as a mobile device. The implementations, can be accomplished while
protecting the user’s security, privacy, and personal information. For instance, before
gathering any information from the user’s device a GUI can be presented to the user on their
device’s display. Visual content of the GUI can explain the types of information that are
gathered and define and/or limit the use of the information. The user can be given the
opportunity to participate or to not participate. Even when the user elects to use the discussed
functionalities, accepted practices can be followed to protect the user.

METHOD EXAMPLES

[0091] FIG. 9 shows a method 900 for utilization of radio channels.

[0092] The method can obtain a set of channels that are available at a location of a device

at 902. In some cases, the device can query with its location for the status of channels at the
location. Thus, the obtaining can be performed responsive to receiving the query. In one of
these cases, the query is directed to a cellular service provider associated with the device.
In another case, the location of the device can be monitored and the status of the channels
can be obtained in an attempt to enhance one or more aspects of channel utilization at the
location. In one such scenario, the cellular service provider can monitor the device and
obtain the status of channels for the device. In another case, a third party can monitor the

device and/or the location. The status can be obtained from a database or multiple databases.
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[0093] Insome cases, the cellular service provider, a governmental or quasi-governmental
entity, and/or the third party can maintain the database. Some implementations can involve
multiple databases. For instance, a regulatory database may include some channel
information. This information can be synchronized into another database (e.g., dynamic
database) that 1s also populated with additional information. A single entity may monitor
the devices and maintain the database or one entity may maintain the database and another
entity may monitor the devices. In still another implementation, cellular service providers
may maintain their own dynamic databases and employ a spectrum manager to manage
devices and the dynamic database.

[0094] The method can send the set of available channels to the device at 904. The set of
available channels can include radio white space channels, Wi-Fi channels, cellular
channels, etc. The method can also send additional information about the channels. For
instance, the additional information can indicate levels of interference on individual
channels, networks established on individual channels, constraints associated with use of
individual channels, etc. From one perspective the additional information can entail any
information that can be useful for deciding what channels to utilize and how to utilize them.
[0095] The method can receive information that the device established a network on an
individual channel from the set of available channels at 906. In some cases, the device can
establish the network utilizing multiple channels that include the individual channel.
[0096] The method can cause the information about the individual channel to be
associated with the location at 908. This received information (e.g., feedback) can be added
to the database to further enhance understanding of the channel at the location. This
information can be utilized in various ways. For instance, another or second device may
query from the same (or a proximate) location. For example, the second device may want
to communicate data over a network at the location. The information about the network
(and/or other database information) can be provided to the second device. The network
information can allow the second device to authenticate and utilize the network more
quickly and easily than would otherwise be the case.

[0097] Of course, only a few devices are described here for sake of brevity, but many
devices can be monitored. Some devices may be attempting to establish a network on an
available channel(s) while another device may be attempting to utilize an existing network.
Of course, a single device can both establish networks and utilize networks. For instance, a
smart phone can communicate data over various channels. The smart phone can also

function as an AP and establish a network.
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[0098] FIG. 10 shows a method 1000 for utilization of radio channels.

[0099] The method can send a location of a device to a database that associates locations
and channels at 1002. The database can be a regulatory database or a database maintained
by an intermediary that is synchronized to the regulatory database.

[00100] The method can receive a set of available channels for the location at 1004. For
instance, an individual available channel can be associated with a first time constraint and a
first power constraint and a second time constraint and a second power constraint. In some
configurations, the constraints can be fixed. In other configurations the constraints can be
negotiable. For instance, the constraints for a given channel may be power x for one hour or
power y for ten hours. Alternatively, the device may request to use a channel for a time
constraint of ten minutes. An entity associated with the database may offer a set of
constraints based upon the requested constraint. The device can counter the set of constraints
to satisfy its use. Use of the channel can commence once an agreement is reached. This
configuration can more efficiently match available spectrum with use. Stated another way,
this configuration can reduce tying up channels to a greater extent than a requested or
intended use.

[00101] The method can utilize the individual channel in accordance with the first time
constraint and the first power constraint or the second time constraint and the second power
constraint at 1006. In some cases, the utilization can entail establishing a network on the
individual channel. In other cases, the utilization can entail attempting to identify a network
on the individual channel and communicating data over the network in accordance with the
first time constraint and the first power constraint or the second time constraint and the
second power constraint.

[00102] FIG. 11 shows a method 1100 for utilization of radio channels.

[00103] The method can monitor a location of a mobile device that has cellular capabilities
at 1102. The cellular capabilities of the mobile device can include a data channel and a
control channel. In some configurations, the sending can be accomplished over the data
channel. In other cases, the sending can be accomplished over the control channel. In still
other cases, the sending can be accomplished over another wired or wireless interface.
[00104] The method can identify a set of channels that are available to the mobile device
at the location at 1104.

