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COMMUNICATION METHODS AND APPARATUS RELATING TO
COOPERATIVE AND NON-COOPERATIVE MODES OF OPERATION

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 J anuary 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 heret?y incorporated by

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

FIELD
[0002] Various embodiments are directed to methods and apparatus for

wireless communication.

BACKGROUND

[0003] Two types of networks which are common today are ad hoc
networks and cellular networks. In the case of unlicensed frequency spectrum open to
use by the general public, ad hoc networks are relatively common. In the case of such
networks, wireless communications devices in a region may establish a network |
between themselves without relying on infrastructure base stations and/or other devices
to control the allocation of communications resources. From a utilization perspective,

in unlicensed spectrum individual communications devices are normally free to

maximize their use of the unlicensed spectrum without regard to other devices.
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Unfortunately, actions taken by a communications device may negatively impact
communications of a neighboring device adversely, e.g., by appearing as interference to
the neighboring device.

[0004] In the cellular context where spectrum is often licensed, the owner of
the license to the spectrum often has an interest in maximizing the use of the spectrum.
It is commonly understood that communications devices working together in a
cooperative manner can usually achieve a higher overall data throughput using a given
amount of communications resource such as frequency spectrum, as compared to
devices which seek to optimize their own throughput irrespective of the impact on other
devices. Acting in a cooperative manner may include such things as responding to
interference control signals, e.g., transmission power level control signals, resource
allocation signals and/or other types of signals used to control wireless communications
transmission in a manner that may be suboptimal for the individual communications
device but which limits the interference caused by the device to other devices. Devices
in cellular systems are often designed to operate in a cooperative manner.

[0005] While operating in a cooperative manner may be beneficial when
viewed from an overall system perspective, it may not be beneficial from the
perspective of an individual wireless communications device. In fact, when operating in
unlicensed spectrum and/or when operating in the presence of a device operating in a
non-cooperative manner, operating in a cooperative manner may result in a significant
disadvantage in communications capability relative to the throughput a communications
device operating in a non-cooperative manner may achieve. In the case of unlicensed
spectrum a resource greedy communications device may have a distinct advantage over
a cooperative resource-considerate device.

[0006] In view of the above discussion, it should be appreciated that there is
a need for providing flexibility in terms of how a wireless communicates device
operates relative to other devices, e.g., in a cooperative or non-cooperative manner. It
would be desirable if methods and/or apparatus were developed which allowed a device
flexibility with regard to whether it operated in a cooperative or non-cooperative
manner. It would also be desirable if a device that had the flexibility of operating in
either a cooperative or non-cooperative manner could make the decision of how to
operate in a reasonable manner based on information about the capabilities and/or

* operation of neighboring devices.
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SUMMARY
[0007] Various methods and apparatus are described which can be used to

facilitate and/or implement an ad hoc network and/or be used in a non-heterogeneous
communication system are described. While various communications protocols and/or
methods which can be used together are described, it should be appreciated that many of
the features and methods described herein can be used independently of one another or
in combination. Accordingly, the summary which follows is not intended to imply that
all or the majority of the features discussed below need to be used in a single
embodiment. In fact, many embodiments may include only one or a few of the features,

elements, methods or steps discussed in the following summary.

[0008] Wireless communications methods and apparatus are supported in a
communications system including a plurality of wireless communications devices. In
the system, devices support low bit rate communications using one or more beacon
signals. The beacon signals include beacon signal bursts that include relatively high
power symbols. While the relatively high power of the beacon symbols make them easy
to detect, they have a relatively low rate of occurrence, on average over time and/or
occupy a very small amount of the bandwidth being used. Given the beacon signals
sparse use of the available bandwidth, the high power beacon symbols while acting as
interference to other communications, create a tolerable amount of interference to other
communications protocols, e.g., communications protocols such as CDMA, Bluetooh,
WiFi, etc. which support relatively high bit rate communications. Furthermore, while
beacon symbols are transmitted at high power compared to the average per symbol
power used to transmit data symbols, the high power beacon symbols do ﬁot cause an
excessive drain on a wireless communications device's power given that the beacon

symbols are transmitted relatively infrequently.

[0009] In various embodiments, beacon signaling is used as a basic
communications method and/or protocol whereby wireless communications devices
communicate device capability and/or other basic information to other devices while
also notifying other device in an area of their presence. Accordingly, beacon signal
bursts may be used to communicate such things as device identifiers, device capability
information and/or to communicate/negotiate a basic device configuration as part a

establishing a communications session with another device. Wireless communications
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devices which can send and receive beacon signals may include, e.g., mobile
communications devices such as wireless handsets as well as stationary devices such as

fixed location base stations.

[0010] By using beacon transmitter/receivers, devices which support
different high bit rate protocols may exchange information using the more basic low rate
beacon signaling which can be easily supported by a wide range of devices. Thus,
beacon signals may be used as a basic protocol used to exchange device and session
information while other higher rate protocols are used for the actual communication of
user data, e.g., as part of a communications session established after an initial
communication and/or exchange of device set up information through the use of beacon
signaling. In various embodiments, beacon signal communications rely primarily on
signal timing and/or signal frequency to communicate information. Thus, beacon
signaling is well suited for OFDM, CDMA and/or other communications applications
since may receivers include the ability to distinguish between different frequencies and

different receive times.

[0011] The use of frequency and signaling timing, e.g., timing between
repeated burst and/or beacon symbol transmissions, makes beacon symbol detection and
information recovery relatively easy and inexpensive to implement in terms of hardware
in combination with many existing receiver designs. Thus, beacon signal receivers and
information recovery modules can be implemented at relatively low cost. Furthermore,
even in cases where some receiver circuitry can not be shared between a receiver
designed for a higher bit rate communications protocol, the simplistic nature of a beacon

' receiver allows for low cost beacon receiver/transmitter designs which can be used at
very little additional cost in combination with current receiver/transmitters such as
existing OFDM, CDMA and other types of receivér/transmitters.

[0012] In many, but not necessarily all embodiments, the phase of beacon
symbols is not used to communicate information when beacon signals are used. This
greatly reduces the cost and complexity of a receiver as compared to, e.g., CDMA, WiFi
and/or other types of receivers which rely on the use of phase to communicate at least
some information and thereby achieve relatively high data rates. The information
throughput of beacon signals, which do not use phase to convey information, is
relatively low compared to signaling techniques which use phase to communicate

information. Thus, while the use of beacon signals has the advantage of easy detection
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and low cost hardware implementations, it is not practical in many cases for the
communication of user data sessions, e.g., where a large amount of voice and/or text

information may need to be exchanged in a relatively short amount of time.

[0013] By incorporating beacon signal transmitters and receivers in devices
which support other communications protocols, devices which could not otherwise
communicate with one another can exchange basic configuration and device capability

information.

[0014] In some embodiments, beacon signaling is used as a fundamental
communications method whereby devices discover the presence of other devices as well
as their capability. A device can then select a configuration, e.g., a protocol stack,
suitable for communicating using one or more higher level protocols with the device

from which information was obtained through the use of beacon signals.

[0015] Because of the low bit rate nature of beacon signaling, a plurality of
different sets of device capability combinations, e.g., protocol stack possibilities may be
predefined and identified by a device capability code. For example, code 1 may be used
to indicate a device capable of supporting CDMA, WiFi and Session Initiation Protocol
signaling. Code 2 may be used to indicate a device capable of supporting CDMA, and
Session Initiation Protocol signaling but not WiFi. Code 3 may be used to indicate a
device capable of supporting WiFi, and Session Initiation Protocol not WiFi. Capability
codes may be predefined which are used to indicate which versions or subversions of a
particular protocol suite are supported, etc. For example, rather than simply signaling
support of WiFi, codes may indicate various combinations and versions of PHY, MAC
and Link layer protocols. In this manner, by communicating a simple code using low

bit rate signaling, a fair amount of device capability information may be communicated.

[0016] A device receiving a beacon signal may respond by sending a
beacon signal indicating a preferred device configuration for a communications session.
In response, the device receiving the beacon signal may alter its configuration to the
suggested one and/or respond by suggesting that the sending device alter its
configuration or use a different device configuration/protocol stack. In this manner,
devices can exchange set up information and alter their configurations so that the two
devices can then proceed with a communications session using a different

communications protocol, e.g., a higher level protocol which uses phase, such as
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CDMA, WiFi, GSM, or some other OFDM protocol, to exchange user data, e.g., text
voice or image data, as part of a wireless communications session. Devices may
acknowledge and/or indicate acceptance of configuration suggestion information as part

of a beacon signal exchange.

[0017] . While a beacon signal exchange may be used to negotiate device
settings, a device may simply receive information in a beacon signal from another
device, adjust its configuration based on the received signal and then communicate with

the device from which the beacon signal was received or another device.

[0018] In a network where at least some devices support different
capabilities and/or multiple communications methods, the use of beacon signaling
allows for devices within a region to learn about other devices in an area and their
device capabilities. In a system where three or more devices are located in the same
geographic area, first and second devices which do not support the same higher level
communications protocols may establish a communications session through a third
device which supports multiple higher level communications protocols, at least one of
which is supported by the first and another of which is supported by the second device.
Beacon signaling allows the first and third devices to communicate with one another
regarding device capability and/or configuration information and to establish a
communications session, and also allows the second and third devices to communicate
with one another regarding device capability and/or configuration information and to
establish a communications session, all of this so that the first and second devices can
create a communications session using the third communications device as a
communications intermediary. Thus, through the use of beacon sigﬁaling ad hoc
networks between devices can be established and devices which, absent the use of
beacon signaling would not normally be able to interoperate are able to establish
commuhications sessions and ad hoc networks allowing communications over areas and

in regions where device capabilities and protocols may vary widely.

[0019] For example, in a region where a first device which supports beacon
signaling and WiFi, a second device supports beacon signaling and CDMA and
Bluetooth, and a third device which supports beacon signaling, WiFi and CDMA, the
first and second devices may establish a communications session, each having
individually used beacon signaling to communicate with the third device to create a

higher layer communication link, thus enabling the third device to act as a
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communications intermediary between first and second devices. The use of beacon
signals allows the third device to be aware of the first and second devices and their
capabilities, so that it may establish appropriate higher layer communication links
between the three devices so that an end-to-end communications session is possible
between the first and second devices. Thus it allows for there to be sufficient
communication between the devices to establish a communications session whereby the
first device uses WiFi to communicate user data as part of a communications session
between the first and third device and the second device uses CDMA to communicate
between the second and third device, with the third device acting as a communications
intermediary for a communications session between the first and second devices. The

use of beacon signaling allows such networks to be established on an ad hoc basis.

[0020] The same or different frequency bands may be used with each of the
first, second and third protocols. For example, beacon signaling may occur in a first
band while OFDM and CDMA may occur in second and third frequency bands,
respectively. In other embodiments the beacon signaling is performed in the same band

as the band used for the second and/or third communications protocol. .

[0021] In various embodiments, devices support cooperative and non-
cooperative modes of operation. In the case of cooperative modes of operation,
individual devices operate in a manner which may result in a lower communication
performance for the individual device but generally tends to increase overall
communication performance in the system. In the case of non-cooperative modes of
operation, the device optimizes its communication performance without regard to the
effect, e.g., in terms of interference, on other devices with which it is not
communicating. Communications performance may be specified in a variety of ways.
One common way is in terms of overall data throughput. Thus, in some embodiments, a
communications device maximizes its data throughput when in a non-cooperative mode
without regard to the effect on other devices. Latency is also sometimes used as an
indicator of performance. In some embodiments, a communications device operates to
minimize its latency when operating in a non-cooperative mode without regard to the
effect on other devices. Minimizing latency without regard to other devices may
involve, e.g., transmitting as soon as possible with knowledge that the transmission
might coincide with an expected transmission by another device rather than delaying the

transmission until the other device completes its transmission.
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[0022] Co-operative mode operation may involve power control and other
interference management techniques and, in some cases may involve responding to
resource allocation instructions, e.g., from a base station or other controller.
Cooperative mode operation is used in some embodiments when operating in a cellular
mode of operation. Non-cooperative mode is nsed when in some embodiments when in
unlicensed spectrum and/or when operating in the presence of communications devices
corresponding to .another carrier or service provider. In some implementations when a
first device is operating in a non-cooperative mode using a first communications
protocol and detects a second device which is also seeking to communicate using the
first communications protocol, the first device switches to a communications protocol
which is not supported by the second communications device but which may use the
same frequency band the second communications device is seeking to use. Thus, the
first communication's device's signals become interference to the second
communications device while the first communications device will not be responsive to
interference control signals corresponding to the first communications protocol from the
second communications device since the first communications device has intentionally
switched to the second communications protocol. The first communications device may
switch back to the first communications protocol when the second device leaves the
area. The first and second communications protocols in some embodiments are WiFi

and Bluetooth.

[0023] In some embodiments, devices determine whether to operate in a co-
operative or non-cooperative manner based on whether the devices in a region are
identified as corresponding to the same communications carrier or a different
communications catrier. The decision to operate in co-operative or non-cooperative
manner may also be based on whether the devices in the region correspond to the same
service provider, owner or group or whether the detected devices trying to share the

spectrum correspond to a different service provider, owner or group.

[0024] In the case of a non-cooperative mode of operation, the device
operating in the non-cooperative mode of operation may transmit signals intended to
cause other devices in the region to reduce their transmissions and/or power levels.

This may involve transmitting control signals intended to induce other devices to reduce
their transmission levels and/or transmitting signals which are not intended to

communicate information but appear as interference to the other devices in the region
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causing them to reduce or alter their transmissions freeing up the spectrum for the

device transmitting the signals.

[0025] Numerous additional features, benefits and/or embodiments are

discussed in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES
[0026] Figure 1 illustrates an exemplary ad hoc communication network

implemented in accordance with various embodiments.

[0027] Figure 2 illustrates an exemplary user misdetection problem in an ad
hoc network when there is no common timing reference.

[0028] Figure 3 illustrates an exemplary air link resource being used to
communicate a beacon signal including three exemplary beacon signal bursts, each
beacon signal burst including one beacon symbol.

[0029] Figure 4 illustrates an exemplary relative transmission power levels
between a beacon symbol and a data/control signal in accordance with various
embodiments.

[0030] Figure 5 illustrates one exemplary embodiment of transmitting
beacon signal bursts.

[0031] Figure 6 illustrates one exemplary embodiment in which receiving
beacon signal bursts can occur during certain designated time intervals, while at other
times the receiver is off to conserve power.

[0032] Figure 7 is used to describe how a user misdetection problem is
solved when two terminals transmit and receive beacon si gnal bursts, as implemented in
accordance with various embodiments.

[0033] Figure 8 illustrates one exemplary embodiment of a state diagram
implemented in a terminal.

[0034] Figure 9 illustrates a detailed illustration of an exemplary wireless
terminal implemented in accordance with various embodiments.

[0035] Figure 10 is a drawing of a flowchart of an exemplary method of
operating a portable wireless terminal in accordance with various embodiments.

[0036] Figure 11 is a drawing of a flowchart of an exemplary method of

operating a portable wireless terminal in accordance with various embodiments.
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[0037] Figure 12 is a drawing of a flowchart of an exemplary method of
operating a portable wireless terminal, e.g., a battery powered mobile node, in
accordance with various embodiments.

[0038] Figure 13 is a drawing of a flowchart of an exemplary method of
operating a portable wireless terminal, e.g., a battery powered mobile node, in
accordance with various embodiments.

[0039] Figure 14 includes drawings illustrating exemplary beacon signaling
from a portable wireless terminal, in accordance with various embodiments

[0040] Figure 15 illustrates that different wireless terminals, in some
embodiments, transmit different beacon signals including different beacon burst signals.

[0041] Figure 16 is a drawing and corresponding legend illustrating a
feature of some embodiments, in which a beacon symbol transmission unit includes a
plurality of OFDM symbol transmission units.

[0042] Figure 17 is a drawing used to illustrate an exemplary beacon signal
comprising a sequence of beacon burst signals and to illustrate timing relationships of
some embodiments.

[0043] Figure 18 is a drawing used to illustrate an exemplary beacon signal
comprising a sequence of beacon burst signals and to illustrate timing relationships of
some embodiments.

[0044] Figure 19 is a drawing illustrating exemplary air link resource
partitioning by a wireless terminal in a mode of operation in which the wireless terminal
transmits a beacon signal.

[0045] Figure 20 describes an exemplary air link resource portion
associated with uses other than beacon signal transmission for an exemplary mode of
wireless terminal operation in which the wireless terminal transmits a beacon signal and
can receive and/or transmit user data, e.g., an active mode of operation.

[0046] Figure 21 illustrates two exemplary modes of wireless terminal
operation in which the wireless terminal is transmitting a beacon signal, €.g., an inactive
mode and an active mode.

[0047] Figure 22 includes a drawing and corresponding legend illustrating
exemplary wireless terminal air link resource utilization during an exemplary first time

interval including two beacon bursts.
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[0048] Figﬁre 23 includes a drawing and corresponding legend illustrating
exemplary wireless terminal air link resource utilization during an exemplary first time
interval including two beacon bursts.

[0049] Figure 24 illustrates an alternative descriptive representation with
respect to beacon signals, in accordance with various embodiments.

[0050] Figure 25 is a drawing of an exemplary portable wireless terminal,
e.g., mobile node, in accordance with various embodiments.

[0051] Figure 26 is a drawing of a flowchart of an exemplary method of
operating a communications device, e.g., a battery powered wireless terminal, in
accordance with various embodiments.

[0052] Figure 27 is a drawing of an exemplary portable wireless terminal,
e.8., mobile node, in accordance with various embodiments.

[0053] Figure 28 is a drawing illustrating an exemplary time line, sequence
of events, and operations with respect to two wireless terminals in an ad hoc network
which become aware of the presence of each other and achieve timing synchronization

via the use of wireless terminal beacon signals.

[0054] Figure 29 illustrates exemplary synchronized timing between two
wireless terminals based on beacon signals in accordance with an exemplary
embodiment.

[0055] Figure 30 illustrates exemplary synchronized timing between two
wireless terminals based on beac;on signals in accordance with another exemplary
embodiment.

[0056] Figure 31 illustrates exemplary synchronized timing between two

wireless terminals based on beacon signals in accordance with another exemplary
embodiment.

[0057] Figure 32 illustrates an exemplary communication system including
a plurality of wireless communications devices with differing capabilities which form an
ad hoc network.

[0058] Figure 33 illustrates a method of operating a communications device
to establish and participate in a communications session with another device.

[0059] Figure 34 illustrates an exemplary communications device which

may be used as one of the communications devices of the system shown in Figure 32.
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[0060] Figure 35, which comprises the combination of Figures 35A, 35B
and 35C illustrates a method of operating a communications device which is capable of
operating in both cooperative and non-cooperative modes of operation.

[0061] Figure 36 illustrated another exemplary communications device
which may be used as one of the communications deyices of the exemplary system
shown in Figure 32.

[0062] Figure 37 illustrates a method of operating a communications device
which can serve as a communications intermediary for other devices, e.g., the first and
second communications devices of the ad hoc network shown in Figure 32.

[0063] Figure 38 illustrates an exemplary communication device which can
be used to implement the method shown in Figure 37.

[0064] Figure 39 illustrates an exemplary communications device which

may be used as one of the communications devices of the system shown in Figure 32.

DETAILED DESCRIPTION:

[0065] Figure 1 illustrates an exemplary ad hoc communication network
100 implemented in accordance with various embodiments. Two exemplary wireless
terminals, namely a first wireless terminal 102 and a second wireless terminal 104 are 4
present in a geographic area 106. Some spectrum band is available to be used by the two
wireless terminals for the purpose of communication. The two wireless terminals use
the available spectrum band to establish a peer-to-peer communication link between
each other.

[0066] Because the ad hoc network may not have a network infrastructure,
the wireless terminals may not have a common timing or frequency reference. This
results in certain challenges in the ad hoc network. To elaborate, consider the problem
of how either of the terminals detects the presence of the other.

[0067] For the sake of description, in the following it is assumed that at a
given time, the wireless terminal can either transmit or receive, but not both. It is
understood that people with ordinary skills in the field can apply the same principles to
the case where the terminal can both transmit and receive at the same time.

[0068] Figure 2 includes drawing 200 used to describe one possible scheme
that the two wireless terminals may use to find each other. The first terminal transmits

some signal in time interval 202, and receives signal in time interval 204. Meanwhile,
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the second wireless terminal transmits some signal in time interval 206, and receives
signal in time interval 208. Note that if the first wireless terminal can both transmit and
receive at the same time then the time intervals 202 and 204 may overlap with each
other.

