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(57) Abstract: Wireless devices, e.g., in a cognitive
radio network, discover and use locally available

usable spectrum for communication. Beacon
signaling facilitates available spectrum discovery
and spectrum usage coordination. A wireless

terminal, which may have entered a new area and
powered up, monitors to detect for the presence of
beacon signals in a first communications band. The
wireless terminal makes a decision as to whether
or not to transmit based on the monitoring result. In
addition, when beacon signals are detected, decoded
information recovered by the wireless terminal from
the received beacon signals is used in making the
transmission decision. The decoded information
includes, e.g., type information indicating that a
second band is allowed to be used for peer-peer
communications and/or identification information
identifying at least one of a wireless communications
device which transmitted the beacon signal and a
current user of the wireless communications device
which transmitted the beacon signal.
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COMMUNICATION METHODS AND APPARATUS RELATED TO
WIRELESS TERMINAL MONITORING FOR AND USE OF
BEACON SIGNALS

RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent
Application S.N. 60/758,011 filed on January 11, 2006, titled " METHODS AND
APPARATUS FOR USING BEACON SIGNALS FOR IDENTIFICATION,
SYNCHRONIZATION OR ACQUISITION IN AN AD HOC WIRELESS
NETWORK", U.S. Provisional Patent Application S.N. 60/758,010 filed on January 11,
2006, titled " METHODS AND APPARATUS FOR FACILITATING
IDENTIFICATION, SYNCHRONIZATION OR ACQUISITION USING BEACON
SIGNALS", U.S. Provisional Patent Application S.N. 60/758,012 filed on January 11,
2006, titled " METHODS AND APPARATUS FOR USING BEACON SIGNALS IN A
COGNITIVE RADIO NETWORK ", U.S. Provisional Patent Application S.N.
60/863,304 filed on October 27, 2006, U.S. Provisional Patent Application S.N.
60/845,052 filed on September 15, 2006, and U.S. Provisional Patent Application S.N.
60/845,051 filed on September 15, 2006, each of which is hereby incorporated by

reference and all of which are assigned to the assignee hereof.

FIELD

[0002] The present invention is directed to methods and apparatus for signaling
in wireless communication and, more particularly, to methods and apparatus for using
beacon signals for detecting spectrum availability in a radio network, e.g., a cognitive

radio network.

BACKGROUND

[0003] Wireless spectrum is an expensive and valuable resource but significant

portions of spectrum often go unused. The concept of cognitive radio allows wireless
devices to discover and use locally available and usable spectrum for communication.
The wireless device should be able to sense its environment, including its location, and
then be able to alter its communication parameters, including power and carrier

frequency, so as to dynamically reuse available spectrum. A key technical challenge of
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cognitive radio is to detect the availability of the spectrum in a robust and power
efficient manner. For example, when a terminal just powers up or moves into a new
area, the terminal may not have knowledge of the communication pafameters or even
technologies that may be currently used in the vicinity of the geographical area. The
detection method has to be robust, e.g., against various uncertainties including the lack
of timing and frequency synchronization. Power efficiency has great impact on the
battery life of the terminals and is thus another important issue in wireless systems.
[0004] In view of the above discussion, it should be appreciated that there is a

need for new and improved ways for detecting spectrum availability in a radio network.,

SUMMARY

[0005] In accordance with various embodiments, before a wireless terminal
starts to use a spectrum band, the wireless terminal is to scan a spectrum band to
determine whether the spectrum band is available for use. The step of scanning includes
searching for a beacon signal in the spectrum band.

[0006] In one exemplary embodiment, a beacon signal includes a sequence of
beacon signal bursts in a spectrum band, each beacon bust including one or more beacon
symbols. A beacon symbol is transmitted using a beacon symbol transmission unit. A
beacon signal burst includes one or more beacon symbols with the number of beacon
symbols occupying a small fraction of the beacon symbol transmission units of the
beacon symbol burst, e.g., < 10%. In some exemplary orthogonal frequency division
multiplexing (OFDM) systems, each beacon symbol is a single tone over an OFDM
symbol period. In some exemplary orthogonal frequency division multiplexing
(OFDM) systems, each beacon symbol is a single tone over a small number, e.g., one,
two, three or four, OFDM symbol periods. A beacon signal burst, in some
embodiments, includes one or more tones, e.g., a single tone or a small number of tones
such as two three or four tones, which are used to convey beacon symbols over a small
number of transmission symbol time periods, e.g., one or two symbol transmission time
periods. The beacon signal bursts are transmitted in an intermittent (i.e., non-
continuous) manner so that there are a number of symbol periods between a first and a
second beacon signal bursts. Successive beacon signal bursts may, and sometimes do,
use different tones for the beacon symbols according to a predetermined or pseudo

random tone hopping sequence.
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[0007] Inaccordance with various embodiments, a beacon signal can be used to
carry a small amount of information. In an exemplary OFDM system, information can
be contained in the frequency of the tone(s) of the beacon symbol in a given burst, the
time interval between successive bursts, and/or the tone hopping sequence. The
information carried by the beacon signal, in various embodiments, includes at least one
of the following about the transmitter: the identifier, the type, the priority level, the
current transmission power value, and maximum power information, e.g., the maximum
power that the transmitter is capable of transmitting,

[0008] If the wireless terminal has not detected any beacon signal in the step of
searching for a beacon signal, then, in some embodiments, the spectrum band is
available to be used by the terminal. Otherwise, in one embodiment, the wireless
terminal is not allowed to use the spectrum band.

[0009] Ifthe wireless terminal determines that a candidate spectrum band is
available for use, the wireless terminal may start to use the spectrum, e.g.,
transmitting/receiving data or control signals or establishing peer-to-peer
communication sessions with another wireless terminal. In one embodiment, the
transmission power of the wireless terminal is a function of the type or the priority level
of the wireless terminal.

[0010] In accordance with one aspect of various embodiments, while the
wireless terminal is using the spectrum, the wireless terminal transmits its own user
beacon signal in the spectrum band. The user beacon signals transmitted by different
wireless terminals may be, and sometimes are, different from each other with
information carried by the beacon signals. In one embodiment, wireless terminals are of
different service priority levels and correspond to different user beacon signals.

[0011] In accordance with another aspect of various embodiments, while the
wireless terminal is using the spectrum, the wireless terminal listens to the spectrum and
attempts to detect a beacon signal, which may be sent by another wireless terminal. The
wireless terminal may continuously be in the listening mode (i.e., on time) for a time
interval of a few symbol periods. The on time is followed by an off time during which
the terminal is in a power saving mode and does not receive any signal, e.g., turn off the
receive modules. Alternatively, the wireless terminal may continuously be in the

listening mode while the wireless terminal is using the spectrum.
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[0012] Inone embodiment, when a first wireless terminal detects the presence of
a user beacon signal from a second wireless terminal, irrespective of whether the first
wireless terminal is currently using the spectrum band or not, the wireless terminal
needs to compare the priority level, If the priority level of the second wireless terminal
is higher, the first wireless terminal considers the spectrum band unavailable for use.
Moreover, the first wireless terminal shall stop using the spectrum band if the first
wireless terminal is currently using the spectrum band, so that higher priority users or
services can use the spectrum band without the interference from the first wireless
terminal. If the priority level of the second wireless terminal is lower, the first wireless
terminal considers the spectrum band available for use. If the first wireless terminal has
not been using the spectrum, the first wireless terminal may start to transmit its own
user beacon signal. In some embodiments, the first wireless terminal derives the timing
and/or frequency of the second wireless terminal from the detected beacon signal, and
then uses that information to determine the timing and/or frequency to transmit its own
user beacon signal. Assuming that the second wireless terminal is also listening to detect
a user beacon signal, advantageously, the above synchronization helps the user beacon
signal of the first wireless terminal to be received by the second wireless terminal, so
that the second wireless terminal will stop using the spectrum.

[0013]  In accordance with another aspect of various embodiments, the wireless
terminal estimates the path loss between the wireless terminal and the corresponding
transmitter of the detected beacon signal. The estimation can be, and sometimes is,
based on the received power of the beacon signal. If the path loss is sufficiently great,
e.g., greater than a predetermined level, then the wireless terminal can use the spectrum
band.

[0014] In accordance with various embodiments, in a geographic area, if any
communication node, e.g., wireless terminal or base station, is in a data session in a
spectrum band, then the node is required to transmit a node beacon signal in the
spectrum band. In the data session, the node may be transmitting or receiving control or
data signals. In the area, different nodes may co-exist, with each wireless terminal using
at least one of a variety of services, such as cellular phone, wireless local loop, digital
television, etc., which may be supported by different technologies.

[0015]  An exemplary method of operating a wireless communications device, in

accordance with various embodiments includes: monitoring during a first period of time
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to detect at least a portion of a beacon signal including at least one beacon symbol in a
first communications band; and making a decision whether or not to transmit a first
signal based on the result of said monitoring, said first signal including at least one of a
beacon symbol and user data. A exemplary wireless communications device, in
accordance with various embodiments, includes:

a beacon detection module for detecting receipt of at least one beacon symbol
communicated in a first communications band; and a beacon based decision module for
determining whether or not to transmit a first signal based on an output of said beacon
detection module, said output being a function of whether or not a beacon symbol was
detected during a time period, said first signal including at least one of a beacon symbol
and user data.

[0016] 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 are discussed

in the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]  Figure 1 illustrates an exemplary cognitive radio network in a geographic

area implemented in accordance with various embodiments.

[0018]  Figure 2 illustrates a ladder diagram of an exemplary method of using
beacon signals to control the use of the spectrum band in a cognitive radio network
implemented in accordance with various embodiments.

[0019]  Figure 3 illustrates different exemplary beacon signals, €.g., System
and/or user beacon signals, implemented in accordance with various embodiments.

[0020]  Figure 4 illustrates an example of utilizing timing synchronization
information implemented in accordance with various embodiments.

[0021]  Figure 5 illustrates a flowchart of a method used by an exemplary
wireless terminal implemented in accordance with various embodiments.

[0022]  Figure 6 illustrates one embodiment of monitoring for beacon signal
bursts and transmitting a beacon burst in accordance with a predicted beacon monitoring

interval,
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[0023]  Figure 7 illustrates a detailed illustration of an exemplary wireless
terminal implemented in accordance with various embodiments.

[0024]  Figure 8 comprising the combination of Figure 8A and Figure 8B is a
drawing of a flowchart of an exemplary method of operating a wireless communications
device, e.g., a wireless terminal such as a mobile node, in accordance with various
embodiments.

[0025]  Figure 9 is a drawing of an exemplary wireless terminal, e.g., mobile
node, implemented in accordance with various embodiments.

[0026] Figure 10 is a drawing of a flowchart of an exemplary method of
operating a wireless communications device in accordance with various embodiments.

[0027])  Figure 11 is a drawing of an exemplary wireless terminal, e.g., mobile
node, implemented in accordance with various embodiments.

[0028] Figure 12 is a drawing of a flowchart of an exemplary method of
operating a wireless communications device in accordance with various embodiments.

[0029] Figure 13 is a drawing of an exemplary wireless terminal, e.g., mobile

node, implemented in accordance with various embodiments.

DETAILED DESCRIPTION:

[0030] Figure 1 illustrates an exemplary cognitive radio communication network
100 implemented in accordance with various embodiments. Two wireless terminals,
namely a first wireless terminal 102 and a second wireless terminal 104 are present in a
geographic area 106. A system terminal 105; e.g., including a system beacon
transmitter, is included in some embodiments. Some spectrum band is available to be
used by the two terminals for the purpose of communication, €.g., peer-to-peer
communication,

[0031] In a cognitive radio network, there is usually no network infrastructure.
Various described novel methods, apparatus and features may be used in various radio
networks but are particularly well suited for use in networks where infrastructure is
limited or lacking, e.g., in a cognitive radio network where a wireless terminal may need
to discover the information about the network. The wireless terminals may not have a
common timing or frequency reference. Indeed, in such a network, the wireless
terminals need to figure out whether a given spectrum band is available to be used by

the wireless terminal in the current geographic area, A key idea of cognitive radio is to
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let a wireless terminal sense its environment and discover available spectrum. Spectrum
availability is a function of the environment.

