
METHOD AND APPARATUSFOR DISTRIBUTED SPECTRUM SENSING
FOR WIRELESS COMMUNICATION RELATED APPLICATIONS [0001]
This application claims the benefit of U.S.
Provisional Patent Application S.N. 60/883,429 filed
January 4, 2007 which is assigned to the assignee of
the present application and which is hereby expressly
incorporated by reference. FIELD [0002] Various
aspects relate to communications systems and, more
particularly, to methods and apparatus for determining
if a signal of interest, for example, a licensed
signal having or exceeding a predetermined field
strength, is present in a wireless spectrum and/or
which facilitates such a determination. BACKGROUND
[0003] Recently, the Federal Communications Commission
(FCC) proposed new rules that would allow unlicensed
cognitive radios to operate in geographically unused
television (TV) channels. While the new rules may
introduce numerous channels for use by the cognitive
radios, several licensed transmissions occupy the TV
channels including analog TV, digital TV, and
professional wireless microphones. If any of these
licensed transmissions is present above a certain
power threshold, then the TV channel is deemed to be
occupied; otherwise, the TV channel is deemed to be
unoccupied and hence available for unlicensed wireless
use. Thus, there is a need for methods and apparatus
for determining if a signal of interest, for example,
a licensed signal, such as a television broadcast
signal having or exceeding a predetermined field
strength, is present in a wireless spectrum and/or
which facilitates such a determination.SUMMARY [0004]
Methods and apparatus for determining if a signal of
interest, for example, a licensed signal having or
exceeding a predetermined field strength, is present
in a wireless spectrum and/or which facilitates such a
determination are described. [0005] The signal of
interest maybe, e.g., a television signal or a
wireless microphone signal using licensed television
spectrum. The predetermined field strength may be
specified or by a government regulation or rule. 



[0006] The system may include multiple stations, e.g.,
wireless terminals which make signal measurements and
determinations regarding the presence of the signal of
interest based on one or more signal measurements. The
decisions are reported, in some embodiments, to a
station, e.g., control node, which processes the
decisions and/or other information provided by the
various terminals to make a decision with regard to
the presence or absence of the signal of interest.
Measurements may include field strength measurements.
When field strength measurements are referred to
herein it should be appreciated that electromagnetic
field strength measurements are being referred to.
Field strength measurements may be based on, e.g., on
the power of a received signal of interest and
knowledge of the antenna used to receive the signal of
interest. [0007] In accordance with some but not
necessarily all aspects, terminals report not only
their decision but also a confidence measure
corresponding to their decision to the control node.
The confidence measure may be used in the processing
of the individual decisions to make the decision in
the control node as to whether or not the signal of
interest is present. The use of decisions from
multiple nodes along with confidence information
allows for a more reliable decision at the control
node than might be made by any one of the individual
wireless terminals. [0008] In some but not all
aspects, the terminals report field strength
information to the control node. In addition
reliability of the field strength information may be
communicated to the control node. Messages are used
for communicating the decisions, confidence
information, field strength information and
reliability information to the control node. Different
messages or a single message may be used to
communicate the information from the terminal to the
control node.[0009] The control node may, and in
accordance with some but not necessarily all aspects
does, send one or more control messages. The control
messages may be directed to individual wireless
terminals providing signal detection results or
included in a broadcast message broadcast to multiple
wireless terminals which are to be controlled using
the same set of control information. Detection
thresholds and/or sensing techniques to be used may be
communicated in the control messages sent to the
terminals. Explicit thresholds may be communicated or
false alarm rate information 



which can be used by the receiving terminal to
determine the threshold to be used. [0010] While the
node which receives the information and/or decisions
from multiple wireless terminals and then makes the
determination as to whether or not a signal of
interest is present from the information and/or
decisions received from multiple devices has been
described as a control node for purposes of explaining
the invention, the node need not provide control
functions and may simply make determinations based on
multiple received signals depending on the particular
embodiment. [0011] While various embodiments have been
discussed in the summary above, it should be
appreciated that not necessarily all embodiments
include the same features and some of the features
described above are not necessary but can be desirable
in some embodiments. Numerous additional features,
embodiments and benefits of various embodiments are
discussed in the detailed description which follows.
BRIEF DESCRIPTION OF THE FIGURES [0012] Figure 1
illustrates an exemplary system implemented in
accordance with various aspects. [0013] Figure 2
illustrates the steps of a method used in some
embodiments. [0014] Figure 3 illustrates the steps of
a method used by a node receiving field strength
measurements from multiple nodes in accordance with
some aspects. [0015] Figure 4 illustrates a terminal,
e.g., a station, which may be used to perform sensing
operations, make a determination with regard to signal
presence and report the determination to another node
as well as receive determinations and otherinformation
from multiple nodes in the case where the illustrated
device is acting as a control and/or decision node.
[0016] Figure 5 illustrates a sensing component along
with the inputs and outputs thereto which may be used
in the terminal of Figure 4 and in various terminals
described in the present application. [0017] Figure 6
illustrates an exemplary system implemented in
accordance with some embodiments. [0018] Figure 7
illustrates a control node which may be used in the
exemplary 



system shown in figure 6. [0019] Figure 8 illustrates
a terminal, e.g., mobile node, which may be used in
the exemplary system shown in Fig. 6. [0020] Figure 9
illustrates an exemplary method of operating a
wireless terminal in accordance with various aspects.
[0021] Figure 10 illustrates an exemplary method of
operating a control node, e.g. base station, in
accordance with various aspects. DETAILED DESCRIPTION
[0022] In accordance with some aspects, cognitive
radio senses the radio frequency (RF) spectrum with
the goal of identifying unused spectrum. Figure 1
illustrates a system including exemplary regions 100
and 104. In one or more aspects, a user device 106
that may be any wireless station e.g. an access point
for a WLAN application, may be configured to operate
using an 802.1 1, CDMA, WCDMA, OFDMA, or other
communication protocol over all or part of a TV
channel. The user device 106 may be a cognitive radio
device. Further, in these aspects the station may be
able to dynamically switch between one or more of the
TV channels based upon the region that base station or
subscriber station finds itself. For example, a laptop
or consumer electronics device, e.g. a television,
multimedia player, audio player, etc., may be
configured to communicate by switching between these
channels depending on where it is moved, e.g. a
different city, state, or other geographic
designation.[0023] A cognitive radio device may
identify spectrum in which it can operate. For
example, in some embodiments a cognitive radio device
can operate using one or more of the TV channels when
they are available and is capable of scanning the
spectrum, or predefined portions thereof depending on
device parameters, and sense the presence of a
licensed signal at a defined low signal to noise ratio
(SNR). The reason for the potential of low SNR is that
the cognitive radio may be in a faded location and
must still be able to detect the licensed
transmissions. As used herein, the low SNR is
substantially, e.g. several dB, below the threshold to
allow a TV receiver, e.g. receiver 102, to operate
within the region 100 at the required gain, per the
FCC or other regulatory body requirement. 