[0069] Note that because the two terminals do not have a common timing
reference, their TX (transmit) and RX (receive) timings are not synchronized. In
particular, Figure 2 shows that the time intervals 204 and 206 do not overlap. When the
first wireless terminal is listening the second wireless terminal does not transmit, and
when the second wireless terminal is transmitting the first wireless terminal does not
listen. Therefore, the first wireless terminal does not detect the presence of the second
terminal. Similarly, the time intervals 202 and 208 do not overlap. Therefore, the second
wireless terminal does not detect the presence of the first wireless terminal either.

[0070] There are ways to overcome the above misdetection problem. For
example, a wireless terminal may randomize the time interval in which the TX and RX
procedure is carried out, so that over time the two wireless terminals will detect each
other probabilistically. However, the cost is the delay and the resultant battery power
consumption. In addition, the power consumption is also determined by the power
requirement in the TX and RX procedure. For example, it may require less processing

'power to detect one form of the signal than to detect another form.

[0071] It is an advantage of various embodiments that a new signal TX and
RX procedure is implemented and used to reduce the delay of detecting the presence of
another terminal and the associated power consumption.

[0072] In accordance with various embodiments, a wireless terminal
transmits a special signal, called a beacon signal, which occupies a small fraction, e.g.,
in some embodiments no more than 0.1%, of the total amount of available air link
communication resource. In some embodiments, air link communication resources are
measured in terms of minimum or basic transmission units, e. g., OFDM tone symbols in
an OFDM system. In some embodiments, air link communication resources can be
measured in terms of degrees of freedom, where a degree of freedom is the minimum
unit of resource which can be used for communication. For example, in a CDMA
system, a degree of freedom can be a spreading code, a time corresponding to a symbol
period. In general, the degrees of freedom in a given system are orthogonal with each

other.
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[0073] Consider an exemplary embodiment of a frequency division
multiplexing system, e.g., an OFDM system. In that system, information is transmitted
in a symbol-by-symbol manner. In a symbol transmission period, the total available
bandwidth is divided into a number of tones, each of which can be used to carry
information.

[0074] Figure 3 includes drawing 300 showing the available resource in an
exemplary OFDM system. The horizontal axis 301 represents time and the vertical axis
302 represents frequency. A vertical column represents each of the tones in a given
symbol period. Each small box 304 represents a tone-symbol, which is the air link
resource of a single tone over a single transmission symbol period. A minimum
transmission unit in the OFDM symbol is a tone-symbol.

[06075] The beacon signal includes a sequence of beacon signal bursts (308,
310, 312), which are transmitted sequentially over time. A beacon signal burst includes
a small number of beacon symbols. In this example, each beacon symbol burst (308,
310, 312) includes one beacon symbol and 19 nulls. In this example, each beacon
symbol is a single tone over one transmission period. A beacon signal burst includes, in
some embodiments, beacon symbols of the same tone over a small number of
transmission symbol periods, e.g., one or two symbol periods. Figure 3 shows three
small black boxes, each of which (306) represents a beacon symbol. In this caée, a
beacon symbol uses the air link resource of one tone-symbol, i.e., one beacon symbol
transmission unit is an OFDM tone-symbol. In another embodiment, a beacon symbol
comprises one tone transmitted over two consecutive symbol periods, and a beacon
symbol transmission unit comprises two adjacent OFDM tone-symbols.

[0076] The beacon signal occupies a small fraction of the total minimum
transmission units. Denote N the total number of tones of the spectrum of interest. In
any reasonably long time interval, e.g., of one or two seconds, suppose the number of
symbol periods is T. Then the total number of minimum transmission units is N*T. In
accordance with various embodiments, the number of tone-symbols occupied by the
beacon signal in the time interval is significantly less than N*T, e.g., in some
embodiments no more than 0.1% of N*T.

[0077] ' The tone of the beacon symbol in a beacon signal burst, in some
embodiments, varies (hops) from one burst to another. In accordance with various

embodiments, the tone-hopping pattern of the beacon symbol is in some embodiments a
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function of the wireless terminal and can be, and sometimes is, used as an identification
of the terminal or an identification of the type to which the terminal belongs. In general,
information in a beacon signal can be decoded by determining which minimum
transmission units convey the beacon symbols. For example, information can be
included in the frequency of the tone(s) of the beacon symbol(s) in a given beacon
signal burst, the number of beacon symbols in a given burst, the duration of a beacon
signal burst, and/or the inter-burst interval, in addition to the tone hopping sequences.

[0078] The beacon signal can also be characterized from the transmission
power perspective. In accordance with various embodiments, the transmission power of
the beacon signal per minimum transmission unit is much higher, e.g., in some
embodiments at least 10 dB higher, than the average transmission power of data and
control signals per degree of freedom when the terminal transmitter is in an ordinary
data session. In accordance with some embodiments, the transmission power of the -
beacon signal per minimum transmission unit is at least 16 dB higher than the average
transmission power of data and control signals per degree of freedom when the terminal
transmitter is in an ordinary data session. For example, drawing 400 of Figure 4 plots
the transmission pdwers used in each of the tone-symbols in a reasonably long time
interval, e.g., of one or two seconds, in which the wireless terminal is in a data session
»1.€., the terminal is sending data and control information using the spectrum of interest.
The order of those tone-symbols, represented by the horizontal axis 401, is immaterial
for purposes of this discussion. A small vertical rectangular 404 represents the power of
individual tone-symbols conveying user data and/or control information. As a
comparison, a.tall black rectangular 406 is also included to show the power of a beacon
tone-symbol. _

[0079] In another embodiment, a beacon signal includes a sequence of
beacon signal bursts transmitted at intermittent time periods. A beacon signal burst
includes one or more (a small number) of time-domain impulses. A time-domain
impulse signal is a special signal that occupies a very small transmission time duration
over a certain spectrum bandwidth of interest. For example, in a communication system
where the available bandwidth is 30 kHz, a time-domain impulse signal occupies a
significant portion of the 30 kHz bandwidth for a short duration. In any reasonably long
time interval, e.g., a few seconds, the total duration of the time-domain impulses is a

small fraction, e.g., in some embodiments no more than 0.1%, of the total time duration.
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Moreover, the per degree of freedom transmission power in the time interval during
which the impulse signal is transmitted is significantly higher, e.g., in some
embodiments 10 dB higher, than the average transmission power per degree of freedom
when the transmitter is in an ordinary data session. In some embodiments, the per
degree of freedom transmission power in the time interval during which the impulse
signal is transmitted is at least 16 dB higher than the average transmission power per
degree of freedom when the transmitter is in an ordinary data session.

[0080] Figure 4 shows that the transmission power may vary from one tone-
symbol to another. Denote P,y the average transmission power per tone-symbol (408).
In accordance with various embodiments, the per tone-symbol transmission pdwer of
the beacon signal is much higher, e.g., at least 10 dB higher, than P,y,. In some
embodiments, the per tone-symbol transmission power of the beacon signal is at least 16
dB higher than P,y,. In one exemplary embodiment, the per tone-symbol transmission
power of the beacon signal is 20dBs higher than Pyy,. '

[0081)] In one embodiment, the per tone-symbol transmission power of the
beacon signal is constant for a given terminal. That is, the power does not vary with
time or with tone. In another embodiment, the per tone-symbol transmission power of
the beacon signal is the same for multiple terminals, or even each of the terminals in the
network.

[0082] Drawing 500 of Figure 5 illustrates one embodiment of transmitting
beacon signal bursts. A wireless terminal keeps on transmitting the beacon signal.
bursts, e.g., beacon signal burst A 502, beacon signal burst B 504, beacon signal burst C
506, etc., even if the wireless terminal determines that there is no other terminal in the
vicinity or even if the terminal has already detected other terminals and may even have
established communication links with them.

[0083] The terminal transmits the beacon signal bursts in an intermittent
(i.e., non-continuous) manner so that there are a number of symbol periods between two
successive beacon signal bursts. In general, the time duration of a beacon signal burst is
much shorter, e.g., in some embodiments at least 50 times shorter, than the number of
symbol periods in-between two successive beacon signal bursts, denoted as L 505. In
one embodiment, the value of L is fixed and constant, in which case the beacon signal is
periodic. In some embodiments the value of L is the same and known for each of the

terminals. In another embodiment, the value of L varies with time, e.g., according to a
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predetermined or pseudo-random pattern. For examplé, the number can be a number,
e.g., random number, distributed between constants Ly and L;.

[0084] Drawing 600 of Figure 6 illustrates one exemplary embodiment in’
which receiving beacon signal bursts can occur during certain designated time intervals,
while at other times the receiver is off to conserve power. The wireless terminal listens
to the spectrum of interest and attempts to detect a beacon signal, which may be sent by
a different 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 602 is
followed by an off time 606 during which the wireless terminal is in a power saving
mode and does not receive any signal. In the off time, the wireless terminal, in some
embodiments, completely turns off the receive modules. When the off time-606 ends,- -
the terminal resumes to the on time 604 and starts to detect a beacon signal again. The
above procedure repeats.

[0085] Preferably, the length of an on time interval is shorter than that of an
off time interval. In one embodiment, an on time interval may be less than 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.

[0086] In some embodiments the length of an off time interval depends 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 ienninal has a great probability of detecting at least one beacon
signal burst in the on time intewai. In one embodiment, the length of the on time
interval is a function of at least one of the transmission duration of 2 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.

[0087) Drawing 700 of Figure 7 illustrates how a terminal detects the
presence of a second terminal when the two terminals use the beacon signal
transmission and reception procedure implemented in accordance with various
embodiments.

[0088] The horizontal axis 701 represents time. The first wireless terminal

720 arrives at the ad hoc network before the second wireless terminal 724 shows up.
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The first wireless terminal 720, using transmitter 722, starts to transmit the beacon
signal, which includes a sequence of beacon signal bursts 710, 712, 714, etc. The
second wireless terminal 724 shows up after the first wireless terminal 720 has already
transmitted burst 710. Suppose that the second wireless terminal 724, including receiver
726, starts the on time interval 702. Note that the on time interval is sufficiently large to
cover the transmission duration of a beacon signal burst 712 and the duration between
bursts 712 and 714. Therefore, the second wireless terminal 724 can detect the presence
of beacon signal burst 712 in the on time interval 702, even though the first and the
second wireless terminals (720, 724) do not have a common timing reference.

[0089] Figure 8 illustrates one embodiment of an exemplary state diagram

800 implemented in a wireless terminal in accordance with various embodiments.

[0090] When the wireless terminal is powered up, the wireless terminal
enters the state of 802, in which the terminal determines the start time of the next
beacon signal burst to be transmitted. In addition, the wireless terminal determines the
start time of the next on time interval for the receiver. The wireless terminal may, and in
some embodiments does, use a transmitter timer and a receiver timer to manage the start
times. The wireless terminal waits until either timer expires. Note that either timer may
expire instantaneously, meaning that the wireless terminal is to transmit or detect a
beacon signal burst upon power up.

[0091] Upon the expiration of the TX timer, the terminal enters the state of
804. The wireless terminal determines the signal form of the burst including the
frequency tone to be used by the burst, and transmits the beacon signal burst. Once the
transmission is done, the terminal returns to the state of 802.

[0092] Upon the expiration of the RX timer, the wireless terminal enters the
state of 806. The wireless terminal is in the listening mode and searches for a beacon
signal burst. If the wireless terminal has not found a beacon signal burst when the on
time interval ends, then the wireless terminal returns to the state of 802. If the wireless
terminal detects a beacon signal burst of a new wireless terminal, the wireless terminal
may proceed to the state of 808 if the wireless terminal intends to communicate with the
new terminal. In the state of 808, the wireless terminal derives the timing and/or
frequency of the new wireless terminal from the detected beacon signal, and then
synchronizes its own timing and/or frequency to the new wireless terminal. For

example, the wireless terminal can use the beacon location in time and/or in frequency
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as a basis for estimating the timing phase and/or frequency of the new wireless terminal.
'This information can be used to synchronize the two wireless terminals.

[0093] Once the synchronization is done, the wireless terminal may send
(810) additional signal to the new terminal and establish a communication link. The
wireless terminal and the new wireless terminal may then set up a peer-to-peer
communication session. When the wireless terminal has established a communication
link with another terminal, the terminal should keep on intermittently transmitting the
beacon signal so that other terminals, e.g., new wireless terminals can detect the
wireless terminal. In addition, the wireless terminal, in some embodiments, keeps on
periodically entering the on time intervals to detect new wireless terminals.

[0094] - Figure 9 provides a detailed illustration of an exemplary wireless - -
terminal 900, e.g., portable mobile node, implemented in accordance with various
embodiments. The exemplary wireless terminal 900, depicted in Figure 9, is a detailed
representation of an apparatus that may be used as any one of terminals 102 and 104
depicted in Figure 1. In the Figure 9 embodiment, the terminal 900 includes a processor
904, a wireless communication interface module 930, a user input/output interface 940
and memory 910 coupled together by bus 906. Accordingly, via bus 906 the various
components of the terminal 900 can exchange information, signals and data. The
components 904, 906, 910, 930, 940 of the terminal 900 are located inside a housing
902.

[0095] The wireless communication interface module 930 provides a
mechanism by which the internal components of the wireless terminal 900 can send and
receive signals to/from external devices and another wireless terminal. The wireless |
communication interface module 930 includes, e.g., a receiver module 932 and a
transmitter module 934, which are connected with a duplexer 938 with an antenna 936
used for coupling the wireless terminal 900 to other terminals, e.g., via wireless
communications channels.

[0096] The exemplary wireless terminal 900 also includes a user input
device 942, e.g., keypad, and a user output device 944, e.g., display, which are coupled
to bus 906 via the user input/output interface 940. Thus, user input/output devices 942,
944 can exchange information, signals and data with other components of the terminal
900 via user input/output interface 940 and bus 906. The user input/output interface 940

and associated devices 942, 944 provide a mechanism by which a user can operate the
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wireless terminal 900 to accomplish various tasks. In particular, the user input device
942 and user output device 944 provide the functionality that allows a user to control
the wireless terminal 900 and applications, e.g., modules, programs, routines and/or
functions, that execute in the memory 910 of the wireless terminal 900.

[0097] The processor 904 under control of various modules, e.g., routines,
included in memory 910 controls operation of the wireless terminal 900 to perform
various signaling and processing. The modules included in memory 910 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 9 embodiment, the memory 910 of exemplary wireless terminal 900 includes
a signaling/control module 912 and signaling/control data 914.

[0098] The signaling/control module 912 controls processing relating to
receiving and sending signals, e.g., messages, for management of state information
storage, retrieval, and processing. Signaling/control data 914 includes state information,
e.g., parameters, status and/or other information relating to operation of the terminal. In
particular, the signaling/control data 914 includes beacon signal configuration
information 916, e.g., the symbol periods in which the beacon signal bursts are to be
transmitted and the signal forms of the beacon signal bursts including the frequency
tones to be used, and receiver on time and off time configuration information 918, e.g.,
the starting and ending times of the on time intervals. The module 912 may access
and/or modify the data 914, e.g., update the configuration information 916 and 918. The
module 912 also includes the module for generating and transmitting beacon signal
bursts 911, the module for detecting beacon signal bursts 913, and the synchronization
module 915 for determining and/or implementing timing and/or frequency
synchronization information as a function of received beacon signal information.

{0099] Figure 10 is a drawing of a flowchart 1000 of an exemplary method
of operating a portable wireless terminal in accordance with various embodiments.
Operation of the exemplary method starts in step 1002, where the wireless terminal is
powered on and initialized and proceeds to step 1004. In step 1004, the wireless
terminal 1s operated to transmit, during a first time interval, a beacon signal and user
data. Step 1004 includes sub-step 1006 and sub-step 1008.

[00100] In sub-step 1006, the wireless terminal is operated to transmit a

beacon signal including a sequence of beacon signal bursts, each beacon signal burst
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including one or more beacon symbols, each beacon symbol occupying a beacon
symbol transmission unit, one or more beacon symbols being transmitted during each
beacon symbol burst. In various embodiments, the transmission power used for
transmitting the beacon signal is from a battery power source. In some embodiments,
the number of beacon symbols in a beacon signal burst occupy less than 10 percent of
the available beacon symbol transmission units. In some embodiments, each of the
beacon signal bursts transmitted in the sequence of beacon signal bursts have the same
period. In other embodiments, at least some of the beacon signal bursts transmitted in
the sequence of beacon signal bursts have periods of different length.

[00101] Sub-step 1006 includes sub-step 1010. In sub-step 1010, the
wireless terminal is operated to transmit said beacon signal bursts at intervals, wherein a
time period between two adjacent beacon signal bursts in said sequence of beacon signal
bursts is at least 5 times the duration of either of the two adjacent beacon signal bursts.
In some embodiments, the time spacing between beacon signal bursts occurring during
the first period of time is constant with the beacon signal bursts occurring in a periodic
manner during the first period of time. In some such embodiments, the duration of
beacon signal bursts during said first period of time is constant. In some embodiments,
the time spacing between beacon signal bursts occurring during the first period of time
varies with the beacon signal bursts occurring during the first period of time in
accordance with a predetermined pattern. In some such embodiments, the duration of
beacon signal bursts during said first period of time is constant. In some embodiments,
the predetermined pattern varies depending on the wireless terminal performing the
transmitting step. In various embodiments, the predetermined pattern is the same for all
wireless terminals in the system. In some embodiments, the pattern is a pseudo random
pattern.

[00102] In sub-step 1008, the wireless terminal is operated to transmit user
data during the first time interval, said user data being transmitted using data symbols
transmitted at an average per symbol power level that is at least 50 percent lower than
the average per beacon symbol power level of beacon symbols transmitted during the
first time interval. In some embodiments, the average per symbol transmission power
level of each beacon symbol is at least 10 dB higher than the average per symbol
transmission power level of symbols used to transmit data during the first time period.

In some embodiments, the average per symbol transmission power level of each beacon
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symbol is at least 16 dB higher than the average per symbol transmission power level of
symbols used to transmit data during the first time period.

[00103] In various embodiments, the beacon symbols are transmitted using
OFDM tone-symbols, said beacon symbols occupying less than 1 percent of the tone-
symbols of a transmission resource used by said wireless terminal during a period of
time including multiple beacon symbol bursts. In some such embodiments, the beacon
symbols occupy less than 0.1 percent of the tone-symbols in a portion of said period of
time including one beacon signal burst and one interval between successive beacon
signal bursts. -

[00104] In sub-step 1008, in some embodiments, the wireless terminal is
operated to transmit user data on at least 10 percent of the tone-symbols of the
transmission resource used by said wireless terminal duﬁng said first period of time. In
some such embodiments, the time duration of a beacon signal burst time period
occurring in said first period of time is at least 50 times shorter than a time period
occurring between two consecutive beacon signal bursts during said first period of time.

[00105] In some embodiments, the portable wireless terminal includes an
OFDM transmitter which transmits said beacon signal and the beacon signal is
communicated using a resource which is a combination of frequency and time. In some
embodiments, the portable wireless terminal includes a CDMA transmitter which
transmits said beacon signal and the beacon signal is communicated using a resource
which is a combination of code and time.

[00106] Figure 11 is a drawing of a flowchart 1100 of an exemplary method
of operating a portable wireless terminal, e.g., a battery powered mobile node in
accordance with various embodiments. Operation starts in step 1102, where the
portable wireless terminal is powered on and initialized. Operation proceeds from start
step 1102 to step 1104, where the portable wireless terminal is operated to transmit a
beacon signal including a sequence of beacon signal bursts, each beacon symbol burst
including one or more beacon symbols, each beacon symbol occupying a beacon
symbol transmission unit, one or more beacon symbols being transmitted during each
burst. In some such embodiments, the beacon symbols are transmitted using OFDM
tone-symbols, and the beacon symbols occupy less than 1 percent of the tone-symbols
of a transmission resource used by said wireless terminal during a period of time

including multiple signal bursts. Operation proceeds from step 1104 to step 1106.
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[00107] In step 1106, the portable wireless terminal is operated to transmit
user data on at least 10 percent of the tone-symbols used by said wireless terminal
during a period of time including multiple signal bursts. In some such embodiments,
the time duration of a beacon signal burst occurring in said period of time is at least 50
times shorter than a time period occurring between two consecutive beacon signal bursts
during said period of time.

[00108] Figure 12 is a drawing of a flowchart 1200 of an exemplary method
of operating a portable wireless terminal, e.g., a battery powered mobile node, in
accordance with various embodiments. Operation starts in step 1201, where the
wireless terminal is powered on and initialized. Operation proceeds from start step
1201 to step 1202, where the wireless terminal checks as to whether the wireless
terminal is to transmit beacon signals. If it is determined in step 1202 that the wireless
terminal is to transmit beacon signals, e.g., the wireless terminal is in 2 mode of
operation or state of operation in which the wireless terminal is to transmit beacon
signals, operation proceeds from step 1202 to ste;i 1204; otherwise operation proceeds
back to the input of step 1202 for another check as to whether a beacon signal is to be
transmitted.

