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METHODS AND APPARATUS RELATING TO WIRELESS TERMINAL

BEACON SIGNAL GENERATION, TRANSMISSION, AND/OR USE

RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent

Application S.N. 60/758,01 1 filed on January 11, 2006, titled " METHODS AND

APPARATUS FOR USING BEACON SIGNALS FOR IDENTIFICATION,

SYNCHRONIZATION OR ACQUISITION IN AN AD HOC WIRELESS NETWORK",

U.S. Provisional Patent Application S.N.60/758,010 filed on January 11, 2006, titled

"METHODS AND APPARATUS FOR FACILITATING IDENTIFICATION,

SYNCHRONIZATION OR ACQUISITION USING BEACON SIGNALS", U.S.

Provisional Patent Application S.N. 60/758,012 filed on January 11, 2006, titled

"METHODS AND APPARATUS FOR USING BEACON SIGNALS IN A

COGNITIVE RADIO NETWORK ", U.S. Provisional Patent Application S.N.

60/863,304 filed on October 27, 2006, U.S. Provisional Patent Application S.N.

60/845,052 filed on September 15, 2006, and U.S. Provisional Patent Application S.N.

60/845,051 filed on September 15, 2006 each of which is hereby incorporated by

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

FIELD

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

communication and, more particularly, to methods and apparatus related to wireless

terminal beacon signal generation, transmission, and/or use in a wireless network, e.g., an

ad hoc wireless network.

BACKGROUND

[0003] In a wireless network, e.g., an ad hoc network, in which a network

infrastructure does not exist, a terminal has to combat certain challenges in order to set up

a communication link with another peer terminal. One challenge is that when a terminal

just powers up or moves into a new area, the terminal may have to first find out whether

another terminal is present in the vicinity before any communication between the two

terminals can start.
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[0004] The general solution to the above problem of identification and acquisition

is to let the terminal transmit and/or receive signals according to certain protocol. Note

that the protocol and the signal have to be designed carefully so that the solution is robust

and power efficient. Robustness is essential. For example, the terminals often may not

have a common timing reference, e.g., because of the lack of the network infrastructure.

So it is possible that when a first terminal is transmitting a signal and a second terminal is

not in the receiving mode, the transmitted signal does not help the second terminal to

detect the presence of the first terminal. Power efficiency has great impact on the battery

life of the terminals and is thus another important issue in the wireless system.

[0005] In addition to solving the above problem of identification and acquisition,

the terminals need to be synchronized with each other to enable proper peer-to-peer

communication.

[0006] In view of the above discussion, it should be appreciated that there is a

need for new and improved ways for identification, acquisition, or synchronization,

especially in a wireless system in which the network infrastructure is not available.

SUMMARY

[0007] In accordance with various embodiments, a wireless terminal, e.g., a

battery powered portable wireless terminal, transmits a special signal, called a beacon

signal. A beacon signal includes a sequence of beacon signal bursts, each beacon signal

burst including one or more beacon symbols, each beacon symbol occupying a beacon

symbol transmission unit. The air link resources associated with a beacon signal burst

include a set of beacon symbol transmission units some of which are occupied by beacon

symbols and some of which are nulls. In some embodiments, beacon symbols in a

beacon signal burst occupy less than 10% of the available beacon symbol transmission

units of the beacon signal burst. A total air link resource, e.g., a combination of frequency

and time, available for communication includes, from the wireless terminal's perspective,

portions available for transmission of beacon burst signals and portions designated for

other uses, e.g., beacon signal monitoring, user data signaling, and/or silence portions. In

terms of the total resource available for communication, the beacon symbols of the

beacon signal occupy a small fraction, e.g., in some embodiments no more than 1%, of

the total air link resource available for communication. In some such embodiments, the

beacon symbols of the beacon signal occupy no more than 0.1% of the total air link



060645U1
3

resource available for communication. In terms of power, the average per symbol

transmission power level associated with a beacon symbol of the beacon signal is much

higher, e.g., in some embodiments at least 10 dB higher, than the average per symbol

transmission power level of a data symbol. In some embodiments, the average per

symbol transmission power level associated with a beacon symbol of the beacon signal is

at least 16 dB higher than the average per symbol transmission power level of a data

symbol.

[0008] In various embodiments of orthogonal frequency division multiplexing

(OFDM) systems, a basic transmission unit is an OFDM tone-symbol, i.e., a single tone

over a single transmission symbol period. In some such embodiments, a beacon symbol

transmission unit is a single OFDM tone-symbol. In other such embodiments, a beacon

symbol transmission unit is a set of contiguous OFDM tone-symbols, e.g., two or three

adjacent tone-symbols using the same tone.

[0009] The beacon signal, in some embodiments, includes a sequence of beacon

signal bursts, each of the beacon signal bursts includes one or more beacon symbols, each

beacon symbol may correspond to a single tone, over a small number of transmission

symbol periods, e.g., one or two symbol periods. 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 a first and a second beacon signal bursts. In one embodiment,

the number of symbol periods between two successive beacon signal bursts is fixed and

constant, in which case the beacon signal includes periodic bursts of energy. In another

embodiment, the number of symbol periods between two successive beacon signal bursts

is a time varying sequence, picked from a set of predetermined or pseudo-random

sequences. The tone of the beacon signal in some embodiments varies from one burst to

another.