[0024] In an aspect, spectrum sensing may be
implemented by deploying a plurality of spectrum
sensors deployed where a given unlicensed network or
group of devices would operate, e.g. multiple devices
106 communicating with each other. The spectrum
intelligence gathered by the spectrum sensors is fed
to one or several processing platforms such as a
network management station, e.g., an access point 108,
or other device. In an aspect, the sensors may be
implemented in devices that communicate according to
different protocols, but in a similar area, e.g.
consumer electronic, computing, and other appliances
within a home or office. This would allow for a home
or office network to be implemented for different data
types, other than the primary protocol used for the
device. For example, sensor data may be transmitted on
other frequencies that the 802. 11 frequencies used by
computing or other devices, as well as those of
television or other licensed transmissions in a given
area. [0025] Generally, spectrum sensing measurements
with multiple distributed sensors that communicate to
a single device may include information as to, one or
more of: o Which channel to sense o How long to sense
on the channel o How often to report sensing results.
In some aspect, this may be only utilized where
multiple cognitive radios report their sensing results
to allow for a better view of the spectrum conditions,
e.g. at a base station or access point. o Which type
of signal to sense foro The sensing threshold [0026]
In one or more aspects, different signal types to be
sensed may include: (i) IEEE 802.22; (ii) ATSC; (iii)
NTSC; (iv) Part 74; and (v) DVB. A cognitive radio may
be able to sense one or more of the different signal
types. [0027] In aspect, where spectrum sensing
reports are provided from multiple cognitive radios,
the reports may be a single bit indicating if the
signal was detected or a "value" indicating different
information with respect to the spectrum. [0028]
Figure 2 shows steps 210, 220, 230, 240 and 242
performed in 



accordance with some aspects. In one aspect,
individual sensors report a single bit indicating
whether a specific signal type was detected in a given
TV channel, or other channel as shown in step 210
(Fig. 2). The local decisions are combined into a
global decision, as shown in step 220, at an access
point or other server. There are multiple techniques
for combining the local decisions into a global
decision. In each approach the global false alarm rate
depends on the techniques for combining local
decisions into a global decision and local false alarm
rate. Therefore, it is the false alarm rate at the
local sensor may be adjustable and may be specified by
the node in the network that is combining the local
decisions into a global decision. This node in which
the local decisions are combined is typically a base
station or access point, but can be any node, i.e.
device, in the network which is designated to combine
local decisions into the global decision. [0029] In an
aspect, combining local decisions into a global
decision is a voting scheme. For example, if the
number of local decisions detecting the presence of a
specified signal type exceeds a threshold then the
global decision is that the signal is present,
otherwise the global decision is that the signal is
absent from the specified TV channel. [0030] A
decision is then made, as to whether update the local
detection thresholds in step 230. If there is an
update, then a message is sent to one or more devices
to update their thresholds and or other information.
This occurs in step 240. The local thresholds may be
individually tailored for different sensors or may be
used for all or some of the sensors. Operation is then
shown ending in step 242 but it should be appreciated
that the process and the steps shown in Figure 2 are
repeated over a period of time.[0031] The message for
setting the local probability of false alarm is shown
in Table 1. The table shows the name of the message
and the action that the receiving node will take ones
it receives the message. This message is sent from the
node making the global decision to each of the nodes
making the local decisions. Table 1: Set Local
Probability of False Alarm Message [0032] Another
message that may be used is one to specify the
detection 



technique. There are many detection techniques that
can be used. Each of the detection techniques relies
on detecting a feature of the signal type that is to
be sensed. For each signal type there are various
signal features that can be used in the sensing
technique. Here only some of the possible sensing
techniques are listed. Others will be invented in the
future, so the signaling messages will need to be
expandable to allow for enumeration of future
techniques. The signaling to specify the sensing
technique is shown in Table 2. Table 2 : Set Local
Sensing Technique [0033] This message may be an added
block to the method of Fig. 2, e.g. along with
updating the local threshold at block 240, or may be
independent of this.[0034] Beyond just reporting a
single-bit decision as to whether a signal type was
detected within a given channel, it is possible to
supplement that bit report with a measure of the
confidence of that decision, e.g. block 210 of Fig. 2
would include a confidence measure with the bit, or
bits, and block 220 would include taking into the
confidence measure associated with the bit, or bits,
into the global decision. This may be thought of as
analogous to soft decoding in a digital communication
system. The detector reports not only a decision but a
metric that indicates the confidence in this decision.
Then the node combining all these local decisions into
a global decision can weight the local decision based
on the value of the confidence metric. [0035] Based on
the sensing technique that is used there are many ways
that confidence value can be specified. In one aspect,
if the test statistic used in the sensing technique
just slightly exceeds the detector threshold a low
confidence value would be assigned to the confidence
metric. If the test statistic vastly exceeded the
detector threshold then a high confidence value would
be assigned to the confidence metric. Similarly, if
the test statistic was just slightly under the
detector threshold then a low confidence threshold
would be assigned, while if the test statistic was
much less than the detector threshold a high
confidence value would be assigned. The signaling for
reporting sensing decisions with a confidence metric
is shown in Table 3. Table 3 : Signaling of Report on
Sensing of a Particular Signal Type in a Particular TV



Channel [0036] In other aspects, more information,
i.e. more than a bit or bits with a confidence
measure, may be transmitted from each of the sensors
to the sensor combining the information a better
global decision can be made. [0037] The region that
specifies which ATSC TV receivers are protected from
harmful interference is specified in terms of the
field strength of the ATSC signal.Additionally, a
keep-out region can be defined in terms of the ATSC
field strength. Hence, a very useful piece of
information is an estimate of the ATSC field strength
at the sensor. Similarly, for other signal types an
estimate of the field strength is also useful. Every
estimator has an error associated with it. It is very
useful at the node that makes the global decision to
have not only the estimate of the field strength but
also a measure of the estimation error. A typical
measure of the estimation error is the variance of the
error. As an alternative, the standard deviation of
the estimator error can also be used, since it is just
the square root of the variance of the error. [0038]
Given knowledge of the antenna gain and operating
frequency (or wavelength) one can convert back and
forth between the field strength and the signal power.
Hence, an alternative value to be signaled is an
estimate of the signal power, block 310, which in some
aspects may include the measure of the estimation
error. Given that the signal of interest (e.g. ATSC)
may be very weak, it is not acceptable to use the
typical receive signal strength indicator, since that
is typically the sum of the signal power and the noise
power. If the signal-to-noise ratio is large then RSSI
is a reasonable metric, however, in spectrum sensing
the system often operates with negative SNR, so use of
RSSI is not an effective metric. Mathematically let
the field strength at the sensor bei 7 . The estimate
of the field strength at the sensor isF . Then error
in the estimate is given by, F =F - F The variance of
the estimation error is given by, The signaling for
reporting the field strength estimate and the variance
of the estimator is given in Table 4. Table 4 :
Signaling of Report Field Strength Estimate and
Estimation Error[0039] A decision may then be made
based upon the field strength information, 



block 320. [0040] Referring to Fig. 4, a communication
device 400, which may be a base station, access point,
user device, terminal, access terminal, or any other
device is depicted. The communication device 400
includes a sensing component 500 that senses spectrum,
according to one or more of the techniques described
above. Device 400 also includes a transceiver 408 and
antenna 410 for communication with other devices.
Processor 402 communicates with sensing component 500
and transceiver 408, via bus 406. Processor 402
performs the determination of spectrum as discussed
with respect to Figs. 2 and 3, with respect to a
device that combines sensor data from multiple
distributed sensors. Alternatively, it generates field
strength measurements or confidence information with
detection decisions for transmission in a sensor that
provides information for distributed sensing. [0041]
Figure 5 illustrates a sensing component along with
the inputs and outputs thereto which may be used in
the terminal of Figure 4 and in various terminals
described in the present application. The left side of
Figure 5 shows signal inputs while the right side
shows outputs. The sensing component in the Figure 5
embodiment generates the signal of interest presence
decision while in other embodiments the decision is
made by a module separate from the module which does
the sensing. [0042] Figure 6 is a drawing 600
including an exemplary cognitive network 622 which may
utilize different portions of spectrum in different
areas for wireless communications. Exemplary cognitive
network 622 includes a control node and a plurality of
terminals, (terminal 1 626, ..., terminal N 628). In
some embodiments, the control node 624 is an access
node, e.g., a base station, or a cognitive network
controller. In some embodiments, the terminals are
access terminals, e.g., wireless terminals such as
mobile nodes. In accordance with one aspect the
cognitive network 622 implements distributed,
coordinated, and/or collaborative spectrum sensing in
deciding what portion of the spectrum is currently
available for use in its current location. [0043] In
accordance with another aspect, the control node 624
makes a final 



