wO 2014/042964 A1 | I 0N OO OO 0 R

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

20 March 2014 (20.03.2014)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2014/042964 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
HO4W 16/14 (2009.01) HO041 27/00 (2006.01)

International Application Number:
PCT/US2013/058348

International Filing Date:
6 September 2013 (06.09.2013)

English
English

Filing Language:
Publication Language:

Priority Data:
13/609,271 11 September 2012 (11.09.2012) Us

Applicant: MICROSOFT CORPORATION [US/US];
One Microsoft Way, Redmond, Washington 98052-6399
(US).

Inventors: HASSAN, Amer, A.; ¢/o Microsoft Corpora-
tion, LCA - International Patents, One Microsoft Way,
Redmond, Washington 98052-6399 (US). REED, Daniel,
A.; ¢/o Microsoft Corporation, LCA - International Patents,

(8D

(84)

One Microsoft Way, Redmond, Washington 98052-6399
(US). GARNETT, Paul, W.; ¢/o Microsoft Corporation,
LCA - International Patents, One Microsoft Way, Red-
mond, Washington 98052-6399 (US). ANDERS, Billy; c/o
Microsoft Corporation, LCA - International Patents, One
Microsott Way, Redmond, Washington 98052-6399 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: WHITE SPACE UTILIZATION

METHOD 800

802 —

FIG. 8

MEASURE A POTENTIAL RADIO WHITE SPACE FREQUENCY

804

!

COMMUNICATE RESULTS OF THE MEASURING FOR OTHER
DEVICES

806 —

A

/

r

RECEIVE OTHER RESULTS FROM THE OTHER DEVICES RELATING
TO THE POTENTIAL RADIO WHITE SPACE FREQUENCY

~

808 —

'

DETERMINE WHETHER THE POTENTIAL RADIO WHITE SPACE
FREQUENCY IS ACTUALLY AN AVAILABLE RADIO WHITE SPACE
FREQUENCY BASED UPON THE RESULTS AND THE OTHER
RESULTS

[Continued on next page]



WO 2014/042964 A1 WA 00 TN 000 O A A0

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, Declarations under Rule 4.17:
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, __ as to applicant’s entitlement to apply for and be granted
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, o patent (Rule 4.17(i0) PPy &

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

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, — as to the applicant’s entitlement to claim the priority of
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, the earlier application (Rule 4.17(iii))

GW, KM, ML, MR, NE, SN, TD, TG). Published:

—  with international search report (Art. 21(3))

(57) Abstract: The concepts relate to radio white space utilization. One example can measure a potential radio white space fre -
quency. The example can also communicate results of the measuring for other devices and receive other results from the other
devices relating to the potential radio white space frequency. The method can further determine whether the potential radio white
space frequency is actually an available radio white space frequency based upon the results and the other results.



10

15

20

25

30

WO 2014/042964 PCT/US2013/058348

WHITE SPACE UTILIZATION

BACKGROUND

[001] Ever increasing numbers of wireless devices are being introduced and sold. As
such, the radio frequency (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 underutilized RF spectrum are very important to meet the growing
number of wireless devices. One portion of the RF spectrum that is underutilized is the
portion reserved for broadcasting television and/or radio. Governmental regulators divided
the TV portion (and/or other portions) into a plurality of channels or frequencies. However,
for any given geographic region many of the frequencies are not utilized for TV or radio
broadcasting.

[002] Unused frequencies of the reserved portion of the RF spectrum can be referred to
as white space. It is possible to utilize these 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] Techniques have been attempted where a device that wants to utilize a white space
frequency senses whether the white space frequency is being utilized. The device can utilize
the white space frequency if the sensing indicates the white space frequency is not being
utilized for other purposes. These techniques produced too many scenarios where the
device's sensing missed detecting the use and its own RF transmission then created
interference. When more stringent criteria are applied to avoid such situations, the devices
tend to produce so many false positives that again the system is unworkable (e.g., white
spaces are identified as being unavailable).

[004] As such, the above-mentioned governmental institutions decided to establish
regulatory databases that map channel or frequency utilization to geographic location.
Stated another way, for a given geographic location, the database indicates a sub-set of
frequencies or channels that are utilized for broadcasting and other licensed use (such as
wireless microphones in some countries) and/or a different sub-set of frequencies that are
white spaces. Potentially, the governmental institutions may allow individual white space
frequencies to be temporarily used for other purposes. However, any access point device
(sometimes referred to as a "master") that wants to temporarily use one or more of these
white space frequencies has to have the capability to know its own geographic location to

within an accuracy acceptable by the regulators and also has to have access to the database
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via the Internet so that the device's location can be utilized in conjunction with the locations
in the database. The device may be able to obtain authorization to utilize individual white
space frequencies according to specific conditions or constraints. For instance, the
constraints may relate to the location of the device, a duration of the authorization, and/or
an allowed transmission power. Other available radio frequencies may be handled in a
similar manner. The regulatory database system imposes a high overhead on devices trying
to use white spaces (e.g., the ability to access the database and the ability to self-determine
geographic location). Further, the regulatory databases tend to be set up very conservatively
to avoid interfering uses and, as such, available white spaces remain unused.