[0032]  Figure 2 illustrates a ladder diagram 200 of an exemplary method of
using beacon signals to control the use of the spectrum band in a cognitive radio
network implemented in accordance with various embodiments,

[0033]  The vertical axis 201 represents time. There are three exemplary
terminals, WT A 202, WT B 204 and WT C 206 in this exemplary cognitive radio
network. Assume that initially none of the wireless terminals (204, 206, 208) are
powered on.

[0034]  First, wireless terminal A 202 is powered on. Before wireless terminal A
202 can use the spectrum band, it first scans the band to search for user beacon signals
(208). Since wireless terminal A 202 is the only active terminal in the area, it does not
detect any user beacon signal. Thus, wireless terminal A 202 determines that the
spectrum band is available for use (210). Wireless terminal A 202 starts to use the
spectrum (212). Wireless terminal A 202 broadcasts its user beacon signal to show its
presence (214).

[9035] At a later time, wireless terminal B 204 is powered on. Before wireless
terminal B 204 can use the spectrum band, it first scans the band to search for user
beacon signals (216). Wireless terminal B 204 detects the user beacon signal sent by
terminal A (218). Wireless terminal B 204 furthermore learns, e.g., from the detected
beacon signal or another broadcast channel of wireless terminal A, that wireless
terminal A is available for peer-to-peer communication (220). So wireless terminal B
204 determines to use the spectrum (222). Wireless terminals A and B (202, 204) set up
a peer-to-peer session (224). Since both wireless terminals (202, 204) are active, they
both broadcast user beacon signals (228 and 226), respectively. In some embodiments,
either wireless terminal broadcasts its own user beacon signal. In other embodiments,
the two terminals (202, 204) determine the priority level of their sessions and use that to
determine the user beacon signals to be sent. For example, the session priority level is
the maximum priority level of either terminal.

[0036] At a later time, wireless terminal C 206 is powered on. Before wireless
terminal C 206 can use the spectrum band, it first scans the band to search for user
beacon signals (230). Wireless terminal C 206 detects the user beacon signal sent by

wireless terminal A 202 and/or by wireless terminal B 204 (232). Wireless terminal C
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206 furthermore learns, e.g., from the detected beacon signal or another broadcast
channel of wireless terminal A or B, that there is an ongoing session (234). Wireless
terminal C 206 also learns the priority levels of detected beacon signals and compares
them with its own priority level (236). If the priority level of wireless terminal C 206 is
lower, then wireless terminal C 206 determines that the spectrum band is not available
(238); otherwise wireless terminal C 206 may start to transmit its own user beacon
signal. In such a case, both wireless terminals A and B (202, 204) will detect the user
beacon signal from wireless terminal C 206, and have to stop/suspend their session and
stop using the spectrum.

[0037]  Inaccordance with various embodiments, a beacon signal includes a
sequence of beacon signal bursts in a spectrum band, each beacon signal burst including
one or more beacon symbols. A beacon symbol is transmitted using a beacon symbol
transmission unit. A beacon signal burst includes a small number of beacon symbols,
with the number of beacon symbols occupying a small fraction of the beacon symbol
transmission units of the beacon signal burst. In some exemplary OFDM systems, a
beacon symbol is a tone over an OFDM symbol period. In some exemplary OFDM
systems, a beacon symbol is a tone over a small number, e.g., one, two, three, or four of
successive OFDM symbol periods. In some embodiments, a beacon signal burst
includes one or more tones, e.g., a single tone or a small number such as two, three or
four tones, which are used to convey beacon symbols, over a small number of
transmission symbol periods, e.g., one or two symbol periods. The wireless transmitter
transmits the beacon signal bursts in an intermittent (i.e., non-continuous) manner so
that there are a number of symbol periods between a first and a second beacon signal
bursts. Figure 3 illustrates in drawing 300 and 350 exemplary beacon signals in an
exemplary OFDM system.

[0038] Indrawing 300 the horizontal axis 302 represents time and the vertical
axis 304 represents frequency. A vertical column represents each of the tones in a given
symbol period. Each small box 306 represents a tone-symbol, which is a single tone
over a single transmission symbol period. In drawing 350 the horizontal axis 352
represents time and the vertical axis 304 represents frequency. A vertical column
represents each of the tones in a given symbol period. Each small box 356 represents a

tone-symbol, which is a single tone over a single transmission symbol period. A
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minimum transmission unit in the OFDM symbol is a tone-symbol. In this exemplary
embodiment, a beacon symbol transmission unit is an OFDM tone-symbol.

[0039]  The beacon signal includes a sequence of beacon signal bursts, which are
transmitted sequentially over time, each beacon symbol burst including one or more
beacon symbols. A beacon signal burst, in various embodiments, includes a small
number of tones which convey beacon symbols, e.g., a single tone, over a small number
of transmission symbol periods, e.g., one or two symbol periods. Drawing 300 of
Figure 3 shows four small black boxes (308, 310, 312, 314), each of which represents a
beacon symbol. In this case, a beacon symbol uses the air link resources of one
tone-symbol. In another exemplary embodiment, a beacon symbol uses one tone
transmitted over two consecutive symbol periods and uses the air link resource of two
OFDM tone-symbols.

[0040]  The beacon symbol tone or tones of the beacon signal may vary (hop)
from one burst to another. In accordance with various embodiments, the tone-hopping
pattern, including the tones used for the beacon symbol or symbols and the inter-burst
interval, of the beacon signal are, in some embodiments, a function of the transmitter,
€.8., a terminal, and can be used as an identification of the transmitter or an
identification of the type to which the transmitter belongs, or to indicate the
transmission power or the power capability of the terminal.

[0041]  Different user beacon signals are, in some embodiments, different from
each other in at least one of the following ways: the periodicity of the beacon signal
bursts, the tone or tones used for the beacon symbols in a beacon signal burst, and the
hopping pattern of the beacon symbol tones used in successive beacon signal bursts.

[0042]  For example, Figure 3 shows two exemplary beacon signals (324, 374).
Consider that first beacon signal 324 is a first user beacon signal is sent by a first
wireless terminal and includes beacon signal burst (316, 318, 320, 322) and beacon
symbols (308, 310, 312, 314), respectively. The second beacon signal 374 sent by a
second wireless terminal includes beacon signal bursts (366, 368, 370, 372) and beacon
symbols (358, 360, 362, 364), respectively. The upper portion 300 shows a user beacon
signal 324 sent by one wireless terminal, and the lower portion 350 shows another user

- beacon signal 374 sent by another wireless terminal. In the example, the two beacon
signals have the same periodicity, but different tone hopping sequences. Specifically,

the tones of the exemplary first wireless terminal beacon signal 324 follow a first slope,
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and the tones of the exemplary second wireless terminal user beacon signal 374 follow a
second slope, where the first slope is greater than the second slope.

[0043]  In some embodiments exemplary system beacon signals, e.g., beacon
signals from base stations and/or fixed location beacon transmitters, follow a first slope
or first set of slopes and exemplary user beacon signals follow a second slope or second
set of slopes, the first slope being different from the second slope and/or the first set of
slopes being non-overlapping with the second set of slopes.

[0044]  In one exemplary embodiment, suppose that a high priority service, e.g.,
law enforcement or fire department service, and a low priority service, e.g., general data
service, share the spectrum band. Most of time, the high priority service does not have
any activity, during which the spectrum band can be used entirely by the low priority
service. However, when the high priority service needs to use the spectrum, it is desired
that the low priority service shall stop. The sessions associated with the low priority
service shall be terminated. To achieve this objective, in accordance with various
embodiments, terminals associated with different service levels use different user
beacon signals, e.g., to signal different priority levels.

[0045]  Consider an exemplary embodiment. When the wireless terminal is
scanning the spectrum band for availability, or when the wireless terminal has already
been in a communication session using the spectrum band, the wireless terminal shall
keep on searching for user beacon signals. If the wireless terminal detects the presence
of a user beacon signal with higher priority than its own, then the wireless terminal
considers the corresponding specirum band as unavailable for use. The wireless terminal
shall terminate the communication session, if any, and may proceed to scan another
candidate spectrum band. This results in clean spectrum band to be used by high priority
terminals or services. |

[0046]  Drawing 400 of Figure 4 illustrates one embodiment of monitoring for
beacon signal bursts implemented in accordance with various embodiments. The
wireless terminal listens to the spectrum band and attempts to detect a user beacon
signal, which may be sent by a different wireless terminal. The wireless terminal may
continuously be in the listening mode for a time interval of a few symbol periods, which
is called on time. The on time (402) is followed by an off time (406) during which the
wireless terminal is in a power saving mode and does not receive any signal. In the off

time, the wireless terminal may completely turn off the receive modules. When the off
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time 406 ends, the wireless terminal resumes to the on time 404 and starts to detect for
beacon signals again. The above procedure repeats.

[0047] Insome embodiments, the length of an on time interval is shorter than
that of an off time interval. In one embodiment, an on time interval is less than or equal
to 1/5 of an off time interval. In one embodiment, the length of each of the on time
intervals are the same, and the length of each of the off time intervals are also the same.

[0048] The length of an off time interval depends, in some embodiments, on the
latency requirement for a first wireless terminal to detect the presence of another
(second) wireless terminal, if the second wireless terminal is actually present in the
vicinity of the first wireless terminal. The length of an on time interval is determined so
that the first wireless terminal has a great probability of detecting at least one beacon
signal burst in the on time interval. In one embodiment, the length of the on time
interval is a function of at least one of the transmission duration of a beacon signal burst
and the duration between successive beacon signal bursts. For example, the length of the
on time interval is at least the sum of the transmission duration of a beacon signal burst
and the duration between successive beacon signal bursts.

[0049]  Figure 5 illustrates a flowchart 500 of an exemplary method of operating
a wireless terminal used by an exemplary first wireless terminal implemented in
accordance with various embodiments. Operation of the exemplary method starts in
step 501, where the first wireless terminal is powered on and initialized, and proceeds to
step 502,

[0050] Instep 502, the exemplary first wireless terminal may start by scanning
the spectrum band to search for user beacon signals. Then, in step 504, the first wireless
terminal checks whether a user beacon signal from a second wireless terminal has been
detected. If the answer is NO, then operation proceeds from step 504 to step 516, where
the first wireless terminal determines that the spectrum is available for use. Otherwise,
the first wireless terminal has found a beacon signal and operation proceeds from step
504 to step 506, where the first wireless terminal compares the priority level of the
detected user beacon signal with its own priority level. In step 508, the first wireless
terminal checks whether the detected beacon has higher priority level than its own
priority level. If the answer is NO, then operation proceeds from step 508 to step 516,
where the first wireless terminal determines that the spectrum is available for use.

Otherwise, operation proceeds from step 508 to step 510. In step 510 the first wireless
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terminal determines the path loss from the first wireless terminal to the second wireless
terminal,

[0051] Inone embodiment, the beacon signal carries the information about the
transmission power of the second wireless terminal. Then the first wireless terminal can
determine the path loss from the transmission power and the received power measured
by the first wireless terminal. In a special case where each of the beacon signals are sent
at the same power level, the beacon signal itself does not have to carry the information
about the transmission power of the second wireless terminal, The first wireless
terminal can determine the path loss from the known, e.g., predetermined beacon level,
transmission power and the received power measured by the first wireless terminal.
Operation proceeds from step 510 to step 512.

[0052]  Instep 512, the first wireless terminal determines whether the path loss is
sufficiently high e.g., in relation to a predetermined stored path loss level. If the answer
is yes, then operation proceeds from step 512 to step 516. In step 516 the first wireless
terminal determines that the spectrum is available for use. Otherwise, operation
proceeds from step 512 to step 514, where the first wireless terminal determines that the
spectrum is not available for use.

[0053]  Once the first wireless terminal determines that the spectrum is available
for use in step 516, the first wireless terminal may use the spectrum to establish
communication links, e.g., peer-to-peer communication. Operation proceeds from step
516 to step 518 in which the first wireless terminal starts to use the spectrum including
transmitting its own user beacon signal. Meanwhile, the first wireless terminal shall
periodically be in the on time mode, e.g., with respect to receiver operation, and scan
the spectrum band to search for user beacon signals as indicated by step 502.