spectrum usage decision based on received spectrum
sensing information reports communicated from a
plurality of distributed sensors, e.g., communicated
from the plurality of terminals (626, ..., 628)
including sensors. In accordance with oneexemplary
feature, the control node 624 sends control
information to the terminals (626, ..., 628) to
configure and/or adjust their spectrum sensing and/or
reporting, e.g., a local sensing false alarm
adjustment message, a local sensing technique command
message, etc. In various embodiments, the false alarm
setting adjustment information communicated from the
control node 624 to the terminals (626, 628) is
adjusted as a function of the number of terminals
reporting spectrum sensing information to the control
node 624. In some embodiments, the local sensing
technique type communicated from the control node 624
to the terminals (626, 628) is selected as a function
of the anticipated type of licensed spectrum signaling
expected to be used in the region, if the spectrum
portion is being used. [0044] In accordance with
another feature, a terminal (626, 628) reports its
local decision information of its spectrum sensing in
a report, e.g., a report message, including a local
decision field and a confidence field. In accordance
with still another feature the terminal (626, 628)
sends a field strength report to the control node 624
including a field strength estimate value and a
statistical parameter associated with the estimation
error of the reported field strength value. [0045]
Drawing 600 of Figure 6 also includes two exemplary TV
broadcast stations (602, 612) situated at different
locations and using different spectrum portions, e.g.,
in accordance with different spectrum licenses and/or
different service provider decisions. For purposes of
this example, assume that channel 1 is associated with
a first spectrum portion, channel 2 is associated with
a second spectrum portion, and that channel 3 is
associated with a third spectrum portion, and that the
three spectrum portions, e.g., three frequency bands,
are non-overlapping. [0046] TV broadcast station 602
broadcasts on channels 1 and 3. Circle 608 represents
an outer boundary of the coverage region for TV
broadcast station 602. However, within region 608,
there are dead zones of coverage 610, e.g., due to
obstructions, topology, reflections, shadowing,
fading, multi-path consideration, etc. 



TV receivers (604, 606) in good reception areas may
receive TV broadcast signals from TV broadcast station
602. [0047] TV broadcast station 612 broadcasts on
channels 1 and 2. Circle 618 represents an outer
boundary of the coverage region for TV broadcast
station 612. However, within region 618, there are
dead zones of coverage 620. TV receivers (614, 616) in
good reception areas may receive TV broadcast signals
from TV broadcast station 612[0048] Consider that the
cognitive network is outside regions 608 and 618; the
cognitive network may sense that the bands
corresponding to channels 1, 2, and 3 are unused and
available to be used by the cognitive network. If the
cognitive network happens to be situated in region 608
but outside dead zone 610, as indicated by arrow 630,
the cognitive network may sense that the frequency
bands corresponding to channels 1 and 3 are
unavailable to use but may sense that the frequency
band corresponding to channel 2 is available to be
used by the cognitive network 622. If the cognitive
network happens to be situated in region in dead zone
610, as indicated by arrow 632, the cognitive network
may sense that the frequency bands corresponding to
channels 1, 2 and 3 are available to be used by the
cognitive network 622. If the cognitive network
happens to be situated in region 618 but outside dead
zone 620, as indicated by arrow 634, the cognitive
network may sense that the frequency bands
corresponding to channels 1 and 2 are unavailable to
use but may sense that the frequency band
corresponding to channel 3 is available to be used by
the cognitive network 622. If the cognitive network
happens to be situated in dead zone 620, as indicated
by arrow 636, the cognitive network may sense that the
frequency bands corresponding to channels 1, 2 and 3
are available to be used by the cognitive network 622.
[0049] Figure 7 is a drawing of an exemplary control
node 700, e.g., base station, access node or cognitive
network control node, in accordance with various
embodiments. Exemplary control node 700 is, e.g.,
control node 624 of Figure 6. Exemplary control node
700 includes a receiver module 702, e.g., an OFDM
receiver, a transmitter module 704, e.g., an OFDM
transmitter, a processor 706, an I/O interface 



708, and memory 710 coupled together via a bus 712
over which the various elements may interchange data
and information. Memory 710 includes routines 714 and
data/information 716. The processor 706, e.g., a CPU,
executes the routines 714 and uses the
data/information in memory 710 to control the
operation of the control node 700 and implement
methods, e.g., the method of flowchart 1000 of Figure
10. [0050] The receiver module 702 is coupled to
receive antenna 703 via which the control node
receives signals from terminals. Received signals
include, e.g., a message from a terminal communicating
a spectrum channel presence determination and a
confidence measure associated with the determination.
Receiver module 702 receives a plurality of decision
with respect to the presence of a signal of interest
in a wireless channel spectrum, e.g., a licensed
transmission signal in a wireless channel
spectrum.Received messages (732, ..., 734) represent
messages conveying such decisions. Received signals
also include, e.g., a message from a terminal
communicating a field strength measurement value
corresponding to a channel of interest and an
associated reliability indicator of the measured field
strength value. Received messages (750, .., 752) are
examples of received field strength messages. [0051]
The transmitter module 704 is coupled to transmit
antenna 705 via which the control node 700 transmits
signals to terminals. Transmitted signals include,
e.g., a control message indicating a sensing technique
to be used by a terminal when determining whether a
signal is present in a given channel of a spectrum.
Transmitted signals also include control messages
indicating a detection threshold to be used in
determining whether a signal is present in a given
channel of a spectrum. Exemplary transmitted control
messages are messages 742 and 746. [0052] I/O
interface 708, included in some embodiments, couples
the control node 700 to other network nodes and/or the
Internet. [0053] Routines 714 include communications
routine 718 and control routines 720. The
communications routine 718 implements the various
communications protocols used by the control node 700.
Control routines 720 include a processing module 722,
a decision combining module 726, a sensing technique
updating module 728, and a first control message
generation module 730, a second control message 



generation module 733 and a threshold updating module
731. Processing module 722 includes a decision
combining module 726. In some embodiments, the
processing module 722 includes a field strength
combining module 724. [0054] Data/information 716
includes a plurality of received decision messages
(received terminal 1 decision message 732, ...,
received terminal N decision message 734, a control
node determination 740, a generated control message
742 including a threshold indicator 744, a generated
control message 746 including a sensing technique
indicator 748. In some embodiments, data/information
716 includes a plurality of messages conveying field
strength information from different terminals
(received terminal 1 field strength message 750, ..,
received terminal N field strength message 752). In
some embodiments, data/information 716 includes
combined field strength information 758. Received
decision messages include a signal presence decision
field and a confidence information field, e.g.,
message 732 includes signal presence decision field
736 and confidence information field 738. Received
strength messages include a field strength value field
and an associated estimation error information field,
e.g.,message 750 includes field strength value field,
754 and estimation error information filed 756. [0055]
Processing module 722 processes a plurality of
received decisions to determine whether the wireless
channel spectrum includes the signal of interest,
e.g., the licensed transmission signal. Decision
combining module 726 combines a plurality of one bit
decisions and confidence information associated with
each of the plurality of one bit decisions. Field
strength combining module 724 combines a plurality of
filed strength measurements used to make the signal
presence determination. Combined field strength
information 758 is an output of module 724. In some
embodiments the processing comprises combining an
estimation error associated with each of the field
strength measurements to determine whether one or more
channels of the spectrum include interfering licensed
transmission. [0056] Sensing technique updating module
728 determines when to send a sensing technique
control signal to at least one device providing a
determination. First control message generation module
730 generates a control message including a sensing 