SUMMARY
[005] The described implementations relate to radio white spaces utilization. As used
herein, the term "radio white space"” can include TV white space frequency and/or any other
radio white space frequency. One example can measure a potential radio white space
frequency. The example can also communicate results of the measuring for other devices
and receive other results from the other devices relating to the potential radio white space
frequency. The method can further determine whether the potential radio white space
frequency is actually an available radio white space frequency based upon the results and
the other results.
[006]  Another example can include memory and a processor configured to execute
instructions stored on the memory. This example can also include a communication
component configured to cause multiple devices to measure signal strength at a potential
white space frequency. The communication component can also be configured to obtain
information relating to the signal strength measurements from at least some of the multiple
devices.
[007] 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

[008] 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 cach reference number

conveys the FIG. and associated discussion where the reference number is first introduced.
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[009] FIGS. 1-6 show examples of systems configured to utilize radio white space
frequencies in accordance with some implementations of the present concepts.

[0010] FIGS. 7-8 are flowcharts of examples of radio white space frequency utilization
techniques in accordance with some implementations of the present concepts.

DETAILED DESCRIPTION

OVERVIEW

[0011] This patent relates to utilizing radio white space frequencies. The term radio white
space frequencies can include TV white space frequencies and/or other radio white space
frequencies. As used herein a "TV white space frequency" means a frequency or frequency
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 frequency”
means a frequency or frequency range that was reserved for TV broadcasting, for other radio
broadcasting, or two-way radio communications, but which is not actually used in such
manner in a particular geographic region.

[0012] Devices may want to utilize radio white space frequencies because other available
frequencies are crowded and/or the radio white space frequencies may have a higher data
transfer rate (e.g., bandwidth) than other frequencies that are available to the devices. As
mentioned above, it can be very difficult for a device to accurately determine whether a
potential radio white space frequency is available (e.g. is the frequency being used or not).
One reason for this inability is that the device's environment can affect the device's ability
to accurately detect signals at the frequency. For instance, a physical structure proximate to
the device may be blocking the signals from the device. The present concepts can allow
multiple devices to sense an individual frequency and to share the results. Each device has
its own environment and its own capabilities. Thus, the results can reflect multiple different
diverse sensed environments. A decision made regarding availability of the sensed
individual frequency based upon the multiple different diverse sensed environments can be
much more accurate than a decision based upon input from a single device. In this regard,
the multiple devices can be thought of as operating collaboratively to provide valuable
sensing results upon which a decision regarding availability of a radio white space frequency
can be made.

FIRST SYSTEM EXAMPLE

[0013] For purposes of explanation consider introductory FIG. 1, which shows a system

100 where utilization of radio white space frequencies can be accomplished by devices via
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collaborative sensing. The collaborative sensing process is explained temporally relative to
instances 1, 2, 3, and 4.

[0014] In this case, system 100 includes devices 102 and 104. For ease of explanation in
this introductory example, assume that devices 102 and 104 have wireless capabilities and
that these devices have established a trust relationship and want to communicate over a
white space frequency in what can be termed a unicast scenario.

[0015] The devices 102 and 104 can initially establish communications over a wireless
frequency other than a radio white space frequency. For instance, the devices can establish
an internet protocol (IP) connection. Using this wireless frequency, the devices can agree
to each measure or sense a potential radio white space frequency F.

[0016] At instance 1, device 102 can measure a power Pioz of frequency F as indicated at
106. Stated another way, device 102 can sense its RF environment at frequency F.
Similarly, device 104 can measure a power Pio4 of frequency F as indicated at 108. Note
that the environment or perspective of device 102 can be different than the environment or
perspective of device 104 and thus the measured powers Pio2 and P1o4 can be different. Note
also that the terms 'power' and 'energy’ are utilized interchangeably in this document.
[0017] Device 102 can process measured power Pioz to produce results Pi2'. Similarly,
device 104 can process measured power Pio4 to produce results Pio4'. Examples of this
processing are described in more detail below, but briefly the processing can produce useful
information or results (e.g., P1o2" and P104") about the measured power Pio2 and P1o4 in a more
compact fashion (e.g., fewer bits). The processed results can be useful in determining
whether or not frequency F is actually an available white space frequency or not.

[0018] In instance 2, device 102 can convey or communicate processed results Pio2' to
device 104 as indicated at 110. Similarly, device 104 can convey processed results Pio4' to
device 102 as indicated at 112. This communication can be achieved over the agreed upon
wireless frequency.

[0019] Atinstance 3, devices 102 and 104 can each determine whether the potential radio
white space frequency F is actually an available radio white space frequency by evaluating
processed results Pio2' and Pio4'. Utilizing the processed results from both devices can
provide at least two advantages. First, more measurements are utilized in the determination.
In a basic sense, evaluations based upon more measurements tend to be more accurate than
those based upon fewer measurements. Second, the processed information from the two
devices 102 and 104 is from different perspectives or environments. In a basic sense,

evaluations based upon multiple perspectives tend to be more accurate than a similar
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evaluation based upon information from a single perspective. For instance, a single device
may experience interference, such as multipath interference. As such, measuring conducted
from a single perspective may show a potential radio white space frequency to be available
when in fact it is not. It is much less likely that multiple devices will experience similar
interference. This aspect can be thought of as multipath diversity.

[0020] At instance 4, in a circumstance where devices 102 and 104 determine that the
potential radio white space frequency is in fact available, the devices can utilize the
frequency as indicated at 118 and 120.

[0021] In summary, system 100 relates to a unicast scenario where collaborative sensing
leverages multipath diversity to determine the availability of individual radio white space
frequencies. FIGS. 4-5 provide examples of collaborative sensing that leverages multipath
diversity in multicast and broadcast scenarios, respectively. Before that however, FIGS. 2-
3 offer additional details regarding one configuration for employing the present concepts
relative to the devices of system 100.