[0054]  Usually the terminals in the cognitive radio network do not have a
common source from which each of the terminals can derive synchronization
information. In accordance with a feature of various exemplary embodiments, the
wireless terminals use the timing and/or frequency information derived from a system
beacon signal transmitted by .a special transmitter, e.g., transmitted by a fixed location
system terminal including a beacon transmitter, The fixed location system terminal may
or may not be coupled to other network nodes, and may or may not include additional
wireless functions in addition to transmitting the beacon signal. In some embodiments,

the fixed location system terminal's sole function is to transmit a system beacon signal
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to be used as a reference by wireless terminals. Advantageously, the terminals now
have a common timing and/or frequency reference, thereby being synchronized with
each other. To elaborate, drawing 600 of Figure 6 illustrates an example of utilizing
timing synchronization information implemented in accordance with various
embodiments.

[0055]  The horizontal axis 601 represents time. A second wireless terminal
transmits its user beacon signal 608, which includes a sequence of beacon signal bursts,
602, 604, 606, and so on. Now, suppose that a first wireless terminal is powered on and
detects those beacon bursts. Assume that the first wireless terminal has higher priority
level than the second terminal, and that the first wireless terminal intends to use the
Spectrum.

[0056]  The first wireless terminal predicts the on time intervals of the second
wireless terminal's receiver, during which the second wireless terminal monitors for
other user beacon signal. The prediction is a function of the estimated timing of the
detected beacon burst 602, 604 and 606. For example, in Figure 6, the on time interval
of a terminal starts from a time instance that has known time offset 612 from the
beginning of a beacon signal burst sent by the same wireless terminal. Therefore, once
the first wireless terminal has determined the timing of the beacon bursts of the second
wireless terminal transmitter, it is possible to determine the timing of the second
wireless terminal receiver from the known relationship. A

[0057]  Rather than sending its user beacon signal at a randomly chosen time
instance, in the exemplary scenario shown in Figure 6, the first wireless terminal
chooses to transmit (614) at the time during which the second wireless terminal is
listening (610). The second wireless terminal detects the user beacon signal sent by the
first wireless terminal, and then decides to stop using the spectrum band because its
priority level is lower.

[0058] Note that in the absence of the above synchronization, it may take much
longer time for the second wireless terminal to detect the user beacon signal sent by the
first wireless terminal. Otherwise, the second wireless terminal may need to stay in the
listening mode for a much longer time interval in order to reduce the latency of
detection. The synchronization thus helps the wireless terminals to detect beacon signals

much more rapidly and in a more power efficient manner.
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[0059]  Figure 7 provides a detailed illustration of an exemplary wireless
terminal 700 implemented in accordance with various embodiments. The exemplary
wireless terminal 700, depicted in Figure 7, is a detailed representation of an apparatus
that may be used as any one of wireless terminals 102 and 104 depicted in Figure 1. In
the Figure 7 embodiment, the wireless terminal 700 includes a processor 704, a wireless
communication interface module 730, a user input/output interface 740 and memory
710 coupled together by bus 706. Accordingly, via bus 706 the various components of
the terminal 700 can exchange information, signals and data. The components 704, 706,
710, 730, 740 of the wireless terminal 700 are locéted inside a housing 702.

[0060]  The wireless communication interface 730 provides a mechanism by
which the internal components of the wireless terminal 700 can send and receive signals
to/from external devices and another terminal. The wireless communication interface
730 includes, e.g., a receiver module 732 and a transmitter module 734, which are
coupled via a duplexer 738 with an antenna 736 used for coupling the wireless terminal
700 to other terminals, e.g., via wireless communications channels.

[0061] The exemplary wireless terminal 700 also includes a user input device
742, e.g., keypad, and a user output device 744, e.g., display, which are coupled to bus
706 via the user input/output interface 740. Thus, user input/output devices 742, 744 can
exchange information, signals and data with other components of the wireless terminal
700 via user input/output interface 740 and bus 706. The user input/output interface 740
and associated devices 742, 744 provide a mechanism by which a user can operate the
wireless terminal 700 to accomplish various tasks. In particular, the user input device
742 and user output device 744 provide the functionality that allows a user to control
the wireless terminal 700 and applications, e.g., modules, programs, routines and/or
functions, that execute in the memory 710 of the wireless terminal 700.

[0062] The processor 704 under control of various modules, e.g., routines,
included in memory 710 controls operation of the terminal 700 to perform various
signaling and processing as discussed below. The modules included in memory 710 are
executed on startup or as called by other modules. Modules may exchange data,
information, and signals when executed. Modules may also share data and information
when executed. In the Figure 7 exemplary embodiment, the memory 710 of wireless

terminal 700 includes a signaling/control module 712 and signaling/control data 714.
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[0063] The signaling/control module 712 controls processing relating to
receiving and sending signals, e.g., beacon signals, user data signals, messages, etc.,
management of state information storage, retrieval, processing, scanning, transmission
control, priority determination, path loss determination, device identification, user
identification, and spectrum availability determination. Signaling/control data 714
includes state information, e.g., parameters, status and/or other information relating to
operation of the terminal. In particular, the signaling/control data 714 includes various
configuration information 916, e.g., configuration information of type, priority level,
transmission power, transmitter power capability, etc. of the terminal. The module 712
may, and sometimes does, access and/or modify the data 714, e.g., update the
configuration information 716. The module 712 also includes module 711 for scanning
a spectrum band to search for system beacon signal in the band; module 713 for
transmitting user beacon signal; module 715 for comparing the priority levels of
different user beacon signals; module 717 for determining path loss.

[0064] Figure 8 comprising the combination of Figure 8A and Figure 8B is a
drawing of a flowchart 800 of an exemplary method of operating a wireless
communications device, €.g., a wireless terminal such as a mobile node, in accordance
with various embodiments. The wireless communications device is, e.g., a portable
wireless communications device, which may be operated off battery power. The
wireless communications device is, e.g., wireless terminal 900 of Figure 9.

[0065]  Operation starts in step 802, where the wireless communications device
is powered on and initialized and proceeds to step 804. In step 804, the wireless
communications device monitors, during a first period of time, to detect at least a
portion of a beacon signal including at least one beacon symbol in a first
communications band.

[0066]  Operation proceeds from step 804 to step 806. In step 806, the wireless
communications device makes a decision as to whether or not to transmit a first signal
based on the result of said monitoring, said first signal including at least one of a beacon
symbol and user data. In some embodiments the first signal is a beacon signal. In some
embodiments, said user data includes at least one of text data, audio data, image data,
game data, and spread sheet data.

[0067]  Step 806 includes sub-steps 808, 810, 812, 814, and 816. In sub-step

808, the wireless communications device determines if a beacon signal portion
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including at least one beacon symbol was detected in the monitoring of step 804. Ifa
beacon symbol portion was detected operation proceeds from step 808 to one of
alternative sub-steps 810 and 812. If a beacon symbol was not detected, operation
proceeds from step 808 to step 814, where the wireless communications device decides
not to transmit a signal during a second period of time which follows said first period of
time,

[0068] In sub-step 810, the wireless communications device decides to transmit
a signal in response to said detected beacon signal portion. In alternative, sub-step 812,
the wireless communications device decodes information communicated by the detected
beacon signal portion. Operation proceeds from sub-step 812 to sub-step 816. In sub-
step 816, the wireless communications device decides whether or not to transmit said
first signal based on information included in said decoded information. In various
embodiments, sub-step 816 includes one or more of sub-steps 818 and 820. In sub-step
818, the wireless communications device decides as a function of type information
included in said decoded information. In various embodiments, the type information
indicates whether or not a second band is allowed to be used for peer to peer
communications. In some embodiments, the type information identifies a second band
which is allowed to be used for peer to peer communications. In sub-step 820, the
wireless communications device decides as a function of device identification
information included in said decoded information. In some such embodiments, the
device identification information identifics at least one of the wireless communications
device and a user that is currently using the wireless communications device.

[0069] Operation proceeds from step 806, via connecting node A 822, to step
824. In step 824, the wireless communications device proceeds differently depending
upon whether or not the decision of step 806 was to transmit. If the decision was to
transmit, then operation proceeds from step 824 to step 826. If the decision was not to
transmit, then operation proceeds from step 824, via connecting node B 828, to step
804, where additional monitoring is performed.

[0070] In step 826, the wireless communications device transmits at least a
portion of said first signal during a second time period. In some embodiments, the first
signal is transmitted in a second band which is the same as the first communications
band. For example, the received beacon signal portion and the first signal, e.g.,

transmitted beacon signal portion may correspond to peer nodes in a peer to peer
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communications network and both of the peer nodes may be using the same frequency
band for user beacon signaling. In some other embodiments, the first signal is
communicated in a second band which is different from the first communications band.
For example, the received beacon signal portion may be communicated from a base
station or fixed beacon signal transmitter using a different communications band than
the band into which the communications device transmits its user beacon signaling. In
some such embodiments, the first and second communications bands are separated and
disjoint in the frequency domain, In various embodiments, the first and second
communications bands are different size frequency bands.

[0071] In some embodiments, step 826 includes sub-step 830, in which the
wireless communications device transmits at least one beacon symbol. For example, the
at least one beacon symbol is a single beacon symbol or a-small number of beacon
symbols in a beacon burst, e.g., with the beacon symbols occupying < 10% of the
beacon symbol transmission units of the beacon burst.

[0072]  Operation proceeds from step 826 to one of steps 832 and 834. In step
832, the wireless communications device transmits user data, e.g., during a third time
period, into a third communications band, said third time period following said second
time period. For example, during the second time period the wireless communications
device transmits at least a portion of the first signal including at least one beacon
symbol, e.g., to identify its presence, and during the third time period, the wireless
communications device transmits user data to a peer. In various embodiments, the third
frequency band is the same as the second frequency band. For example, the wireless
communications device may transmit both a user beacon signal and user data for peer to
peer communications into the same frequency band. In some other embodiments, the
second frequency band is different from the third frequency band. For example, there
may be distinct frequency bands for user beacon signals and for user data signals.

[0073]  Operation proceeds from step 832 to step 834. In step 834, the wireless
communications device monitors during a fourth time period to detect at least a portion
of an additional beacon signal from another wireless communications device, e.g., from
a peer in a peer to peer communications network. Step 834 includes, in some
embodiments, sub-step 836. In sub-step 836, the wireless communications device
monitors a second frequency band, different from said first frequency band, for at least a

portion of an additional beacon signal.
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[0074]  Figure 9 is a drawing of an exemplary wireless terminal 900, e.g., mobile
node, implemented in accordance with various embodiments. Exemplary wireless
terminal 900 may be any of the exemplary wireless terminals (102, 104) of system 100
of Figure 1.

[0075] Exemplary wireless terminal 900 includes a receiver module 902, a
transmitter module 904, a processor 906, user 1/0 devices 908, and memory 910
coupled together via a bus 912 over which the various elements may interchange data
and information. Memory 910 includes routines 914 and data/information 916. The

- processor 906, e.g., a CPU, executes the routines 914 and uses the data/information 916
in memory 910 to control the operation of the wireless terminal 900 and implement
methods.

[0076] Receiver module 902, e.g., an OFDM receiver, is coupled to receive
antenna 903 via which the wireless terminal receives signals from other wireless
communications devices, e.g., other wireless terminals and/or system terminals such as
base stations and/or fixed location beacon transmitters. Received signals include, e.g.,
beacon signals from wireless terminals, beacon signals from system nodes, and
handshaking signals and user data signals from wireless terminals, €.g., in peer-to-peer
communications.

[0077]  Transmitter module 904, e.g., an OFDM transmitter, is coupled to
transmit antenna 905, via which the wireless terminal 900 transmits signals to other
wireless communications devices, €.g., peer nodes. In some embodiments, the. same
antenna is used for receiver module 902 and transmitter module 904, e.g., with the
receiver and transmitter modules (902, 904) being coupled to the antenna via a duplexer
module. Signals transmitted by the transmitter module 904 include, e.g., a first signal
such as a beacon signal or beacon signal portion including at least one beacon symbol.
Other signals transmitted by transmitter module 904 include peer-to-peer
communication session establishment signals and user data signals.