technique indicator indicating a sensing technique to
be used, e.g., message 746. [0057] Second control
message generation module 733 generates a control
message including a threshold indicator providing
information about a threshold to be used by the
receiving device in making a decision with respect to
the presence of a signal of interest in the wireless
channel spectrum, e.g., message 742. Threshold
updating module 73 1 determines when to send a
threshold update signal to at least one device
providing a determination. In some embodiments, the
threshold updating module 73 1 makes a decision as a
function of a change in the number of devices
communicating signal presence signals to device 700.
[0058] In some embodiments, a control message is
generated and transmitted which communicates both
threshold indication information and sensing technique
indicator information in a single message. [0059]
Figure 8 is a drawing of an exemplary terminal 800,
e.g., mobile node, in accordance with various
embodiments. Exemplary terminal 800 is, e.g., terminal
626 or 628 of Figure 6. Exemplary terminal 800
includes a receiver module 802, e.g., an OFDM
receiver, a transmitter module 804, e.g., an OFDM
transmitter, a processor 806, user I/O devices 808,
and memory 810 coupled together via a bus 812 over
which the various elements may interchange data and
information. Memory 810 includes routines 814 and
data/information 816. The processor 806, e.g., a CPU,
executes the routines814 and uses the data/information
816 in memory 810 to control the operation of the
terminal 800 and implement methods, e.g., the method
of flowchart 900 of Figure 9. [0060] The receiver
module 802 is coupled to receive antenna 803 via which
the terminal receives signals from a control node.
Received signals include, e.g., a control message
indicating a sensing technique to be used by the
terminal 800 when determining whether a signal is
present in a given channel of a spectrum. Received
signals also include a control message indicating a
detection threshold to be used in determining whether
a signal is present in a given channel of a spectrum.
[0061] The transmitter module 804 is coupled to
transmit antenna 805 via which the terminal 800
transmits signals to a control node. Transmitted
signals include, e.g., a message from terminal 800
communicating a spectrum channel presence
determination 



and a confidence measure associated with the
determination. Transmitted signals also include, e.g.,
a message from terminal 800 communicating a field
strength measurement value corresponding to a channel
of interest and an associated reliability indicator of
the measured field strength value. [0062] User I/O
devices 808, include, e.g., a microphone, keyboard,
keypad, switches, camera, display, speaker, etc. User
I/O devices 808 allow a user of terminal 800 to input
data/information, access output data/information and
control at least some function of the terminal 800.
[0063] Routines 814 include communications routine 818
and control routines 820. The communications routine
818 implements the various communications protocols
used by the terminal 800. Control routines 820 include
a field strength measurement module 822, a measurement
control module 824, a field strength value
determination module 826, a field strength value
reliability indicator determination module 828, a
field strength message generation module 830, a
receiver control module 832, a control message
detection module 834, a signal presence in channel
spectrum determination module 836, a signal presence
confidence measure determination module 838, a signal
presence in channel spectrum message generation module
840, a transmitter control module 842, a threshold
adjustment module 844, and a sensing technique
configuration module 848. Data/information 816
includes information corresponding to a plurality of
field strength measurements (field strength
measurement 1 850, ..., field strength measurement N
852), a generated field strength value 854 and an
associated reliability indicator 856, a generated
field strength message 858 including a field strength
value field 860 and a reliability indicator field 862,
a signal presence inchannel spectrum determination 864
and an associated confidence measure 866, a generated
signal presence in channel spectrum message 868
including a signal presence field 870 and a confidence
measure field 872, a received control message 874
including a threshold adjustment field 876 and a
sensing technique field 878, threshold information 880
and sensing technique information. [0064] Field
strength measurement module 822 measures the field
strength of a signal of interest, e.g., a pilot
signal, in a wireless channel spectrum. Measurement 



control module 824 controls the field strength
measurement module 822 to perform multiple
measurements of the signal of interest over a period
of time. Measurements (850, ..., 852) represents
outputs of the field strength measurement module 822.
Field strength value determination module 826
generates a measured field strength value from the
multiple measurements of the signal of interest, e.g.,
an average value or a filtered value. Measurements
(852, .. 852) represents inputs to field strength
value determination module 826, while generated filed
strength value 854 is an output of module 826. Field
strength value reliability indicator determination
module 828 generates an indicator of the reliability
of the measured field strength value, e.g., one of a
variance and a standard deviation generated from
multiple field strength measurements. Reliability
indicator 856 is an output of reliability indicator
determination module 828. Field strength message
generation module 830 generates a field strength
message, e.g., generated field strength message 858,
wherein the field strength value field 860 conveys the
generated field strength value 854 and wherein the
reliability indicator field 862 conveys the generated
reliability indicator 856. Transmitter control module
842 controls the wireless transmitter module 804 to
transmit the generated field strength message 858 to a
control node. [0065] Signal presence in channel
spectrum determination module 836 determines whether a
signal of interest is present in a wireless channel
spectrum. In various embodiments, the signal of
interest is a television signal. Signal presence in
channel spectrum determination 864 is an output of
module 836. Signal presence confidence measure
determination module 838 determines a confidence
measure corresponding to a signal presence
determination of module 836. Confidence measure 866 is
an output of confidence measure determination module
838 and corresponds to the signal presence
determination of information 864. Signal presence in
channel spectrum message generation module 840
generates a message conveying the signal presence
determination and associated confidence level
information for thedetermination, e.g., message 868.
Signal presence field 870, which conveys the signal
presence in channel spectrum determination 864, is, in
some embodiments, a single bit field indicating
whether or not the signal of interest was determined
to be present. The 



confidence measure field communicates confidence
measure value 866 and is a field of at least one bit.
In some embodiments, the confidence measure field size
exceeds the signal presence field size, e.g., signal
presence field is a single bit field and the
confidence measure field 872 is a multi-bit field.
Transmitter control module 842 also controls the
transmitter module 804 to transmit the generated
signal presence in channel spectrum message 868 over
an airlink to another device, e.g., to a control node.
[0066] Control message detection module 834 is for
detecting the presence of a control signal including
one or both of : (i) information indicating a sensing
technique to be used to determine the presence of a
signal of interest and (ii) a threshold used for
determining the presence of a signal of interest,
e.g., a false alarm setting threshold. Ion some
embodiments, the sensing technique is a sensing
technique in a group of sensing techniques including
energy detection, ATSC Pilot Power Detection, ATSC PN
Sequence Detection, and ATSC Pilot Spectrum Analysis
Detection. The control message can be an initialized
message or a change message. Receiver control module
832 controls the receiver module 802 to receive
control messages including messages communicating
threshold adjustment information and/or sensing
technique commands. Received control message 874 is a
such a message which has been received by receiver 802
under the control of module 832 and detected by
control message detection module 834. Threshold
information 880 represents information corresponding
to information recovered from the threshold adjustment
field 876, while sensing technique information 882
represents information corresponding to information
recovered from the sensing technique field 878.
Threshold adjustment module 844 adjusts threshold
criteria, e.g., a false alarm setting criteria, used
by signal presence in channel spectrum determination
module 836 in response to a received control message
874 indicating a change conveyed by the threshold
adjustment field value. Sensing technique
configuration module 848 configures the signal
presence in channel spectrum determination module 836
to use the sensing technique indicated by information
in the sensing technique field of the received control
message 874. [0067] Figure 9 illustrates the steps 900
of a method of operating a wireless 



terminal in accordance with an exemplary embodiment.
The method beings in start step 902, e.g., when the
wireless terminal is turned on. From start step 902
operationproceeds along three parallel paths. The
first path starts with step 903 in which the wireless
terminal monitors for a control message, e.g., from a
control node. The monitoring is performed on an
ongoing basis as indicated by the arrow from the
bottom of step 903 extending back to the top of step
903. Operation proceeds from step 903 to step 916 when
a control message is received by the wireless
terminal's receiver. In step 916 a control message
communicating detection threshold information and/or a
sensing technique to be used is received and the
action to be taken is determined based on the content
of the received message. If the received message is a
control message including detection threshold
information, operation proceeds to step 918 in which
the wireless terminal adjusts a detection threshold
based on threshold control information included in the
received message. The change may be to increase or
lower the detection threshold depending on the
received information. The received information may
instruct the wireless terminal to increase or decrease
a threshold by an indicated amount, set the threshold
to a particular value or to adjust the threshold to
achieve a target false detection rate specified in the
control message. Other control information and/or
commands are also possible with these being but a few
examples. [0068] If in step 916 it was determined that
the received control message included sensing control
information, e.g.., if it indicates a sensing
technique to be used, operation proceeds to step 920.
In step 920 a sensor device in the wireless terminal
is configured, e.g., under control of a configuration
control module, to implement the indicated sensing
technique. Operation then proceeds to step 922 wherein
the sensor device configured in accordance with the
control message makes a signal measurement using the
indicated sensing technique. The result of the
measurement generated in step 922 is supplied, in some
embodiments, to extermination step 907 wherein the
result of the signal sensing operation is used,
depending on the embodiment, to determine whether the
signal of interest is present in the wireless channel
spectrum in which the signal measurement is made. The
sensing technique may include a field strength
measurement technique based on a power measurement,
another energy detection 