[00109] In step 1204, the wireless terminal checks whether or not it is time to
transmit a beacon signal burst. Ifit is determined in step 1204 that it is time to transmit
a beacon signal burst, then operation proceeds to step 1206, where the wireless terminal
transmits a beacon signal burst including one or more beacon symbols, each beacon
symbol occupying a beacon symbol transmission unit. Operation proceeds from step
1206 to step 1202.

[00110] If it is determined in step 1204 that it is not time to transmit a beacon
signal burst, then operation proceeds to step 1208, in which the wireless terminal
determines whether or not it is time for potential user data transmission. If it is
determined in step 1208 that it is the time allocated for potential user data transmissions,
then operation proceeds from step 1208 to step 1210, otherwise operation proceeds from
step 1208 to step 1202.

[00111] In step 1210, the wireless terminal determines if the wireless
terminal is to transmit user data. If the wireless terminal is to transmit user data, then
operation proceeds from step 1210 to step 1212, where the wireless terminal transmits

user data using data symbols transmitted at an average per symbol power level that is at
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least 50 percent lower than the average per beacon symbol power level of beacon
symbols transmitted by said wireless terminal. If it is determined in step 1210, that the
wireless terminal is not to transmit user data at this time, e.g., the wireless terminal has
no backlog of user data waiting to be transmitted and/or a peer node to which the
wireless terminal wants to send the data is not ready to receive the user data, then
operation proceeds back to step 1202.

[00112] Figure 13 is a drawing of a flowchart 1300 of an exemplary method
of operating a portable wireless terminal, e.g., a battery powered mobile node, in
accordance with various embodiments. Operation starts in step 1302, where the
wireless terminal is powered on and initialized. Operation proceeds from start step
1302 to steps 1304, 1306, 1308, connecting node A 1310 and connecting node B 1312.
In step 1304, which is performed on an ongoing basis, the wireless terminal tracks
timing, outputting current time information 1314. Current time information 1314
identi{ies, e.g., an index value in a recurring timing structure being used by the wireless
terminal.

[00113] In step 1306, the wireless terminal determines whether or not the
wireless terminal is to transmit a beacon signal. The wireless terminal uses mode and/or
state information 1316 and/or priority information 1318 in determining whether or not
the wireless terminal should transmit a beacon signal. If the wireless terminal decides in
step 1306 that the wireless terminal is to transmit a beacon signal, operation proceeds to
step 1320, where the wireless terminal sets beacon active flag 1324. However, if the
wireless terminal decides in step 1306 that the wireless terminal is not to transmit a
beacon signal, operation proceeds to step 1322, where the wireless terminal clears the
beacon active flag 1324. Operation proceeds from step 1320 or step 1322 back to step
1306, where the wireless terminal again tests as to whether or not a beacon signal
should be transmitted.

[00114] In step 1308, the wireless terminal determines whether or not the
wireless terminal is cleared for data transmissions. The wireless terminal uses mode
and/or state information 1326, priority information 1328, and/or peer node information
1330, e.g., information indicating whether or not a peer wireless terminal is receptive
and able to receive user data, in determining whether or not the wireless terminal is
cleared for data transmission. If the wireless terminal decides in step 1308 that the

wireless terminal is cleared to transmit user data, operation proceeds to step 1332, where
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the wireless terminal sets data transmission flag 1336. However, if the wireless
terminal decides in step 1308 that the wireless terminal is not cleared for user data
transmissions, operation proceeds to step 1334, where the wireless terminal clears the
data transmission flag 1336. Operation proceeds from step 1332 or step 1334 back to
step 1308, where the wireless terminal again tests as to whether or not the wireless
terminal is cleared for data transmission. -

[00115] Returning to connecting node A 1310, operation proceeds from
connecting node A 1310 to step 1338. In step 1338, the wireless terminal checks as to
whether the current time information 1314 indicates a beacon burst interval with respect
to the time structure information 1340 and whether or not the beacon active flag 1324 is
set. If the time indicates that it is a beacon burst interval and that the beacon active flag
is set, then operation proceeds from step 1338 to step 1342; otherwise operation
proceeds back to the input of step 1338 for another test of conditions.

[00116] In step 1342, the wireless terminal generates a beacon signal burst,
said beacon signal burst including one or more beacon symbols, each beacon symbol
occupying a beacon symbol transmission unit. The wireless terminal utilizes current
time information 1314 and stored beacon signal definition information 1344 in
generating the beacon signal burst. The beacon signal definition information 1344
includes, e.g., burst signal definition information and/or pattern information. In some
embodiments, beacon signal burst information includes information identifying a subset
of OFDM tone-symbols used for conveying beacon symbols corresponding to the
generated beacon burst signal for the wireless terminal within a set of potential OFDM
tone-symbols which may be used to carry beacon symbols. In some embodiments, the
tone-subset for one beacon signal burst may be, and sometimes is, different from one
beacon signal burst to the next within the same beacon signal, e.g., in accordance with a
predetermined hopping pattern. In some embodiments, beacon signal information
includes information identifying the modulation symbol values to be conveyed by the
beacon‘tone symbols of the generated beacon burst signal. In some embodiments, a
sequence of beacon signal bursts is used to define a beacon signal, e.g., corresponding
to a particular wireless terminal. In some embodiments, a pattern of beacon symbols is
utilized to define the beacon signal, e.g., a particular pattern within the beacon burst

signal.
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[00117] Operation proceeds from step 1342 to step 1346, in which the
wireless terminal transmits the generated beacon burst signal. The wireless terminal
uses stored beacon symbol power level information 1348 to determine the transmission
power level of the beacon symbols within the transmitted beacon burst signal.
Operation then proceeds from step 1346 to step 1338.

[00118] Returning to connecting node B 1312, operation proceeds from
connecting node B 1312 to step 1350. In step 1350, the wireless terminal checks as to
whether the current time information 1314 indicates a data transmission interval with
respect to the time structure information 1340, whether or not the data transmission flag
1336 is set, and whether the wireless terminal has data to transmit as indicated by user
backlog information 1352. If the indications are that it is a data transmission interval,
that the data transmission flag 1336 is set and that the wireless terminal has data waiting
to be transmitted, then operation proceeds from stép 1350 to step 1354; otherwise
operation proceeds back to the input of step 1350 for another test of conditions.

[00119] In step 1354, the wireless terminal generates signals including user
data 1356. User data 1356 includes, e.g., audio, image, file, and/or text data/information
intended for a peer of the wireless terminal.

[00120] Operation proceeds from step 1354 to step 1358, in which the
wireless terminal transmits the generated signals including user data. The wireless
terminal uses stored user data symbol power level information 1360 to determine the
transmission power level of the user data symbols to be transmitted. Operation
proceeds from step 1358 to step 1350 where the wireless terminal performs checks |
pertaining to user data transmission.

[00121] In some embodiments, the number of beacon symbols within a
beacon signal burst occupy less than 10 percent of the available beacon symbol
transmission units. In various embodiments, the user data symbols are transmitted at an
average per symbol power level that is at least 50 percent lower than the average per
beacon symbol power level of transmitted beacon symbols.

[00122] Figure 14 includes drawing 1400 illustrating exemplary beacon
signaling from a portable wireless terminal, in accordance with an exemplary
embodiment in which the same beacon burst signal, beacon burst 1, is repeated between
non-beacon burst intervals. Each beacon signal burst includes one or more beacon

symbols, each beacon symbol occupying a beacon symbol transmission unit, one or
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more beacon symbols being transmitted during each beacon signal burst. Frequency,
e.g., OFDM tones, is plotted on the vertical axis 1402, while time is plotted on
horizontal axis 1404. The following sequence is illustrated in drawing 1400: beacon
burst 1 signal interval including beacon burst 1 signal 1406, non-burst interval 1408,
beacon burst 1 signal interval including beacon burst 1 signal 1410, non-burst interval
1412, beacon burst 1 signal interval including beacon burst 1 signal 1414, non-burst
interval 1416, beacon burst 1 signal interval including beacon burst 1 signal 1418, non-
burst interval 1420. In this example, each beacon burst signal (1406, 1410, 1414, 141 8)
corresponds to a beacon signal (1422, 1424, 1426, 1428). In addition in this example,
each beacon burst signal (1422, 1424, 1426, 1428) is the same; each beacon burst signal
includes the same beacon symbols.

[00123] Figure 14 also includes drawing 1450 illustrating exemplary beacon
signaling from a portable wireless terminal in which a beacon signal is a composite
signZl including a sequence of beacon burst signals. Each beacon signal burst includes
one or more beacon symbols, each beacon symbol occupying a beacon symbol
transmission unit, one or more beacon symbols being transmitted during each beacon
signal burst. Frequency, e.g., OFDM tones, is plotted on the vertical axis 1452, while
time is plotted on horizontal axis 1454. The following sequence is illustrated in
drawing 1450: beacon burst 1 signal interval including beacon burst 1 signal 1456, non-
burst interval 1458, beacon burst 2 signal interval including beacon burst 2 signal 1460,
non-burst interval 1462, beacon burst 3 signal interval including beacon burst 3 signal
1464, non-burst interval 1466, beacon burst 1 signal interval including beacon burst 1
signal 1468, non-burst interval 1470. In this example, beacon signal 1472 is a
composite signal including beacon burst 1 signal 1456, beacon burst 2 signal 1460 and
beacon burst 3 signal 1464. In addition in this example, each beacon burst signal
(beacon burst 1 signal 1456, beacon burst 2 signal 1460, beacon burst 3 signal 1464) is
different; e.g., each beacon burst signal includes a set of beacon symbols which does not
match either set corresponding to the other two beacon burst signals.

[00124] In some embodiments, the beacon symbols occupy less than 0.3
percent of the air resource including one beacon signal burst and one interval between
successive beacon signal bursts. In some such embodiments, the beacon symbols
occupy less than 0.1 percent of the air resource including one beacon signal burst and

one interval between successive beacon signal bursts. The air resource in some
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embodiments includes a set of OFDM tone-symbols corresponding to a set of tones for
a predetermined time interval.

[00125] Figure 15 illustrates that different wireless terminals, in some
embodiments, transmit different beacon signals including different beacon burst signals.
Different beacon signals transmitted from wireless terminals can be, and sometimes are,
used for wireless terminal identification. For example, consider that drawing 1500
includes a representation of a beacon burst signal associated with wireless terminal A,
while drawing 1550 includes a representation of a beacon burst signal associated with
wireless terminal B. Legend 1502 corresponds to drawing 1500, while legend 1552
corresponds to drawing 1550.‘

[00126] Legend 1502 indicates that with respect to the beacon burst signal
for WT A, grid box 1510 represents a beacon symbo! transmission unit, while large
letter B 1512 represents a beacon symbol conveyed by a beacon transmission unit. In
drawing 1500, vertical axis 1504 represents frequency, e.g., OFDM tone index, while
horizontal axis 1506 reﬁresents beacon transmission unit time index within the beacon
burst signal. Beacon burst signal 1508 includes 100 beacon symbol transmission units
1510. Two of those beacon symbol transmission units carry a beacon symbol B 1512.
A first beacon symbol has frequency index = 3 and time index = 0; a second beacon
symbol has frequency index = 9 and time index = 6. The other beacon symbol
transmission units are left unused. Thus in this example 2% of the transmission
resources of the beacon burst are used to convey beacon symbols. In some
embodiments beacon symbols occupy less than 10% of the transmission resources of the
beacon burst. _ .

[00127] Legend 1552 indicates that with respect to the beacon burst signal
for WT B, grid box 1510 represents a beacon symbol transmission unit, while large
letter B 1512 represents a beacon symbol conveyed by a beacon transmission unit. In
drawing 1550, vertical axis 1504 represents frequency, e.g., OFDM tone index, while
horizontal axis 1556 represents beacon transmission unit time index within the beacon
burst signal. Beacon burst signal 1558 includes 100 beacon symbol transmission units
1510. Two of those beacon symbol transmission units carry a beacon symbol B 1512.
A first beacon symbol has frequency index = 3 and time index = 2; a second beacon
symbol has frequency index = 7 and time index = 6. The other beacon symbol
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transmission units are left unused. Thus in this example 2% of the transmission
resources of the beacon burst are used to convey beacon symbols.

[00128] Figure 16 is a drawing 1600 and corresponding legend 1602
llustrating a feature of some embodiments, in which a beacon symbol transmission unit
includes a plurality of OFDM symbol transmission units. In this example, a beacon
symbol transmission unit occupies two adjacent OFDM symbol transmission units. In
other embodiments, a beacon symbol transmission unit occupies a different number of
OFDM ftransmission units, e.g., 3, or 4. This feature of using multiple OFDM
transmission units for a beacon symbol transmission unit can facilitate easy detection of
a beacon signal, e.g., where precise timing and/or frequency synchronization between
wireless terminals may not exist. In some embodiments, the beacon symbol includes an
initial beacon symbol portion followed by an extension beacon symbol portion. For
example, the initial beacon symbol portion includes a cyclic prefix portion followed by
a body portion, and the extension beacon symbol portion is a continuation of the body
portion.

[00129] Legend 1602 illustrates that for the exemplary beacon burst signal
1610, an OFDM transmission unit is represented by square box 1612, while a beacon
symbol transm1ss1on unit is represented by rectangular box 1614 with heavy borders.
Large letters BS 1616 represent a beacon symbol conveyed by a beacon transmission
unit. ,

[00130] In drawing 1600, vertical axis 1604 represents frequency, e.g.,
OFDM tone index, while horizontal axis 1606 represents beacon transmission unit time
index within the beacon burst signal, and horizontal axis 1608 represents OFDM
symbol time interval index within the beacon burst signal. Beacon burst signal 1610
includes 100 OFDM symbol transmission units 1612 and 50 beacon symbol
transmission units 1614. Two of those beacon symbol transmission units carry a beacon
symbol BS 1616. A first beacon symbol has frequency index = 3, beacon transmission
unit time index = 0, and OFDM time index 0-1; a second beacon symbol has frequency
index =9, beacon transmission unit time index = 3, and OFDM time index 6-7. The
other beacon symbol transmission units are left unused. Thus in this example 4% of the
transmission resources of the beacon burst are used to convey beacon symbols. In some
embodiments beacon symbols occupy less than 10% of the transmission resources of the

beacon burst.
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[00131] Figure 17 is a drawing 1700 used to illustrate an exemplary beacon
signal comprising a sequence of beacon burst signals and to illustrate timing
relationships of some embodiments. Drawing 1700 includes a vertical axis 1702
representing frequency, e.g., OFDM tone index, while the horizontal axis 1704
represents time. The exemplary beacon signal of drawing 1700 includes beacon burst 1
signal 1706, beacon burst 2 signal 1708 and beacon burst 3 signal 1710. The exemplary
beacon signal of drawing 1700 is, e.g., the composite beacon signal 1472 of drawing
1450 of Figure 14.

[00132] Beacon burst signal 1706 includes two beacon symbols 1707;
beacon burst signal 1708 includes two beacon symbols 1709; beacon burst signal 1710
includes two beacon symbols 1711. In this example, the beacon symbols in each burst
occur in different beacon transmission unit positions in the time/frequency grid. In
addition in this example, the change of positions is in accordance with a predetermined
tone hopping sequence.

[00133] Along time axis 1704, there is a beacon burst 1 signal time interval
Tsi1 1712 corresponding to beacon burst 1 signal 1706, followed by a between burst
time interval Tgpi/2 1718, followed by a beacon burst 2 signal time interval Tg, 1714
corresponding to beacon burst 2 signal 1708, followed by a between burst time interval
Trp2s3 1720, followed by a beacon burst 3 signal time interval Tg3 1716 corresponding to
beacon burst 3 signal 1710. In this example, the time between beacon bursts is at least 5
times greater than the time of an adjacent burst. For example ,Tpp12> 5 Tp; and Tgpip
>5Tg2 ; Tee3>5 Tez and Tppy3> S Tas . In this example, each of the beacon bursts
(1706, 1708, 1710) have the same time duration, e.g., Te1 = Tra = Tga.

[00134] Figure 18 is a drawing 1800 used to illustrate an exemplary beacon
signal comprising a sequence of beacon burst signals and to illustrate timing
relationships of some embodiments. Drawing 1800 includes a vertical axis 1802
representing frequency, e.g., OFDM tone index, while the horizontal axis 1804
represents time. The exemplary beacon signal of drawing 1800 includes beacon burst 1
signal 1806, beacon burst 2 signal 1808 and beacon burst 3 signal 1810. The exemplary
beacon signal of drawing 1800 is, e.g., the composite beacon signal 1472 of draw;'ng
1450 of Figure 14.

[00135] Beacon burst signal 1806 includes two beacon symbols 1807;
beacon burst signal 1808 includes two beacon symbols 1809; beacon burst signal 1810



WO 2007/082036 PCT/US2007/000752

31

includes two beacon symbols 1811. In this example, the beacon symbols in each burst
occur in different beacon transmission unit positions in the time/frequency grid. In
addition in this example, the change of positions is in accordance with a predetermined
tone hopping sequence.

[00136] Along time axis 1804, there is a beacon burst 1 signal time interval
Tg1 1812 corresponding to beacon burst 1 signal 1806, followed by a between burst
time interval Tpp1/2 1818, followed by a beacon burst 2 signal time interval Tg, 1814
corresponding to beacon burst 2 signal 1808, followed by a between burst time interval
Tgr2s3 1820, followed by a beacon burst 3 signal time interval Tp; 1816 corresponding to
beacon burst 3 signal 1810. In this example, the time between beacon bursts is at least 5
times greater than the time of an adjacent burst. For example,Tpp12> 5 Tp1 and Tgpyn >
5 Tr2 ; T3> 5 T2 and Tpga3 > 5 Tgs - In this example, each of the beacon bursts
(1806, 1808, 1810) have the different time duration, e. g., Tr1 # T2 #Tr3 #Tg1. In some
embodiments, at least two of the beacon burst signals in the composite beacon signal
have different duration.

[00137] Figure 19 is a drawing 1900 illustrating exemplary air link resource
partitioning by a wireless terminal in a mode of operation in which the wireless terminal
transmits a beacon signal. Vertical axis 1902 represents frequency, e.g., OFD tones,
while horizontal axis 1904 represents time. In this example, there is a beacon
transmission resource 1906, followed by an other use resource 1908, followed bya
beacon transmission resource 1906, followed by an other use resource 1908’, followed
by a beacon transmission resource 1906", followed by an other use resource 1908",
followed by a beacon transmission resource 1906™, followed by an other use resource
1908™. A beacon transmission resource of Figure 19 corresponds, e. g., to a beacon
burst of Figure 14, while an other use resource of Figure 19 corresponds, e.g., to a non-
burst interval of Figure 14.

[00138] Figure 20 describes an exemplary other use resource, e.g., resource
2000, for an exemplary mode of wireless terminal operation in which the wireless
terminal transmits a beacon signal and can receive and/or transmit user data, e.g., an
active mode of operation. Other use resource 2000 occurs during non-burst interval
2002 and includes: a beacon monitoring resource 2004, a user data transmission/receive
resource 2006 and a silence or unused resource 2008. The beacon monitoring resource

2004 represents air link resources, €.g., a combination of frequency and time, in which
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the wireless terminal detects for the presence of other beacon signals, e.g., from other
wireless terminals and/or fixed position reference beacon signal transmitters. The user
data resource 2006 represents air link resources, e.g., a combination of frequency and
time, in which the wireless terminal can transmit user data and/or receive user data. The
silence air link resource 2008 represents unused air link resources, €.g., where the
wireless terminal neither receives nor transmits. During the silence resource 2008, the
wireless can be, and sometimes is, in a sleep state in which power consumption is
lowered to conserve energy.

[00139] Figure 21 illustrates two exemplary modes of wireless terminal
operation in which the wireless terminal is transmitting a beacon signal, e.g., an inactive
mode and an active mode. Drawing 2100 corresponds to the exemplary inactive mode
of operation, while drawing 2150 corresponds to the active mode of operation.

[00140] In the exemplary inactive mode of operation, the wireless terminal
does not transmit or receiver user data. In drawing 2100, the air link resource used by
the wireless terminal occupies N tones 2108. In some embodiments, N is greater than
or equal to 100. In drawing 2100, there is a beacon transmission burst resource 2102
with a corresponding time duration Tinactive 2110, followed by a monitor and receive
beacon information resource 2104 with a corresponding time duration Tajnactive 2112,
followed by a silence resource 2106 with a corresponding time duration T3inactive 2114.
In various embodiments, T inactive < T2inactive < T3inactive. In S0me embodiments, Tainactive >
4T tinactive- In some embodiments, T3inactive > 10T 2inactive. FOr, €xample, in one exemplary
embodiment N > 100, e.g. 113, Tiinactive = 50 OFDM symbol transmission time intervals,
T2inactive = 200 OFDM symbol transmission time intervals, and Ta;nactive = 2000 OFDM
symbol transmission time intervals. In such an embodiment, if beacon symbols are
allowed to occupy at most 10% of the burst beacon signal resource, beacon symbols
occupy approximately at most 0.22% of the total resource.