[0010] In accordance with various embodiments, a receiver scans the spectrum of

interest to search for a beacon signal for the purpose of detecting the presence of another

transmitter, e.g., a wireless terminal, obtaining some identification of that transmitter, and

estimating the timing and/or frequency synchronization information related to the

transmitter. In one embodiment, the step of scanning includes estimating the energy of

the received signal in each of a plurality of transmission units corresponding to the

spectrum of interest and detecting an energy outlier by comparing the estimated energy

with some threshold. In some embodiments, the step of scanning includes estimating the
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energy of the received signal in a plurality of transmission units and detecting an energy

outlier by comparing the estimated energy with some threshold.

[0011] Since a beacon symbol can be easily detected at a receiver, as it is an

energy outlier, a beacon signal can be used to carry a small amount of information.

Information in a beacon signal can be decoded by determining which beacon

transmission unit or units carry the beacon symbols. For example information can be

included in the frequency of the tone(s) of the beacon symbol in a given burst, the time

position of the beacon symbol(s) in a given burst, the number of beacon symbols in a

given burst, the inter-burst interval, and/or the tone hopping sequences. Among other

things, this information can also be used to identify the transmitter and/or the type of

transmitter. In another embodiment, the information can be about the maximum power

that the transmitter is capable of transmitting.

[0012] The beacon signal occupies a small fraction of the total available air link

resources. In an OFDM embodiment, let N denote the total number of tones in the

spectrum of interest. In any reasonably long time interval, e.g., a few seconds, suppose

the number of OFDM symbol periods is T . Then the total number of OFDM tone-

symbols is N*T. The number of tone-symbols occupied by the beacon signal in that time

interval is significantly less thanN*T, e.g., in some embodiments no more than 0.1% of

N*T.

[0013] Moreover, in any reasonably long time interval, e.g., of a few seconds or

the duration of the entire transmit burst during which the terminal is in a data session and

transmitting (i.e., the terminal is sending user data and/or control information using the

spectrum of interest), suppose that the average per tone-symbol transmission power is

Pavg. Then, the transmission power of each beacon symbol is much higher, e.g., in some

embodiments at least 10 dB higher, than Pavg. In some embodiments, the transmission

power of each beacon symbol is at least 16dB higher than P
aV

g- In one embodiment, the

transmission power of a beacon symbol is constant, i.e., does not vary with time, for a

given transmitter. In another embodiment, the per tone-symbol transmission power of the

beacon signal is the same for multiple transmitters, so that a receiver can derive

information, such as path loss from those transmitters to the receiver, from the power of

the beacon signals received from those transmitters.
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[0014] In one embodiment, the wireless terminal keeps on transmitting the

beacon signal even if the terminal determines that there is no other terminal in the

vicinity.

[0015] In accordance with various embodiments, 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 terminal may continuously be in the listening mode (i.e., on time)

for a time interval of a few symbol periods. The on time is followed by an off time during

which the terminal is in a power saving mode and docs not receive any signal, e.g., turn

off the receive modules. In one embodiment, the length of the on time is a function of the

beacon signal transmission pattern, including the transmission duration of a beacon signal

burst and/or the duration between successive beacon signal bursts.

[0016] If the (first) terminal detects the presence of another (second) terminal, the

first terminal should use the detected beacon signal to derive the timing used by the

second terminal. The information used to derive the timing includes the frequency

location of the tones used in the detected beacon signal bursts and/or the time interval

between the detected successive beacon signal bursts. The first terminal should

synchronize its transmitter and receiver to the derived timing, and then send a signal to

the second terminal using the derived timing, in order to establish a communication link

between the two terminals.

[0017] In various embodiments, a method of operating a portable wireless

terminal includes: transmitting a beacon signal including a sequence of beacon signal

bursts, each beacon signal 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. A portable wireless terminal, in accordance with various

embodiments, includes: a beacon signal generation module for generating a beacon signal

including a sequence of beacon signal bursts, each beacon signal burst including one or

more beacon symbols; and a transmission module for transmitting said generated beacon

signal, using beacon signal transmission units, each beacon symbol occupying a beacon

symbol transmission unit, one or more beacon symbols being transmitted during each

beacon signal burst.

[0018] While various embodiments have been discussed in the summary above, it

should be appreciated that not necessarily all embodiments include the same features and

some of the features described above are not necessary but can be desirable in some
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embodiments. Numerous additional features, embodiments and benefits are discussed in

the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure 1 illustrates an exemplary ad hoc communication network

implemented in accordance with various embodiments.

[0020] Figure 2 illustrates an exemplary user misdetection problem in an ad hoc

network when there is no common timing reference.

[0021] 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.

[0022] Figure 4 illustrates an exemplary relative transmission power levels

between a beacon symbol and a data/control signal in accordance with various

embodiments.