technique, an ATSC pilot power detection method, an
ATSC PN Sequence based detection technique, and an
ATSC Pilot Spectrum Analysis Detection technique to
mention but a few possible sensing techniques that may
be used. [0069] Operation proceeds from start step 902
along the second of the parallel paths to step 904. In
step 904 a measurement of the field strength of a
signal of interest, e.g., a TV signal or wireless
microphone signal in a licensed television
channelspectrum is measured. The measurement may
involve multiple measurements of the field strength of
the signal of interest over a time period with the
multiple measurements being used to provide the
measure of the field strength output by step 904. In
step 906, the measured field strength produced in step
904 is used to generate a measured field strength
value. This value may be communicated to the control
node and/or used in making the determination as to
whether a signal is present which occurs in step 907.
[0070] In step 908 an indicator of the reliability of
the measured field strength value is generated. The
indicator may, and in some embodiments does,
communicate the accuracy of the measured field
strength. In some embodiments the reliability
indicator is a variance while in other embodiments it
is a standard deviation of the field strength
measurement. [0071] Operation proceeds from step 908
to step 910 in which a message is generated to
communicate the measured field strength value and,
optionally, the reliability of the measured field
strength value. Then, in step 912, the generated
message is transmitted to thereby communicate the
measured field strength value and the reliability
indicator to the control node. The transmission maybe
done by a wireless transmitter and may be over a
wireless communications link. Operation proceeds from
step 912 to step 902 with the measurements being
performed in a repetitive manner over time. [0072]
Operation from start step 902 proceeds along the third
parallel processing path to step 907 wherein a
determination of whether a signal is present in the
channel spectrum is made. The determination may be
made in a plurality of ways, e.g., based on the
detected field strength of the signal of interest
and/or based on other sensed signal features.
Following the determination, operation proceeds to
step 909 where a 



confidence measure is determined. This measure
indicates the reliability of the determination made in
step 907 and can be used to indicate how much weight
should be given to the determination of step 907.
[0073] In step 9 11 a message is generated which
communicates the signal presence determination made in
step 907 and the confidence measure generated in step
9 11. In some embodiments the signal presence is
communicated using a single bit value, e.g., with a 0
indicating a determination that the signal of interest
is present and a 1 indicating a determination that the
signal of interest is not present. While a single bit
value may be used to communicate the confidence
measure, in several but not necessarily all
embodiments a multi-bit confidence measure is included
in the messagegenerated in step 9 11. The message
generated in step 9 11 is then transmitted in step
913, e.g., by a wireless transmitter over a wireless
communications link. [0074] While some information is
shown as being communicated in different messages in
the Figure 9 embodiment, it should be appreciated that
the different types of information can, and in some
embodiments is, included in a single message which is
transmitted, e.g., to a control node. [0075] Operation
is shown proceeding from step 913 back to step 907 to
show that the signal presence determination and
message transmission steps are repeated over time. The
sensing and/or thresholds may change as the sensing
and thresholds are updated, e.g., in response to
received control messages. [0076] As with the
communication of information to the control node, it
should be appreciated that the control messages may
include sensing information, threshold information or
a combination of sensing and threshold control
information depending on the embodiment. [0077] Figure
10 is a flowchart 1000 of an exemplary method of
operating a control node to detect the presence of a
signal of interest, e.g., a licensed transmission
signal, in a wireless channel spectrum. The exemplary
control node is, e.g., device 700 of Figure 7 or
device 624 of Figure 6. [0078] Operation starts in
step 1002 where the control node is powered on and
initialized and proceeds to step 1004. In step 1004
the control node receives a plurality 



of decisions with respect to the presence of a signal
of interest in a spectrum. In some embodiments a
decision from a terminal is communicated to the
control node in a message which also includes a
confidence measure associated with the signal presence
decision. [0079] Operation proceeds from step 1004 to
step 1006. In step 1006 the control node processes the
plurality of decisions to determine whether the
wireless channel spectrum includes the signal of
interest, e.g., the licensed transmission signal. In
some embodiments, the processing includes combining
said decisions using an ORing operation. In some
embodiments, the processing includes combining a
plurality of one bit decisions and confidence
information associated with each of the plurality of
one bit decisions. In various embodiments, the
processing includes combining a plurality of field
strength measurements. In some such embodiments, the
processing further comprises combining an estimation
error associated with each of the field strength
measurement to determine whether one or more channels
of the spectruminclude interfering licensed
transmission. Operation proceeds from step 1006 to
steps 1008 and 1010. [0080] In step 1008 the control
node determines whether to update local decision
criteria for one or more transmitters of the plurality
of decisions. In some embodiments, determining whether
to update local decision criteria for one or more
transmitters comprises determining to update in
response to an increase in the number of device
providing decisions over the number of device
previously providing decisions. In some embodiments,
determining whether to update local decision criteria
for one or more transmitters comprises determining, on
an individual basis, whether to update local decision
criteria for each individual transmitter of a received
decision. Then, in step 1012, if the decision of step
1008 is to update, operation proceeds from step 1012
to step 1014. However, if the decision is not to
update, then operation proceeds from step 1012 to
connecting node A 1022. [0081] Returning to step 1014,
in step 1014 the control node generates a control
message to control one or more device transmitting
said decisions to change a threshold used to make
decisions. In some embodiments, the generated control
message increases 



a detection threshold used by devices providing
decisions when the number of devices providing
decisions has increased over the number of devices
previously providing decisions. Then, in step 1016 the
control node transmits the generated control message
conveying the threshold adjustment information.
Operation proceeds from step 1016 to connecting node A
1022. [0082] Returning to step 1010, in step 1010 the
control node determines whether to change a signal
sensing technique being used by one or more device s
which transmitted said received decisions. Then, in
step 1013, if the decision is to change, operation
proceeds from step 1013 to step 1018; otherwise
operation proceeds from step 1013 to connecting node A
1022. [0083] Returning to step 1018, in step 1018 the
control node generates a control message to control
one or more devices transmitting said decisions to
change a signal sensing technique. Then, in step 1020,
the control node transmits the generated control
message conveying the signal sensing technique.
Operation proceeds from step 1020 to connecting node A
1022. [0084] Operation proceeds from connecting node A
1022 to step 1004 where another plurality of decisions
are received.[0085] In some embodiments, a control
message which is generated and transmitted conveys
both local decision criteria update information and
signal sensing technique configuration information,
e.g., instead of using individual messages. [0086] The
techniques described herein may be implemented by
various means. For example, these techniques may be
implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing
units for these techniques may be implemented within
one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to
perform the functions described herein, or a
combination thereof. [0087] For a software
implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions,
and so on) that include the 



instructions that may be implemented by one or more
processors to perform the functions described herein.
The instructions may be stored in memory units, e.g. a
memory in a wireless device, on a removable media, or
the like that may be read and executed by one or more
processors (e.g., controllers). The memory unit(s) may
be implemented within the processor or external to the
processor, in which case it can be communicatively
coupled to the processor via various means as is known
in the art. [0088] The previous description of the
disclosed embodiments is provided to enable any person
skilled in the art to make or use the present
invention. Various modifications to these embodiments
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein. [0089] The techniques of
various embodiments may be implemented using software,
hardware and/or a combination of software and
hardware. Various embodiments are directed to
apparatus, e.g., mobile nodes such as mobile
terminals, base stations, communications system.
Various embodiments are also directed to methods,
e.g., method of controlling and/or operating mobile
nodes, base stations and/or communications systems,
e.g., hosts. Various embodiments are also directed to
machine, e.g., computer, readable medium, e.g., ROM,
RAM, CDs, hard discs, etc.,which include machine
readable instructions for controlling a machine to
implement one or more steps of a method. [0090] In
various embodiments nodes described herein are
implemented using one or more modules to perform the
steps corresponding to one or more methods, for
example, signal processing, a decision step, message
generation, message signaling, switching, reception
and/or transmission steps. Thus, in some embodiments
various features are implemented using modules. Such
modules may be implemented using software, hardware or
a combination of software and hardware. Many of the
above described methods or method steps can be
implemented using machine executable instructions,
such as software, included in a machine readable
medium such as a 