[00141] In the exemplary active mode of operation, the wireless terminal can
transmit and receive user data. In drawing 2150, the air link resource used by the
wireless terminal occupies N tones 2108. In some embodiments, N is greater than or
equal to 100. In drawing 2150, there is a beacon transmission burst resource 2152 with
a corresponding time duration Tiactive 2162, followed by a monitor and receive beacon
information resource 2154 with a corresponding time duration Tzaetive 2164, followed by

a user data transmit/receive resource 2156 with a corresponding time duration T3active
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2166, followed by a silence resource 2158 with a corresponding time duration T4active
2168. In various embodiments, Tiactive < T2active < T3active- 10 SOMeE embodiments, Taactive,
> 4T active- In some embodiments, (Tsactive + Taactive ) = 10T 2inactive, In Various
embodiments T'1;nactive = Thactive. In some embodiments, there are guard intervals between
at least some of the different types of intervals.

[00142] Figure 22 is a drawing 2200 and corresponding legend 2202
illustrating exemplary wireless terminal air link resource utilization during an
exemplary first time interval 2209 including two beacon bursts. Legend 2202 indicates
that a square 2204 indicates an OFDM tone-symbol, the basic transmission unit of the
air link resource. Legend 2202 also indicates that: (i) a beacon symbol is indicated bya
shaded square 2206 and is transmitted at an average transmission power level Pg, (ii) a
user data symbol is indicated by a letter D 2208 and that data symbols are transmitted
such as to have an average transmission power level Pp, and (iii) P > 2Pp.

[00143] In this example, the beacon transmission resource 2210 includes 20
OFDM tone-symbols; the beacon monitoring resource 2212 includes 40 OFDM tone-
symbols; the user data transmission/receive resource 2214 includes 100 OFDM tone-
symbols; and the beacon transmission resource 2216 includes 20 OFDM tone-symbols.

[00144] Beacon transmission resources 2210 and 2216 each carry one
beacon symbol 2206. This represents 5% of the transmission resources allocated for
beacon burst signaling. Forty-eight (48) of the 100 OFDM symbols of the user data
TX/RX resource 2214 carry a user data symbol being transmitted by the wireless
terminal. This represents 48/180 OFDM symbols being used by the wireless terminal
during the first time interval 2209. Assume that the WT switches from TX to receive
for the 6™ OFDM symbol transmission time interval of the user data portion, then user
data symbols are transmitted on 48/90 OFDM tone-§ymbols used by the wireless
terminal for transmission during the first time interval. In some embodiments, when the
wireless terminal transmits user data, the wireless terminal transmits user data on at
least 10% of the transmission resource used by the wireless terminal during a period of
time including multiple beacon signal bursts.

[00145] In some embodiments, at different times the user data
transmit/receive resource can be, and sometime is used differently, e.g., exclusively for
transmission including user data, exclusively for reception including user data,

portioned between receive and transmit, e.g., on a time share basis.
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[00146] Figure 23 is a drawing 2300 and corresponding legend 2302
illustrating exemplary wireless terminal air link resource utilization during an
exemplary first time interval 2315 including two beacon bursts. Legend 2302 indicates
that a square 2304 indicates an OFDM tone-symbol, the basic transmission unit of the
air link resource. Legend 2302 also indicates that: (i) a beacon symbol is indicated bya
large vertical arrow 2306 and is transmitted at an average transmission power level Pg,
(ii) user data symbols are indicated by small arrows 2308, 2310, 2312, 2314, which
correspond to different phases (©1, O2, ©3 B.), respectively, e.g., corresponding to
QPSK, and that data symbols are transmitted such as to have an average transmission
power level Pp and (iii) Pg > 2Pp.

[00147] In this example, the beacon transmission resource 2316 includes 20
OFDM tone-symbols; the beacon monitoring resource 2318 includes 40 OFDM tone-
symbols; the user data transmission/receive resource 2320 includes 100 OFDM tone-
symbols; and the beacon transmission resource 2322 includes 20 OFDM tone-symbols.

[00148] Beacon transmission resources 2316 and 2322 each carry one
beacon symbol 2306. In this embodiment, the beacon symbols have the same amplitude
and phase. This amount of beacon symbols represents 5% of the transmission resources
allocated for beacon burst signaling. Forty-eight (48) of the 100 OFDM symbols of the
user data TX/RX resource 2320 carry a user data symbol. In this embodiment, different
data symbols can and sometimes do, have different phase. In some embodiments,
different data symbols can, and sometimes do have different amplitude. This amount of
data symbols represents 48/180 OFDM symbols being used by the wireless terminal
during the first time interval 2315. Assume that the WT switches from TX to receive
for the 6™ OFDM symbol transmission time interval of the user data portion, then user
data symbols are transmitted on 48/90 OFDM tone-symbols used by the wireless
terminal for transmission during the first time interval. In some embodiments, when the
wireless terminal transmits user data, the wireless terminal transmits user data on at
least 10% of the transmission resource used by the wireless terminal during a period of
time including multiple beacon signal bursts.

[00149] In some embodiments, at different times the user data
transmit/receive resource can be, and sometime is used differently, e.g., exclusively for
transmission including user data, exclusively for reception including user data,

portioned between receive and transmit, e.g., on a time share basis.
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[00150] Figure 24 illustrates an alternative descriptive representation with
respect to beacon signals. Drawing 2400 and associated legend 2402 are used to
describe an exemplary beacon signal in accordance with various embodiments. Vertical
axis 2412 represents frequency, e.g., OFDM tone index, while horizontal axis 2414
represents beacon resource time index. Legend 2402 identifies that a beacon signal
burst is identified by heavy line rectangle 2404, a beacon symbol transmission unit is
identified by a square box 2406, and a beacon symBol is represented by a bold letter B
2416. The beacon signal resource 2410 includes 100 beacon symbol transmission units
2406. Three beacon burst signals 2404 are shown corresponding to time index values =
0, 4, and 8. One beacon symbol 2416 occurs in each beacon burst signal, and the
location of the beacon symbol changes from one burst signal to the next within the
beacon signal, e.g., in accordance with a predetermined pattern and/or equation. In this
embodiment, the beacon symbol location follows a slope. In this example, the beacon
bursts are separated from each other by three times the duration of a beacon burst. In
various embodiments, the beacon bursts are separated from one another by at least twice
the duration of a beacon symbol. In some embodiments, a beacon burst may occupy
two or more successive beacon resource time intervals, e.g., with the same tone being
used for multiple successive beacon time indexes. In some embodiments, a beacon
burst includes multiple beacon symbols. In some such embodiments, beacon symbols
occupy 10% or less of the beacon signal resource.

[00151] Figure 25 is a drawing of an exemplary portable wireless terminal
2500, e.g., mobile node, in accordance with various embodiments. Exemplary portable
wireless terminal 2500 may be any of the wireless terminals of Figure 1.

Exemplary wireless terminal 2500 includes a receiver module 2502, a
transmission module 2504, a duplex module 2503, a processor 2506, user I/O devices
2508, a power supply module 2510 and memory 2512 coupled together via a bus 2514
over which the various elements may interchange data and information.

[00152] Receiver module 2502, e.g., an OFDM receiver, receives si gnals
from other wireless terminals and/or fixed location beacon transmitters, e.g., beacon
signals and/or user data signals.

[00153] Transmission module 2504, e.g., an OFDM transmitter, transmits
signals to other wireless terminals, said transmitted signals including beacon signals and

user data signals. A beacon signal includes a sequence of beacon signal bursts, each
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beacon signal burst including one or more beacon symbols, and each beacon symbol
occupies a beacon symbol transmission unit. One or more beacon symbols are
transmitted by transmission module 2504 for each transmitted beacon signal burst.

[00154] In various embodiments, the transmission module 2504 is an OFDM
transmitter which transmits beacon signals and the beacon signal is communicated using
a resource which is a combination of frequency and time. In various other
embodiments, the transmission module 2504 is a CDMA transmitter which transmits
beacon signals and the beacon signal is communicated using a resource which is a
combination of code and time. ‘

[00155] Duplex module 2503 is controlled to switch the antenna 2505
between the receiver module 2502 and transmission module 2504, as part of a time
division duplex (TDD) spectrum system implementation. The duplex module 2503 is
coupled to antenna 2505 via which the wireless terminal 2500 receives signals 2582 and
transmits signals 2588. Duplex module 2503 is coupled to receiver module 2502 via
link 2501 over which received signals 2584 are conveyed. Signal 2584 is, in some
embodiments, a filtered representation of signal 2582. Signal 2584 is, in some
embodiments, the same as signal 2582, e.g., module 2503 functions as a pass thru
device without filtering. Duplex module 2503 is coupled to transmission module 2504
via link 2507 over which transmit signals 2586 are conveyed. Sigﬁal 2588 is, in some
embodiments, a filtered representation of signal 2586. Signal 2588 is, in some

* embodiments, the same signal 2586, e.g., duplex module 2503 functions as a pass thru
device without filtering.

[60156] User VO devices 2508 include, e.g., microphone, keyboard, keypad,
switches, camera, speaker, display, etc. User devices 2508, allow a user to input
data/information, access output data/information, and control at least some operations of
the wireless terminal, e.g., initiate a power up sequence, attempt to establish a
communications session, terminate a communications session.

[00157] The power supply module 2510 includes a battery 2511 utilized as a
source of portable wireless terminal power. The output of the power supply module
25101is coupied to the various components (2502, 2503, 2504, 2506, 2508, and 2512)
via power bus 2509 to provide power. Thus, transmission module 2504 transmits

beacon signals using battery power. .
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[00158] Memory 2512 includes routines 2516 and data/information 2518.
The processor 2506, e.g., a CPU, executes the routines 2516 and uses the
data/information 2518 in memory 2512 to control the operation of the wireless terminal
2500 and implement methods. Routines 2516 include beacon signal generation module
2520, user data signal generation module 2522, transmission power control module
2524, beacon signal transmission control module 2526, mode control module 2528 and
duplex control module 2530.

[00159] - Beacon signal generation module 2520 uses the data information
2518 in memory 2512 including stored beacon signal characteristic information 2532 to
generate beacon signals, a beacon signal including a sequence of beacon signal bursts,
each beacon signal burst including one or more beacon symbols.

[00160] User data signal generation module 2522 uses the data/information -
2518 including user data characteristic information 2534 and user data 2547 to generate
a user data signal, said user data signal including user data symbols. For example,
information bits representing the user data 2547 are mapped to a set of data symbols,
e.g., OFDM data modulation symbols in accordance with constellation information
2564. Transmission power control module 2524 uses the data/information 2518
including beacon power information 2562 and user data power information 2566 to
control the transmission power level of beacon symbols and data symbols. In some
embodiments, during a first period of time, the transmission power control module 2524
controls the data symbols to be transmitted at an average per symbol power level that is
at least 50 percent lower than the average per beacon symbol power level of the beacon
symbols transmitted. In some embodiments, the transmission power control module
2524 controls the average per symbol transmission power level of each beacon symbol
transmitted during a first period of time to be at least 10dB higher than the average per
symbol transmission power level of symbols used to transmit user data during a first
period of time. In some embodiments, the transmission power control module 2524
controls the average per symbol transmission power level of each beacon symbol
transmitted during a first period of time to be at least 16dB higher than the average per
symbol transmission power level of symbols used to transmit user data during a first
period of time. In some embodiments, the beacon symbol power level and one or more
data symbol power levels are interrelated with respect to a reference being used by the

wireless terminal, and the reference may be, and sometimes does change. In some such
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embodiments, the first period of time is a time interval during which the reference level
does not change.

[00161] Beacon signal transmission control module 2526 uses the
data/information 2518 including the timing structure information 2536 to control the
transmission module 2504 to transmit beacon signal bursts at intervals. In some
embodiments, the time period between two adjacent beacon signal bursts in a sequence
of beacon signal bursts is controlled to be at least 5 times the duration of either of the
two adjacent beacon signal bursts. In various embodiments, at least some different
beacon signal bursts have periods of different lengths.

[00162] Mode control module 2528 controls the wiréless terminal's mode of
operation with the current mode of operation being identified by mode information
2540. In some embodiments, the various modes of operation include an OFF mode, a
receive only mode, an inactive mode, and an active mode. In the inactive mode, the
wireless terminal can send and receive beacon signals but is not permitted to transmit
user data. In the active mode, the wireless can send and receive user data signals in
addition to beacon signals. In inactive mode, the wireless terminal is in a silence, e. g.,
sleep, state of low power consumption, for a longer time than in an active mode of
operation.

[00163] Duplex control module 2530 controls the duplex module 2503 to
switch the antenna connection between receiver module 2502 and transmission module
2504 in response to TDD system timing information and/or user needs. For example, a
user data interval in a timing structure is, in some embodiments, available for either
receive or transmit with the selection being a function of the wireless terminal needs. In
various embodiments, the duplex control module 2530 also operates to shut down at
least some circuitry in receiver module 2502 and/or transmission module 2504, when
not in use to conserve power.

[00164] Data/information 2518 includes stored beacon signal characteristic
information 2532, user data characteristic information 2534, timing structufe
information 2536, air link resource information 2538, mode information 2540,
generated beacon signal information 2542, generated data signal information 2544,
duplex control signal information 2546, and user data 2547. Stored beacon si gnal

characteristic information 2532 includes one or more sets of beacon burst information
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(beacon burst 1 information 2548, ..., beacon burst N information 25 50), beacon
symbol information 2560, and power information 2562.

[00165] Beacon burst 1 information 2548 includes information identifying
beacon transmission units carrying a beacon symbol 2556 and beacon burst duration
information 2558. Information identifying beacon transmission units carrying a beacon
symbol 2556 is used by beacon signal generation module 2520 in idenﬁfying which
beacon transmission units in a beacon signal burst are to be occupied by beacon
symbols. In various embodiments, the other beacon transmission units of the beacon
burst are set to be nulls, e.g., no transmission power applied with respect to those other
beacon transmission units. In some embodiments, the number of beacon symbols in a
beacon signal burst occupy less than 10 percent of the available beacon symbol
transmission units. In some embodiments, the number of beacon symbols in a beacon
signal burst occupy less than or equal to 10 percent of the available beacon symbol
transmission units. Beacon signal burst duration information 2558 includes information
defining the duration of beacon burst 1. In some embodiments each of the beacon
bursts have the same duration, while in other embodiments, different beacon bursts
within the same composite beacon signal can, and sometimes do, have different
duration. In some embodiments, one beacon burst in a sequence of beacon bursts has a
different duration, and this may be useful for synchronization purposes.

[00166] Beacon symbol information 2560 includes information defining the
beacon symbol, e.g., the modulation value and/or characteristic of the beacon symbol.
In various embodiments, the same beacon symbol value is used for each of the
identified positions to carry a beacon symbol in information 2556, e.g., the beacon
symbol has the same amplitude and phase. In various embodiments, different beacon
symbol values can be, and sometimes are used for at least some of the identified
positions to carry a beacon symbol in information 2556, e.g., the beacon symbol value
has the same amplitude but can have one of two potential phases, thus facilitating the
communication of additional information via the beacon signal. Power information
2562 includes, e.g., power gain scale factor information used with respect to beacon
symbol transmissions.

[00167] User data characteristic information 2534 includes constellation
information 2564 and power information 2566. Constellation information 2564
identifies, e.g., QPSK, QAM 16, QAM 64, and/or QAM?256, etc, and modulation
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symbol values associated with the constellation. Powér information 2566 includes, e.g.,
power gain scale factor information used with respect to data symbol transmissions.

[00168] Timing structure information 2536 includes information identifying
intervals associated with various operations, e.g., a beacon transmission time interval,
an interval for monitoring for beacon signals from other wireless terminals and/or fixed
location beacon transmitters, a user data interval, a silence, e.g., sleep, interval, etc.
Timing structure information 2536 includes transmission timing structure information
2572 which includes beacon burst duration information 2574, beacon burst spacing
information 2576, pattern information 2578, and data signaling information 2580.

[00169] In some embodiments, the beacon burst duration information 2574
identifies that the duration of a beacon burst is a constant, e.g., 100 successive OFDM
transmission time intervals. In some embodiments, the beacon burst duration
information 2574 id_entiﬁes that the duration of a beacon burst varies, e.g., in accordance
with a predetermined pattern specified by pattern information 2578. In various
embodiments, the predetermined pattern is a function of a wireless terminal identifier.
In other embodiments, the predetermined pattern is the same for all wireless terminals in
the system. In some embodiments, the predetermined pattern is a pseudo random
pattern.

[00170] In some embodiments, beacon burst duration information 2574 and
beacon burst spacing information 2576 indicate that the duration of a beacon burst is at
least 50 times shorter than the interval of time from the end of the beacon burst to the
start of the next beacon burst. In some embodiments, the beacon burst spacing
information 2576 indicates that the spacing between beacon bursts is constant with
beacon bursts occurring in a periodic manner during a period of time in which the
wireless terminal is transmitting beacon signals. In some embodiments, the beacon
burst spacing information 2576 indicates that the beacon bursts are transmitted with the
same interval spacing whether the wireless terminal is in an inactive mode or an active
mode. In other embodiments, the beacon burst spacing information 2576 indicates that
the beacon bursts are transmitted using different interval spacing as a function of the
wireless terminal operational mode, e.g., whether the wireless terminal is in an inactive
mode or an active mode.

[00171] Air link resource information 2538 includes beacon transmission

resource information 2568 and other use resource information 2570. In some
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embodiments, air link resources are defined in terms of OFDM tone-symbols in a
frequency time grid, e.g., as part of a wireless communication system such as a TDD
system. Beacon transmission resource information 2568 includes information
identifying air link resources allocated to WT 2500 for beacon signals, e.g., a block of
OFDM tone-symbols to be used to transmit a beacon burst including at least one beacon
symbol. Beacon transmission resource information 2568 also includes information
identifying beacon transmission units. In some embodiments a beacon transmission unit
is a single OFDM tone-symbol. In some embodiments, a beacon transmission unit is a
set of OFDM transmission units, e.g., a set of contignous OFDM tone-symbols. Other
use resource information 2570 includes information identifying air link resources to be
used by WT 2500 for other purposes such as, e.g., beacon signal monitoring,
receive/transmit user data. Some of the air link resources may be, and sometimes are,
intentionally not used, e.g., corresponding to a silence state, e.g., sleep state, which
conserves power. In some embodiments a beacon symbol is transmitted using the air
link resource of OFDM tone-symbols, and beacon symbols occupy less than 1 percent
of the tone-symbols of the transmission resource used by said wireless terminal during a
period of time including multiple beacon signal bursts and at least one user data signal.
In various embodiments, beacon signals occupy less than 0.3 percent of the tone
symbols in a portion of a period of time, said portion of said period of time including
one beacon signal burst and one interval between successive beacon signal bursts. In
various embodiments, beacon signals occupy less than 0.1 percent of the tone symbols
in a portion of a period of time, said portion of said period of time including one beacon
signal iaurst and one interval between successive beacon signal bursts. In various
embodiments, during at least some modes of operation, e.g., an active mode of
operation, the transmission module 2504 can transmit user data, and when the wireless
terminal transmits user data, user data is transmitted on at least 10 percent of the tone-
symbols of the transmission resource used by said wireless terminal during a period of
time including the user data signal transmission and two adjacent beacon signal bursts.
[00172] Generated beacon signal 2542 is an output of beacon signal
generation module 2520, while generated data signal 2544 is an output of user data
signal generation module 2522. The generated signals (2542, 2544) are directed to
transmission module 2504. User data 2547 includes, e.g., audio, voice, image, text

and/or file data/information that is used as input by user data signal generation module
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2522. Duplex control signal 2546 represents .output of duplex control module 2530, and
the output signal 2546 is directed to duplex module 2503 to control antenna switching
and/or to a receiver module 2502 or transmitter module 2504 to shut down at least some
circuitry and conserve power.

[00173] Figure 26 is a drawing of a flowchart 2600 of an exemplary method
of operating a communications device, e.g., a battery powered wireless terminal, in
accordance with various embodiments. Operation starts in step 2602, where the
communications device is powered on and initialized. Operation proceeds from start
step 2602 to step 2604 and step 2606.

[00174) In step 2604, which is performed on an ongoing basis, the
communications device maintains time information. Time information 2605 is output
from step 2604 and used in step 2606. In step 2606, the communications device
determines whether a time period is a beacon receive time period, a beacon transmission
time period, or a silence time period, and proceeds differently depending on the
determination. If the time period is a beacon receive time period, then operation
proceeds from step 2606 to step 2610, where the communications device performs a
beacon signal detection operation.

[00175] If the time pericd is a beacon transmission time period, then
operation proceeds from step 2606 to step 2620, where the communications device
transmits at least a portion of a beacon signal, said transmitted portion including at least
one beacon symbol.