[0078]  User I/O devices 908 include, e.g., microphone, keypad, keyboard,
switches, camera, speaker, display, etc. User VO devices 908 allow a user of wireless
terminal 900 to input data/information, access output data/information, and control at
least some functions of the wireless terminal 900.

[0079]  Routines 914 include communications routines 918 and wireless terminal

control routines 920. The communications routines 918 implement various
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communications protocols used by the wireless terminal. Wireless terminal control
routines 920 include a beacon detection module 922, a beacon based decision module
924, a beacon signaling decoding module 926, a beacon signal generation module 928, a
control module 930 and a wireless terminal beacon detection module 932.

[0080] Beacon detection module 922 detects receipt of one or more beacon
symbols communicated in a first communications band. Beacon based decision module
924 determines whether or not to transmit a first signal based on an output of the beacon
detection module 922, said output being a function of whether or not a beacon symbol
was detected during a time period, said first signal including at least one of a beacon
symbol and user data. Beacon signaling decoding module 926 decodes information
communicated by a detected beacon signal portion, at least one detected beacon symbol
being part of said detected beacon signal portion. In some embodiments, the beacon
based decision module 924 makes the decision whether or not to transmit a first signal
based on decoded information generated by the decoding performed by the beacon
signal decoding module. In some embodiments, the beacon based decision module 924
makes a decision not to transmit a signal during a second time period which follows a
first time period when at least a portion of a beacon signal including a beacon symbol is
not detected by said beacon detection module during the first period of time. In some
embodiments, the beacon based decision module 924 makes the decision whether or not
to transmit a signal based on type information included in the decoded information, said
type information indicating that a second band is allowed to be used for peer-to-peer
communications. In some embodiments, the beacon based decision module 924 makes
the decision whether or not to transmit a signal based on device information included in
the decoded information.

[0081] Beacon signal generation module 928 generates beacon signals, said
generated beacon signals communicating an identifier used to identify at least one of: 1)
said wireless communications device and ii) a user that is currently using said wireless
communications device. Control module 930 controls the band in which the receiver
and transmitter operate. Control module 930 includes a user data transmission control
module 931. In some embodiments said receiver and transmitter are controlled to use
the same band in a time division multiplexed basis. In some embodiments, the receiver
is controlled to use a first communications band and the transmitter is controlled to use

a second communications band, said first and second communications bands being
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different bands. In some embodiments, the first and second communications bands are
separated and disjoint in the frequency domain but have a predetermined relationship.

‘In some such embodiments, the first and second communications bands are different
size frequency bands.

[0082] User data transmission control module 931 controls the transmission of
user data into a third communications band during a third period. In some
embodiments, the third time period follows a second time period, said second time
period being a time period during which at least a portion of said first signal is
transmitted, said first signal including at least one beacon symbol. In some
embodiments, the third communications band is the same as the second communications
band. In some embodiments, the third communications band is different from the
second communications band.

[0083] Wireless terminal beacon detection module 932 detects beacon symbols
from other wireless communications devices during a fourth period of time, at least a
portion of said fourth period of time being different from a time period during which
said beacon detection module 922 is operated. The other wireless communications
devices are, e.g., peer nodes in a peer to peer communications network. In some
embodiments, the wireless terminal beacon detection module 932 monitors a second
communications band, said second communications band being a different frequency
band than said first communications band. \

[0084] Data/information 916 includes detected beacon signal information 934,
information recovered from decoded beacon signal portions (information recovered
from a decoded beacon signal portion corresponding to a 1* beacon signal 936, ...,
information recovered from a decoded beacon signal portion corresponding to an Nth
beacon signal 938), transmission decision information 940, device identification
information 950, user identification information 952, first signal information 954,
current time period information 960, receiver frequency band selection information 962,
transmitter frequency band selection information 964, peer to peer network
communication session information 966 and system data/information 968.

[0085] Information recovered from a decoded beacon signal portion
corresponding to a 1* beacon signal 936 includes, in some embodiments, one of more of
type information 942 and identification information 944. The type information 942 is,

e.g., frequency band type designation information. The type information 942 may, and
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sometimes does indicate that the band type is designated to be used for peer-peer
communications. The identification information 944 is, e.g., device identification
information and/or user identification information.

[0086]  Information recovered from a decoded beacon signal portion
corresponding to a N™ beacon signal 938 includes, in some embodiments, one of more
of type information 946 and identification information 948. The type information 946
is, e.g., frequency band type designation information. The identification information
948 is, e.g., device identification information and/or user identification information,

[0087]  First signal information 956 includes, in some embodiments, one or more
of beacon symbol information 956 and user data 358. Beacon symbol information 956
includes, e.g., information identifying the beacon transmission units used to convey
beacon symbols, e.g., within beacon bursts of the beacon signal included in the first
signal, tone hopping pattern information, and/or time information corresponding to the
beacon symbols. User data 958 includes data information such as voice data, other
types of audio data, image data, text data, file data, etc. of the first signal, e.g.,
corresponding to data symbols of the first signal.

[0088] System data/information 968 includes timing/frequency structure
information 970, beacon decoding information 976, decision criteria information 978
and beacon encoding information 980. Timing/frequency structure information 970
includes frequency bands' information 972 and time periods' information 974.
Frequency bands' information 972 includes information identifying a plurality of
different frequency bands, which are at times used by the wireless terminal. Frequency
bands' information 372 also includes information relating beacon signals to frequency
bands. In some embodiments, different bands are used for different purposes. For
example, one frequency band, in some embodiments, is used for beacon signaling and
another frequency band is used for user data signaling. In some embodiments, at least
some frequency bands are used for multiple purposes, e.g., user data beacon signaling
and wireless terminal beacon signaling. In some embodiments, the same band is used,
at different times for different purposes, e.g., a frequency band typically used for
wireless communications via a base station, in some embodiments, is at times, used for
peer-to-peer communications. Time periods' information 974 includes, e.g., information
identifying in a timing structure when the wireless terminal should receive beacon

signals, transmit beacon signals, and communicate user data signals to a peer node.
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[0089] Beacon decoding information 976, e.g., information mapping various
potential detected beacon signals to recovered information, e.g., frequency band type
designation information, device 1D information, user ID information, and/or priority
level information, is used by beacon signal decoding module 926 to recover information
(936, ...938), e.g., when processing beacon symbol information 934.

[0090]  Figure 10 is a drawing of a flowchart 1000 of an exemplary method of
operating a wireless communications device in accordance with various embodiments.
The wireless communications device is, e.g., a portable wireless terminal such as a
mobile node which may be operated using battery power. The wireless communications
device is, wireless terminal 1100 of Figure 11. Operation starts in step 1002, where the
wireless communications device is powered on and initialized. Operation proceeds
from start step 1002 to step 1004. In step 1004, the wireless communications device
monitors during a first period of time to detect at least a portion of a beacon signal
including at least one beacon symbol in a first communications band. In some
embodiments, a beacon signal portion communicates an identification value. For
example, the identification value can be one of a device identifier and a user identifier.

[0091] Then, in step 1006, operation proceeds differently depending upon
whether or not at least a portion of a beacon signal including at least one beacon symbol
was detected in step 1004. If a beacon signal portion was detected, operation proceeds
from step 1006 to step 1004 to monitor during another first period of time. However, if
a beacon signal portion was not detected, then operation proceeds from step 1006 to step
1008.

[0092] Instep 1008, the communications device transmits a first signal, e.g., at
least a portion of second beacon signal including at least one beacon symbol, during a
second period of time following said first period of time. In some embodiments, the
first signal is transmitted into the first communications band. In some embodiments
said second period of time has a fixed time relationship with said first period of time. In
various embodiments, the second period of time has a predetermined time offset from
the start of the first period of time.

[0093]  Then, in step 1010, the wireless communications device transmits user
data. The first signal is, in some embodiments, transmitted prior to the user data
transmission during non-overlapping time periods. In various embodiments, the user

data is also transmitted in the first communications band. Operation proceeds from step
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1010 to step 1012. In step 1012, the wireless communications device monitors for a
response to said user data transmission from another device which with said wireless
communications device is communicating on a peer to peer basis.

[0094]  Figure 11 is a drawing of an exemplary wireless terminal 1100, e.g.,
mobile node, implemented in accordance with various embodiments. Exemplary
wireless terminal 1100 may be any of the exemplary wireless terminals (102, 104) of
system 100 of Figure 1.

[0095]  Exemplary wireless terminal 1100 includes a receiver module 1102, a
transmitter module 1104, a processor 1106, user I/0 devices 1108, and memory 1110
coupled together via a bus 1112 over which the various elements may interchange data
and information, Memory 1110 includes routines 1114 and data/information 1116, The
processor 1106, e.g., a CPU, executes the routines 1114 and uses the data/information
1116 in memory 1110 to control the operation of the wireless terminal 1100 and
implements methods.

[0096] Receiver module 1102, e.g., an OFDM receiver, is coupled to receive
antenna 1103 via which the wireless terminal 1100 receives signals from other wireless
communications devices. Receiver module 1102 receives beacon signal portions, e.g.,
transmitted in a first communications band. Receiver module 1102 also receives
session establishment signals and user data signals from peers, as part of peer-peer
communications sessions.

[0097]  Transmitter module 1104, e.g., an OFDM transmitter, is coupled to
transmit antenna 1105, via which the wireless terminal 1100 transmits signals to other
wireless communications devices, e.g., peer nodes. In some embodiments, the same
antenna is used for receiver module 1102 and transmitter module 1104, e.g.,in
conjunction with duplex module. Transmitted signals include beacon signals,
communications session establishment signals and user data signals as part of a peer-
peer communications session.

[0098]  User I/O devices 1108 include, e.g., microphone, keypad, keyboard,
switches, camera, speaker, display, etc. User I/O devices 1108 allow a user of wireless
terminal 1100 to input data/information, access output data/information, and control at
least some functions of the wireless terminal 1100, e.g., attempt to establish a peer-peer

communications session.
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[0099]  Routines 1114 include communications routines 1118 and wireless
terminal control routines 1120. The communications routines 1118 implement various
communications protocols used by the wireless terminal 1100. Wireless terminal
control routines 1120 include a beacon detection module 1122, a transmission control
module 1124, a first signal, e.g., beacon signal portion, generation module 1126, a
beacon symbol generation module 1127, a beacon information detection module 1128, a
frequency band control module 1130, a user data transmission control module 1132, and
a response detection module 1134,

[00100] Beacon detection module 1122 detects the receipt of beacon symbols
communicated in a first communications band. Transmission control module 1124
controls signal transmission as a function of an output of the beacon detection module
1122. The transmission control module 1124 controls the transmitter module 1104 to
transmit a first signal during a second period of time following a first period of time
when a beacon signal portion including at least one beacon symbol is not detected
during said first period of time. In some embodiments, the second period of time has a
fixed time relationship with the first period of time, €.g., a predetermined time offset
with respect to the start of the first period of time.

[00101]  First signal generation module 1126 generates first signals. For example,
an exemplary first signal is a beacon signal portion such as a beacon signal burst
including at least one beacon symbol. Beacon symbol generation module 1127
generates beacon symbols, ¢.g., beacon symbols which are included in generated beacon
symbol portions. For example, a beacon symbol is a relatively high power symbol with
respect to a data symbol from the transmission perspective of the wireless terminal,
facilitating easy detection. For example, the average transmission power difference
between a beacon symbol and a data symbol are, in some embodiments, at least 10dBs.
In some embodiments, each of the generated beacon symbols has the same transmission
power level. In some embodiments, each generated beacon symbol has the same phase,
while generated data symbols may, and generally do have different phase, e.g., as part
of a QPSK, QAM16, QAM256, etc. constellation.

[00102] Beacon information detection module 1128 determines an identification
value communicated by a detected portion of a beacon signal. The identification value

is, e.g., one of a device identifier and a user identifier.
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[00103]  Frequency band control module 1130 controls the band in which the
receiver module 1102 and transmitter module 1104 operate. In some embodiments, the
receiver module 1102 and transmitter module 1104 are controlled to use the same band
in a time division multiplexed basis, e.g., with respect to a peer-peer communications
session.