memory device, e.g., RAM, floppy disk, etc. to control
a machine, e.g., general purpose computer with or
without additional hardware, to implement all or
portions of the above described methods, e.g., in one
or more nodes. Accordingly, among other things,
various embodiments are directed to a machine-readable
medium including machine executable instructions for
causing a machine, e.g., processor and associated
hardware, to perform one or more of the steps of the
above-described method(s). Some embodiments are
directed to a device, e.g., communications device,
including a processor configured to implement one,
multiple or all of the steps of one or more methods of
the invention. [0091] In some embodiments, the
processor or processors, e.g., CPUs, of one or more
devices, e.g., communications devices such as wireless
terminals are configured to perform the steps of the
methods described as being as being performed by the
communications device. Accordingly, some but not all
embodiments are directed to a device, e.g.,
communications device, with a processor which includes
a module corresponding to each of the steps of the
various described methods performed by the device in
which the processor is included. In some but not all
embodiments a device, e.g., communications device,
includes a module corresponding to each of the steps
of the various described methods performed by the
device in which the processor is included. The modules
may be implemented using software and/or hardware.
[0092] At least some of the methods and apparatus of
various embodiments are applicable to a wide range of
communications systems including many non-OFDM and/or
non-cellular systems. [0093] Numerous additional
variations on the methods and apparatus of the various
embodiments described above will be apparent to those
skilled in the art in viewof the above description.
Such variations are to be considered within the scope.
The methods and apparatus may be, and in various
embodiments are, used with CDMA, orthogonal frequency
division multiplexing (OFDM), and/or various other
types of communications techniques which may be used
to provide wireless communications links between
access nodes and mobile nodes. In some embodiments the
access nodes are implemented as base stations which
establish communications links with mobile 



nodes using OFDM and/or CDMA. In various embodiments
the mobile nodes are implemented as notebook
computers, personal data assistants (PDAs), or other
portable devices including receiver/transmitter
circuits and logic and/or routines, for implementing
the methods.WHATS IS CLAIMED IS: 1. A method for use
in a system including wireless channel spectrum, the
method comprising: determining whether a signal of
interest is present in a said wireless channel
spectrum; determining a confidence measure
corresponding to the determination; and transmitting
the determination and confidence measure to another
device. 2. The method of claim 1, wherein said signal
of interest is a television signal; where the
determination is transmitted as a single bit value
indicating whether or not the signal of interest was
determined; and where the confidence measure is
transmitted as a confidence value including at least
one bit. 3. The method of claim 1, wherein said signal
of interest is a wireless microphone signal; where the
determination is transmitted as a single bit value
indicating whether or not the signal of interest was
determined; and where the confidence measure is
transmitted as a confidence value including at least
one bit. 4. The method of claim 1, wherein said
determination and confidence measure are communicated
in a message, the method comprising: generating said
message prior to performing said transmitting step;
and wherein transmitting the determination and
confidence measure includes: transmitting said message
over a wireless communications link. 5. The method of
claim 1, wherein said determination is communicated in
said message as a single bit value and said confidence
measure is communicated as a multibit value. 



6. The method of claim 1, further comprising:
measuring the field strength of said signal of
interest;generating a measured field strength value
from the measured field strength of the signal of
interest; and transmitting the measured field strength
value indicating the measured field strength of the
signal of interest. 7. The method of claim 6, further
comprising: transmitting with said field strength
value an indication of the reliability of the measured
field strength value. 8. The method of claim 7,
wherein measuring the field strength of a signal of
interest includes: i) performing multiple field
strength measurements of said signal of interest over
a time period; and ii) generating said measured field
strength value from said multiple measurements. 9. The
method of claim 7, wherein said indication of the
reliability of the measured field strength includes:
one of: a variance and a standard deviation of the
field strength measurement. 10. The method of claim 1,
further comprising: receiving a control message; and
adjusting a detection threshold used in determining
whether said signal is present in the wireless channel
spectrum. 11. The method of claim 1, further
comprising: receiving a control message indicating a
sensing method to be used in determining whether said
signal is present in the given channel of said
spectrum is present; and using said indicated sensing
technique to make a signal measurement used in said
step of determining whether a signal in a given
channel of a spectrum is present. 12. The method of
claim 11, wherein said sensing technique is a sensing
technique in the group of sensing techniques
including: energy detection, ATSC Pilot
PowerDetection, ATSC PN Sequence Detection, and ATSC
Pilot Spectrum Analysis 



Detection. 13. The method of claim 1, wherein
determining the confidence measure comprises
determining a difference between a level detected in
determining whether the signal is present and a
threshold. 14. The method of claim 13, wherein the
threshold comprises the threshold used for determining
whether the signal is detected. 15. The method of
claim 1, further comprising: receiving a control
message; modifying one of: i) a sensing technique used
to generate a signal measurement used in determining
the presence of said signal and ii) a threshold used
in determining the presence of said signal; and
repeating said step of determining whether a signal in
a given channel of a spectrum is present after said
modifying step is performed. 16. An apparatus for use
in a system including wireless channel spectrum, the
apparatus comprising: a presence determination module
for determining whether a signal of interest is
present in a said wireless channel spectrum; a
confidence measurement module for determining a
confidence measure corresponding to the determination;
and a transmitter for transmitting the determination
and confidence measure to another device. 17. The
apparatus of claim 16, wherein said signal of interest
is a television signal; where the determination is
transmitted as a single bit value indicating whether
or not the signal of interest was determined; and
where the confidence measure is transmitted as a
confidence value including at least one bit.18. The
apparatus of claim 16, wherein said determination and
confidence measure are communicated in a message, the
apparatus comprising: a message generation module for
generating said message prior to performing said
transmitting step; and 



wherein said transmitter is a wireless transmitter for
transmitting over a wireless communications link. 19.
The apparatus of claim 16, wherein said determination
is communicated in said message as a single bit value
and said confidence measure is communicated as a
multibit value. 20. The apparatus of claim 16, further
comprising: a field strength measurement module for
measuring the field strength of said signal of
interest; a measured field strength value generation
module for generating a measured field strength value
from the measured field strength of the signal of
interest; and a transmitter for transmitting the
measured field strength value indicating the measured
field strength of the signal of interest. 21. The
apparatus of claim 20, further comprising: a
reliability indicator generation module for generating
a reliability indicator value indicating the
reliability of the generated field strength value. 22.
The apparatus of claim 21, wherein said field strength
measurement module is configured to: perform multiple
field strength measurements of said signal of interest
over a time period; and generate said measured field
strength value from said multiple measurements. 23.
The apparatus of claim 22, wherein said reliability
indicator generation module generates one of: i) a
variance and ii) a standard deviation from said
multiple field strength measurements.24. The apparatus
of claim 16, further comprising: a receiver for
receiving a control message; and a detection threshold
adjusting module for adjusting a detection threshold
used in determining whether said signal of interest is
present in the wireless channel spectrum. 25. The
apparatus of claim 16, further comprising: 