[00176] If the time period is a silence time period, then operation proceeds
from step 2606 to step 2622, where the communications device refrains from
transmitting and refrains from operating to detect beacon signals. In some
embodiments, the communications device goes into a silence, e.g., sleep, mode in step
2622 and conserves battery power.

[00177] Returning to step 2610, operation proceeds from step 2610 to step
2612. In step 2612, the communications device determines if a beacon has been
detected. If a beacon has been detected, operation proceeds from step 2612 to step
2614. However, if a beacon was not detected, operation proceeds from step 2612 via
connecting node A 2613 to step 2606. In step 2614, the communications device adjusts
communications device transmission time based on a detected portion of a received

signal. Adjustment information 2615, obtained from step 2614 is used in maintaining
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time information for the communications device in step 2604. In some embodiments,
the timing adjustments adjusts the beacon signal transmission time period to occur
during a time period known to by used by the device which transmitted the received
beacon signal portion to receive beacon signals. Operation proceeds from step 2614 to
step 2616, where the communications device transmits a signal in accordance with the
adjusted communications device transmission timing, e.g., a beacon signal. Then, in
step 2618, the communications device establishes a communications session with the
device from which the detected portion of a beacon signal was received. Operation
proceeds from any of steps 2618, 2620, or 2622 via connecting node A 2613 to step
2606.

[00178] In some embodiments, step 2604 includes at least one of sub-step
2608 and 2609. In sub-step 2608, the communications device pseudo randomly adjusts
the start of at least one of a beacon transmission time period and a beacon receive time
period in a recurring sequence of such time periods. For example, in some
embodiments, a communication device at a particular time, e.g., following power on or
entering a new region, may not be synchronized with respect to any other
communication device, and may perform sub-step 2608 one or more times, in order to
increase the probability of detecting a beacon signal from another communications
device while having a limited beacon detection time interval in a recurring time
structure. Thus sub-step 2608 can effectively shift relative timing between two peers.
In sub-step 2609, the communications device sets beacon receive and transmission time
periods to occur on a periodic basis.

[00179] In various embodiments, the beacon receive time period is longer
than the beacon transmission time period. In some embodiments, the beacon receive
and transmission time periods are non-overlapping, and the beacon receive time period
is at least two times the beacon transmission time period. In some embodiments, the
silence time period occurs between beacon receive and beacon transmission time
periods. In various embodiments, the silence period is at least twice one of the beacon
transmission time periods and beacon receive time periods.

[00180] Figure 27 is a drawing of an exemplary communications device
which is portable wireless terminal 2700, e.g., mobile node, in accordance with various
embodiments. Exemplary portable wireless terminal 2700 may be any of the wireless

terminals of Figure 1. Exemplary wireless terminal 2700 is, e.g., a communication
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device which is part of a time division duplex (TDD) orthogonal frequency division
multiplexing (OFDM) wireless communications system supporting peer-peer direct
communications between mobile nodes. Exemplary wireless terminal 2700 can both
transmit and receive beacon signals. Exemplary wireless terminal 2700 performs timing
adjustments based on detected beacon signals, e.g., from a peer wireless terminal
transmifting beacon signals and/or from a fixed beacon transmitter, to establish timing
synchronization.

[00181] Exemplary wireless terminal 2700 includes a receiver module 2702,
a transmission module 2704, a duplex module 2703, a processor 2706, user I/O devices
2708, a power supply module 2710 and memory 2712 coupled together via a bus 2714
over which the various elements may interchange data and information.

[00182] Receiver module 2702, e.g., an OFDM receiver, receives signals
from other wireless terminals and/or fixed location beacon transmitters, e.g., beacon
signals and/or user data signals.

[00183] Transmission module 2704, e.g., an OFDM transmitter, transmits
signals to other wireless terminals, said transmitted signals including beacon signals and
user data signals. A beacon signal includes a sequence of beacon signal bursts, each
beacon signal burst including one or more beacon symbols, and each beacon symbol
occupies a beacon symbol transmission unit. One or more beacon symbols are
transmitted by transmission module 2704 for each transmitted beacon signal burst.
Transmission module 2704 transmits during a beacon transmission time period at least a
portion of a beacon signal, e.g., a beacon burst signal, said transmitted portion including
at Jeast one beacon symbol, e.g., a relatively high power tone with respect to the power
level of user data symbols.

[00184] In various embodiments, the transmission module 2704 is an OFDM
transmitter which transmits beacon signals and the beacon signal is communicated using
a resource which is a combination of frequency and time. In various other
embodiments, the transmission module 2704 is a CDMA transmitter which transmits
beacon signals and the beacon signal is communicated using a resource which is a
combination of code and time.

[00185] Duplex module 2703 is controlled to switch the antenna 2705
between the receiver module 2702 and transmission module 2704, as part of a time

division duplex (TDD) implementation. The duplex module 2703 is coupled to antenna
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2705 via which the wireless terminal 2700 receives signals 2778 and transmits signals
2780. Duplex module 2703 is coupled to receiver module 2702 via link 2701 over
which received signals 2782 are conveyed. Signal 2782 is, in some embodiments, a
filtered representation of signal 2778. In some embodiments, signal 2782 is the same as
signal 2778, e.g., where duplex.module 2703 functions as a pass through device without
filtering. Duplex module 2703 is coupled to transmission module 2704 via link 2707
over which transmit signals 2784 are conveyed. Signal 2780 is, in some embodiments,
a filtered representation of signal 2784. In some embodiments, signal 2780 is the same
as signal 2784, e.g., where duplex module 2703 functions as a pass through device
without filtering,.

[00186] User I/O devices 2708 include, e.g., microphone, keyboard, keypad,
switches, camera, speaker, display, etc. User devices 2708, allow a user to input
data/information, access output data/information, and control at least some operations of
the wireless terminal, e.g., initiate a power up sequence, attempt to establish a
communications session, terminate a communications session.

[00187] The power supply module 2710 includes a battery 2711 utilized as a
source of portable wireless terminal power. The output of the power supply module
2710 is coupled to the various components (2702, 2703, 2704, 2706, 2708, and 2712 via
power bus 2709 to provide power. Thus, transmission module 2704 transmits beacon
signals using b:;tttery power.

[00188] Memory 2712 includes routines 2716 and data/information 2718.
The processor 2706, e.g., a CPU, executes the routines 2716 and uses the
data/information 2718 in memory 2712 to controlv the operation of the wireless terminal
2700 and implement methods. Routines 2716 include beacon signal detection module
2720, a silence state control module 2722, a transmission time adjustment module 2724,
a transmission control module 2726, a communication session initiation module 2728, a
beacon detection control module 2730, a timing adjustment module 2732, a mode
control module 2734, a beacon signal generation module 2736, a user data signal
generation module 2738, a user data recovery module 2740, and a duplex control
module 2742. |

[00189] Beacon signal detection module 2720 performs a beacon signal
detection operation during a beacon receive time period to detect the receipt of at least a

portion of a beacon signal. In addition, the beacon signal detection module 2720 sets
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the detected beacon flag 2750 indicating the receipt of a beacon signal portion in
response to a detected beacon signal portion. Detected beacon signal portion 2754 is an
output of beacon signal detection module 2720. In addition, the beacon signal detection
module 2720 sets the detected beacon flag 2750 indicating the receipt of a beacon signal
portion in response to a detected beacon signal portion. In some embodiments, the
beacon signal detection module 2720 performs detections as a function of energy level
comparisons. In some embodiments, the beacon signal detection module 2720 performs
detections as a function of detected beacon symbol pattern information, e.g., in a
monitored air link resource corresponding to a beacon burst. The beacon signal
detection module 2720, in some embodiments, recovers information from the detected
beacon signal portion, e.g., information identifying the source, e.g., wireless terminal,
which transmitted the beacon signal. For example, different wireless terminals may,
and sometimes do have different beacon burst patterns and/or signatures.

[00190] Silence state control module 2722 controls wireless terminal
operation during a silence period, occurring, e.g., between beacon receive and beacon
transmission time periods, to neither transmit nor operate to detect beacon signals.

[00191] Transmission time adjustment module 2724 adjusts the
communications device’s transmission time based on a detected portion of a received
beacon signal. For example, consider that the communications system is, e.g., an ad hoc
network, and the received beacon signal portion is from another wireless terminal. As
another example, consider the system includes fixed location beacon transmitters
serving as references, and that the detected beacon signal portion is sourced from such a
transmitter; the transmission time adjustment module 2724 adjusts the wireless
terminal's transmission time to synchronize with respect to the reference. Alternatively,
consider the system does not include fixed location beacon transmitters, or that the
wireless terminal can not currently detect such a beacon signal, and that the detected
beacon signal portion is from another wireless terminal, then the transmission time
adjustment module 2724 adjusts the wireless terminal's transmission time to
synchronize with respect to the peer wireless terminal which had transmitted the beacon
signal. In some embodiments, including both fixed location beacons and wireless
terminal beacons, the fixed locations beacons are used, when available, to achieve a
coarse level of system synchronization, and the wireless terminal beacons are used to

achieve a higher degree of synchronization between peers. Detected timing offset based
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on detected beacon signal portion 2756 is an output of transmission time adjustment
module 2724,

[00192] In various embodiments, the transmission time adjustment module
2724 adjusts the beacon signal transmission time period to occur. during a time period
known to be used by the device, e.g., other wireless terminal, which transmitted the
received portion to receive beacon signals. Thus the transmission time adjustment
module 2724 sets WT 2700's beacon to be transmitted such that it is expected to hit the
time window in which the peer is attempting to detect beacons.

[00193] Transmission control module 2726 controls the transmission module
2704 to transmit a signal, e.g., a beacon signal, in accordance with the adjusted
communications device transmission timing. When stored communication session state
information 2758 indicates that an established session is ongoing, via session active flag
2760 being set, the transmission control module 2726 controls the transmission module
2704 to repeat beacon signal portion transmission operations. In some embodiments,
the transmission control module 2726 controls the wireless terminal to repeat beacon
signal portion transmission operation in both the inactive and active modes of wireless
terminal operation.

[00194] Communication session initiation module 2728 is used to control
operations to establish a communications session with another wireless terminal, from
which a beacon signal was received. For example, following a beacon signal detection,
wherein the beacon signal is sourced from another wireless terminal, if wireless terminal
2700 desires to establish a communications session with said another wireless terminal,
module 2728 is activated to start to initiate the communication session, e.g., generating
and processing handshaking signals in accordance with a predetermined protocol.

[00195] Beacon detection control module 2730 controls the beacon signal
detection module 2720 operation. For example, when stored communication session
state information 2758 indicates that an established session is ongoing, via session
active flag 2760 being set, the beacon detection control module 2730 controls the
beacon signal detection module 2720 to repeat detection operations. In some
embodiments, the beacon detection control module 2730 controls the wireless terminal
to repeat beacon detection operations in both the inactive and active modes of wireless

terminal operation.
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[00196] Timing adjustment module 2732 pseudo randomly adjusts the start
of at least one of a beacon transmission time period and a beacon receive time period in
a recurring sequence of such time periods. Pseudo random based timing offset 2752 is
an output of timing adjustment module 2732. Timing adjustment module 2732 is, in
some embodiments, used to shift the wireless terminal's timing structure with respect to
other wireless terminals, operating independently, such as to increase the likelihood of
the wireless terminal and a peer being able to detect one another's presence while
limiting beacon transmit and/or beacon detection time intervals.

[00197] Mode control module 2734 controls the communications device to
operate during different times, in a first and second mode of operation, in which the
communications device transmits beacon signals. For example, the first mode of
operation is an inactive mode in which the communications device transmits beacon
signals, detects for beacon signals, but is restricted from transmitting user data; the
second mode of operation is an active mode in which the communications device
transmits beacon signals, detects for beacon signals, and is permitted to transmit user
data. Another mode of operation, in some embodiments, into which mode control
module 2734 can control the communications device to operate is a search mode in
which the wireless terminal searches for beacon signals but is not permitted to transmit.

[00198] Beacon signal generation module 2736 generates beacon signal
portions 2748, e.g., beacon bursts including a least one beacon symbol, which are
transmitted by transmission module 2704. User data signal generation module 2738,
generates user data signals 2774, e.g., signals conveying coded blocks of user data such
as voice data, other audio data, image data, text data, file data, etc. User data signal
generation module 2738 is active when the wireless terminal is in active mode and the
generated user data signals 2774 are transmitted via transmission module 2704 during
time intervals reserved for user data transmit/receive signals. User data recovery
module 2740 recovers user data from received user data signals 2776 received from a
peer in a communication session with wireless terminal 2700. The received user data
signals 2776 are received via receiver module 2702, while the wireless terminal is in an
active mode of operation during time intervals reserved for user data transmit/receive
signals. '

[00199] Duplex control module 2742 controls operation of duplex module

2703, e.g., controlling antenna 2705 to be coupled to receiver module 2702 for receive
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time intervals, e.g., beacon monitoring time intervals and intervals for receiving user
data, and to Be coupled to transmission module 2704 for transmission time intervals,
e.g., beacon transmission time intervals and intervals for transmitting user data. Duplex
control module 2742 also controls at least some circuits in at least one of receiver
module 2702 and transmission module 2704 to be powered down during certain time
intervals, thereby conserving battery power.

[00200] Data/information 2718 includes current mode information 2744,
current time information 2746, generated beacon signal portion 2748, detected beacon
flag 2750, pseudo random based timing offset 2752, detected beacon signal portion
275'4, determined timing offset based on detected beacon signal portion 2756,
communication session state information 2758, timing structure information 2764,
mode information 2768, generated user data signal 2774, and received user data signal
2776.

[00201] Current mode information 2744 includes information identifying the
wireless terminal's current mode of operation, sub-modes and/or state of operation, e.g.,
whether the wireless terminal is in a mode where it receives but does not transmit,
whether the wireless terminal is an inactive mode including beacon signal transmission
but not allowing user data transmissions, or whether the wireless terminal is inf an active
mode including beacon signal transmissions and permitting user data transmissions.

[00202] Current time information 2746 includes information identifying the
wireless terminal time with respect to its position within a recurring timing structure
being maintained by the wireless terminal, e.g., an indexed OFDM symbol transmission
time period within the structure. Current time information 2746 also includes
mformation identifying the wireless terminal’s time with respect to another timing
structure, e.g., of another wireless terminal or of a fixed location beacon transmitter.

[00203] Communication session state information 2758 includes a session
active flag 2760 and peer node identification information 2762. Session active flag
2760 indicates whether or not the session is still active. For example, a peer node in a
communication session with WT 2700 powers down, the wireless terminal 2700 ceases
to detect the peer's beacon signal, and session active flag is cleared. Peer node
identification information 2762 includes information identifying the peer. In various
embodiments, the peer node ID information is conveyed, at least in part, via beacon

signals.
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[00204] Timing structure information 2764 includes information defining
duratjon, ordering and spacing of various intervals such as, e.g., beacon transmission
intervals, beacon detection intervals, user data signaling intervals and silence intervals.
Timing structure information 2764 includes intervals' timing relationship information
2766. Intervals' timing relationship information 2766 includes, e.g., information
defining: (1) that a beacon receive time period is longer than a beacon transmission time
period; (ii) that beacon receive and beacon transmission time periods are non-
overlapping; (iii) that the beacon receive time period is at least two times the beacon
transmit time period in duration; (iv) the silence period is at least twice one of the
beacon transmission time period and the beacon receive time period.

[00205] Mode information 2768 includes initial search mode information
2769, inactive mode information 2770 and active mode information 2772. Initial search
mode information 2769 includes information defining an initial extended duration
search mode for beacon signals. In some embodiments, the duration of the initial search
exceeds the expected interval between successive beacon burst’transmissions by other
wireless terminals which are transmitting sequences of beacon burst signals. In some
embodiments, the initial search mode information 2769 is used for performing an initial
search upon power up. In addition, in some embodiments the wireless terminal enters
the initial search mode from the inactive mode occasionally, e.g., if no other beacon
signals have been detected while in the inactive mode and/or if the wireless terminal
wants to perform a faster and/or more thorough beacon search than is achieved using the
inactive mode. Inactive mode information 2770 defines an inactive mode of wireless
terminal operation including a beacon signal interval, a beacon monitoring interval and
a silence interval. Inactive mode is a power saving mode where the wireless terminal
conserves energy in the silence mode, yet is able to indicate its presence by the beacon
signal and is able to maintain situational awareness of the presence of other wireless
terminals by a limited duration beacon monitoring interval. Active mode information
2772 defines an active mode of wireless terminal operation including a beacon signal
transmission interval, a beacon monitoring interval, a user data TX/RX interval, and a
silence interval. '

[00206] Figure 28 is a drawing 2800 illustrating an exemplary time line,
sequence of events, and operations with respect to two wireless terminals in an ad hoc

network which become aware of the presence of each other and achieve timing
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synchronization via the use of wireless terminal beacon signals. Horizontal axis 2801
represents a time line. At time 2802, wireless terminal 1 powers on and starts an initial
monitoring for beacon signals, as indicated by block 2804. The monitoring continues
until time 2806, at which point wireless terminal completes its initial search, with the
result that no other wireless terminals were found; then, wireless terminal 1 enters an
inactive mode of operation including repetitions of beacon transmission intervals in
which wireless terminal 1 transmits a beacon signal burst, beacon monitoring intervals
in which the wireless terminal monitors for beacon signals, and silence intervals in
which the wireless terminal neither transmits nor receives, thus conserving power, as
illustrated by block 2808.

[00207] Then, at time 2810, wireless terminal 2 powers on and starts initial

" beacon monitoring as indicated by block 2812. Then, at time 2814, wireless terminal 2
detects a beacon signal from wireless terminal 1, decides that it seeks to establish a
communication session with wireless terminal 1, and determines a time offset such that
wireless terminal will receive a beacon signal burst from wireless terminal 2 during a
wireless terminal 1 beacon monitoring interval, as indicated by block 2815.

[00208] At time 2816, wireless terminal 2 has entered active mode which
includes repetitions of: beacon transmission intervals, beacon monitoring intervals, and
user data intervals, and at time 2816 wireless terminal 2 transmits a beacon signal in
accordance with the determined time offset of step 2815, as indicated by block 2818.
Then wireless terminal 1 detects the beacon signal from wireless terminal 2 and
switches to active mode as indicated by block 2820.

[00209] Between time interval 2816 and 2824 wireless terminal 1 and
wireless terminal 2 exchange signals to establish a communications session and then
participate in the session exchanging user data, as indicated by block 2822. In addition,
during this time interval beacon signals received during the session are used to update
timing and maintain synchronization. Wireless terminal 1 and wireless terminal 2 may
be, and sometimes are, mobile nodes which can be moving during the communications
sessions.

[00210] At time 2824, wireless terminal 1 powers down, as indicated by
block 2826. Then, at time 2828, wireless terminal 2 determines that signal has been lost
from wireless terminal 1 and the wireless terminal transitions to an inactive mode, as

indicated by block 2830. Signal can also be, and sometime is, lost due to other
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conditions, €.g., wireless terminals 1 and 2 moved far enough away from each other
such that the channel conditions were insufficient to maintain the session.

[00211] Sequence of arrows 2832 illustrates wireless terminal 1 beacon
signal bursts, while sequence of arrows 2834 illustrates wireless terminal 2 beacon
signal bursts. It should be observed that the timing between the two wireless terminals
has been synchronized, as a function of a received beacon signal from wireless terminal
1, such that wireless terminal 1 is able to detect a beacon signal burst from wireless
terminal 2, during its beacon signal monitoring interval.

[00212] In this example, a wireless terminal, which has powered up,
performs monitoring during an initial beacon monitoring peﬁod until a beacon is
detected or until the initial beacon monitoring period expires, whichever comes first.
The initial beacon monitoring period is, e.g., an extended duration monitoring period

_having a duration which exceeds one iteration including a beacon transmission interval.
In this example, the initial beacon monitoring period is performed prior to entering a
modé in which beacon signals are transmitted. In some embodiments, a wireless
terminal in an inactive mode, said inactive mode including beacon transmission
intervals, beacon monitoring intervals and silence intervals, occasionally enters a long
duration beacon monitoring interval, e.g., to cover a corner case condition in which two
wireless terminals should happen to start up simultaneously.

[00213] " In some other embodiments, a wireless terminal enters an inactive
mode, said inactive mode including beacon transmission intervals and limited duration
beacon monitoring intervals following power on without first having an extended
beacon monitoring interval. In some such embodiments, a wireless terminal may, and
sometimes does, perform pseudo-random time shifts while searching for other beacon
signals to facilitate alignment between its own beacon monitoring intervals and other
wireless terminal beacon transmission intervals.