[00104] User data transmission control module 1132 controls transmission of
user data in addition to said first signal in said first communications band. In some
embodiments, the first signal is transmitted prior to said user data and the user data
transmission control module 1132 control transmission of said user data to occur in a
transmission time period which does not overlap with transmission of said first signal.
In various embodiments, the user data transmission control module 1132 controls the
transmission of user data so that user data is transmitted into the first band, e.g., the
same band into which the wireless terminal is transmitting its beacon signal.

[00105] Response detection module 1134 detects a response to the user data
transmission from another device with which said wireless terminal device is
communicating on a peer to peer basis. The response is, ¢.g., user data from the peer
node and/or control information. Control information is, e.g., handshaking information,
session establishment information, session termination information, session
maintenance information, power control information, timing control information,
frequency band information, etc.

[00106] Data/information 1116 includes receiver frequency band selection
information 1136, current time information 1138, transmitter frequency band selection
information 1140, beacon detect/failure to detect flag 1142, detected beacon signal
information 1144, detected beacon signal portion identification information 1146,
device identification information 1148, user identification information 1150, generated
first signal information, e.g., generated beacon signal, information 1152, user data to be
transmitted 1154, detected response information from a peer 1156, and system
data/information 1158.

[00107] Receiver frequency band selection 1136 and transmitter frequency band
selection 1140 are outputs of the frequency band selection module 1130 and used by the
wireless terminal in controlling the receiver module 1102 and transmitter module 1104

tuning. Beacon detect/failure to detect flag 1142, e.g., a single bit output, from beacon
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detection module 1122, is used by the transmission control module 1124 in making
beacon transmission decisions in accordance with the system beacon signaling rules.

[00108] Detected beacon signal information 1144 includes information recovered
by beacon signal detection module 1122 corresponding to a detected beacon signal, e.g.,
a set of identified beacon transmission units conveying beacon symbols, a pattern of
beacon symbols, a slope associated with detected beacon symbols, etc. Detected beacon
signal portion identification information 1146 is an output of beacon information
detection module 1128 and is, e.g., a device identifier or user identifier, which identifies
the source of the detected beacon signal.

[00109]  Generated first signal information, e.g., generated beacon signal
information 1152 corresponds to the first signal generated by first signal generation
module 1126, and includes, €.g., information defining a beacon signal burst including,
€.g., beacon symbol tone identification information, null tone identification information,
beacon burst duration information, and beacon burst timing information.

[00110]  User data to be transmitted 1154 includes, e.g., voice, other audio data,
image data, text, and/or file data intended for a peer to be communicated under the
control of user data transmission control module 1132, e.g., at the appropriate time, e.g.,
during a user data interval, in an implemented timing structure. Detected response
information from peer 1156 is an output of response detection module 1134.

[00111]  System data/information 1158 includes timing/frequency structure
information 1160, beacon encoding information 1168, and beacon decoding information
1170. Timing/frequency structure information 1160 includes frequency bands'
information 1162, time periods' information 1164 and time periods' relatibnship
information 1166.

[00112] Figure 12 is a drawing of a flowchart 1200 of an exemplary method of
operating a wireless communications device in accordance with various embodiments.
The wireless communications device is, e.g., a portable wireless terminal such as a
mobile node which may be operated using battery power. The wireless communications
device is, e.g., wireless terminal 1300 of Figure 13. Operation starts in step 1202,
where the wireless communications device is powered on and initialized and proceeds
to step 1204. In step 1204, the wireless communications device receives at least a
portion of a beacon signal including at least one beacon symbol from another

communications device. Operation proceeds from step 1204 to step 1206. In step 1206,
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the wireless communications device makes a signal transmission decision based on
priority information communicated by said received beacon signal portion. The priority
information indicates, e.g., one of a device priority, user priority and session priority.

[00113]  Priority information may be, and sometimes is, coded using a plurality of
beacon symbols included in said beacon signal portion. In some such embodiments,
priority information is coded at least partially by positions of beacon symbols in a set of
beacon symbol transmission units used to communicate said beacon signal portion. In
some embodiments, priority information is coded at least partially based on changes in
beacon symbol positions in a set of beacon symbol transmission units used to transmit
said beacon signal portion over a time period including multiple beacon symbol
transmission time periods. In some such embodiments, the beacon symbol transmission
units in a set of beacon symbol transmission units correspond to a predetermined tone
hopping pattern corresponding to the priority level to be communicated. In various
embodiments, a unique beacon symbol pattern is used to communicate a top priority
beacon indicating a higher priority than all other beacons used to communicate priority
information.

[00114] In some embodiments, making a transmission decision includes deciding
not to transmit user data when said priority information indicates a higher priority than a
priority associated with said wireless communications device. In some embodiments,
making a transmission decision includes deciding to transmit user data when said
priority information indicates a lower priority than a priority associated with said
wireless communications device.

[00115] Making a transmission decision may, and sometimes does, include
deciding to transmit user data at a transmission power level which is determined as a
function of the received priority level and a received power level of the received beacon
signal portion. In some embodiments, the transmission power level of the wireless
communications device is reduced when the received beacon signal portion indicates a
higher priority level than a priority level indicated by a previously received beacon
signal portion that was used to control transmission power. In some embodiments, the
transmission power level of the wireless communications device is reduced when the
received beacon signal portion indicates a lower priority level than a priority level
indicated by a previously received beacon signal portion that was used to control

transmission power.
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[00116]  Next, in step 1208, operation proceeds differently depending upon the
signal transmission decision of step 1206, If the signal transmission decision indicates
that user data should be transmitted, then operation proceeds from step 1208 to step
1210. If the signal transmission decision indicates that user data should not be
transmitted, then operation proceeds from step 1208 to step 1204, where the wireless
communications device is operated to receive another at least a portion of a beacon
signal including at least one beacon symbol.

[00117]  Instep 1210, the wireless communications device is operated to transmit
at least a portion of a beacon symbol, e.g., a beacon signal burst or a plurality of beacon
signal bursts. In various embodiments, the transmitted portion of a beacon signal
identifies at least one of said wireless communications device and a user that is using
said wireless communications device to transmit user data. In some embodiments, the
transmitted beacon signal portion communicates priority information corresponding to
said wireless communications device. Operation proceeds from step 1210 to step 1212.
In step 1212, the wireless communications transmits user data. Operation proceeds
from step 1212 to step 1214,

[00118] In step 1214, the wireless communications device monitors for an
additional signal portion including at least one beacon symbol, e.g., said additional
signal portion being a portion of a beacon symbol that communicates a higher priority
than the priority associated with the wireless communications device. Operation
proceeds from step 1214 to step 1216. In step 1216, the wireless communications
device determines if said additional portion was received during a predetermined period
of time.

[00119] Ifitis determined that said additional portion was not received then
operation proceeds from step 1216 to step 1218, where the wireless communications
device transmits a signal. Operation proceeds from step 1218 to step 1214 for
additional monitoring for another predetermined period of time.

[00120] Returning to step 1216, if it is determined that said additional portion
was not received then operation proceeds from step 1216 to step 1204, where the
wireless communications device is operated to receive another at least a portion of a
beacon symbol including at least one beacon symbol.

[00121]  Figure 13 is a drawing of an exemplary wireless terminal 1300, e.g.,

mobile node, implemented in accordance with various embodiments. Exemplary
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wireless terminal 1300 may be any of the exemplary wireless terminals (102, 104) of
system 100 of Figure 1. ‘

[00122]  Exemplary wireless terminal 1300 includes a receiver module 1302, a
transmitter module 1304, a processor 1306, user I/0 devices 1308, and memory 1310
coupled together via a bus 1312 over which the various elements may interchange data
and information. Memory 1310 includes routines 1314 and data/information 1316. The
processor 1306, e.g., a CPU, executes the routines 1314 and uses the data/information
1316 in memory 1310 to control the operation of the wireless terminal 1300 and
implement methods.

[00123]  Receiver module 1302, e.g., an OFDM receiver, is coupled to receive
antenna 1303 via which the wireless terminal receives signals from other wireless
communications devices. Receiver module 1302 receives signals from other
communication devices including at least a portion of a beacon signal including at least
one beacon symbol. Received signals include beacon signals and user data signals from
peer nodes.

[00124]  Transmitter module 1304, e.g., an OFDM transmitter, is coupled to
transmit antenna 1305, via which the wireless terminal transmits signals to other
wireless communications devices, e.g., peer nodes. In some embodiments, the same
antenna is used for receiver module 1302 and transmitter module 1304, e.g., in
conjunction with a duplex module. Transmitter module 1304 transmits signals
including beacon signal portions and user data in accordance with decisions of the
signal transmission decision module 1322. In various embodiments, the transmitted
portion of a beacon signal including at least one beacon symbol identifies at least one
of: i) wireless communications device 1300 and ii) a user that is using wireless terminal
1300 to transmit user data.

[00125]  User I/O devices 1308 include, e.g., microphone, keypad, keyboard,
switches, camera, speaker, display, etc. User I/O devices 1308 allow a user of wireless
terminal 1300 to input data/information, access output data/information, and control at
least some functions of the wireless terminal 1300, e.g., attempt to establish a peer-to-
peer communication session,

[00126] Routines 1314 include communications routines 1318 and wireless
terminal control routines 1320. The communications routines 1318 implement various

communications protocols used by the wireless terminal 1300. Wireless terminal
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control routines 1320 include a transmission decision module 1322, a beacon signal
generation module 1324, a monitoring module 1326, a control module 1328, a
transmission power control module 1330, and a beacon signal information detection
module 1332,

[00127]  Transmission decision module 1322 makes a signal transmission
decision based on priority information communicated by the received beacon signal
portion. The priority information indicates, e.g., one of a device priority, a user priority
and a session priority. Transmission decision module 1322 includes a priority based
control module 1334. Priority based control module 1334 prevents transmission of user
data when the received priority information indicates a higher priority than a priority
associated with said wireless terminal 1300. In various embodiments, the priority based
control module 1334 enables user data transmissions when the received priority
information indicates a lower priority than a priority associated with the wireless
terminal 1300.

[00128]  Beacon signal generation module 1324 generates beacon signal portions,
a generated beacon signal portion including at least one beacon symbol. Some beacon
signal portions are referred to a beacon burst signals.

[00129]  Control module 1328 controls monitoring module 1326 to monitor for an
additional beacon signal portion including at least one beacon symbol following the
transmission decision module 1322 making a signal transmission decision. In some

. embodiments, if an additional beacon signal portion communicating a higher priority
than said priority associated with wireless terminal 1300 is not received in a
predetermined period of time, the transmission decision module 1322 makes a decision
to transmit a signal.

[00130]  Transmission power control module 1330 controls a user data
transmission power level as a function of at least one of the received priority level and a
received power level of the received beacon signal portion. Transmission power control
module 1330 includes a transmission power reduction module 1336. Transmission
power reduction module 1336 reduces the transmission power level when the received
beacon signal portion indicates a higher priority than a priority level indicated by a
previously received beacon signal portion that was used to control transmission power,

[00131]  Beacon signal information detection module 1332 determines priority

information from a set of beacon symbols included in a received beacon signal portion,
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said priority information being encoded over a plurality of beacon symbols. In some
embodiments, the priority information is coded at least partially by positions of beacon
symbols in a set of beacon symbol transmission units used to transmit a beacon signal
portion. In various embodiments, the priority information is coded at least partially
based on changes in beacon symbol positions in a set of beacon symbol transmission
units used to transmit a beacon signal portion. In some embodiments, the priority
information is coded at least partially based on changes in beacon symbol positions in a
set of beacon symbol transmission units used to transmit a beacon signal portion over a
period of time including multiple beacon symbol transmission time periods. In various
embodiments, the beacon symbol positions in a set of beacon symbol transmission units
correspond to a predetermined tone hopping pattern corresponding to the priority level
to be communicated. In some embodiment, a unique beacon symbol pattern is used to
communicate a top priority indicating a higher priority than all other beacons used to
communicate priority information.

[00132]  Data/information 1316 includes received beacon signal portion
information (received beacon signal port 1 information 1338, ..., received beacon
signal portion N information 1340), transmission decision information 1342, user data
to be transmitted 1344, current priority associated with the wireless terminal 1346, user
data transmission power level information 1348, priority level information associated
with the received beacon signal portions (priority associated with received beacon signal
portion 1 1350, ..., priority associated with received beacon signal portion N 1352),
generated beacon signal portion information 1354, and beacon signal decoding
information 1356.