[00105] The method can send the set of channels to the mobile device with a suggestion
for the mobile device to utilize one or more of the channels of the set to accomplish data

communication rather than using the cellular capabilities at 1106. The suggestion can relate
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to data communication by the mobile device as a whole or the suggestion can relate to
specific applications on the mobile device. In some cases, the suggestion can include
information about networks available on individual channels so that the mobile device can
more readily utilize a network for data communication. The method can be dynamic and
continue to monitor the mobile device to provide additional suggestions, such as when data
communication on the device changes or when networks expire or become crowded.
Further, the monitoring can detect movement of the mobile device to a second location. The
method can then send another set of channels to the mobile device for use at the second
location.

[00106] FIG. 12 shows a method 1200 for utilization of radio channels.

[00107] The method can monitor use of cellular service by a mobile device at a location
within a service arca at 1202,

[00108] The method can obtain a listing of channels that are available for use at the location
at 1204.

[00109] The method can instruct the mobile device to utilize at least one channel from the
listing to accomplish data communication rather than using the cellular service at 1206. This
method can allow for more efficient use of the radio spectrum in that cell networks tend to
be some of the most highly utilized networks while other channels go underutilized. The
method can automatically transition some of the cell traffic to other channels in a manner
that can be beneficial to the mobile device user (such as from a cost and/or performance
perspective) and from the cell service provider perspective.

[00110] FIG. 13 shows a method 1300 for utilization of radio channels. Specifically, this
method relates to managing radio white space channels in a geographic region. In one
example, the geographic region may be a service arca where a service provider offers
wireless services, such as cellular service.

[00111] The geographic region can be divided into multiple units at block 1302. The size
of the units can be sclected at least in part, based upon constraints imposed by a radio white
space database that covers some or all of the geographic region. For instance, if the
regulatory database requires that the location of any device utilizing the radio white space
channels be known to within a certain accuracy, such as 100 meters, then a radius of the
units may be 50 meters or some other value that complies with the accuracy constraint.
[00112] In one case, the geographic region may be divided into a set of cells. A cell tower
can be positioned in cach cell to provide cellular service within the cell. Assume for case of

explanation that the cells have a radius of 1 mile. Individual cells can be further divided into

24



10

15

20

25

30

WO 2014/158925 PCT/US2014/020949

the units. For instance, there might be several tens or hundreds of units within an individual
cell. In this example, assume that each unit has a radius of 50 meters and the location of the
center of cach cell is known within a few meters.

[00113] The regulatory database can be queried for radio white space channels at (at least
some of) the locations at block 1304. In some cases, this querying can be performed in a
manner that staggers authorization of individual channels. For instance, assume that a set of
radio white space channels available for a location in one of the units entails channels 1-8
and that the time constraint associated with use of the channels is 24 hours. At time zero,
the method can query for channels 1 and 2. At time six hours, the method can query for
channels 3 and 4. At time 12 hours, the method can query for channels 5 and 6, etc. Thus,
not all of the channels of the set will expire at the same time.

[00114] The method can identify a device within an individual unit at 1306. Of course,
while a single device is described, the method can involve multiple devices at an individual
unit and/or multiple devices spread over multiple units. The devices may be devices, such
as an AP that arc configured to establish networks on the radio white space channels.
Alternatively, the devices may be devices that can utilize a network that is utilizing one or
more of the radio white space channels. Of course, some devices, such as smart phones,
tablets, and notebook computers, may perform both roles. The devices may be relatively
permanent, such as a router in a coffee shop or relatively transitory, such as a user and
his/her pad type computer visiting the coffee shop. Identifying the device may be initiated
by the device, such as by the device supplying its location. Alternatively, the identifying
may be initiated by the service provider or another entity.

[00115] The method can cause some or all of the radio white space channels for the unit to
be conveyed to the device at 1308. In some cases, the service provider can convey the radio
white space channels to the device via a cellular data channel or a cellular control channel.
For instance, the cell tower of the cell in which the unit is located can convey the radio white
space channels. In other cases, the service provider can upload the radio white space channel
information for the geographical region to a satellite. For instance, each time the service
provider queries the regulatory database (e.g., at time zero, six hours, twelve hours, etc.) the
service provider can upload this information to the satellite. Using this staggered approach
can ease the upload bandwidth burden when compared to uploading all of the information
to the satellite at once. The satellite can download information that relates to individual units
to devices in those units. In some cases, the radio white space channels can be provided to

the device and the device can decide whether to use the radio white space channels. In other
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cases, the radio white space channels can be conveyed to the device along with instructions
to utilize one or more of the radio white space channels to accomplish some or all of its data
communications using the radio white space channels.

[00116] The order in which the example methods are described is not intended to be
construed as a limitation, and any number of the described blocks or acts can be combined
in any order to implement the methods, or alternate methods. Furthermore, the methods can
be implemented in any suitable hardware, software, firmware, or combination thereof, such
that a computing device can implement the method. In one case, the method is stored on one
or more computer-readable storage media as a set of instructions such that execution by a
processor of a computing device causes the computing device to perform the method.
CONCLUSION

[00117] Although techniques, methods, devices, systems, etc., pertaining to utilization of

radio channels are described in language specific to structural features and/or
methodological acts, it is to be understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as exemplary forms of implementing the claimed

methods, devices, systems, etc.
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CLAIMS
1. One or more computer-readable storage media storing computer-readable

instructions that when executed by a processor of a computer cause the computer to perform
acts, comprising:

monitoring a location of a mobile device that has cellular capabilities;

identifying a set of channels that are available to the mobile device at the
location; and,

sending the set of channels to the mobile device with a suggestion for the
mobile device to utilize one or more of the channels of the set to accomplish data

communication rather than using the cellular capabilities.