[0022] FIG. 2 shows a component diagram of one implementation of devices 102 and 104
relating to collaborative and/or distributive sensing. In this case, each of the devices samples
at 202, assesses at 204, quantizes at 206, encodes at 208, and communicates at 210. For
case of explanation, the suffix "(1)" is utilized to indicate an occurrence of these elements
on device 102 and the suffix "(2)" is utilized to indicate an occurrence of these elements on
device 104. Use of the designators without the suffixes is intended to be generic to an
occurrence on one or both of device 102 and device 104.

[0023] Sampling 202(1) can measure the local radio frequency environment (RFi02) of
device 102 at specific potential radio white space frequencies. Stated another way, device
102 can measure the power Pioz at frequency F for its radio frequency environment (RF102).
Similarly, sampler 202(2) can measure the local radio frequency environment (RFi04) of
device 104 at specific potential radio white space frequencies. Stated another way, device
104 can measure the power Pio4 at frequency F for its radio frequency environment (RF104).
Various techniques, such as block detection or sequential detection, can be employed for
the sampling. (While power is sensed in this example, other examples can alternatively or
additionally sample, voltage and/or phase, among other signal properties). The results of
the sampled or measured frequency can be supplied as input for assessing at 204.

[0024] Assessing 204 can be configured to evaluate the measured potential radio white
space frequencies of the respective local radio frequency environments. In this case, the

evaluation relates to frequency F and is based upon measured power Pio2 in the case of



10

15

20

25

30

WO 2014/042964 PCT/US2013/058348

device 102 and measured power Pio4 inthe case of device 104. The evaluation can determine
whether an individual potential radio white space frequency is actually an available radio
white space frequency based upon the results and the other results. Note that this evaluation
can be thought of as a tentative or initial evaluation. Some implementations may not
perform this initial evaluation and may instead delay performing the evaluation until
additional information is available from other devices (as will be described below). Note
also that in some configurations, the assessing 204 can be placed 'after' the quantizing 206.
In such a case, the assessor can perform the evaluation on the quantized data (Q) rather than
the raw measured data (P). In still another implementation, a likelihood can be calculated
that the frequency is available (or unavailable). In such a case, the quantizing can be
performed on the likelihood.

[0025] In some configurations, the evaluation performed by the assessing 204 can include
comparing the measured data from sampling 202 or the quantized data from quantizing 206
to a predefined threshold. The assessing 204 can determine that the individual potential
radio white space frequency is available if the data is below the threshold. Conversely, the
assessing 204 can determine that the individual potential radio white space frequency is not
available (e.g., is being used) if the data is above the threshold. In some of these
implementations the assessing 204 can also determine the likelihood associated with
determined availability or non-availability. In some cases, the assessing 204 can receive the
measured power value(s) from sampling 202 and make an initial decision or evaluation and
associated likelihood. The assessing may include forwarding the measured power values,
the initial decision, and/or the associated likelihood for quantizing.

[0026] Quantizing 206 can process information about the individual potential radio white
space frequency. Different information can be quantized in different implementations. For
instance, some implementations can quantize the measured data obtained from sampling
202. In other implementations, the quantizing can be performed upon the output of the
assessing 204 (e.g., the results). For instance, the quantizing may act upon (quantize) the
likelihood provided by the assessing 204 relative to the individual potential white space
frequency.

[0027] Quantizing 206 can employ various quantization functions or algorithms. For
instance, in one case, the quantizing 206 can be implemented as a Q-bit variable quantizer.
The selected quantization function can be based at least in part upon resources available to
the device 102. For instance, available power and/or processing resources can be considered

when performing the quantization. For instance, a battery-operated device may be
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configured to conserve power usage and as such may select a function that utilizes less
power to compute. For instance, such a device may utilize a one-bit or a three-bit quantized
output. In contrast a device that has ample power and/or processing resources may be
configured with a function that provides more robust output that conveys more information
from the sampling. For instance, such a device may output an eight-bit or 16-bit quantized
output. Further, a single device may employ different functions in different circumstances.
For instance, a smart phone that is plugged in may utilize a different function than when the
smart phone is operating on battery power.

[0028] This resource based variation can alternatively or additionally be applied to other
elements of the devices 102 and 104. For instance, the sampling 202 and/or the quantizing
206 can vary according to whether the device is manifest as a handheld (e.g., battery
powered) or plugged-in (e.g., external power). In cases where battery power is not a factor,
the sampling rate can be faster to average out thermal noise and can sample more than one
channel/frequency at a time in some configurations.

[0029] Encoding 208 can receive the results output from the quantizing 206 (e.g.,
quantized results) and/or the initial evaluation from the assessing 204, if performed. The
encoding can perform forward error correction coding on the received output and/or initial
evaluation (these two elements can be thought of as availability information). The encoded
information can be sent for communicating at 210. Some implementations may eliminate
the encoding and simply communicate the initial evaluation and/or the quantized output.
[0030] Communicating 210 can function to attempt to convey the availability information
from the encoding 208, quantizing 206, and/or assessing 204 to other devices. At this point,
the communicating tends to utilize mechanisms other than the potential radio white space
frequency since a final determination has not yet been made about the availability of that
frequency. The communicating can utilize various other wired or wireless mechanisms to
convey the availability information. For example, in the wireless realm the communicating
could be accomplished via Wi-Fi, Bluetooth, infra-red (IR), 3G, and/or 4G, among other
protocols. In one case, the communicating can embed the availability information in a
management or control frame of a Wi-Fi or Bluetooth signal. Action frames could also be
utilized, but may be less efficient from some perspectives.