[00133]  Received beacon signal portion 1 information 1338 includes beacon
symbol information 1358 and priority information 1360. Priority information 1370
includes at least one of: device priority information 1362, user priority information
1364, and session priority information 1366.

[00134]  Received beacon signal portion N information 1340 includes beacon
symbol information 1368 and priority information 1370. Priority information 1360
includes at least one of: device priority information 1372, user priority information
1374, and session priority information 1376,

[00135]  Transmission decision 1342 is an output of transmission decision module

1322, indicating whether or not WT 1300 is permitted to transmit. User data to be
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transmitted 1344 is, e.g., voice, other audio data, image data, text data, file data, etc. that
WT 1300 intends to transmit to a peer in a peer-peer communications session, if
authorized.

[00136]  Current priority associated with the wireless terminal 1346 indicates the
current priority level associated with WT 1300, used by priority based control module
1334 for comparisons. In some embodiments, the current priority of a wireless terminal
can, and sometimes does change over time, e.g., as a function of session information
and/or user identification information.

[00137]  Priority associated with received beacon signal portion 1 1350 and
priority associated with received beacon portion N 1352 correspond to received beacon
signal portions (1338, ..., 1340), respectively, and are used by transmission decision
module 1322,

[00138]  Generated beacon signal portion information 1354, e.g., information
corresponding to a beacon signal burst including a set of beacon symbols and a set of
intentional nulls, is an output of beacon signal generation module 1324.

[00139]  User data transmission power level information 1348 includes power
level adjustment information 1378, e.g., information indicating an amount of power
reduction to be implemented in response to a beacon signal detected of higher priority.

[00140]  Beacon signal decoding information 1356 includes beacon symbol
position information 1380 and tone hopping pattern/priority level information 1382.
Beacon signal decoding information 1356 is used by beacon signal information
detection module 1332 when processing beacon symbol information, e.g., info 1358, of
one or more received beacon signal portion to obtain priority information being
conveyed by the beacon signal, e.g. one or more of device priority information 1362,
user device priority information 1364, and session priority information 1366.

[00141]  While described in the context of an OFDM TDD system, the methods
and apparatus of various embodiments are applicable to a wide range of
communications systems including many non-OFDM, many non-TDD systems, and/or
many non-cellular systems.

[00142]  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, generating a beacon signal, transmitting a beacon signal, receiving beacon

signals, scanning for beacon signals, recovering information from received beacon
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signals, determining a timing adjustment, implementing a timing adjustment, changing a
mode of operation, initiating a communication session, comparing priority levels of user
beacon signals, determining path loss, determining a reference from a fixed location
beacon transmitter, etc. 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).

[00143]  Numerous additional variations on the methods and apparatus described
above will be apparent to those skilled in the art in view of the above descriptions. Such
variations are to be considered within scope. The methods and apparatus of various
embodiments 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 of various embodiments.
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CLAIMS

1. A method of operating a wireless communications device, comprising:
monitoring during a first period of time to detect at least a portion of a beacon

signal including at least one beacon symbol in a first communications band; and
making a decision whether or not to transmit a first signal based on the result of

said monitoring, said first signal including at least one of a beacon symbol and user

data.

2. The method of claim 1, wherein said user data includes at least one of text data,

audio data, image data, game data, and spread sheet data.

3, The method of claim 1, wherein making a decision whether or not to transmit
includes deciding to transmit a signal in response to a beacon signal portion having been

detected.

4, The method of claim 1, wherein making a decision whether or not to transmit
includes:
decoding information communicated by a detected beacon signal portion; and
based on information included in the decoded information deciding whether or

not to transmit a signal.
5. The method of claim 4 wherein deciding whether or not to transmit a signal is
based on type information included in the decoded information, said type information

indicating that a second band is allowed to be used for peer-to-peer communications.

6. The method of claim 4 wherein deciding whether or not to transmit a signal is

based on device identification information included in the decoded information.

7. The method of claim 1, wherein making a decision whether or not to transmit

includes deciding not to transmit a signal during a second period of time which follows
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said first period of time when at least a portion of a beacon signal including a beacon

symbol is not detected by said monitoring.
8. The method of claim 1, wherein said first signal is a beacon signal.

9. The method of claim 8, wherein said transmitted beacon signal communicates an
identifier used to identify at least one of i) said wireless communications device and ii) a

user that is currently using said wireless communications device.

10. The method of claim 8, wherein said transmitting includes transmitting said first

signal in a second band which is the same as said first communications band.

11. The method of claim 8, wherein said transmitting includes transmitting said first

signal in a second band which is different from said first communications band.

12. The method of claim 11, wherein said first and second communications bands

are separated and disjoint in the frequency domain.

13.  The method of claim 11, wherein said first and second communications bands

are different size frequency bands.

14, The method of claim 11, further comprising:
transmitting user data into a third communications band during a third time

period.
15.  The method of claim 14, wherein said third time period follows a second time
period, said second time period being a time period during which at least a portion of

said first signal is transmitted including at least one beacon symbol.

16.  The method of claim 15, wherein said third frequency band is the same as said

second frequency band.
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17. The method of claim 16, wherein said third frequency band is different from said

second frequency band.

18.  The method claim 14, wherein said communications device is a portable
wireless communications device, the method further comprising;
monitoring during a fourth period of time to detect at least a portion of an

additional beacon signal from another wireless communications device.

19, The method of claim 18, wherein said another wireless communications device

is a peer in a peer to peer communications network.

20.  The method of claim 18, wherein monitoring to detect at least a portion of an
additional beacon signal includes monitoring said second band for said at least a portion
of an additional beacon signal, said second frequency band being a different frequency

band from said first frequency band

21. A wireless communications device, comprising:

a beacon detection module for detecting receipt of at least one beacon symbol
communicated in a first communications band; and

a beacon based decision module for determining whether or not to transmit a
first signal based on an output of said beacon detection module, said output being a
function of whether or not a beacon symbol was detected during a time period, said first

signal including at least one of a beacon symbol and user data.

22, The device of claim 21, wherein said user data includes at least one of text data,

audio data, image data, game data, and spread sheet data.
23.  The device of claim 21, wherein said detected beacon symbol is part of a beacon
signal portion; and

wherein said beacon based decision module makes the decision whether or not

to transmit a first signal in response to a beacon signal portion having been detected.

24, The device of claim 21, further comprising;
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a beacon signal decoding module for decoding information communicated by a
detected beacon signal portion, said detected beacon symbol being part of said detected
beacon signal portion; and

wherein said beacon based decision module makes the decision whether or not
to transmit a first signal based on decoded information generated by decoding

performed by said beacon signal decoding module.

25. The device of claim 24, wherein said beacon based decision module makes the
decision whether or not to transmit a first signal based on type information included in
the decoded information, said type information indicating that a second band is allowed

to be used for peer-to-peer communications,

26. The device of claim 24 wherein said beacon based decision module makes the
decision whether or not to transmit a first signal based on device identification

information included in the decoded information.

27. The device of claim 21, wherein said beacon based decision module makes a
decision not to transmit a signal during a second period of time which follows a first
period of time when at least a portion of a beacon signal including a beacon symbol is

not detected by said beacon detection module during said first period of time.

28.  The device of claim 21, further comprising:
a transmitter for transmitting said first signal; and

wherein said first signal is a beacon signal.

29.  The device of claim 28, further comprising:

a beacon signal generation module for generating said beacon signal, said
beacon signal generation module communicating in the generated beacon signal an
identifier used to identify at least one of i) said wireless communications device and ii) a

user that is currently using said wireless communications device. .

30. The device of claim 28, further comprising:

SUBSTITUTE SHEET (RULE 26)



WO 2007/082245 PCT/US2007/060350

38

a receiver for receiving beacon signal portions transmitted in said first
communications band; and

a control module for controlling the band in which said receiver and transmitter
operate, said receiver and transmitter be controlled to use the same band in a time

division multiplexed basis.

31. The device of claim 28, further comprising:
a receiver for receiving beacon signal portions transmitted in said first band; and
a control module for controlling the bands in which said receiver and transmitter
operate, said receiver being controlled to use the first communications band and said
transmitter being controlled to use a second communications band, said first and second

communications band being different bands.

32, The device of claim 31, wherein said first and second communications bands are

separated and disjoint in the frequency domain but have a predetermined relationship.

33. The device of claim 31, wherein said first and second communications bands are

different size frequency bands.

34, The device of claim 31, wherein said control module includes a user data
transmission control module for controlling transmission of user data into a third

communications band during a third time period.
35.  The device of claim 34, wherein said third time period follows a second time
period, said second time period being a time period during which at least a portion of

said first signal is transmitted, said first signal including at least one beacon symbol.

36.  The device of claim 35, wherein said third frequency band is the same as said

second frequency band.

37.  The method of claim 36, wherein said third frequency band is different from said

second frequency band.
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38.  The device of claim 34, wherein said communications device is a portable
wireless communications device, the device further comprising:

a wireless terminal beacon detection module for detecting beacon symbols
received from other wireless communications devices during a fourth period of time, at
least a portion of said fourth time period being different from a time period during

which said beacon detection module is operated.

39. The device of claim 38, wherein said other wireless communications device is a

peer in a peer to peer communications network.

40. The device of claim 38, wherein said wireless terminal beacon detection module
monitors a second communications band, said second communications band being a

different frequency band from said first communications band.

41. A wireless communications device, comprising:

means for detecting receipt of at least one beacon symbol communicated in a
first communications band; and

means for determining whether or not to transmit a first signal based on an
output of said means for detecting receipt of at least one beacon signal, said output
being a function of whether or not a beacon symbol was detected during a time period,

said first signal including at least one of a beacon symbol and user data.

42, The device of claim 41, wherein said user data includes at least one of text data,

audio data, image data, game data, and spread sheet data.
43.  The device of claim 41, wherein said detected beacon symbol is part of a beacon
signal portion; and

wherein said means for making a decision makes the decision whether or not to

transmit a first signal in response to a beacon signal portion having been detected.

44.  The device of claim 41, further comprising;
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means for decoding information communicated by a detected beacon signal
portion, said detected beacon symbol being part of said detected beacon signal portion;
and

wherein said means for making a decision makes the decision whether or not to
transmit a first signal based on decoded information generated by decoding performed

by meands for decoding information.

45.  The device of claim 44, wherein said means for making a decision makes the
decision whether or not to transmit a first signal based on type information included in
the decoded information, said type information indicating that a second band is allowed

to be used for peer-to-peer communications.

46.  The device of claim 44 wherein said means for making a decision makes the
decision whether or not to transmit a first signal based on device identification

information included in the decoded information.

47.  The device of claim 41, wherein said means for making a decision makes a
decision not to transmit a signal during a second period of time which follows a first
period of time when at least a portion of a beacon signal including a beacon symbol is

not detected by said means for detecting during said first period of time.

48.  The device of claim 41, further comprising:
means for transmitting said first signal; and

wherein said first signal is a beacon signal.

49.  The device of claim 48, further comprising:

means for generating a beacon signal for generating a beacon signal which
communicates in the generated beacon signal an identifier used to identify at least one
of i) said wireless communications device and ii) a user that is currently using said

wireless communications device.
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50. A computer readable medium embodying machine executable instruction for
controlling a wireless communications device to implement a method, the method
comprising:

monitoring during a first period of time to detect at least a portion of a beacon
signal including at least one beacon symbol in a first communications band; and

making a decision whether or not to transmit a first signal based on the result of
said monitoring, said first signal including at least one of a beacon symbol and user
data,

51. The computer readable medium of claim 50, wherein said user data includes at

least one of text data, audio data, image data, game data, and spread sheet data.

52.  The computer readable medium of claim 50, wherein making a decision whether
or not to transmit includes deciding to transmit a signal in response to a beacon signal

portion having been detected.

53.  The computer readable medium of claim 50, further comprising machine
executable instructions for:
decoding information communicated by a detected beacon signal portion; and
based on information included in the decoded information deciding whether or
not to transmit a signal,

as part of said step of making a decision whether or not to transmit.