2. The one or more computer-readable storage media of claim 1, wherein the
cellular capabilities of the mobile device include a data channel and a control channel and
wherein the sending is accomplished over the data channel or wherein the sending is

accomplished over the control channel.

3. The one or more computer-readable storage media of claim 1, wherein the
suggestion relates to specific applications of the mobile device or wherein the suggestion

relates to all data communication of the mobile device.

4. The one or more computer-readable storage media of claim 1, further
comprising monitoring for movement of the mobile device to a second location and sending

another set of channels to the mobile device for use at the second location.
5. The one or more computer-readable storage media of claim 1, wherein the
sending comprises sending the set of channels to the mobile device along with information

about networks available on individual channels.

6. The one or more computer-readable storage media of claim 5, wherein the

suggestion indicates to the mobile device to attempt to utilize an individual network.

7. The one or more computer-readable storage media of claim 6, wherein the

suggestion includes a device identification of a device providing the network.
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8. A mobile device, comprising:

GPS circuitry configured to determine a location of the mobile device;

cellular circuitry configured to allow the mobile device to communicate over
a cellular network;

wireless circuitry configured to allow the mobile device to communicate
over non-cellular radio channels; and,

a spectrum manager configured to obtain a set of radio channels available for
use at the location, and further configured to attempt to communicate the data over an

individual radio channel rather than the cellular network.

9. The device of claim 8, wherein the spectrum manager is further configured

to scan the set of radio channels for a network and to communicate the data over the network.

10. The device of claim &, wherein the spectrum manager is configured to

receive the set of channels over a cellular data channel or a cellular control channel.
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METHOD 900

OBTAIN A SET OF CHANNELS THAT ARE AVAILABLE AT A
LOCATION OF A DEVICE

904 —_ *

SEND THE SET OF AVAILABLE CHANNELS TO THE DEVICE

906 — ‘

RECEIVE INFORMATION THAT THE DEVICE ESTABLISHED A
NETWORK ON AN INDIVIDUAL CHANNEL FROM THE SET OF
AVAILABLE CHANNELS

908 — ‘

CAUSE THE INFORMATION ABOUT THE INDIVIDUAL CHANNEL TO
BE ASSOCIATED WITH THE LOCATION

FIG. 9

MEeTHOD 1000

1002 —~

SEND A LOCATION OF A DEVICE TO A DATABASE THAT
ASSOCIATES LOCATIONS AND CHANNELS

1004 —~ ‘

RECEIVE A SET OF AVAILABLE CHANNELS FOR THE LOCATION

1006 —~ *
UTILIZE THE INDIVIDUAL CHANNEL IN ACCORDANCE WITH THE

FIRST TIME CONSTRAINT AND THE FIRST POWER CONSTRAINT OR
THE SECOND TIME CONSTRAINT AND THE SECOND POWER
CONSTRAINT

FIG. 10
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METHOD 1100

1102 —
MONITOR A LOCATION OF A MOBILE DEVICE THAT HAS CELLULAR
CAPABILITIES

1104 —~_ ¢

IDENTIFY A SET OF CHANNELS THAT ARE AVAILABLE TO THE
MOBILE DEVICE AT THE LOCATION

1106 ~ *
SEND THE SET OF CHANNELS TO THE MOBILE DEVICE WITH A

SUGGESTION FCR THE MOBILE DEVICE TO UTILIZE ONE OR MORE
OF THE CHANNELS OF THE SET TO ACCOMPLISH DATA
COMMUNICATION RATHER THAN USING THE CELLULAR

CAPABILITIES

FIG. 11
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METHOD 1200

1202 —

MONITOR USE OF THE CELLULAR SERVICE BY A MOBILE DEVICE
AT A LOCATION WITHIN THE SERVICE AREA

1204 — *

OBTAIN A LISTING OF CHANNELS THAT ARE AVAILABLE FOR USE
AT THE LOCATION

1206 —_ ‘

INSTRUCT THE MOBILE DEVICE TO UTILIZE AT LEAST ONE
CHANNEL FROM THE LISTING TO ACCOMPLISH DATA
COMMUNICATION RATHER THAN USING THE CELLULAR SERVICE

FIG. 12
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MEeTHOD 1300

1302 —

DIVIDE A GEOGRAPHIC REGION INTO MULTIPLE UNITS

1304 —_ ¢

QUERY A REGULATORY DATABASE FOR RADIO WHITE SPACE
CHANNELS AT THE LOCATIONS

1306 —_ ‘

IDENTIFY A DEVICE WITHIN AN INDIVIDUAL UNIT

a

1308 — i

CAUSE SOME OR ALL OF THE RADIO WHITE SPACE CHANNELS
FOR THE UNIT TO BE CONVEYED TO THE DEVICE

FIG. 13
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