[00214] Drawing 2900 of Figure 29 illustrates exemplary synchronized
timing between two wireless terminals based on beacon signals in accordance with an
exemplary embodiment. Drawing 2902 illustrates timing structure information with
respect to wireless terminal 1, while drawing 2904 includes timing structure information
with respect to wireless terminal 2. Drawing 2900 may correspond to Figure 28 after
the wireless terminals have been timing synchronized, e.g., based on wireless terminal 2

detecting a beacon signal from wireless terminal 1. Drawing 2902 includes a wireless
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terminal 1 beacon transmission interval 2906, a wireless terminal 1 beacon receive time
interval 2908, a wireless terminal 1 user data TX/RX interval 2910 and a WT 1 silence
interval 2912. Drawing 2904 includes a wireless terminal 2 beacon transmission
interval 2914, a wireless terminal 2 beacon receive time interval 2916, a wireless
terminal 2 user data TX/RX interval 2918 and a WT 2 silence interval 2920. It should
be observed that wireless terminal 2 has adjusted its timing such that when it transmits a
beacon signal burst during WT 2 beacon transmit interval 2914, WT 1 will receive the
beacon signal burst during its beacon receive interval 2908. It should also be observed
that there is an overlapping portion of the user data TX/RX regions 2922 which can be
used for user data signaling. This approach maintains the same basic timing structure
for different wireless terminals, and uses a determined timing shift of one.of the wireless
terminal's timing to achieve synchronization.

[00215] Drawing 3000 of Figure 30 illustrates exemplary synchronized
timing between two wireless terminals based on beacon signals in accordance with
another exemplary embodiment. Drawing 3002 includes timing structure information
with respect to wireless terminal 1, while drawing 3004 includes timing structure
information with respect to wireless terminal 2. Drawing 3000 may correspond to
Figure 28 after the wireless terminals have been timing synchronized, e.g., based on
wireless terminal 2 detecting a beacon signal from wireless terminal 1. Drawing 3002
includes a wireless terminal 1 beacon receive interval 3006, a wireless terminal 1
beacon transmission interval 3008, a wireless terminal 1 beacon receive time interval
3010, a wireless terminal 1 user data TX/RX interval 3012 and a WT 1 silence interval
3014. Drawing 3004 includes, a wireless terminal 2 beacon receive interv;al 3016, a
wireless terminal 2 beacon transmission interval 301 8, a wireless terminal 2 beacon
receive time interval 3020, a wireless terminal 2 user data TX/RX interval 3022 and a
WT 2 silence interval 3024. It should be observed that wireless terminal 2 has adjusted
its timing such that when it transmits a beacon signal burst during WT 2 beacon
transmit interval 3018, WT 1 will receive the beacon signal burst during its beacon
receive interval 3010. It can also be observed that, in this embodiment, following
wireless terminal 2's timing adjustment, wireless terminal 2 receives a beacon burst
transmitted by wireless terminal 1 during wireless terminal 1 beacon transmission
interval 3008 during its beacon receive interval 3016. It should also be observed that

there is an overlapping portion of the user data TX/RX regions 3026 which can be used
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for user data signaling. This approach maintains the Same basic timing structure for
different wireless terminals, and uses a determined timing shift of one of the wireless
terminal's timing to achieve synchronization, and both wireless terminals are able to
receive beacon signal bursts from each other, on an ongoing basis following
synchronization.

[00216] Drawing 3100 of Figure 31 illustrates exemplary synchronized
timing between two wireless terminals based on beacon signals in accordance with
another exemplary embodiment. Drawing 3102 includes timing structure information
with respect to wireless terminal 1, while drawing 3104 includes timing structure
mformation with respect to wireless terminal 2. Drawing 3100 may correspond to
Figure 28 after the wireless terminals have been timing synchronized, e. g., based on
wireless terminal 2 detecting a beacon signal from wireless terminal 1. Drawing 3102
includes a wireless terminal 1 beacon transmission interval 3106, a wireless terminal 1
beacon receive time interval 3108, a wireless terminal 1 user data TX/RX interval 3110
and a WT 1 silence interval 3112. Drawing 3104 includes a wireless terminal 2 beacon
transmission interval 3114, a wireless terminal 2 beacon receive time interval 31 16, a
wireless terminal 2 user data TX/RX interval 3118 and a WT 2 silence interval 3120, It
should be observed that wireless terminal 2 has adjusted its timing such that when it
transmits a beacon signal burst during WT 2 beacon transmit interval 31 16, WT 1 will
receive the beacon signal burst during its beacon receive interval 3108. It can also be
observed that, in this embodiment, following wireless terminal 2's timing adjustment,
wireless terminal 2 receives a beacon burst transmitted by wireless terminal 1 during
wireless terminal 1 beacon transmission interval 3106 during its beacon receive interval
3114. It should also be observed that user data TX/RX intervals 3110, 3118 overlap.
This approach uses a different timing structure for the two wireless terminals, e. 8., the
wireless terminal which performed the first detection of the other beacon and adjusts its
internal timing, e.g., WT 2, uses the interval ordering of drawing 3104. In some such
cases, upon wireless terminal 2 ending the communications session and entering an
inactive state including beacon signal transmission wireless terminal 2 goes to the
ordered timing sequence represented by figure 3102.

[00217] Figure 32 illustrates an exemplary ad hoc network formed in
communications region 3200 between first, second and third wireless terminals 3201,
3202 and 3203 respectively. Each of the wireless terminals 3201, 3202, 3203 support a
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first communications protocol, e.g., a low bit rate protocol which the devices can use to
broadcast device capability information. In some embodiments the first
communications protocol is a beacon signal protocol. In one such embodiment, the
wireless terminals 3201, 3202, 3203 transmit signals 3220 shown using various forms of
dashed lines to communicate device capability information. In some implementations,
the first protocol does not use signal phase to communicate information. This allows
receives using the first protocol to be relatively simple to implement, and thus low cost,
because they can be implemented using energy detection techniques in combination
with frequency and/or time detection which can be used to recover the communicated
information. Thus, because of the simple nature of modules needed to recover
information communicated using the first protocol, hardware and/or software support
for the first communications protocol may be incorporated into many types of
communications devices at little or no additional cost compared to a device which does
not include support for the first communications protocol. In addition, devices which
include transmitters can be implemented in a manner that supports the first
communications protocol at very little or no additional cost. Accordingly, is relatively
inexpensive to include support for the first communications protocol, e.g., a beacon
signal based protocol, in numerous devices with differing capabilities, e.g., CDMA,
OFDM, GSM and other types of devices.

[00218] While shown reaching all the devices in region 3200, the signals
may not reach all the devices in the region but are useful to neighboring devices in
determining what protocol, protocols and/or device configuration should be used for
communication purposes.

[00219] In the exemplary system of Figure 32, the devices each support the
first communications protocoi but also support at least one additional protocol. Given
the low bit rate nature of the first protocol, it is expected that in various embodiments it
will not be used to exchange user data, e.g., text, image data and/or audio data.
Accordingly, in the system shown in Fig. 32 each wireless terminal supports at least one
additional protocol, e.g., a higher bit rate protocol suitable for exchanging user data, in
addition to the first protocol. In some embodiments, the first wireless terminal 3201
supports a CDMA protocol in addition to the first protocol. In one such embodiment
the second wireless terminal supports the first protocol and a second, e.g., GSM or

OFDM protocol. In the same embodiment, the third wireless terminal supports multiple
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physical layer protocols in addition to the first communications protocol, e.g., CDMA
and OFDM. As will be discussed below, in some embodiments the wireless terminal
which supports multiple communications protocols may establish communications links
with the first and second devices and then operate as a communications intermediary.
While the third communications node acts as a communications intermediary, the first
and second communications nodes may exchange user data via a higher level
communications protocol, €.g., a fourth protocol such as, e.g., a network layer protocol
which is supported by each of the first, second and third devices. Thus, for example, the
first wireless terminal may communicate with the third wireless terminal 3203 using
CDMA signals 3200 used to communicate IP packets with the IP packets being relayed
via the third wireless terminal 3203 via OFDM signals 3212. In this manner, devices
which do not support the same physical layer or other lower layer protocols required to
exchange user data, may interoperate via the help of an agreeable intermediary with
multi-protocol support with the need for an infrastructure base station to be involved.

‘While the ad hoc network shown in Figure 32 may be implemented using a
plurality of mobile wireless terminals, e.g., portable handheld communications devices,
the system could also be implemented using a base station in place of one of the mobile
wireless communications terminals 3201, 3203, 3202.

[00220] As will be discussed below, in addition to using device capability
information obtained from, e.g., beacon signals, to determine an appropriate protocol,
protocol stack or device configuration, in some embodiments one or more wireless
terminals 3210, 3203, 3202 is capable of selecting between a cooperative and non-
cooperative mode of operation. The selection between cooperative and non-cooperative
modes of operation is made, in some embodiments, based on signals received from
another device, e.g., a device with which the wireless terminal making the decision is
not having a communications session with. Various features relating to the switching
between cooperative and non-cooperative modes of operation will be discussed with
regard to various figures which follow.

[00221] Figure 33 illustrates the steps of an exemplary method 5000 of
operating a first communications device in accordance with the invention. The first
communications device may be one of the wireless terminals of the ad hoc network

shown in Figure 32.
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[00222] The method 5000 starts in step 5002 and proceeds to step 5004 in
which the first communications device monitors for broadcast signals from other
devices, e.g., beacon signals, which are transmitted in accordance with a first
communications protocol. Operation proceeds from step 5004 to step 5006. In step
5006 the first communications device receives at least some device capability
information over the air from a second communications device. The device capability
information may be received in the form of a beacon signal. From step 5006 operation
proceeds to step 5008 which is a step of establishing a communication session with the
second device from which the device information was received. The device capability
information may include a plurality of communications protocols supported by the
second communications device. In some cases the device capability information
indicates a plurality of different versions of at lest one communications protocol
supported by the second communications device.

[00223] Within step 5008 various other steps are performed as part of the
communications establishment procedure. In step 5010, the first communications
device selects a second communications protocol to be used, e.g., for communications
with the second communications device. Alternatively, as will be discussed below in
regard to other figures, a selection may be made taking into consideration the effect
communications by the second device may have on the first device in which case the
selection steps may be performed not for purposes.of communicating with the second
device but for facilitating communication in the presence of signals from the second
device which may be interference to the first device. In some but not necessarily all
embodiments the second communications protocol uses signal phase in communicating
data, e.g., user data, while the first protocol does not use signal phase to communicate
information.

[00224] In some embodiments the second communications protocol is one of
a GSM, CDMA and OFDM protocol. In various embodiments the first protocol is a
beacon signal based protocol. In some but not necessarily all implementations, the first
protocol is a low bit rate protocol, e.g., a protocol which supports a maximum bit rate
less than 1/100% the maximum bit rate supported by the second communications
protocol. The first protocol in some embodiments is a beacon based signal protocol that
supports a maximum bit rate less than 300 bits/second and in some implementations a

maximum bit rate less than 100 bits/second. In some of these implementations, the



WO 2007/082036 PCT/US2007/000752

58

second communications protocol supports a transmission bit rate of more than 1000 bits
per second.

[00225] The method may involve receiving user data symbols transmitted by
the second communications device in accordance with the second communications
protocol. In some such embodiments, receiving at least some device capability
information communicated in accordance with the first communications protocol
includes receiving beacon symbols transmitted by said second communications device
at an average per beacon symbol transmission power level that is at least 100 times the
average per symbol power level at which user data symbols are transmitted by the
second device, e.g., during a communications session between the first and second
devices. Thus, in some embodiments, user beacon symbols may be received from the
second communications device at an average per beacon symbol power level that is on
average at least 100 times the average power level of symbols received from the second
communications device which communicate user data.

{00226} In some embodiments the first communications protocol permits
beacon symbols to be transmitted on less than 1/100™ the tones available for beacon
symbol transmission during a given symbol transmission time period. In the same or
other embodiments, the first communications protocol permits beacon symbols to be
transmitted during less than 1/100™ the transmission time periods in which user data
may be transmitted.

[00227] In one embodiment of step 5010, shown as step 5012, the first
communications device selects the highest bit rate protocol supported by the first
communications device which the received device capability information indicates is
also supported by the second device. '

[00228] In addition to selecting a second communications protocol, or as an
alternative in protocol selection of step 5010, the first communications device selects a
device configuration which supports the second communications protocol. This may
involve selecting in step 5016 a protocol stack to be used, the protocol stack supporting
at least one lower level communications protocol which is used in combination with the
second communications protocol.

[00229] Following the selections made in steps 5010 and/or 5014 the device
1s configured to operate using the selected configuration. This may involve a software

and/or hardware operation which causes the device to use the selected protocol stack.
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[00230] ‘While the first device may simply use the selected protocol stack
and proceed with establishing a higher layer, e.g., IP, communications session with the
second communications device, in some embodiments a negotiation of the protocol
and/or device configuration to use may occur using the first communications protocol.
However, such a negation is optional. Accordingly, steps 5020, 5022 and 5024 are
shown in dashed lines since they are not performed in many embodiments.

[00231] In step 5020, when used, the first communications device responds
to received device capability information by transmitting a signal, e.g., a beacon signal
including a beacon signal burst, to communicate a proposed device configuration to the
second communications device. This proposed configuration may communicate the
second communications protocol which was selected, a first device configuration which
was selected and/or a suggested device configuration which may correspond to a
particular protocol stack that the first device suggest the second device use.

[00232] Operation proceeds to step 5022 which is used in some
embodiments. In step 5022 the first wireless communications device monitors for a
response to the proposed device configuration information. In some but not necessarily
all embodiments this involves monitoring for beacon symbols transmitted by the second
communications device. In the case where a response suggesting a first device
configuration which is different from the selected configuration is received in response
to the transmitted proposed device configuration information, the first device changes
its configuration from the selected configuration to another configuration. This
configuration may be one suggested by the second communications device or another
configuration selected by the first wireless communications device, e.g., in response to
additional information from the second communications device or an indication that the
proposed configuration was unacceptable.

[00233] Operation proceeds from step 5024 to step 5026 when the step is
performed. In other embodiments, operation may proceed directly from step 5018 to
step 5026. In step 5026 the first communications device receives user data from the
second communications device and/or transits user data to the second communications
device, e.g., ad part of an established communications session. In parallel with the
receiving and/or transmitting of user data performed in step 5026, the first
communications device transmits signals in accordance with the first communications

protocol to communicates at least some first communications device capability
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information. The transmitted signals may include béacon signal bursts used to
communicate device capability information. In this manner, the first device continues
to broadcast its device capability information even while participating in an established
communications session. |

[00234] Operation eventually stops in step 5030, for example when the first
wireless terminal is powered down. It should be appreciated that the transmission of
device capability information in accordance with the first communications protocol may
continue to occur, e.g., according to a predetermined transmission schedule, regardless
of whether a communications session is ongoing or has been terminated.

[00235} Figure 34 illustrates a wireless terminal which can be used in the ad
hoc network shown in Figure 32 and which can implement the method shown in Fig.

33.

[00236] Figure 34 is a drawing of an exemplary wireless terminal 3400, e.g.,
mobile node, in accordance with various embodiments. Exemplary wireless terminal
3400 includes a receiver module 3402, a transmitter module 3404, a processor 3406,
user I/O devices 3408, and memory 3410 coupled together via a bus 3412 over which
the various elements may interchange data and information. Memory 3410 includes
routines 3414 and data/information 3416. The processor 3406, e. g., a CPU, executes
the routines 3414 and uses the data/information 3416 in memory 3410 to control the
operation of the wireless terminal 3400 and implement methods.

[00237] Receiver module 3402, e.g., a receiver, is coupled to receive antenna
3403 via which the wireless terminal receives signals from other wireless
communications devices. Receiver module 3402 receives a least some device capability
information over the air from a second communications device using a first
communications protocol which uses at least one of signal frequency and time to
communicate information but does not use signal phase. In some embodiments, the first
protocol is a beacon signal base communications protocol.

[00238] Transmitter module 3404, e.g., a transmitter, is coupled to transmit
antenna 3405 via which the wireless terminal transmits signals to other communications
devices. Transmitted signals include beacon signals, e.g., generated beacon signal 3454,
used to communicate device capability information, e.g., device capability information
to be transmitted 3452.
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[00239] User I/O devices 3408 include, e. é;, microphone, keyboard, keypad,
switches, camera, display, speaker, etc. User I/O devices 3408 allow a user of wireless
terminal 3400 to input data/information, access output data information, and control at
least some functions of the wireless terminal 3400.

[00240] . Routines 3414 include a second communications protocol selection
module 3418, a device configuration module 3420, a user data recovery module 3422, a
beacon symbol detection module 3424, a beacon signal information recovery module
3426 and a beacon signal generation module 3428. Data/information 3416 includes
received device capability information 3430, 1* protocol information, e.g., beacon
signal based protocol info, 3432, information identifying a selected 2™ communications
protocol 3434, information indicating selected device configuration 3436, information
indicating the communications protocols supported by the second device 3438, GSM
protocol information 3440, CDMA protocol information 3442, and OFDM protocol
information 3444. Data/information 3416 also includes detected beacon symbols 3448,
beacon symbol energy level detection criteria 345 0, recovered user data 3446, device
capability information to be transmitted, generated beacon signal 3454, and beacon
signal information encoding/decoding information 3456.

[00241] Second communications protocol selection module 3418 selects a
second communications protocol 3434 to use during communications based on the
received device capability information 3430, said second communications protocol
differing from the first communications protocol by at least one of: a modulation
scheme, transmission timing, coding and supported bit rate. In some embodiments, the
second communications protocol uses signal phase in communicating user data. In
some embodiments, the second communication protocol is one of A GSM, CDMA and
OFDM protocol. In various embodiments, the first communications protocol, e.g., the
beacon based protocol, is a communications protocol which supports a maximum bit
rate less then 1/100" the maximum bit rate supported by the second communications
protocol. In some embodiments, the received device capability information 3430
includes a plurality of communications protocols supported by the second device. In
some embodiments, the received device capability information indicates a plurality of
different versions of at least one communications protocol supported by the second

communication device.
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[00242] Device configuration module 3420 selects a device configuration
which supports the second communication protocol, said device configuration selection
including a select of protocol stack elements including at least one lower level
communication protocol used by said communications device in combination with said
second commum'catioﬁs protocol. Selected device configuration 3436 is an output of
module 3420.

[00243] User data recovery module 3422 recovers user data from
communication signals communicated using the second communications protocol.
Recovered user data 3446 is an output of module 3422.

[00244] Beacon symbol detection module 3424 detects beacon symbols in a
received signal, said beacon symbol detection module 3424 using received signal .
energy to distinguish beacon symbols from user data symbols, said beacon symbols
being received with at least a 10dB power differential on average to user data symbols
received from the same device as the beacon symbols. Beacon symbol detection
module 3424 uses the beacon symbol energy level detection criteria information 3450
and outputs information detected beacon symbols' information 3448.

[00245] Beacon signal information recovery module 3426 uses the
data/information 3416 including detected beacon symbols' information 3448 and beacon
signal information encoding/decoding information 3456 to recover information
communicated by at least one of time and frequency of the identified received beacon
symbols.

[00246] Beacon signal generation module 3428 generates beacon signal 3454
communicating information, e.g., device capability information 3452, the generated
beacon signal including at least one high power beacen symbol and a plurality of
intentional nulls. In some embodiments, at least one of the beacon signals is an OFDM

. beacon signal including at lest one beacon signal burst, said beacon signal burst
including at least one beacon symbol.

[060247] Figure 39 illustrates a wireless terminal which can be used in the ad
hoc network shown in Figure 32 and which can implement the method shown in Fig.
33.

[00248] Figure 39 is a drawing of an exemplary wireless terminal 4100, e.g.,
mobile node, in accordance with various embodiments. Exemplary wireless terminal

4100 includes a receiver module 4102, a transmitter module 4104, a processor 4106,



WO 2007/082036 PCT/US2007/000752

63

user I/O devices 4108, and memory 4110 coupled together via a bus 4112 over which
the various elements may interchange data and information. Memdry 4110 includes
routines 4114 and data/information 4116. The processor 4106, e.g., a CPU, executes
the routines 4114 and uses the data/information 4116 in memory 4110 to control the
operation of the wireless terminal 4100 and implement methods.

[00249] Receiver module 4102, e.g., a receiver, is coupled to receive antenna
4103 via which the wireless terminal receives signals from other wireless
communications devices. Receiver module 4102 receives a signal including at least
some device capability information from a second mobile communications device using
a first communications protocol, the first communications protocol using beacon signal
bursts to communicate device capability information. Received second device beacon
signal information 4118 includes information corresponding to such a received signal.

[00250] Transmitter module 4104, e.g., a transmitter, is coupled to transmit
antenna 4105 via which the wireless terminal transmits signals to other communications
devices. Transmitted signals include beacon signals, e.g., generated beacon signal 3454,
used to communicate device capability information, e. g., device capability information
to be transmitted 3452. Transmitter module 4104 transmits signals to the second mobile
communication device in accordance with a selected second protocol

[00251] User I/O devices 4108 include, e.g., microphone, keyboard, keypad,
switches, camera, display, speaker, etc. User I/O devices 4108 aliow a user of wireless
terminal 4100 to input data/information, access output data information, and control at
least some functions of the wireless terminal 4100.