54.  The computer readable medium of claim 53, further comprising machine
executable instructions for:

basing said decision whether or not to transmit a signal upon type information
included in the decoded information, said type information indicating that a second band

is allowed to be used for peer-to-peer communications.

55.  The computer readable medium of claim 53, further embodying machine
executable instructions for:
basing said decision whether or not to transmit a signal upon device

identification information included in the decoded information.
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56.  The computer readable medium of claim 50, wherein making a decision whether
or not to transmit includes deciding not to transmit a signal during a second period of
time which follows said first period of time when at least a portion of a beacon signal

including a beacon symbol is not detected by said monitoring,

57. The computer readable medium of claim 50, wherein said first signal is a beacon
signal, the computer readable medium further comprising:
machine executable instructions for:
generating said beacon signal, wherein said beacon signal includes at
least one beacon signal burst, and wherein said beacon signal burst includes at least one
beacon symbol and a majority of the beacon transmission units of beacon burst are

intentional nulls.

58.  An apparatus comprising;
a processor configured to:
monitor during a first period of time to detect at least a portion of a
beacon signal including at least one beacon symbol in a first communications band; and
make a decision whether or not to transmit a first signal based on the
result of said monitoring, said first signal including at least one of a beacon symbol and

user data.

59.  The apparatus of claim 58, wherein said user data includes at least one of text

data, audio data, image data, game data, and spread sheet data.

60.  The apparatus of claim 58, wherein making a decision whether or not to transmit
includes deciding to transmit a signal in response to a beacon signal portion having been

detected.

61.  The apparatus of claim 58, wherein said processor is further configured to:
decode information communicated by a detected beacon signal portion; and
based on information included in the decoded information decide whether or not

to transmit a signal,
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as part of said step of making a decision whether or not to transmit,

62.  The apparatus of claim 61, wherein said processor is further configured to:
base said decision whether or not to transmit a signal upon type information
included in the decoded information, said type information indicating that a second band

is allowed to be used for peer-to-peer communications.

63.  The apparatus of claim 61, wherein said processor is further configured to;
base said decision whether or not to transmit a signal upon device identification

information included in the decoded information.

64.  The apparatus of claim 58, wherein making a decision whether or not to transmit
includes deciding not to transmit a signal during a second period of time which follows
said first period of time when at least a portion of a beacon signal including a beacon

symbol is not detected by said monitoring.

65.  The apparatus of claim 58, v;/herein said first signal is a beacon signal, the
processor further configured to:

generate said beacon signal, wherein said beacon signal includes at least
one beacon signal burst, and wherein said beacon signal burst includes at Ieast one
beacon symbol and a majority of the beacon transmission units of beacon burst are

intentional nulls.

SUBSTITUTE SHEET (RULE 26)



WO 2007/082245 PCT/US2007/060350

114

106

FIRST WIRELESS

TERMINAL P —~
SYSTEM \
\TERMINALV 104
N ped

SECOND WIRELESS
TERMINAL

FIGURE 1



WO 2007/082245 PCT/US2007/060350

1
200N 2/14

208 Wireless 202 Wireless | 204 206~] Wireless
N Terminal A Terminal B Terminal C
Scan the spectrum )
band to search for
user beacon signals 4
etermine spectrum) 214
available for use 4
/ (Use the spectrumj ( Broadcast user )
2107 beacon signal >
212 J J
- —/ f"/ T /218
~ Scan the spectrum band to
\search for user beacon signals
s 218
(Detects beacon sent by WT A)
220
"Learns that WT A is available
\for peer-peer communications
224
pd |~ 222
Sot Up peor-io-poor " Use the spectrum Y~
session
g -
226
[ Broadcast user )
228 beacon signal
< >
Broadcast user
beacon sighal
ot )
o
|/ 230 \ /-,/

=
f Scan the spectrum band to |
search for user beacon signals)

232 (Detect user beacon sent by

WTA and/or WTB y

234

~
Leamn of Ongoing Sessiorl

236

~
Check the priority level of the )
detected user beacon signals
and compare with own priority
level .

238

Do not use the spectrum; B
spectrum unavailable since WT C
201 priority is lower than other WT
currently using spectrum y

time

FIGURE 2



WO 2007/082245 PCT/US2007/060350

3/14
300 ~ % BEACON SIGNAL 324
(15T W)
316 318 320 322

BEACON BEACON BEACON BEACON

SIGNAL SIGNAL SIGNAL 306 SIGNAL

BURST BURST BURST TONE- BURST

FREQUENGY] ¥ SYMBOL

304
N

H .." ‘.".! ,‘; 302

]

Ly
308 310 312 314 TIME
BEACON BEACON BEACON BEACON
SYMBOL SYMBOL SYMBOL SYMBOL
350 ~ % BEACON SIGNAL 374
(2N0 WT)
366 368 370 372
BEACON BEACON BEACON BEACON
SIGNAL SIGNAL SIGNAL 356 SIGNAL
BURST BURST BURST TONE- BURST
FREQUENGYA 4' ¢ ¢ SYMBOL
304 \ II
4 ; ’ 352
."r" .’_. .‘-.'l !." /_>
358° 360 ¢ 3627 364 ¢ TIME
BEACON BEACON BEACON BEACON

SYMBOL  symBOL SYMBOL SYMBOL FIGUR



WO 2007/082245 PCT/US2007/060350

4/14
400 7y
| ON TIME OFF TIME ON TIME TIVE
7 7 7 <>
402 406 404 401

FIGURE 4



WO 2007/082245

5/14
500 Yy

501

START

502

SCAN THE SPECTRUM BAND TO
SEACH FOR USER BEACON |-t

PCT/US2007/060350

/518

SIGNALS

A USER BEACON SIGNAL
FOUND?

/506

COMPARE THE PRIORITY LEVEL
OF THE USER BEACON SIGNALS

508

DOES
DETECTED BEACON HAVE

USE THE SPECTRUM;
TRANSMIT OWN USER
BEACON SIGNAL

T - 516

THE SPECTRUM IS AVAILABLE
TO USE

A

HIGHER PRIORITY
LEVEL?

510

DETERMINE THE PATH LOSS TO b~
THE TRANSMITTER OF THE
DETECTED BEACON SIGNAL

512

IS THE PATH LOSS

SUFFICIENTLY GREAT?

THE SPECTRUM I8 NOT
AVAILABLE TO USE

FIGURE 5




WO 2007/082245

6/14

600 ~ Yy

WT 2 TRANSMITTED
BEACON SIGNAL
(DETECTED BY WT 1)

608
BEACON BEACON BEACON
SIGNAL SIGNAL SIGNAL
BURST BURST BURST

6i2 ei 6i6

KNOYVN

OFFSET 614

USER BEACON SIGNAL
TRANSMITTED BY FIRST
/ TERMINAL
612

610

SECOND TERMINAL RECEIVER FOR

Lr PREDICTED ON TIME INTERVAL OF
MONITORING FOR BEACONS

PCT/US2007/060350

TIME

FIGURE 6



WO 2007/082245 PCT/US2007/060350

7/14

(\700

. 702
yl
WIRELESS TERMINAL
710
712 MEMORY
730
SIGNALING/CONTROL MODULE —
MODULE FOR SCANNING A SPECTRUM | _ 711 WIRELESS COMMUNICATION
BAND TO SEARCH FORSYSTEM ¢~ INTERFACE MODULE 73 Vm
BEACON SIGNAL IN THE BAND W
MODULE FOR TRANSMITTING |- 713 RECEIVER DUPLEXER
USER BEACON SIGNAL MODULE
/
MODULE FOR COMPARING THE PRIORITY 715 733
LEVELS OF DIFFERENT USER BEACON 734
SIGNALS /
WMODULE FOR DETERMINING | 747 TRANSMITTER
PATH LOSS MODULE
SIGNALING/CONTROL DATA
716«
CONFIGURATION INFO OF TYPE,
PRIORITY LEVEL, TRANSMISSION
POWER, ETC. OF THE TERMINAL
7147
742
N
704 708 740 USER INPUT
/ J/ DEVICE
USERINPUT/ ||
PROCESSOR OUTPUT 744
INTERFACE [
USER OUTPUT
DEVICE

Figure 7




WO 2007/082245 PCT/US2007/060350

8/14

WIRELESS COMMUNICATIONS DEVI 828

0
MONITOR DURING A FIRST PERIOD OF TIME TO DETECT AT
LEAST A PORTION OF A BEACON SIGNAL INCLUDING AT | . 804
LEAST ONE BEACON SYMBOL IN A FIRST COMMUNICATIONS
BAND

v , 806

800 ¢
C START METHOD OF OPERATING 9/ 802
A ¢

MAKE A DECISION WHETHER OR NOT TO TRANSMIT A FIRST SIGNAL BASED ON THE RESULT OF
SAID MONITORING, SAID FIRST SIGNAL INCLUDING AT LEAST ONE OF A BEACON SYMBOL AND USER
DATA
BEACON
SIGNAL
PORTION
DETECTED
grg ATERNATVES 7 - rernamve 2N\ 814
\_ _a _ ~ DECIDE NOT TO
I™~ DECIDETO [r— A== TRANSMIT A
| TRANSMITA | DECODE | SIGNAL DURING A
SIGNALIN | | INFORMATION ~_ 12 SECOND PERIOD
* COMMUNICATED
RESPONSE 70 SAD! OF TIME WHICH
™ betecTep | | _BYDETECTED FOLLOWS SAID
| BeaconsionaL | | BFSON SIONAL ' FIRST PERIOD OF
| PORTION I -__._.1_.__.J TIME
i ¥y, _ .. 58 —
| DECIDE WHETHER OR NOT TO TRANSMIT SAID FIRST SIGNAL
|~ BASED ON INFORMATION INCLUDED IN SAID DECODED
| INFORMATION |
C .. 818 - 280 |
| - [
] el DEASA | DECIDE AS A FUNCTION OF | -
FUNCTIONOF TYPE . | I
4 T \NFORMATION - DEVICE IDENTIFICATION |
| INCLUDEDINGAD |  |NFORMATIONINCLUDED IN! |
! DECODED . SAID DECODED I :
| | irorwation | 1 INFORMATION =
L. . ] |
822 FIGURE 8A

FI



WO 2007/082245 PCT/US2007/060350

9/14

828

WAS DECISION TO
JRANSMIT?,

TRANSMIT AT LEAST A PORTION OF SAID
FIRST SIGNAL DURING A SECOND TIME
PERIOD
e 80 | e
| TRANSMIT ATLEAST |
| ONE BEACON SYMBOL

| A THIRD TIME PERIOD INTO A THIRD |

| COMMUNICATIONS BAND, SAID THIRD I’ 832
| TIME PERIOD FOLLOWING SAID |
L SECOND TIME PERIOD ]

1 ) 834

MONITOR DURING A FOURTH TIME PERIOD TO DETECT AT LEAST A
PORTION OF AN ADDITIONAL BEACON SIGNAL FROM ANOTHER
WIRELESS COMMUNICATIONS DEVICE, E.G., FROM A PEER IN A PEER
TO PEER COMMUNICATIONS NETWORK
I “"MONITOR A SECOND FREQUENCY BAND, 1
| DIFFERENT FROM SAID FIRST FREQUENCY | 836

| BAND, FOR SAID AT LEAST A PORTION OF AN [
I ADDITIONAL BEACON SIGNAL |

FIGURE 8B



WO 2007/082245 PCT/US2007/060350

WIRELESS TERMINAL, E G., MOBILE NODE L
w g NENCRY g
m )

902 COMMUE%EE% y SETECTED BEACON 9’34 DNTAINEORWATION 2 roreE DTFO b
RECEIVER o s, ! SIGNAL INFO Q%TMW$WW%W USERIDINFO |952
MOOULE 6, 9 u i i .