a receiver for receiving a control message indicating
a sensing method to be used in determining whether
said signal is present in the given channel of said
spectrum is present; and a configuration module used
to configure a sensor device included in said
apparatus to use said indicated sensing technique to
make a signal measurement used in determining whether
a signal in a given channel of a spectrum is present.
26. The apparatus of claim 25, wherein said sensor
device includes a sensor which implements one or more
sensing techniques in the group of sensing techniques
including: energy detection, ATSC Pilot Power
Detection, ATSC PN Sequence Detection, and ATSC Pilot
Spectrum Analysis Detection. 27. The apparatus of
claim 16, further comprising: a receiver for receiving
a control message; a configuration control module for
modifying one of: i) a sensing technique used to
generate a signal measurement used in determining the
presence of said signal and ii) a threshold used in
determining the presence of said signal; and a
processor for controlling the apparatus to determine
whether a signal in a given channel of a spectrum is
present after said modifying step is performed. 28. An
apparatus for use in a system including wireless
channel spectrum, the apparatus comprising: means for
determining whether a signal of interest is present in
a said wireless channel spectrum; confidence
measurement means for determining a confidence measure
corresponding to the determination; andtransmitter
means for transmitting the determination and
confidence measure to another device. 29. The
apparatus of claim 28, wherein said signal of interest
is a television signal; where the determination is
transmitted as a single bit value indicating whether
or not the signal of interest was determined; and
where the confidence measure is transmitted as a
confidence value including at least one bit. 



30. The apparatus of claim 28, wherein said
determination and confidence measure are communicated
in a message, the apparatus comprising: message
generation means for generating said message prior to
performing said transmitting step; and wherein said
transmitter means can transmit over a wireless
communications link. 31. The apparatus of claim 28,
wherein said determination is communicated in said
message as a single bit value and said confidence
measure is communicated as a multibit value. 32. A
computer readable medium embodying computer executable
instructions for controlling a device to implement a
method for use in a system including wireless channel
spectrum, the method comprising: determining whether a
signal of interest is present in said wireless channel
spectrum; determining a confidence measure
corresponding to the determination; and transmitting
the determination and confidence measure to another
device. 33. The computer readable medium of claim 32,
wherein said signal of interest is a television
signal; where the determination is transmitted as a
single bit value indicating whether or not the signal
of interest was determined; and where the confidence
measure is transmitted as a confidence value including
at least one bit.34. The computer readable medium of
claim 32, wherein said determination and confidence
measure are communicated in a message, the method
further comprising: generating said message prior to
performing said transmitting step; and wherein
transmitting the determination and confidence measure
includes: transmitting said message over a wireless
communications link. 35. A device including a
processor configured to control said device to
implement a method for use in a system including
wireless channel spectrum, the method comprising: 



determining whether a signal of interest is present in
said wireless channel spectrum; determining a
confidence measure corresponding to the determination;
and transmitting the determination and confidence
measure to another device. 36. The device of claim 35,
wherein said signal of interest is a television
signal; where the determination is transmitted as a
single bit value indicating whether or not the signal
of interest was determined; and where the confidence
measure is transmitted as a confidence value including
at least one bit. 37. The device of claim 35, wherein
said determination and confidence measure are
communicated in a message, the method further
comprising: generating said message prior to
performing said transmitting step; and wherein
transmitting the determination and confidence measure
includes: transmitting said message over a wireless
communications link. 38. A method of providing
information which can be used to determine if a
wireless channel spectrum is available for use, the
method comprising: measuring the field strength of a
signal of interest in said wireless channel spectrum;
generating a measured field strength value from the
measured field strength of the signal of interest;
andtransmitting the measured field strength value
indicating the measured field strength of the signal
of interest. 39. The method of claim 38, further
comprising: transmitting with said field strength
value an indication of the reliability of the measured
field strength value. 40. The method of claim 39,
wherein measuring the field strength of a signal of
interest includes: i) performing multiple field
strength measurements of said signal of interest over
a time period; and ii) generating said measured field
strength value from said multiple 



measurements. 41. The method of claim 40, wherein said
indication of the reliability of the measured field
strength includes: one of: a variance and a standard
deviation of the field strength measurement. 42. An
apparatus for providing information which can be used
to determine if a wireless channel spectrum is
available for use, the apparatus comprising: a field
strength measurement module for measuring the field
strength of said signal of interest; a measured field
strength value generation module for generating a
measured field strength value from the measured field
strength of the signal of interest; and a transmitter
for transmitting the measured field strength value
indicating the measured field strength of the signal
of interest. 43. The apparatus of claim 42, further
comprising: a reliability indicator generation module
for generating a reliability indicator value
indicating the reliability of the generated field
strength value. 44. The apparatus of claim 43, wherein
said field strength measurement module is configured
to:perform multiple field strength measurements of
said signal of interest over a time period; and
generate said measured field strength value from said
multiple measurements. 45. The apparatus of claim 44,
wherein said reliability indicator generation module
generates one of: i) a variance and ii) a standard
deviation from said multiple field strength
measurements. 46. An apparatus for providing
information which can be used to determine if a
wireless channel spectrum is available for use, the
apparatus comprising: field strength measurement means
for measuring the field strength of said signal of
interest; means for generating a measured field
strength value from the measured field strength of the
signal of interest; and 



transmitter means for transmitting the measured field
strength value indicating the measured field strength
of the signal of interest. 47. The apparatus of claim
46, further comprising: means for generating a
reliability indicator value indicating the reliability
of the generated field strength value. 48. The
apparatus of claim 46, wherein said field strength
measurement means is configured to: perform multiple
field strength measurements of said signal of interest
over a time period; and generate said measured field
strength value from said multiple measurements. 49. A
computer readable medium embodying computer executable
instructions for controlling a device to implement a
method of providing information which can be used to
determine if a wireless channel spectrum is available
for use, the method comprising: measuring the field
strength of a signal of interest in said wireless
channel spectrum;generating a measured field strength
value from the measured field strength of the signal
of interest; and transmitting the measured field
strength value indicating the measured field strength
of the signal of interest. 50. The computer readable
medium of claim 49, wherein the method further
comprises: transmitting with said field strength value
an indication of the reliability of the measured field
strength value. 51. The computer readable medium of
claim 50, wherein measuring the field strength of a
signal of interest includes: i) performing multiple
field strength measurements of said signal of interest
over a time period; and ii) generating said measured
field strength value from said multiple measurements. 



52. A device including a processor configured to
control said device to implement a method of providing
information which can be used to determine if a
wireless channel spectrum is available for use, the
method comprising: measuring the field strength of a
signal of interest in said wireless channel spectrum;
generating a measured field strength value from the
measured field strength of the signal of interest; and
transmitting the measured field strength value
indicating the measured field strength of the signal
of interest. 53. The device of claim 52, wherein the
method further comprises: transmitting with said field
strength value an indication of the reliability of the
measured field strength value. 54. The device of claim
53, wherein measuring the field strength of a signal
of interest includes:i) performing multiple field
strength measurements of said signal of interest over
a time period; and ii) generating said measured field
strength value from said multiple measurements. 55. A
method for use in a system including wireless channel
spectrum, the method comprising: receiving a control
message; modifying one or both of: i) a sensing
technique used to generate a signal measurement used
in determining the presence of said signal and ii) a
threshold used in determining the presence of said
signal, in accordance with the received control
message; and determining whether a signal in said
wireless channel spectrum is present after said
modifying is performed. 56. The method of claim 55,
further comprising: using a sensing technique
indicated in said message to make a signal measurement
used in said step of determining whether a signal in a
given channel of a 



spectrum is present. 57. The method of claim 56,
wherein said sensing technique is a sensing technique
in the group of sensing techniques including: energy
detection, ATSC Pilot Power Detection, ATSC PN
Sequence Detection, and ATSC Pilot Spectrum Analysis
Detection. 58. An apparatus for use in a system
including wireless channel spectrum, the method
comprising: a receiver for receiving a control
message; a configuration module used to modify one or
both of: i) a sensing technique used to generate a
signal measurement used in determining the presence of
said signal and ii) a threshold used in determining
the presence of said signal, in accordance with the
received control message; and a determination module
for determining whether a signal in said wireless
channel spectrum is present after said modifying is
performed.59. The apparatus of claim 58, wherein said
configuration module modifies a sensing technique by
controlling a sensor device included in said apparatus
to implement a sensing technique indicated by said
control message; and wherein said sensor device
includes a sensor which implements one or more sensing
techniques in the group of sensing techniques
including: energy detection, ATSC Pilot Power
Detection, ATSC PN Sequence Detection, and ATSC Pilot
Spectrum Analysis Detection. 60. An apparatus for use
in a system including wireless channel spectrum, the
method comprising: receiver means for receiving a
control message; configuration means for modifying one
or both of: i) a sensing technique used to generate a
signal measurement used in determining the presence of
said signal and ii) a threshold used in determining
the presence of said signal, in accordance with the
received control message; and determination means for
determining whether a signal in said wireless channel
spectrum is present after said modifying is performed.