[0031] In the present example, as mentioned above relative to FIG. 1, assume that the
communicating 210(1) of device 102 and the communicating 210(2) of device 104 involved

a pre-agreement to send the availability information in an information element of a



10

15

20

25

30

WO 2014/042964 PCT/US2013/058348

management frame of a Wi-Fi signal. (Another scenario without such pre-negotiated
agreement is described below relative to FIG. 5.)

[0032] In this example, the availability information from device 102 can be received by
device 104 as indicated by arrow 212. Similarly, availability information from device 104
can be received by device 102 as indicated by arrow 214. At this point, assessing 204(1)
can include evaluating results from device 102 and the availability information from device
104 to determine if the individual potential radio white space is in fact available. In a similar
fashion, assessing 204(2) can involve evaluating results from sampling 202(2) and the
availability information from device 102 to determine if the individual potential radio white
space frequency is in fact available. This multisource evaluation (e.g., based upon data from
multiple devices each of which senses its own environment) can be more accurate than the
initial evaluation described above. One way of expressing this evaluation is evidenced in
FIG. 3.

[0033] FIG. 3 shows the multisource environment evaluated as part of the assessing
204(1) in the context described relative to FIG. 2. In this case, assessing 204(1) can entail
receiving sensed power measurements (or processed results of the sensed power
measurements) about the local environment Pioz for the individual potential radio white
space frequency at 302. The assessing 204(1) can also include receiving quantized
information about the individual potential radio white space frequency from other
environments. In this case, only one other environment is being sensed (by device 104 of
FIG. 2). The quantized information Q(P104) is received from the other environment at arrow
304. In cases where other devices were involved, their input can be received as indicated
by dashed arrows 306 and 308. The assessing 204(1) can utilize the information from the
different sensed environments to determine whether the individual potential radio white
space frequency (F) is in fact an available radio white space frequency or not as indicated
at 310. The device 102 can then utilize the available radio white space frequency. Of
course, if the individual potential radio white space frequency is unavailable, the process
can be repeated for additional potential radio white space frequencies.

[0034] Stated from another perspective, device 102 can obtain local power measurements
(P102) relative to frequency F as indicated by arrow 302. Explained another way, the device
can sense its surroundings by sampling the received signal. The device 102 can then process
the received signal Pioz to determine a likelihood "L" that the frequency F is an available
radio white space (S). Thus, the likelihood that the sampled frequency F is an available

radio white (S) can be expressed as:
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L=S/P102
[0035] This value L can be quantized as Q(L102) and sent to device 104. Similarly, device
102 can receive a quantized likelihood Q(Lio4) from device 104. In this case, device 102
can obtain distributed (or collaborative) power measurements from devices in proximity
(such as device 104 of FIG. 2) as indicated by arrow 304. These power measurements can
be processed by the proximate devices (in this case device 104). For instance, in the
illustrated configuration, these power measurements can be quantized values of these (the
proximate) devices' power calculations (P, P,,.., Py, ). The quantizer operation is Q(.).
Thus, utilizing the present naming convention the quantized values from device 104 can be
characterized as Q(P104). Device 102 can then make its decision D regarding the availability
of frequency F utilizing its own sensed power Pio2 and the quantized results Q(P1o4) received

from device 104. One way of representing the sensed values is conveyed in the matrix

provided below.
102 102
1 RN m
104 104
1 RN m
n n
Q .. Qn

In the matrix the superscript conveys the device which did the sensing or measuring and the
subscript represents the quantized values from that (e.g., the sensing) device. For example,
the top row of the matrix shows the quantized values from 1 to m sensed by device 102.
[0036] As indicated by arrow 310, device 102 can then quantize its power value and
communicate this value to the right together with its decision D and likelihood L (e.g.,
sufficient statistics) that summarizes the data history. Note that this decision can be
distinguished from the 'initial decision' mentioned above in that measurements sensed by
multiple devices in their respective radio frequency environments can be utilized to arrive
at the decision D whereas the initial decision can be based upon measurements from a single
device.

SECOND SYSTEM EXAMPLE

[0037] FIG. 4 shows another scenario or system 400 that can employ collaborative
sensing. System 400 includes four devices 402, 404, 406, and 408. Device 408 is not
involved in the first described implementation and as such is shown in ghost (dashed lines).
Device 408 is subsequently described relative to a second implementation.

[0038] System 400 relates to a mixed collaborative sensing configuration. In this case,
the collaborative sensing is similar to the description above relative to FIGS. 1-3 with the

addition of database correlation. In this case, for purposes of explanation, assume that
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device 402 wants to communicate with devices 404 and 406 via a radio white space
frequency. Assume that devices 402, 404, and 406 have established a trust relationship over
a secondary channel (non white space) using a protocol such as Wi-Fi, Bluetooth, or IR.
[0039] Note that the set of potential radio white space frequencies may be quite large. For
instance, the set could include more than one-hundred frequencies. As such, having each
of devices 402, 404, and 406 measure each frequency, process the results, transmit the
results, receive results from the other devices and make a decision regarding availability for
cach frequency could be resource intensive. In some cases, the mixed approach can address
this potentially excessive resource usage issue.

[0040] Briefly, in this case, device 402 can obtain an initial listing from regulatory
database 110 that can define which frequencies are allocated for use and/or which are not
allocated for use relative to a given geographic location. The initial listing can be
significantly smaller than the set of potential radio white space frequencies introduced
above. For instance, the set of potential radio white space frequencies might be sixty
frequencies while only fifty of those frequencies are unallocated. Device 402 can provide
the initial listing of unallocated frequencies (or a sub-set thereof) to the other devices 404
and 406 for collaborative sensing.