[00252] Routines 4114 include a device configuration selection module
4118, a configuration control module 4120, a second communication protocol
processing module 4122, and a device capability information recovery module 4124.
Data/information 4116 includes received second device beacon si gnal information 4118,
selected device configuration information 4124, selected communications protocol
identification information 4126, received signal to be processed 4128, processed signals
4130, beacon signaling protocol information 4132, a plurality of sets of values and
corresponding sets of device capability information (value 1 4134 and corresponding set
of device capability information 4136,.... value N 4138 and corresponding set of device
capability information 4140). Data/information 4116 also includes second device

capability information 4120, e.g., a communicated value and recovered second device
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capability information 4122. Datafinformation 4116 also includes protocol information
corresponding to alternative 2™ communications protocols 4142 (type 1 OFDM
protocol information 4144, type n OFDM protocol information 4146, type 1 CDMA
information 4148, type N CDMA protocol information 4150, type 1 GSM protocol
information 4152, type N GSM protocol information 4154).

[00253] Device configuration selection module 4118 selects between a
plurality of possible device configurations, based on the received device capability
information, a first mobile communications device configuration to be used by the
wireless terminal 4100 when communications with the second communications device,
a second communications protocol being selected by the first mobile communications
device configuration, said second communications protocol being different from the
first communications protc;col. Selected device configuration information 4124 and
selected second communications protocol identification information 4126 as outputs of
selection module 4118.

[00254] Configuration control module 4120 configures the wireless terminal
to operate in accordance with the selected device configuration identified by selected
device configuration information 4124. Second communication protocol processing
module 4122 processes received signals communicated in accordance with the second
communications protocol from the second communications device to the wireless
terminal. Second communication protocol processing module 4122 processes received
signals 4128 in accordance with the protocol identified by information 4126 to obtain
processed signal 4130. The protocol identified by selected second communications
protocol identification information 4126 is one of the plurality of protocols included in
protocol information corresponding to alternative 2™ protocols 4142.

[00255] Device capability information recovery module 4124 recovers
communicated device capability information by determining the set of device capability
information cotresponding to a value obtained from a received beacon signal. The
beacon signal conveys a value corresponding to a set of device capability information.
From received second device beacon signal information 4118, a communicated value
indicative of second device capabilities is obtained 4120. The device information
recovery module 4124 uses the value to device capability mapping information ((4134,

4136), ...., (4138, 4140) to recover second device capability information 4122. For
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example is the value conveyed by the beacon signal is value N 4138, then recovered
second device capability information 4122 is information 4140.

[00256] In this exemplary embodiment, the first communications protocol is
a beacon based protocol and stored beacon signaling protocol information 4132 is used
for signaling in accordance with this protocol, e.g., including generation and recovery
using this protocol. In some embodiments, the first communication protocol does not
use signal phase to communicate information. For example, a value communicated bya
beacon signal is communicated by the tone of the beacon symbol and the time at which
the beacon tone is transmitted. In various embodiments, the first communications
protocol supports a lower maximum data rate than the second communications protocol.

[00257] Fig. 35, which comprises the combination of Figs. 35A-35B,
illustrates an exemplary method 6000 of operating a first communications device which
supports both cooperative and non-cooperative modes of operation as well as switching
between the modes. The method 6000 starts in step 6002 and proceeds to steps 6005
and 6003 which may occur in parallel. In step 6004 the first communications device
receives a signal from another communications device, e. 8., a second communications
device. Operation proceeds from step 6004 to step 6006 in which a received signal is
detected. In step 6006 the first communications device determines whether the received
signal is from a communications device which is not in a communications session with
the first communications device, e.g., from a device which may cause interference to, or
be subjected to interference from, the first communications device without necessarily
participating in a communications session with the first device. If the device from
which the signal is received is not in a communications session with the first
communications device, operation proceeds to step 6006 in which the first device
determines from the received signal if the device from which the signal was received is
operating in a cooperative or non-cooperative mode with respect to the first
communications device.

[00258] Step 6008 may be implemented in a plurality of ways depending on
what information is obtained from the received signal. Sub-steps 6010, 6012 and 6014
represent alternative ways of determining if the device is acting in a cooperative mode
of operation and may be used depending on the received information. In some

embodiments only one or some of the sub-steps 6010, 6012, 6014 are supported.
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[00259] When substep 6008 is used, determining 6010, the first device
determines from the device information in the received si gnal if the device which
transmitted the signal is in a cellular mode or an ad hoc mode of operation. A cellular
mode of operation may interpreted as indicating a cooperative mode while an ad hoc
mode may, and in some cases is, interpreted to indicate a non-cooperative mode of
operation. However, in other embodiments ad hoc operation does not necessarily imply
a non-cooperative mode of operation. In sub-step 6012, the communications network to
which the transmitting device corresponds is used to determine if it is operating in a
cooperative or non-cooperative manner with respect to the first communications device.
If the device transmitting the received signal corresponds to the same communications
network as the first device, it is determined to be operating in a cooperative manner. It
is determined to correspond to another network, the device from which the signal was
received is determined to be operating in a non-cooperative manner when substep 6012
is used. Substep 6014 is used when service provider and/or user group information is
used to determine whether a device is operating in a cooperative or non-cooperative
mode. In step 6014 the first communications device determines if the device which
transmitted the received signal corresponds to the same or a different service provide or
user group ad the first communications device. This may be done by comparing stored
service provider and/or user group information indicating the first device's service
provider and/or user group to the determined service provider or user group of
corresponding to the device which transmitted the received si gnal. Ifthe device which
transmitted the received signal corresponds to the same service provider or user group it
is determined to be operating in a cooperative mode. Otherwise it is determined to be
operating in a non-cooperative mode. Other ways of determining if the device which
sent the signal include comparing the transmitting devicés service provider or user
group to a list of service providers and/or user groups known to operate in a non-
cooperative manner. Still another way of determining whether the device transmitting
the received signal that is used in some embodiments is to determine the type of signal
and/or a protocol used to communicate the signal and then determine from this
information if the device is using a signal or protocol indicative of a non-cooperative
mode of operation. For example, detecting signals corresponding to a technology or
communications protocol which does not support power control and/or interference

control signaling may be considered detection of a non-cooperative mode of operation.
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[00260] Operation proceeds from step 6008 to step 6016 wherein the mode
of operation in which the first communication device is selected, e.g., based on the
determination made in step 6008 with regard to the mode of operation of the other
device. Other factors may also be taken into consideration in step 6016 such as the
strength of the received signal, the duration of received signals and/or other factors such
as the communications protocol being used by the device from which the signal was
received, etc., which may be used in determining or estimating the amount of
interference tﬁe first communications device may be subjected to as a result of the
presence of the other communications device. In at least some, and in many
embodiments in most cases, assuming that other devices with which the first
communications device is not communicating are not in the communications region of
the first device, the first communications device will select a non-cooperative mode
when the device from which the received signal is determined to be in a non-
cooperative mode and a cooperative mode when the device from which the si gnal was
received is in a cooperative mode of operation.

[00261] With the selection between a cooperative mode and non-coperative
mode of operation having been made in step 6016, operation proceeds to step 6040 via
connecting node 6018. In step 6040 the first communications device selects a device
configuration to be used for communicating with one or more other devices, e.g., a third
device, while operating in the selected mode of operation. In some embodiments, in
substep 6042, if a non-cooperative mode of operation has been selected and the first
communications device is in a communications session with a third communications
device which supports both first and second communications protocols, the second not
being supported by the second communications device, the first communications device
will select a configuration which uses the communications protocol which is not
supported by the second communications device but is supported by the third
communications device with which the first device is communicating. In some
embodiments, the first and second protocols between which the device switches are
WiFi and Bluetooth. As a result of the fact that the second device does not support the
protocol which has been selected, the second device will be unable to use inference
control signaling corresponding to the selected protocol to control or affect the

communications between the first and third devices.
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[00262] From step 6040 operation proceeds to step 6044 in which a
determination is made to check whether the first communications device is operating in
the selected mode of operation and using the selected device configuration and/or
protocol. If the current mode of operation, configuration and protocols in use match the
selections which were made, no change in device operation is required and operation
proceeds to step 6046 wherein the first device continues to operate in the current mode
of operation. However, if the selections do not match the current operating state of the
first communications device, operation proceeds from step 6044 to step 6048 wherein
the mode of operation and/or device configuration is changed to match the selections
made in steps 6016 and 6040.

[00263] Operation proceeds from steps 6046 and 6048 to step 6050. In step
6050 the first communications device operates in the selected mode of operation, e.g., a
non-cooperative mode or a cooperative mode of operation. If the mode is a non-
cooperative mode, in some embodiments in sub step 6052, the first device operates to
maximize its performance without regard to the impact on communications by another
device, e.g., the device from which a signal was received. This may involve operating
to maximize data throughput, e.g., by using high transmission power levels, and/or
minimizing transmission latency, e.g., by promptly transmitting signals without regard
to the between a current transmission and a previous transmission. Ina cooperative
mode of operation, the first communications device, in some embodiments, implements
sub step 6054 in which the first communications device is responsive to interference
control signals and/or otherwise takes into consideration the impact of its transmission
on device with which it is not communicating as part of a communications session.

[00264] In step 6006 if it was determined that the detected signal was
received form a communications device involved in a communications session with the
first communications device operation proceeds to step 6021. Depending on the mode
of operation, the first device while in the communications session may be operating in a
cooperative or non-cooperative mode of operation. In step 6021 a determination is
made as to whether the received signal is an interference control signal. If the signal is
not an interference control signal operation proceeds to step 6020 wherein the received
signal is processed, e.g., user data is recovered, and a response is sent if appropriate,
e.g., an acknowledgement signal may be sent and/or user data provided in response to

the received signal.
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[00265] If in step 6021 it is determined that the received signal is an
interference control signal, operation proceeds to step 6022 wherein a check is made to
determine if the first device is operating in a cooperative or non-cooperative mode of
operation. If the first device is operating in a.non-cooperative mode of operation,
operation proceeds to step 6024 wherein the interference control signal, which may be a
power transmission control signal, is disregarded.

[00266] If however, in step 6020 it is determined that the first
communications' device is operating in a cooperative mode of operation, operation
proceeds from step 6022 to step 6026 in which the first communications device
implements an interference control operation in response to the received signal. The
interference control operation may be, e.g., a transmission power level control operation
such as reducing the device's transmission power level used to transmit user data. In
cases where beacon signals are transmitted by the first device in addition to user data,
the average transmission power level of beacon symbols may be left unchanged when
the transmission power level used to transmit user symbols is reduced.

[00267] Reference is once again made to step 6003 of Figure 35A which may
occur in parallel with the processing just described. In step 6003 the first
communications device monitors to detect the departure of a device from the
communications region in which the first communications device is located. A
departure may be detected by determining that signals are no longer being received from
a device which was previously transmitting signals, e.g., communications signals and/or
beacon signals used to notify other devices of a device's presence and/or capabilities.
When the departure of a device is detected, operation proceeds from step 6003 via
connecting node 6004 to step 6060 shown in Fig. 35C.

[00268] In step 6060 the first communications device determines if it is
operating in a mode or using a configuration which was selected due to the presence or
receipt of communication signals from the communications device which was detected
as having departed the communications region corresponding to the first
communications device. If the mode was not due to the device which departed,
operation proceeds to step 6070 and the first communications device continues to
operate in the mode of operation in which it was in when starting step 6060. However,
if the mode of operation was due to the presence of the second device or signals from

the second device operation proceeds to step 6062.
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[00269] In step 6062 the first communications device selects between a
cooperative mode of operation and a non-cooperative mode of operating based on its
current conditions, e.g., the presence or absence of other communications device in its
area operating in a cooperative or non-cooperative manner. Once the selection between
cooperative and non-cooperative modes of operation has been made, in step 6064 the
device selects a configuration to be used for communicating with one or more other
devices, e.g., a third device, while operating in the selected mode of operation.

[00270] In step 6062, the device may, in sub step 6066 which is implemented
in some embodiments, switch to a first communications protocol which was being used
prior to the entry of the second communications device in the region. Thus, if the first
communications device switched from a first protocol to a second communications
protocol which was not supported by the second communications device, e.g., in
response to signals received from the second communications device, the first
communications device may switch back to the first communications protocol when the
second device leaves the area. The first communications protocol may provide a higher
data rate in the absence of interference from the second device but provide a lower data
rate than could be achieved with using a second protocol which is not supported by the
second communications device when the first device is in the presence of interference
from the second device. The first and second protocols may be OFDM protocols such
as WiFi and Blue tooth. Alternatively, they can be very different protocols such as a
CSMA protocol and an OFDM protocol.

[00271] With the device configuration selection Having been made in step
6064 operation proceeds to step 6008 wherein a determination is made as to whether the
first communications device is already operating in the selected mode and with the
selected device configuration. If the first communications device is already operating in
accordance with the selected mode and configuration, operation proceeds to step 6070
wherein the mode of operation remains unchanged. However, if the first
communications device is not already in the selected mode and configuration operation
proceeds to step 6072. In step 6072 the first communications device switches into the
selected mode and/or device configuration.

[00272] Operation proceeds from steps 6070 and 6072 to step 6000 wherein
the device operates in the selected mode of operation, e.g. in a cooperative 6076 or non-

cooperative 6078 mode of operation as previously described with regard to step 6050.
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[00273] Figure 36 is a drawing of an exemplary wireless terminal 3600, e.g.,
mobile node, in accordance with various embodiments. Exemplary wireless terminal
3600 includes a receiver module 3602, a transmitter module 3604, a processor 3606,
user /O devices 3608, and memory 3610 coupled together via a bus 3612 over which
the various elements may interchange data and information. Memory 3610 includes
routines 3614 and data/information 3616. The processor 3606, e.g., a CPU, executes
the routines 3614 and uses the data/information 3616 in memory 3610 to control the
operation of the wireless terminal 3600 and implement methods.

[002'74]. Receiver module 3602, e.g., a receiver, is coupled to receive antenna
3603 via which the wireless terminal receives signals from other wireless
communications devices. Receiver module 3602 receives a signal from a second
communications device, via an air link.

[00275] Transmitter module 3604, e.g., a transmitter, is coupled to transmit
antenna 3605 via which the wireless terminal transmits signals to other communications
devices. For example, the wireless terminal may transmit signals to a third
communications device as part of a communications session.

[00276] User I/O devices 3608 include, e.g., microphone, keyboard, keypad,
switches, cameré, display, speaker, etc. User I/O devices 3608 allow a user of wireless
terminal 3600 to input data/information, access output data information, and control at
least some functions of the wireless terminal 3600.

[00277} Routines 3614 include a mode determination module 3618, a mode
selection module 3620, a communications module 3620, a data throughput
maximization module 3624, and an interference control module 3626. Data/information
3616 includes received second device signal information 3634, determined relationship
information with respect to second device 3636, e.g., a cooperative or non-cooperative
relationship, determined mode of second device operation 3638, e.g., cellular or ad hoc,
determined second device service provider information 3640 and determined second
device user group information 3642.

[00278] Data/information 3616 also includes information indicating a
selected mode of operation, e.g., cooperative communications mode or non-cooperative
communications mode, a received interference control signal 3644, and third device
identification information 3648. Data/information 3616 also includes WT 3600 service

provider information 3652, WT 3600 user group information 3654, WT 3600 non-
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cooperative service provider information 3656, and WT 3600 non-cooperative user
group information 3658. Service provider information 3652 includes information
identifying the service provider for WT 3600 and information identifying other
partnership service provides which may be considered cooperative. User group
information 3654 identifies user groups which WT 3600 considers to be cooperative.
Non-cooperative service provider information 3652 includes information identifying the
service provider for WT 3600 which are considered to be in a non-cooperative
relationship with WT 3600. User group information 3654 identifies user groups which
WT 3600 considers to have a non-cooperative relationship. In some embodiments,
information 3656 and/or 3658 is not included and lack of inclusion in service provider
information 3652 and/or user group information 3654 is sufficient to be classified as
having a non-cooperative relationship.

[00279] Mode determination module 3618 determines from a received
signal, e.g., from received 2™ device signal information 3634, whether the second
communications device is in a cooperative communications relationship or a non-
cooperative communications relationship with the wireless terminal. Determined
relationship information with respect to 2™ device 3636 identifying one of a cooperative
and a non-cooperative relationship is an output of mode determination module 3618. In
some embodiments, the second communications device is considered to be operating in
a non-cooperative mode of operation when said second communications device is
operating to maximize its own data throughput without regard to the effect of the second
communication device's signaling on the wireless terminal 3600. In some
embodiments, the second communications device is considered to be operating in a
cooperative relationship when its transmission output power is responsive to control
signaling from another device.

[00280] In some embodiments, determining from the received signal whether
the second communications device isin a cooperative relationship or non-cooperative
relationship includes determining from the received second device information if the
second communications device is operating in a cellular mode of operation in which
said communications device is responsive to resource allocation signals from a base
station or is operating in an ad-hoc mode of operation. Determined mode of second
device operation, e.g., cellular of ad hoc, 3638 is an output of such a determination by

module 3618.
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[00281] Mode determination module 3618 includes service provider sub-
module 3630 and user group sub-module 3632, which use received signal from the
second communication device in determinations. Service provider sub-module 3630
determines a service provider associated with the second communication device and,
uses the stored service provider information 3652 and/or 3656 to determine if the
second communications device is using the same service provider or a service provider
considered to be in a cooperative relationship with WT 3600's own service provider.
Information 3640 is an output of sub-module 3630. User group sub-module 3634, uses
information 3654 determines if the second communications device is included in a user
group to which WT 3600 belongs. User group sub-module 3634 uses information 3658
to determine if the second communications device is included in a user group to which
WT 3600 considers to be non-cooperative. Determined 2™ user group information 3642
is an output of user group sub-module 3632.

[00282] Mode selection module 3620 selects, based on the determination of
module 3618, between one of a cooperative communications mode and a non-
cooperative communications mode of operation. Information indicating a selected
mode of operation 3644 is an output of mode selection module 3620.

[00283] Communications module 3622 is used for communicates with a third
communications device while operating in the selected mode of communications. The
selected mode of communications is indicated by information 3644. Third device
identification information 3638 is stored in data/information 3616. For example, the
wireless terminal 3600 has a communications session with the third communications
device while the second communications device is in the local area generating
interference.

[00284] Data throughput maximization module 3624 maximizes data
throughput between the wireless terminal and the third communications device without
regard to the impact on communications by the second device when the selected mode
is a non-cooperative mode of operation. Interference control module 3626 is responsive
to the selected mode of operation, said interference control module 3626 disregarding an
interference control signal, e.g., received interference control signal 3644, when the
selected mode of operation is a non-cooperative mode of operation. In some

embodiments, the interference control signal is a transmission power control signal. In
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various embodiments, the interference control module 3626 is responsive to interference
control signals when the selected mode is a cooperative mode of operation.

[00285] A method of operating a communications device, e.g., a third
communications device, to operate as a communications intermediary for first and
second device which do not have the ability to directly exchange user data with one
another due to a difference in the protocols supported by the first and second devices
will now be described with reference to Figure 37. The method of Figure 37 is well
suited for use in a system such as the ad hoc network of Figure 32 where a plurality of
devices with differing capabilities establish an ad hoc network. For purposes of
explaining the method of Figure 37 it is assumed that each of the first, second and third
devices support a first protocol which can be used to communicate device capability
mformation. The first protocol may be, e.g., a low bit rate protocol which is unsuitable
because of the low bit rate or for other reasons of communicating user data such as text,
image data or audio data. In some but not necessarily all embodiments, the first
protocol is a beacon signal based protocol. In addition to supporting the first protocol,
the first device supports a second communications protocol, e.g., a second physical
layer protocol such as GSM, CDMA or an OFDM protocol, which can be used to
exchange user data. . In addition to supporting the first protocol, the second device
supports a third communications protocol, e.g., a third physical layer protocol such as
GSM, CDMA or an OFDM protocol, which can be used to exchange user data but
which is different from the second communications protocol. The fact that at least one
of the first and second devices do support both the second and third protocols makes
communication of user data directly between the two devices difficult or impossible.

[00286] In the Fig. 37 example, the third device supports both the second and
third communications protocols, which can be used to exchange user data in addition to
the first communications protocols. Accordingly, the third communications device is a
multi-protocol device capable of supporting communications protocols which do not
support direct interoperability, e.g., due to physical differences in the signals used
and/or the way information is coded in accordance with the protocol being used. In
some embodiments the third communications device and/or the other communications
devices are handheld portable communications devices. In addition to the first, second
and third protocols, one or more of the first, second and third devices may support one

or more higher level protocols, e.g., fourth protocols which may be for example, a
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network layer protocol. In some embodiments the first, second and third devices
support the same network layer protocol however, absent assistance from the third
communications device the first and second devices could not interoperate due to lower
level protocol incompatibilities.