61. The apparatus of claim 60, wherein said
configuration means modify a sensing technique by
controlling sensor means included in said apparatus to
implement a sensing technique indicated by said
control message; and wherein said sensor means
includes a sensor which implements one or more sensing
techniques in the group of sensing techniques
including: energy detection, ATSC Pilot Power
Detection, ATSC PN Sequence Detection, and ATSC Pilot
Spectrum Analysis Detection. 62. A computer readable
medium embodying computer executable instructions for
controlling a device to implement a method for use in
a system including wireless channel spectrum, the
method comprising: receiving a control message;
modifying one or both of: i) a sensing technique used
to generate a signal measurement used in determining
the presence of said signal and ii) a threshold used
indetermining the presence of said signal, in
accordance with the received control message; and
determining whether a signal in said wireless channel
spectrum is present after said modifying is performed.
63. The computer readable medium of claim 62, wherein
the method further comprises: using a sensing
technique indicated in said message to make a signal
measurement used in said step of determining whether a
signal in a given channel of a spectrum is present.
64. The computer readable medium of claim 63, wherein
said sensing technique is a sensing technique in the
group of sensing techniques including: energy
detection, ATSC Pilot Power Detection, ATSC PN
Sequence Detection, and ATSC Pilot Spectrum Analysis
Detection. 65. A device including a processor
configured to control said device to implement a
method for use in a system including wireless channel
spectrum, the method comprising: receiving a control
message; 



modifying one or both of: i) a sensing technique used
to generate a signal measurement used in determining
the presence of said signal and ii) a threshold used
in determining the presence of said signal, in
accordance with the received control message; and
determining whether a signal in said wireless channel
spectrum is present after said modifying is performed.
66. The device of claim 65, wherein the method further
comprises: using a sensing technique indicated in said
message to make a signal measurement used in said step
of determining whether a signal in a given channel of
a spectrum is present. 67. The device of claim 66,
wherein said sensing technique is a sensing technique
in the group of sensing techniques including: energy
detection, ATSC Pilot PowerDetection, ATSC PN Sequence
Detection, and ATSC Pilot Spectrum Analysis Detection.
68. A method of detecting the presence of a licensed
transmission signal in wireless channel spectrum
comprising: receiving a plurality of decisions with
respect to the presence of a signal of interest in a
spectrum; and processing the plurality of decisions to
determine whether the wireless channel spectrum
includes said licensed transmission. 69. The method of
claim 68, where said processing includes combining
said decisions using an ORing operation. 70. The
method of claim 68, wherein processing comprises:
combining a plurality of one bit decisions and
confidence information associated with each of the
plurality of one bit decisions. 71. The method of
claim 68, wherein processing comprises combining a
plurality of field strength measurements. 72. The
method of claim 71, wherein said processing comprises
combining an estimation error associated with each of
the field strength measurements to determine whether
one or more channels of the spectrum including
interfering licensed 



transmission. 73. The method of claim 68, further
comprising determining whether to update local
decision criteria for one or more transmitters of the
plurality of decisions, and transmitting a control
message to update the local decision criteria, when it
is determined that it should be updated. 74. The
method of claim 73, wherein determining whether to
update local decision criteria for one or more
transmitters comprises: determining to update in
response to an increase in the number of devices
providing decisions over a number of devices
previously providing decisions.75. The method of claim
73, wherein determining whether to update local
decision criteria for one or more transmitters
comprises determining, on an individual basis, whether
to update local decision criteria for each individual
transmitter of a received decision. 76. The method of
claim 68, further comprising: transmitting a control
message to control devices transmitting said decisions
to change a threshold used to make said decisions. 77.
The method of claim 68, further comprising:
transmitting a control message to control a device
transmitting one of said decisions to signal to said
device that it should use a sensing technique
indicated in the control message. 78. An apparatus for
detecting the presence of a licensed transmission
signal in wireless channel spectrum comprising: a
receiver module for receiving a plurality of decisions
with respect to the presence of a signal of interest
in the wireless channel spectrum; and a processing
module for processing the plurality of decisions to
determine whether the wireless channel spectrum
includes said licensed transmission. 79. The apparatus
of claim 78, wherein said processing module includes:
a decision combining module for combining a plurality
of one bit decisions and confidence information
associated with each of the plurality of one bit
decisions. 80. The apparatus of claim 78, wherein said
processing module includes: 



a field strength combining module for combining a
plurality of field strength measurements used to make
said determination. 81. The apparatus of claim 80,
wherein said processing comprises combining an
estimation error associated with each of the field
strength measurements to determine whether one or more
channels of the spectrum including interfering
licensed transmission.82. The apparatus of claim 78,
further comprising: a sensing technique updating
module for determining when to send a sensing
technique control signal to at least one device
providing a determination. 83. The apparatus of claim
82, further comprising: a control message generation
module for generating a control message including a
sensing technique indicator indicating a sensing
technique to be used. 84. The apparatus of claim 78,
further comprising: a threshold updating module for
determining when to send a threshold update signal to
at least one device providing a determination. 85. The
apparatus of claim 84, further comprising: a control
message generation module for generating a control
message including a threshold indicator providing
information about a threshold to be used by the
receiving device in making a decision with respect to
the presence of a signal of interest in the wireless
channel spectrum. 86. The apparatus of claim 85,
further comprising: a transmitter for transmitting
generated control messages. 87. An apparatus for
detecting the presence of a licensed transmission
signal in wireless channel spectrum comprising:
receiver means for receiving a plurality of decisions
with respect to the presence of a signal of interest
in the wireless channel spectrum; and processing means
for processing the plurality of decisions to determine
whether the wireless channel spectrum includes said
licensed transmission. 88. The apparatus of claim 87,
wherein said processing means includes: decision
combining means for combining a plurality of one bit
decisions and 



confidence information associated with each of the
plurality of one bit decisions. 89. The apparatus of
claim 87, wherein said processing means includes:field
strength combining means for combining a plurality of
field strength measurements used to make said
determination. 90. A computer readable medium
embodying computer executable instructions for
controlling a device to implement a method of
detecting the presence of a licensed transmission
signal in wireless channel spectrum, the method
comprising: receiving a plurality of decisions with
respect to the presence of a signal of interest in a
spectrum; and processing the plurality of decisions to
determine whether the wireless channel spectrum
includes said licensed transmission. 91. The computer
readable medium of claim 90, where said processing
includes combining said decisions using an ORing
operation. 92. The computer readable medium of claim
90, wherein said processing comprises: combining a
plurality of one bit decisions and confidence
information associated with each of the plurality of
one bit decisions. 93. A device including a processor
configured to control said device to implement a
method of detecting the presence of a licensed
transmission signal in wireless channel spectrum, the
method comprising: receiving a plurality of decisions
with respect to the presence of a signal of interest
in a spectrum; and processing the plurality of
decisions to determine whether the wireless channel
spectrum includes said licensed transmission. 94. The
device of claim 93, where said processing includes
combining said decisions using an ORing operation. 95.
The device of claim 93, wherein said processing
comprises: combining a plurality of one bit decisions
and confidence information associated with each of the
plurality of one bit decisions. 