[0041] In order to obtain the initial listing, device 402 can determine its geographic
location, such as by using global positioning system (GPS) technologies. Device 402 can
access regulatory web-site or database 410 via the Internet 412. Device 402 can supply its
geographic location to the regulatory database 410 and request the initial listing.
Alternatively, device 402 could request to use one or more radio white space frequencies.
The regulatory database 410 can authorize use of a set of one or more available (unallocated
and/or otherwise unused) radio white space frequencies (e.g., a sub-set of the listing) at the
geographic location and a set of other constraints on the use. For example, the constraints
may include a duration of the authorization and/or a specific transmission energy or power
level which any transmissions over the frequency are not to exceed. Device 402 and devices
404 and 406 could then collaboratively sense the initial listing in the former example and
the authorized set (or a sub-set thereof) in the latter example to confirm or verify that, in
fact, individual authorized frequencies are not being used.

[0042] Consider now two implementations where device 402 utilizes device 408 to help
access regulatory database 410. In a first scenario, assume that device 402 has access to the
Internet 412, but is unable to determine its geographic location. In such a case, device 402

could access another device, in this example device 408, that does have the ability to
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determine its own geographic location. Device 402 could then use this geographic location
to obtain the initial listing from the regulatory database 410.

[0043] In another example, device 402 may be able to determine its own geographic
location, but may not have the capability to access the Internet 412. In such a case, device
402 could communicate with device 408 which does have access to the Internet. For
instance, such communications could utilize many types of protocols, such as Wi-Fi or
Bluetooth. Device 402 could then cause device 408 to access the regulatory database 410
over the Internet 412 and cause device 408 to supply device 402's geographic location to the
regulatory database to obtain the listing. Of course, there can be other configurations, such
as where device 402 cannot access the Internet and cannot determine its geographic location
and instead leverages one or more other devices to obtain the listing from the regulatory
database.

[0044] In an alternative implementation, device 402, device 404, and/or device 406 could
collaboratively sense a set of one or more potential radio white space frequencies to
determine which frequencies appear to be available. Prior to using any apparently available
frequencies, device 402 could access the regulatory database to confirm or verify that the
apparently available frequencies appear on the listing of 'non-allocated' frequencies for that
geographic location.

THIRD SYSTEM EXAMPLE

[0045] FIG. 5 shows another collaborative sensing scenario or system 500. The system
includes several representative devices that include a video camera 502, a television (TV)
504, a set-top box 506 associated with the TV, a smart phone 508, and a wireless headset
510. In one implementation all of devices 502-510 have some kind of wireless capabilities
(e.g., ability to send and receive data). In another implementation, TV 504 does not have
wireless capabilities, but is coupled via a wired connection to the set top box which does
have wireless capability. As used herein, the set top box can be manifest as a video game
console, a DVD player, and/or a digital video recorder, among others.

[0046] Assume for purposes of explanation that video camera 502 wants to send video
data to the set top box 506 to be stored for subsequent presentation on TV 504. Assume
also that the video camera wants to try to send the video data over an available radio white
space frequency. The video camera can sense individual potential radio white space
frequencies as described above relative to FIGS. 1-4. In this case, the video camera may
not have any pre-negotiated agreements with other devices. Instead, the video camera may

in alternating fashion, broadcast its results (e.g., a likelihood statistic of a given frequency
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being used), and listen for results from other devices. For instance, the video camera can
broadcast its results in the management frame of many types of wireless protocols, such as
Wi-Fi, Bluetooth, IR, etc. The results can be included in a preparatory information element
of a beacon transmitted by the video camera.

[0047] Assume for purposes of explanation that the video camera 502 receives responses
from each of the TV 504, the set top box 506, the smart phone 508, and the wireless head
set 510. This collaborative sensing can allow the video camera 502 (and/or the other
devices) to make a decision regarding individual potential radio white space frequencies.
[0048] There are two aspects of note in this scenario that are discussed below. First, the
video camera 502 may receive results from devices that are not going to be involved in the
subsequent communications utilizing the radio white space frequency. Stated another way,
the set of devices that contribute to the collaborative sensing may not match the set of
devices that actually utilize any discovered available radio white space frequencies. Second,
the video camera does not have to assign the same value to results from the various devices.
Stated another way, the video camera may treat some results as more reliable than other
results. These two aspects are discussed in more detail below.

[0049] With regard to the first point above, recall that greater sample numbers (especially
those from multiple different devices) tends to increase the accuracy of a decision regarding
availability of a radio white space frequency. Toward this end, devices may contribute by
sensing in circumstances even when the devices are not directly involved in the use. For
instance, by participating in collaborative sensing of potential radio white space frequencies
the devices can obtain information about which frequencies might be available for their own
subsequent use. For instance, in one version of the present scenario, all of the devices 502-
510 can collaboratively sense ten potential radio white space frequencies (e.g., each device
senses cach of the ten frequencies and share their results). Assume that the collaborative
sensing results in potential radio white space frequencies four and seven being identified as
available radio white space frequencies and the others being unavailable. Video camera 502
may communicate its decision that frequencies four and seven are available over the
wireless protocol. The video camera may also utilize the wireless protocol to communicate
its intent to use frequency four, for example, to communicate the video data to set top box
506. The video camera can then begin communicating data to the set top box over available
radio white space frequency four.