[00287] Referring now to Figure 37, it can be seen that the method 7000 of
operating the third communications device starts in step 7002 and proceeds to step
7004. In step 7004, the third communications device transmits a signal in accordance
with the first communications protocol, e. g., a portion of a beacon signal, used to
communicate device capability information including an indication that the third device
supports the second and the third communications protocol. Then, in step 7006, the
third communications device receives device capability information communicated
using a first communications protocol from at least one of the first wireless
communications device and the second wireless communications device. Note that the
order of steps 7006 and 7004 are not important and, in fact, it is not always necessary to
perform both steps 7004, 7006 since it may not be necessary for both devices to receive
capability information in order to establish communications.

[00288] In step 7006, the third communications device may, in step 7008
receive at least a portion of a beacon signal indicating that said first communication
device is capable of supporting the second communications protocol. Also, as part of
step 7006, the third communications device may, in step 7010 receive at least a portion
of a beacon signal indicating that said second communications device is capable of
supporting the third communications protocol.

[00289] Having received device capability information in step 7006, the third
communications device proceeds in step 7015 to establish a communications link with
the first device using the second communications protocol. For example this may be,
e.g., a CDMA link. The third communications device also proceeds to establish a
communications link with the second communications device using the third
communications protocol. This may be, e.g., an OFDM or GSM protocol link.

With communications links established with the first and second devices using the
second and third protocols respectively, the third communications device is capable of
operating as a communication intermediary between the first and second devices.

[00290] In some embodiments, once the links with the first and second

devices are established the third device sends a routing update signal, e.g., as shown in
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optional step 7018, to one or more devices, e.g., routers in the ad hoc network and/or the
first and second devices providing at least some connectivity information indicating to
other devices in the system that the third communications device can now be used as an
intermediary for communications between the first and second communications devices,
e.g., for packet forwarding and/or other purposes. The routing update message sent in
step 7018 may be, and in some embodiments is, a network layer routing update message
used to communicate updated network layer routing information.

[00291] Operation proceeds from step 7018 to step 7020 wherein the third
communications device operates as a communications intermediary between the first
and second communications devices. Step 7020 may include one or more of the
following steps: relaying 7022 signals from the first communications device to the
second communications device and/or from the second communications device to the
first communications device; providing network connectivity 7024, e.g.., IP
connectivity, thereby allowing the first and second devices to exchange network layer
signals via the third communications device; operate as a communications gateway
7026 by converting between different protocols, e.g., the second and third protocols,
while forwarding signals between the first and second devices; and bridging 7028 the
communications links established with the first communications device and the
communications link established with the second communications link established with
the second communications device.

[00292] Following and/or during the period in which the third
communications device is operating as a communication intermediary between the first
and second devices, it may also transmit device capability information in accordance
with the first protocol as shown in step 7030.

[00293] At some point operation stops in step 7032, e.g., because the third
communications devices is powered down or the other devices leave the
communications area in which the third communications device is operating.

[00294] By using the method illustrated in Fig. 37, network layer
connectivity can be achieved using a porting communications device as a
communications intermediary between devices which do not support physical layer
connectivity sufficient to exchange user data. Accordingly, while only a small portion
of the devices in an ad hoc network may support multiple protocols, €.g., at the physical

layer capable of supporting the exchange of user data, in accordance with the invention
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those multi-protocol devices can be used to create an ad hoc network in which relatively
inexpensive devices can communicate with one another.

[00295} In some embodiments, a wireless terminal which serves as a
communications intermediary keeps track of the devices to which it provides the
service. This information can then be reported to a central accounting device or service
and the intermediary can be compensated for the service provided, e.g., in terms of
reduced service fees for services provided to the intermediary device or as
compensation charged to the owners of the first and second devices which obtained the
benefit of the service. Such a tracking and crediting approach is well suited where the
ad hoc network is used in licensed spectrum where the individual user may pay the
spectrum licensee for the right to operate in the spectrum even though base stations
and/or other infrastructure components may not be directly involved in the
communications.

[00296] Figure 38 is a drawing of an exemplary wireless terminal 4000, e.g.,
mobile node, in accordance with various embodiments. In some embodiments, wireless
terminal 4000 is a mobile handset. Exemplary wireless terminal 4000 supports at least a
first communications protocol, a second communications protocol, and a third
communications protocol, said first, second and third communications protocols being
different. Exemplary wireless terminal 4000 includes a receiver module 4002, a
transmission module 4004, a processor 4006, user /O devices 4008, and memory 4010
coupled together via a bus 4012 over which the various elements may interchange data
and information. Memory 4610 includes routines 4014 and data/information 4016. The
processor 4006, e.g., a CPU, executes the routines 4014 and uses the data/information
4016 in memory 4010 to control the operation of the wireless terminal 4000 and
implement methods.

[00297] Receiver module 4002, e.g., a receiver, is coupled to receive antenna
4003 via which the wireless terminal receives signals from other wireless
communications devices. Receiver module 4002 receives device capability information
from at least one of a first communications device and a second communications device,
said device capability information being communicated using the first communication
protocol. Information 4038 corresponds to the 1% communications protocol and
received device capability information corresponding to 1% and second devices is

information (4034, 4036), respectively.
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[00298] Transmission module 4004, e.g., a transmitter, is coupled to transmit
antenna 4005 via which the wireless terminal transmits signals to other communications
devices. Transmission module 4004 is used for transmitting a beacon signal used to
communicate device capability information to other communications devices, the device
capability information indicating that the wireless terminal 4000 is able to support the
second and third communications protocols. Generated beacon signal 4072 which
conveys information 4070 is transmitted by transmission module 4004. Transmission
module 4004 also transmits processed signals 4068, e.g., protocol converted signals, to
the first communications device and processed signals 4068, e.g., protocol converted
signals, to the second communications device.

[00299] User VO devices 4008 include, e.g., microphone, keyboard, keypad,
switches, camera, display, speaker, etc. User I/O devices 4008 allow a user of wireless
terminal 3600 to input data/information, access output data information, and control at
least some functions of the wireless terminal 4000.

[00300] Routines 4014 include a communications forwarding module 401 8,
anetwork layer connectivity module 4020, a 2™ communications protocol module
4022, a 3™ communications protocol module 4024, a 1¥ physical layer communications
protocol module 4026, a 2™ physical layer communications protocol module 4028, a 3
physical layer communication protocol module 4030 and a relay tracking module 4032.

[00301] Data/information 4016 includes received device capability
information corresponding to device 1 4034, received device capability information
corresponding to device 2 4036, and stored device capability information corresponding
to WT 4000 device capabilities 4070. Data/information 4016 also includes 1%
communications protocol information 4038, second communications protocol
information and third communications protocol information 4041. In various
embodiments, the 1** communications protocol is a beacon based protocol. Second

- communications protocol information 4039 includes information identification protocol
used between WT 4000 and the first communications device. Third communications
protocol information 4041 includes information identification protocol used between
WT 4000 and the second communications device. Data/information 4016 also includes
a plurality of sets of information for supporting different MAC layer protocols (MAC
layer protocol linformation 4044, ..., MAC layer protocol n information), a plurality of

sets of information supporting different network layer protocols (network layer prdtocol
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1 information 4048, ..., nétwork layer protocol M infétmation 4050, a plurality of
layers supporting different physical layer protocols (physical layer protocol 1
information 4040, ..., physical layer protocol m information 4042), and a plurality of
sets of information for supporting higher level protocols (higher level protocol 1
information 4052, ..., higher level protocol N information 4054).

[00302] Data/information 4016 also includes device 1 protocol use
information 4056 identifying the protocols being used by communications device 1
when communicating with wireless terminal 4000 and device 2 protocol use
information 4058 identifying the protocols being used by communications device 2
when communicating with wireless terminal 4000. Data/information 4016 includes
devicel/device 2 protocol conversion information 4060, device 1 received signal
information intended for device 2 4062, processed device 1 received information
intended for device 2 4064, device 2 received signal information intended for device 1
4066, processed device 2 received information intended for device 1 4068.
Data/information 4016 also includes a generated beacon si gnal 4072 conveying WT 400
device capability information 4070. Accumulated amount of relay service provided
information 4074 is also included in data/information 4016.

[00303] Communications forwarding module 4018 relays communications
between the first and second communications devices, the first communications device
supporting the first and second communications protocol, the second communications
device supporting the first and third communications protocols. In some embodiments,
the first communications protocol is a low bit rate protocol which supports a maximum
bit rate less than 1/1000™ the bit rate supported by either of the first and second
communications protocols. In various embodiments, the first communications protocol
is a beacon based communications protocol.

[00304] In some embodiments for some first and second communications
devices, the wireless terminal 4000, first communications device and second
communications device support a fourth protocol, said fourth protocol corresponding to
a higher level communications layer than a communications layer to which said second
and third protocols correspond. In some embodiments, at some times the second and

third protocols correspond to the same communications layer.
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[00305] Network layer connectivity module 4020 provides network layer
connectivity between the first and second communications devices using first and
second communications links to communicate the network layer signals.

[00306] Second communications protocol module 4022 supports a first MAC
layer protocol used to communicate with the first communications device. Third
communications protocol module 4024 supports a second MAC layer protocol used to
communicate with the second communications device, said first and second MAC layer
protocols being different.

[00307] First physical layer communications protocol module 4026 performs
operation supporting the first _communications protocol, e.g., the beacon based protocol. '
The 2™ physical layer communications protocol module 4028 is for supporting a second
physical layer protocol used to communicate with the first communications device. The
3™ physical layer communications protocol module 4030 is for supporting a third
physical layer protocol used to communicate with the second communications device.

[00308] Relay tracking module 4032 tracks communications relay services
provides to other wireless communications devices. Relay tracking module 4032
maintains accumulated amount of relay service provided information 4072. In some
embodiments, a service provider provides incentives for a wireless terminal to act as a
relay. For example, the service provider, in some embodiments, provides an incentive
for being powered and serving as a relay and/or protocol conversion device during times
when the wireless terminal would not otherwise be normally be powered on. Incentives
include, e.g., additional minutes of air time, reduced operational rate, billing charge
reductions, a free enhanced feature and/or download, etc.

[00309] 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.

[00310] 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, monitoring for beacon signals, recovering information from received beacon
signals, determining a timing adjustment, implementing a timing adjustment, changing a

mode of operation, initiating a communication session, etc. In some embodiments
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various features are implemented using modules. Such modules may be implemented
using software, hardware or a combination of softiware and hardware. Many of the
above described methods or method steps can be implemented using machine
executable instructions, such as sofiware, 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 ali 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).
[00311] 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 first wireless communications device, the method
comprising:

receiving a signal from a second communications device via an air link;

determining from the received sighal whether the second communications device
is in a cooperative communications relationship or a non-cooperative communications
relationship with the first communications device; and

based on said determination, selecting between one of a cooperative
communications mode of operation and a non-cooperative communications mode of

operation.

2. The method of claim 1, wherein said second communications device is operating
in a non-cooperative relationship when said second communications device is operating
to maximize its own data throughput without regard to the effect of the second
communications device's signaling on the communications of the first communications

device.

3. The method of claim 1, wherein said second communications device is operating
in a cooperative relationship when its transmission output power is responsive to control

signaling from another device.

4. The method of claim 1, further comprising:

operating in the selected mode of communications operation while
communicating with a third communications device; and

wherein when said selected mode is a non-cooperative mode of operation, the
step of operating in a non-cooperative mode of operation including operating to
maximize data throughput between said first and third devices without regard to the

impact on communications by said second device.

5. The method of claim 4, wherein operating in a non-cooperative mode of
operation includes disregarding an interference control signal received from the second

communications device.
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6. The method of claim 5, wherein said interference control signal receiyed from

the second communications device is a transmission power control signal.

7. The method of claim 1, further comprising:

operating in the selected mode of communications operation while
communicating with a third communications device; and

wherein when said selected mode is a cooperative mode of operation, the step of
operating in a cooperative mode of operation including responding to an interference

control signal.

8. The method of claim 7, wherein said interference control signal is an

interference control signal from said second communications device.

9. _The method of claim 8, wherein said interference control signal received from
the second communications device is a fransmission power control signal used to signal

that the first communications device should reduce its transmission power level.

10. The method of claim 1,

wherein said signal received from a second device provides second device
configuration information; and

wherein determining from the received signal whether the second
communications device is in a cooperative communications relationship or a non-
cooperative communications relationship includes determining from the received
second device information if the second communications device is operating in a
cellular mode of operation in which said second communications device is responsive to
resource allocation signals from a base station or is operating in an ad hoc mode of

operation.

11. The method of claim 10, wherein while in said ad hoc mode of operation said
second device controls the second device's use of wireless communications resources
independent of wireless communication resource allocation signals from any another

device.
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12. The method of claim 1, wherein determining from the received signal whether
the second communications device is in a cooperative communications relationship or a
non-cooperative communications relationship includes determining from the received
signal if the second device corresponds to the same communications network as the first

communications device.

13. The method of claim 1, wherein determining from the received signal whether
the second communications device is in a cooperative communications relationship or a
non-cooperative communications relationship includes at least one of:

determining from the received signal if the second device corresponds to a
service provider used to provide communications services to the first communications
device; and

determining from the received signal if the second communications device

corresponds to a user group to which the first communications device corresponds.

14.  The method of claim 1, further comprising:
selecting based on the determined cooperative or non-cooperative mode of
operation, a device configuration to be used in communicating with a third

communications device while operating in the selected mode of operation.

15. The method of claim 14, wherein when a non-cooperative mode of operation is
selected, said device configuration is selected to optimize data throughput by said first
device when communicating with the third device without regard to interference which

will be generated with respect to said second device.

16.  The method of claim 14, wherein when a non-cooperative mode of operation is
selected, said device configuration 1s selected such that the first device uses a device
configuration that supports a first communications protocol which is also supported by

the third device but which is not supported by the second device.

17. The method of claim 16, further comprising:
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detecting when said second device is no longer transmitting signals within the
range of the first device; and

switching from the first conﬁguration to a second configuration that supports a
second communications protocol which is supported by said first and third
communications devices and which was also supported by said second communications

device which is out of range of the first communications device.

18. The method of claim 17, wherein said first and second protocols are OFDM and

CDMA communications protocols, respectively.

19. The method of claim 17, wherein said first communications protocol are

different OFDM communications protocols.

20.  The method of claim 19, wherein said first communications protocol is

Bluetooth and said second communications protocol is WiF1.

21, A first communications device, comprising:

a receiver for receiving a signal from a second communications device via an air
Iink;

a mode determination module for determining from the received signal whether
the second communications device is in a cooperative communications relationship or a
non-cooperative communications relationship with the first communications device; and

a mode selection module for selecting, based on said determination, between one
of a cooperative communications mode of operation and a non-cooperative

communications mode of operation.

22. The communications device of claim 21, wherein said second communications
device is operating in a non-cooperative relationship when said second communications
device is operating to maximize its own data throughput without regard to the effect of
the second communications device's signaling on the communications of the first

communications device.
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23. The communications device of claim 21, wherein said second communications
device is operating in a cooperative relationship when its transmission output power is

responsive to control signaling from another device.

24. The communications device of claim 21, further comprising:

a communications module for communicating with a third communications
device while operating in the selected mode of communications; and

a data throughput maximization module for maximizing data throughput
between said first and third devices without regard to the impact on communications by

said second device when said selected mode is a non-cooperative mode of operation.

25. The communications device of claim 24, further comprising:
an interference control module responsive to the selected mode of operation,
said interference control module disregarding an interference control signals when the

selected mode of operation is a non-cooperative mode of operation .

26. The communications device of claim 25, wherein said interference control signal

is a transmission power control signal.

27. The communications device of claim 25, wherein said interference control
modaule is responsive to interference control signals when the selected mode is a

cooperative mode of operation.

28. The communications device of claim 21,

wherein determining from the received signal whether the second
communications device is in a cooperative communications relationship or a non-
cooperative communications relationship includes determining from the received
second device information if the second communications device is operating in a
cellular mode of operation in which said second communications device is resﬁonsive to
resource allocation signals from a base station or is operating in an ad hoc mode of

operation.
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29. The communications device of claim 21, wherein the mode determination
module includes a submodule for determining from a received signal at least one of:
whether the second device corresponds to a service provider used to provide
communications services to the first communications device; and
whether the second communications device corresponds to a user group to

which the first communications device corresponds.

30.  The communications device of claim 29, further comprising:
a storage device including stored information indicating at least one of a service

provider and a user group corresponding to said communications device.

31. The communications device of claim 29, further comprising:
a storage device including stored information indicating at least one of a service
provider and a user group corresponding to said communications device which are

considered non-cooperative.

32. A first communications device, comprising:

receiver means for receiving a signal from a second communications device via
an air link;

mode determination means for determining from the received signal whether the
second communications device is in a cooperative communications relationship or a
non-cooperative communications relationship with the first communications device; and

mode selection means for selecting, based on said determination, between one of
a cooperative communications mode of operation and a non-cooperative

communications mode of operation.

33. The communications device of claim 32, wherein said second communications
device is operating in a non-cooperative relationship when said second communications
device is operating to maximize its own data throughput without regard to the effect of
the second communications device's signaling on the communications of the first

communications device.
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34. The communications device of claim 32, whefein said second communications
device is operating in a cooperative relationship when its transmission output power is

responsive to control signaling from another device.

35. The communications device of claim 32, wherein the mode determination means
includes means for determining from a received signal at least one of:

whether the second device corresponds to a service provider used to provide
communications services to the first communications device; and

whether the second communications device corresponds to a user group to

which the first communications device corresponds.

36. The communications device of claim 35, further comprising:
storage means including stored information indicating at least one of a service

provider and a user group corresponding to said communications device.

37. A computer readable medium embodying machine executable instructions for
controlling a first wireless communications device to implement a method of
communicating with another communications device, the method comprising:

receiving a signal from a second communications device via an air link;

determining from the received signal whether the second communications device
is in a cooperative communications relationship or a non-cooperative communications
relationship with the first communications device; and

based on said determination, selecting between one of a cooperative .
communications mode of operation and a non-cooperative communications mode of

operation.

38. The computer readable medium of claim 37, wherein said second
communications device is operating in a non-cooperative relationship when said second
communications device is operating to maximize its own data throughput without
regard to the effect of the second communications device's signaling on the

communications of the first communications device.
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39. The computer readable medium of claim 37, wherein said second
communications device is operating in a cooperative relationship when its transmission

output power is responsive to control signaling from another device.

40. The computer readable medium of claim 37, further embodying machine
executable instructions for: ‘

operating in the selected mode of communications operation while
communicating with a third communications device; and

wherein when said selected mode is a non-cooperative mode of operation,
operating in a non-cooperative mode of operation including operating to maximize data
throughput between said first and third devices without regard to the impact on

communications by said second device.

41. The computer readable medium of claim 37, further embodying machine
executable instructions for:

operating in the selected mode of communications operation while
communicating with a third communications device; and

wherein when said selected mode is a cooperative mode of operation, operating
in a cooperative mode of operation including responding to an interference control

signal.

42, The computer readable medium of claim 37, further embodying machine
executable instructions for:

selecting based on the determined cooperative or non-cooperative mode of
operation, a device configuration to be used in communicating with a third

communications device while operating in the selected mode of operation.

43. An apparatus comprising:

a processor configured to:

receive a signal communicated from a second communications

device via an air link;
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determine from the received signal whether the second
communications device is in a cooperative communications relationship or a non-
cooperative communications relationship with the apparatus; and

based on said determination, selecting between one of a
cooperative communications mode of operation and a non-cooperative communications

mode of operation.

44. The apparatus of claim 43, wherein said second communications device is
operating in a non-cooperative relationship when said second communications device is
operating to maximize its own data throughput without regard to the effect of the second

communications device's signaling on the communications of the apparatus.

45. The apparatus of claim 43, wherein said second communications device is
operating in a cooperative relationship when its transmission output power is responsive

to control signaling from another device.

46. The apparatus of claim 43, wherein said processor is further configured to:
operate in the selected mode of communications operation while controlling the
communications with a third communications device; and
wherein when said selected mode is a non-cooperative mode of operation,
operating in a non-cooperative mode of operation including operating to maximize data
throughput between said apparatus and said third device without regard to the impact on

communications by said second device.

47. The apparatus of claim 43, wherein said processor is further configured to:
operate in the selected mode of communications operation while controlling the
communications with a third communications device; and
wherein when said selected mode is a cooperative mode of operation, operating
in a cooperative mode of operation including controlling a response to an interference

control signal.

48. The apparatus of claim 43, wherein said processor is further configured to:
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select based on the determined cooperative or non-cooperative mode of
operation, a device configuration to be used in communicating with a third

communications device while operating in the selected mode of operation.
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