0FOM 5
N | e P e

ROUTINES FRST SIGMA.
- SIGHAL PORTION SIGHAL PORTION
BEACON DETECTON |2 CORRESPONDNGTOA | | CORRESFONDNGTOAN IW@@
MODULE ISTBEACON SIGNAL IEEIOSIL || i
o | TREIFOEG, | | .|| TPENFDEG, 1461 sgoL
BEACONBASED |2 | FREQUENCY 34D | %2 lmwmmmm L INEC_ |
g DECISIONNODULE | i 1 | .

p L DESBMATIONINED o lmwwqum|mmwm )
TRANSHITTER w| || | B e L|E===1| 2
ODULE £6. Dﬁﬁﬂﬁﬁu" Loeroroweo, | |'oevrcmoneo | B[] S

OFDM L't oewce oo || (1 €6, oeveem o | |Meamaerr || || »
TRANSMITTER | ANDICRUSERIDINFO | | ANDIOR USER DINFO | || T PERIOD

maconson |B]|| |- === = I s I mmo
GENERATION NODULE “
o ) RECENVER FREQ
COMTROL YDz, TINNGIFRECEUNCY STRUCTURE NFQ N
972 [TIME PERIODS £
9 < e e L TRAVSHITER FEQ
USER DATATRANSMESSION BANDS' NFO BAND SELECTION
PROCESSOR | CONTROL NODULE 976 )980 -
SEACONECONGIFO Y =t y
WIRELESS TERMNAL | 632 o leicons PE;ETWO;iER
BEACONDETECTION [~

& ODlLE DECISONCRTERAIVO ¥ | wéo || | comumicarin

USER JODEVICES H SESSIONINFO

Figue9



WO 2007/082245 PCT/US2007/060350

11/14

1000 Ny

START METHOD OF OPERATING A WIRELESS \ 2
COMMUNICATIONS DEVICE

l‘ 1004
-~

MONITOR DURING A FIRST PERIOD OF TIME
TO DETECT AT LEAST A PORTION OF A
BEACON SIGNAL INCLUDING AT LEAST ONE
BEACON SYMBOL IN AFIRST
COMMUNICATIONS BAND

1006

BEACON
SIGNAL
PORTION
DETECTED?

TRANSMIT A FIRST SIGNAL, E.G., AT LEAST
A PORTION OF A SECOND BEACON SIGNAL
INCLUDING AT LEAST ONE BEACON
SYMBOL, DURING A SECOND PERIOD OF
TIME FOLLOWING SAID FIRST PERIOD OF
TIME

1008
e

A 4 1010
TRANSMIT USER DATA L~

A 4
MONITOR FOR A RESPONSE TO SAID USER
DATA TRANSMISSION FROM ANOTHER
DEVICE WHICH WITH SAID WIRELESS
COMMUNICATIONS DEVICE IS
COMMUNICATING ON A PEER TO PEER
BASIS

1012
|~

FIGURE 10



WO 2007/082245 PCT/US2007/060350

WIRELESS TERMINAL, E.G., MOBILENCDE 1110

P
- 1 MEMORY 1
1,102 ROUTINES DATAINFORMATION 1)
COMMUNCATIONS 1118 RECENER FREQ TRANSHTTER TRE0
RECENER 118
vz 1! ROUNES | 0 | || BAADSELECTION CRRETTRENFO BAID SELECTION
OFDH T
WIRELESS TERMINAL CONTROL 1
RECENER ROUTIES BERCONDETECTFALURE | 114 DEVCE D IO
SEXCONDETECTON | {122 TODETECTFLAG USERDINFO | 1150
NOOUE |7 " : 1182
||| Toerecrommaconsigueo | | CENERATED FRST SGAAL
TRANGMISSION L~ 0, INEQ, .G, GENERATED
CONTROL MODULE 11/26 REACON SIGNALINFO
1105 DETECTEDSEACONSGIAL | ..
i FIRTHIGHAL EG, PRTONETRCATONNED [ e
AT BEACON SIGNAL PORTION, E.G, DEVICE ANDIOR USER D 1154 N
VOOULE £6 GENERATION NODULE TRANSMITTED N
) Ve =
0N} | —— DETECTEDRESPONSE L it |||
RAHTIER GEAERATION HODULE g | MFOFRONFEER
seAcon eoRuTon |12 SYSTEM DATAINFO
DETECTION MODULE AL
FRECENCTED L \TIMINGJFREQEUNCYSTRUCTUREINF(?
CONTROLMODULE FRECUENGY |62 [TVEPERIODS
1}06 BINDS INFO | 11644] WD
USER DATA
ROESR = 1| rmisusson. " TVE PERIODS RELATONSHR NFD | 15
CONTROLMODULE
134
1119 ] 10
£ o | R e
USER 1O DEUCES H

Fiue 1 i



WO 2007/082245 PCT/US2007/060350

13/14
1200 3¢

START METHOD OF OPERATING A WIRELESS \ _1202
COMMUNICATIONS DEVICE

RECEIVE AT LEAST A PORTION OF A BEACON SIGNAL INCLUDING AT LEAST | . 1204
ONE BEACON SYMBOL FROM ANOTHER COMMUNICATIONS DEVICE

v

MAKE A SIGNAL TRANSMISSION DECISION BASED ON PRIORITY 1906
INFORMATION COMMUNICATED BY SAID RECEIVED BEACON SIGNAL -
PORTION

1208

DOES SIGNAL
TRANSMISSION DECISION
INDICATE THAT USER DATA

1210 SHOULD BE TRANSMITTED?
pd

TRANSMIT AT LEAST A PORTION
OF A BEACON SIGNAL

TRANSMIT USER DATA |-1212

MONITOR FOR AN ADDITIONAL SIGNAL
PORTION INCLUDING AT LEAST ONE
BEACON SYMBOL, E.G., SAID ADDITIONAL
SIGNAL PORTION BEING APORTION OF A | __1214
BEACON SYMBOL THAT COMMUNICATES A
HIGHER PRIORITY THAN THE PRIORITY
ASSOCIATED WITH THE WIRELESS
COMMUNICATIONS DEVICE

WAS
SAID ADDITIONAL PORTIO

RECEIVED DURING A
PREDETERMINED PERIOD
OF TIME? 1218
TRANSMIT A SIGNAL

FIGURE 12




WO 2007/082245 PCT/US2007/060350

WIRELESS TERMINAL, E.G, MOBILENODE 130
- i NENCRY 16
1/302 ROUTINES DATAINFRMATION 140
RECENER COMMLNCATIONS 151 RECEIVED BEACON SINAL SECENED BEACONSGNAL
oz £6, 4 ROTHES_J TN 158 RN 1
o WRELESS TERMNALOONTROL || (L BEACONSHUBOLIFO | 40 I sesoonsmoueo [ 10
ROUTNES 1322 1338 <
S| |loo ORI 1 || _ _PRORIYARD
TRANSMIﬁgngCISION D.E;}‘ICE P_EIO_KHENE? -'7364 D-E@C-EP-RIO-RI@FOJJE’H
e o ||| [CEVEIND ) v
CONTROL MODULE | SESSION PRIORITY INFO I/ [SE_-S_S@NER@REY@FE I/
15
P secosee. || | misssonoeoson |2 o
TRAVHTIER CEAERATONMOOE | wesssorroreR | )|
OLE £6. ||| [smoooEreEr | mw [ S
) IOTOBIONE [~ - b e I
TRAVSHITERT™ | { | [ CONTROLHODUEE C”RRENTPR‘OR‘WASS%?DATEDW”HWT st oo [
TRANSHSSIONFOWER PRIORITY ASSOCIATED PRIORITY ASSCCIATED
CONTROL HODULE VIITH REGENED BEACON |... | WTHRECENEDBEAGON | {359
t 1/330 SIGNALPORTION 1 SIGNALPORTIONN ¢~
TRANSHSSION 154
GENERATED BEACON SIGHAL PORTION PO
[ PONERREDUCTION o
JODULE
PROCESSOR 1 BEACON SGHAL DECODING IO
VG |13 FEACOTSTUBOLPOSTON D L |
1308 INFORMATION [ d
/ DETECTION HODULE TONE FOPPING PATTERN | 35
USER 10 DEVICES H PRIORITY LEVELINFO |~

\

Figure 13 o



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Atticle 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER see Form PCT/ISA/220
060645UL1HO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2007/060350 10/01/2007 11/01/2006
Applicant

QUALCOMM INCORPORATED

This internationa) search report has been prepared by this International Searching Authority and is transmitted fo the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D a transtation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.

Certain claims were found unsearchable (See Box No. lI)

O o d

Unity of invention is lacking (see Box No Ili})

4. With regard to the title,
[] thetextis approved as submitted by the applicant
the text has been established by this Authority to read as follows:

COMMUNTICATIONS METHOD AND APPARATUS FOR TRANSMITTING PRIORITY INFORMATION VIA
BEACON SIGNALS

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _8a
as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
El as selected by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

international application No

PCT/US2007/060350

CLASSIFICATION OF SUBJECT MATTER

A.
INV. H04Q7/38 HO4L12/28

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4Q HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2005/276243 Al (SUGAYA SHIGERU [JP] ET 1,21,41,
AL) 15 December 2005 (2005-12-15) 50,58
Y paragraphs [0001] - [0020] 2-20,
22-40,
42-49,
51-57,
59-65
paragraphs [0021] - [0052]
paragraphs [0091] - [0121]

Y US 2005/025092 Al (MORIOKA YUICHI [JP] ET 2-20,
AL) 3 February 2005 (2005-02-03) 22-40,

42-49,

51-57,

59-65

paragraphs [0036] - [0058]
paragraphs [0106] - [0112]
paragraphs [0133] - [0138]

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents :
P g *T* later document published after the international filing date

or priority date and not in conflict with the application but

*A" document defining the general state of the art which is not cited to Understand the principle or theory underlying the

considered to be of particular relevance

invention
‘E* efa_lr_ller gocument but published on or after the international X" document of particular relevance; the claimed invention
iling date cannot be considered novel or cannot be considered to

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

document is combined with one or more other such docu—~
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

17 April 2007

Date of mailing of the intemational search report

25/04/2007

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-~70) 340-3016

Authorized officer

Mele, Marco

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/060350

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

NIELS HOVEN ANANT SAHAI: "Power Scaling
for Cognitive Radio"

WIRELESS NETWORKS, COMMUNICATIONS AND
MOBILE COMPUTING, 2005 INTERNATIONAL
CONFERENCE ON MAUI, HI, USA 13-16 JUNE
2005, PISCATAWAY, NJ, USA,IEEE,

13 June 2005 (2005-06-13), pages 250-255,
XP010887968

ISBN: 0-7803-9305-8

the whole document

WO 03/039054 A (AT & T CORP [USI)

8 May 2003 (2003-05-08)

page 18, line 1 - page 19, line 14
CORDEIRO C ET AL: "IEEE 802.22: the first
worldwide wireless standard based on
cognitive radios™

NEW FRONTIERS IN DYNAMIC SPECTRUM ACCESS
NETWORKS, 2005. DYSPAN 2005. 2005 FIRST
TEEE INTERNATIONAL SYMPOSIUM ON BALTIMORE,
MD, USA 8-11 NOV. 2005, PISCATAWAY, NJ,
USA,IEEE, 8 November 2005 (2005-11-08),
pages 328-337, XP010855130

ISBN: 1-4244-0013-9

the whole document

CABRIC D ET AL: "Implementation issues in
spectrum sensing for cognitive radios”
SIGNALS, SYSTEMS AND COMPUTERS, 2004.
CONFERENCE RECORD OF THE THIRTY-EIGHTH
ASILOMAR CONFERENCE ON PACIFIC GROVE, CA,
USA NOV. 7-10, 2004, PISCATAWAY, NJ,
USA,IEEE, 7 November 2004 (2004-11-07),
pages 772-776, XP010781056

ISBN: 0-7803-8622-1

the whole document

1-65

1-65

1-65

1-65

Form PCT/ISA/210 {continuation of second shest) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2007/060350

Patent document Publication

Patent family Publication

cited in search report date member(s) date

US 2005276243 Al 15-12-2005 JP 2005354326 A 22-12-2005

US 2005025092 Al 03-02-2005 JP 2004350168 A 09-12-2004

WO 03039054 A 08-05-2003 AU 2002346389 Al 12-05-2003
WO 03041346 Al 15-05-2003
WO 03041428 Al 15-05-2003
WO 03041427 Al 15-05-2003
WO 03041343 A2 15-05-2003
WO 03043357 Al 22-05-2003

Form PCT/ISA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report
	Page 63 - wo-search-report