[0050] Smart phone 508 is not initially involved in this communication over the identified

available radio white space frequencies. However, subsequently, smart phone 508 may
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want to project its display on TV 504. In such a scenario, smart phone 508 may save
resources by utilizing the previous collaborative sensing. For instance, rather than sensing
all ten potential radio white space frequencies again, smart phone 508 may recheck available
radio white space frequency seven (either by itself or collaboratively). If this sensing
reconfirms that radio white space frequency seven is available, the smart phone can begin
using this frequency to communicate its display data to the TV. This technique would likely
consume fewer resources (e.g., time, power, and/or processing) than starting from scratch
(e.g., sensing all ten potential radio white space frequencies). Thus, smart phone 508 can
benefit from participating in collaborative sensing even when it does not expect to
immediately benefit.

[0051] The second aspect introduced above is that the video camera 502 does not have to
assign the same value to results from the various devices. For instance, devices may have
differences in the quality of their samplers (FIG. 2) and/or differences in the resources that
they can dedicate to analyzing the sampled frequencies. For instance, wireless head set 510
based upon consumer demand needs to be small and lightweight and have a relatively long
battery life. As such, design constraints may limit the quality of the sampling employed by
the wireless head set 510. Further, the evaluation performed on the sampled data may be
limited because of the processing capability of the device and/or because such processing
uses scarce power resources. In contrast, TV 504 can receive AC power from the grid and
as such power usage is not as critical. Further, as part of its basic functionality, the TV
needs to accurately tune to and receive specific frequencies (e.g. broadcast channels and/or
cable channels). As such, any signals measured by the TV and utilized for collaborative
sensing will by definition be relatively highly accurate. For instance, the TV will likely
include a tuner that can accomplish the sampling.

[0052] The tuner can be coupled with an error decoder. When the tuner is tuned to a
specific channel (frequency) the error decoder can determine whether a satisfactory signal
is being received by the tuner. If the received signal is not satisfactory relative to predefined
threshold criteria employed by the error decoder, then the error decoder can issue an error
message that indicates that no signal that satisfies its threshold was detected in the sample
period. This can be interpreted as a decision by the TV that the channel is not being used
(e.g., is available). The channel may be re-sampled. If the sampled signal fails the error
decoder threshold multiple times, the likelihood of the error decoder's decision regarding
availability can be given a high degree of confidence of being correct. Also note that in

comparison to the wireless head set 510, the TV has ample power to sense signals, amplify
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the signals, and/or otherwise process those sampled signals for evaluation. Thus, the TV
may assign a relatively high degree of likelihood to its findings regarding sensed frequencies
that it shares with the other devices. In contrast, the wireless head set 510 may assign a
relatively low confidence to its findings.

[0053] Further still, in some implementations, the video camera 502 may weight results
from the various devices based upon what it knows about the devices (this weighting can be
in addition to, or in place of, any confidence assigned by the devices themselves). For
instance, video camera 502 may learn information about the devices from their respective
beacons and assign weights based upon the learned information. Further, the video camera
may weight the results based upon the bits per sample utilized by the device. For instance,
an cight or sixteen bit sample utilized by the TV might be weighted higher than a one or
three bit sample utilized by the wireless head set 510. Of course these bit values are
provided for purposes of explanation and other bits per sample can be employed.

[0054] The above aspects are described in the context of specific examples employing
specific devices for purposes of explanation, but are of course applicable to other devices.
[0055] FIG. 6 shows the devices of system 500 and illustrates some of the elements that
may be included in such devices. In this case, each device is shown with a processor 602,
storage/memory 604, wireless circuitry 606, and a communication component 608.
Discussion of these elements relative to a specific device includes the associated suffix.
Lack of a suffix indicates a generic discussion of the element. For purposes of explanation,
several other elements are discussed relative to specific devices.

[0056] In this case, video camera 502 can also include camera hardware 612. TV 504 can
also include a tuner 614, an error decoder 616, and a display 618. Smart phone 508 can also
include cellular circuitry 620 and GPS circuitry 622. The discussed elements are introduced
relative to particular implementations and are not intended to be essential. Of course,
individual devices can include alternative or additional components that are not described
here for sake of brevity. For instance, devices can include input/output elements, buses,
graphics cards, power supplies, optical readers, and/or USB ports, among a myriad of
potential configurations.

[0057] Wireless circuitry 606 can include a transmitter and/or a receiver that can function
cooperatively to transmit and receive data at various frequencies. For example, the wireless
circuitry can function to transmit and receive data in the 2.4 Giga Hertz and 5.0 Giga Hertz
bands utilized for Wi-Fi in the U.S. (other countries may utilize other frequencies). In

another example, the wireless circuitry can operate at various frequencies, such as 2.4 Giga
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Hertz frequency, 5.0 Giga Hertz frequency, 60 Giga Hertz frequency, radio frequencies,
and/or TV channel frequencies (50 Mega Hertz to 810 Mega Hertz), among others.
Alternatively, the wireless circuitry can be configured to tune to any frequencies in the RF
Spectrum.

[0058] Note also, that an individual device may not include wireless capabilities but can
instead work cooperatively with a device that does. For example, TV 504 could be wired
to set top box 506. In such a case, the TV may not have wireless capabilities but can instead
work cooperatively with the associated set top box. (In some such cases, the TV may have
wireless capability for receiving at specific frequencies (such as from a remote control) but
not for transmitting. Note also that the TV and the set top box may operate cooperatively
in other ways. For instance, the tuner 614 and the error decoder 616 may be on the set top
box such that the TV functions as a monitor or display.

[0059] Communication component 608 can control the wireless circuitry 606 to sense
various frequencies. Thus, the communication component can cause the wireless circuitry
to perform the sampling function described above relative to FIG. 2. The communication
component can perform the assessing and quantizing functions and cause the
communication component to perform the communicating of FIG. 2.

[0060] As introduced above relative to FIG. 4, some of the present implementations can
employ mixed collaborative sensing that combines collaborative sensing with location-
based radio white space frequency authorization. In the illustrated configuration of FIG. 6,
smart phone 508 can accomplish this mixed collaborative sensing. For instance, smart
phone 508 can calculate its geographic location utilizing GPS circuitry 622 (or another
technique such as cell tower triangulation). The communication component 608(4) can then
utilize this location information when accessing a regulatory database (FIG. 4) via cellular
circuitry 620. For example, the communication component may cause the smart phone to
utilize a uniform resource identifier (URI) of the regulatory database to obtain a location-
based mapping of allocated/unallocated radio white space frequencies.

[0061] Other devices, such as video camera 502, that do not have the ability to determine
their location and/or access the internet can leverage smart phone 508 to obtain the location-
based mapping of available/unavailable radio white space frequencies. In one case, the
smart phone can function as a wireless access point that interacts with the video camera. In
another case, the communication component 608(1) of the video camera can utilize another
wireless technology, such as Bluetooth™ to interact with smart phone 508. Once

communication is established, the communication component 608(1) can request that the
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smart phone 508 query the regulatory database (FIG. 4) to obtain the location-based
mapping and/or an authorization to use individual available frequencies.

[0062] The video camera's communication component 608(1) can obtain the location-
based mapping and/or an authorization to use individual available frequencies and
accompanying information, such as the location and constraints, from the smart phone 508.
[0063] In some instances, the communication component 608(1) can take steps to ensure
that any usage of the authorization by the video camera 502 complies with the constraints.
For instance, the constraints may include a distance constraint on the authorization.

[0064] In some cases, the distance constraint can be conveyed as a power constraint that
limits the power or energy of any broadcast to a specific radius from the smart phone's
location. For example, the constraint may be a power constraint such that any broadcast
from the smart phone's location over an available radio white space frequency is limited to
aradius of 1,000 meters, for instance. The communication component 608(1) can take steps
to ensure that any use by the video camera conforms to the distance constraint. Stated
another way, the communication component 608(1) can consider (or account for) the
relative distance between the smart phone 508 and the video camera 502.

[0065] In one case, the communication component 608(1) can determine its location
relative to the smart phone 508 based upon the success or failure of its communications with
the smart phone at a given frequency and power. For instance, at 2.4 Giga Hertz, a 100 milli
Watt transmission can generally be received by commercial Wi-Fi or Bluetooth compliant
devices up to a range of about 100 meters. Thus, the communication component 608(1) can
determine the video camera's relative location to be within 100 meters of the smart phone
in an instance where the two devices are successfully communicating at this power and
frequency.

[0066] Further, knowing its relative location can allow the communication component
608(1) to ensure that any use of the available radio white space frequencies by the video
camera complies with the authorization constraints. For example, the communication
component can determine a transmission power that does not exceed 500 meters for the
available radio white space frequency. Thus, if the video camera is within 100 meters of
the smart phone and broadcasts a signal over the available radio white space frequency at a
power level that is only detectable for 500 meters, then the maximum transmission distance
from the authorized location (e.g., the location of the smart phone) is less than or equal to

600 meters, which falls within the 1000 meter constraint associated with the authorization.
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[0067] The communication component 608(1) can use various techniques to cause the
other devices 504, 506, 508, and/or 510 to sense the frequencies obtained from the
regulatory database. For example, the communication component can communicate with
other devices about the available radio white space frequencies using 802.11 technologies,
Bluetooth technologies, or long term evolution (LTE) technologies, among others. In one
such example, the communication component 608(1) can communicate the frequencies to
be sensed and/or its own search results using management frames or actions frames of the
802.11 technologies.

[0068] In a specific example utilizing the 802.11 technologies, the communication
component 608(1) can cause the video camera 502 to operate as a Wi-Fi direct group owner
to establish Wi-Fi communication with a different device or devices. The communication
component 608(1) can select one or more potential radio white space frequencies for
collaborative sensing. By functioning as a Wi-Fi direct group owner, the communication
component can identify the potential radio white space frequencies and instruct the different
device(s) to sense these frequencies and communicate their results. Once the results are
communicated (e.g., shared) individual communication components can decide whether
individual frequencies are in fact available radio white space frequencies. As such, in some
implementations no 'leader’ is needed in that each device is free to decide what actions to
take based upon its decision.

[0069] In summary, the communication component 608 of an individual device can cause
power measurements to be performed on potential radio white space frequencies. As can
casily be appreciated from FIG. 5, each device exists in its own RF environment and has its
own device configuration (e.g., devices tend to be heterogencous in their component
makeup). Thus, each device can capture a unique perspective relative to the sensed
frequency. When used collaboratively, these heterogeneous devices can be thought of as
providing multipath diversity relative to the sensed frequency. This multipath diversity can
reduce and/or avoid the errors (false positives and/or false negatives) experienced when the
sensing is performed by only a single device.

[0070] In one implementation, each communication component 608 can analyze the
results of its power measurements. The communication component can then make a
decision on the availability of individual potential radio white space frequencies (e.g., is an
individual frequency being used or is it available). The communication component can then
encode a quantized value of the measurement and communicate (e.g., unicast, multicast, or

broadcast) to other devices using low power in the 2.4 GHz ISM band or ultralow power
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radio white space channel (such as allowed by some regulators, thus varying sensing
threshold). The communication component can then receive measurements and/or decisions
regarding the individual frequency. The communication component can then make a
decision regarding the individual frequency based upon the results from multiple devices
(cach of which senses its own unique RF environment). Thus, multiple devices can be
thought of as collaborating in that they each sense a given frequency and collaborate by
sharing their results to allow a more accurate decision to be made whether the individual
frequency is in fact an available radio white space frequency that can be used or not.

[0071] In some cases, the communication component 608 can utilize augmented
collaborative sensing. In such configurations, the communication component can utilize a
database of location based radio white space availability mapping to verify collaborative
sensing of individual potential radio white space frequencies or to reduce a number of
frequencies that are collaboratively sensed.

[0072] Video camera 502, TV 504, set top box 506, smart phone 508, and wireless headset
510 can be thought of as computers or computing devices as defined to be 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 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/memory. The storage/memory can be internal and/or
external to the computer.

[0073] The storage/memory 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 media can include "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.

[0074] In the illustrated implementation, video camera 502, TV 504, set top box 506,
smart phone 508, and wireless headset 510 are configured with general purpose processors
and storage/memory. In some configurations, such devices can include a system on a chip
(SOC) type design. In such a case, functionalities can be integrated on a single SOC or
multiple coupled SOCs. In one such example, the video camera can include shared

resources and dedicated resources. An interface(s) can facilitate communication between
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the shared resources and the dedicated resources. As the name implies, dedicated resources
can be thought of as including individual portions that are dedicated to achieving specific
functionalities. For instance, in this example, the dedicated resources can include any of the
wireless circuitry 606 and/or the communication component 608.

[0075] Shared resources can be storage, processing units, etc. that can be used by multiple
functionalities. In this example, the shared resources can include the processor and/or
storage/memory. In one case, communication component 608 can be implemented as
dedicated resources. In other configurations, this component can be implemented on the
shared resources and/or the processor can be implemented on the dedicated resources.
[0076] In some configurations, the communication component 608 can be installed during
manufacture of the computing device or by an intermediary that prepares the computing
device for sale to the end user. In other instances, the end user may install the
communication component 608, such as in the form of a downloadable application or from
a USB thumb drive, among others.

FIRST METHOD EXAMPLE

[0077] FIG. 7 shows a method 700 for utilization of radio white space frequencies.
[0078] The method can entail measuring a signal of a potential radio white space
frequency at 702. In some cases the measuring can entail measuring a signal property such
as strength of the signal (e.g., power), voltage, and/or a phase of the signal.

[0079] The method can also entail evaluating a function of the measured signal at 704. In
some implementations, the function can be a quantizer mapping a value to a number of bits.
In one example the quantizer can be a scalar quantizer. In another example, the quantizer
can be a vector optimized quantizer.

[0080] In some cases the function output can be selected based upon the device type
and/or power status. For example, low power devices can have less complex functions
and/or a lower quantizer rate that consume less battery life. In another example, a device
can employ a more robust function when plugged in to AC power and a less robust function
when relying on battery power.

[0081] The method can include communicating output of the function to another device
at 706.

[0082] Some implementations can also receive other output of the function of the potential
radio white space frequency from the another device. For example, the other output can
relate to signal measuring performed by the another device at the potential radio white space

frequency.
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[0083] The method can determine whether the potential radio white space frequency is an
available radio white space frequency utilizing the output and the other output. In some
cases, the determining can involve processing the output from the device and the output
from the another device. Such processing can involve assigning relative weights to the
different outputs. The method can then decide whether the potential radio white space
frequency is an available white space frequency or not based upon the weighted outputs.
SECOND METHOD EXAMPLE

[0084] FIG. 8 shows a method 800 for utilization of radio white space frequencies.

[0085] The method can include measuring a potential radio white space frequency at 802.
[0086] The method can entail communicating results of the measuring for other devices
at 804.

[0087] The method can include receiving other results from the other devices relating to
the potential radio white space frequency at 806.

[0088] The method can include determining whether the potential radio white space
frequency is actually an available radio white space frequency based upon the results and
the other results at 808.

[0089] 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

[0090] Although techniques, methods, devices, systems, etc., pertaining to utilization of
radio white space frequencies 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
a method, comprising:

measuring a potential radio white space frequency;

communicating results of the measuring for other devices;

receiving other results from the other devices relating to the potential radio white
space frequency; and,

determining whether the potential radio white space frequency is actually an

available radio white space frequency based upon the results and the other results.

2. The one or more computer-readable storage media of claim 1, wherein the measuring

comprises measuring the potential radio white space frequency with a television tuner.

3. The one or more computer-readable storage media of claim 1, wherein the
communicating comprises communicating measured results or further comprising
quantizing the measured results and wherein the communicating comprises communicating

the quantized results.

4. The one or more computer-readable storage media of claim 1, wherein the
communicating comprises performing a function on the results and communicating an

output of the function.

5. The one or more computer-readable storage media of claim 4, wherein the
determining is based upon the measuring and further comprising updating the determining

based upon the receiving.

6. The one or more computer-readable storage media of claim 5, further comprising, in
an instance where the determining identifies the potential radio white space frequency as
the available radio white space frequency, requesting from a regulatory database,

authorization to utilize the available radio white space frequency subject to constraints.
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7. A system, comprising:

memory and a processor configured to execute instructions stored on the memory;
and,

a communication component configured to cause multiple devices to measure signal
strength at a potential white space frequency and further configured to obtain information

relating to the signal strength measurements from at least some of the multiple devices.

8. The system of claim 7, wherein an individual device comprises a television or

wherein an individual device includes a television tuner.

9. The system of claim 8, wherein the information obtained from the television or the

television tuner comprises an error message.

10.  The system of claim 7, wherein the communication component is further configured

to weight the information from individual devices.
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