[0023] Figure 5 illustrates one exemplary embodiment of transmitting beacon

signal bursts.

[0024] 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.

[0025] Figure 7 is used to describe how a user misdetection problem is solved

when two terminals transmit and receive beacon signal bursts, as implemented in

accordance with various embodiments.

[0026] Figure 8 illustrates one exemplary embodiment of a state diagram

implemented in a terminal.

[0027] Figure 9 illustrates a detailed illustration of an exemplary wireless

terminal implemented in accordance with various embodiments.

[0028] Figure 10 is a drawing of a flowchart of an exemplary method of operating

a portable wireless terminal in accordance with various embodiments.

[0029] Figure 11 is a drawing of a flowchart of an exemplary method of operating

a portable wireless terminal in accordance with various embodiments.

[0030] 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.
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[0031] 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.

[0032] Figure 14 includes drawings illustrating exemplary beacon signaling from

a portable wireless terminal, in accordance with various embodiments

[0033] Figure 15 illustrates that different wireless terminals, in some

embodiments, transmit different beacon signals including different beacon burst signals.

[0034] 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.

[0035] 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.

[0036] 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.

[0037] 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.

[0038] 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.

[0039] Figure 2 1 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.

[0040] 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.

[0041] Figure 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.
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[0042] Figure 24 illustrates an alternative descriptive representation with respect

to beacon signals, in accordance with various embodiments.

[0043] Figure 25 is a drawing of an exemplary portable wireless terminal, e.g.,

mobile node, in accordance with various embodiments.

[0044] 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.

[0045] Figure 27 is a drawing of an exemplary portable wireless terminal, e.g.,

mobile node, in accordance with various embodiments.

[0046] 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.

[0047] Figure 29 illustrates exemplary synchronized timing between two wireless

terminals based on beacon signals in accordance with an exemplary embodiment.

[0048] Figure 30 illustrates exemplary synchronized timing between two wireless

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

[0049] Figure 3 1 illustrates exemplary synchronized timing between two wireless

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

DETAILED DESCRIPTION:

[0050] 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

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.

[0051] 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.
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[0052] 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.

[0053] 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, 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.

[0054] 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.

[0055] 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.

[0056] 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.

[0057] 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.
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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.

[0058] 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.

[0059] 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.

[0060] 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 case, 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.

[0061] 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
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the time interval is significantly less than N*T, e.g., in some embodiments no more than

0.1% ofN*T.

[0062] 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

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 b e decoded by determining which minimum

transmission units convey the beacon symbols. For example, information can b e 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.

[0063] 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

powers 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 ,i.e., 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. A s a comparison, a tall black

rectangular 406 is also included to show the power of a beacon tone-symbol.

[0064] 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
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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.

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.

[0065] Figure 4 shows that the transmission power may vary from one tone-

symbol to another. Denote Pavg the average transmission power per tone-symbol (408). In

accordance with various embodiments, the per tone-symbol transmission power of the

beacon signal is much higher, e.g., at least 10 dB higher, than Pavg. In some

embodiments, the per tone-symbol transmission power of the beacon signal is at least 16

dB higher than Pavg. In one exemplary embodiment, the per tone-symbol transmission

power of the beacon signal is 2OdBs higher than Pavg.

[0066] 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.

[0067] 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.

[0068] 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
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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

predetermined or pseudo-random pattern. For example, the number can be a number, e.g.,

random number, distributed between constants Lo and L 1.

[0069] 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.

[0070J 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.

[0071] 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 terminal has a great probability of detecting at least one beacon signal burst in

the on time interval. In one embodiment, the length of the on time interval is a function of

at least one of the transmission duration of a beacon signal burst and the duration

between successive beacon signal bursts. For example, the length of the on time interval

is at least the sum of the transmission duration of a beacon signal burst and the duration

between successive beacon signal bursts.

[0072] 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.
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[0073] 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. 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.

[0074] Figure 8 illustrates one embodiment of an exemplary state diagram 800

implemented in a wireless terminal in accordance with various embodiments.

[0075] 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.

[0076] 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.

[0077] 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
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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 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.

[0078] 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.

[0079] 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.

[0080] 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.

[0081] 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
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associated devices 942, 944 provide a mechanism by which a user can operate the

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.

[0082] 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 arc 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.

[0083] 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.

[0084] 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

is operated to transmit, during a first time interval, a beacon signal and user data. Step

1004 includes sub-step 1006 and sub-step 1008.
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[0085] 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 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.

[0086] 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.

[0087] 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
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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 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.

[0088] 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.

[0089] 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 during 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.

[0090] 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.

[0091] 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
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resource used by said wireless terminal during a period of time including multiple signal

bursts. Operation proceeds from step 1104 to step 1106.

[0092] 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.

[0093] 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 a mode of operation or state of operation in which

the wireless terminal is to transmit beacon signals, operation proceeds from step 1202 to

step 1204; otherwise operation proceeds back to the input of step 1202 for another check

as to whether a beacon signal is to be transmitted.

[0094] In step 1204, the wireless terminal checks whether or not it is time to

transmit a beacon signal burst. If it 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.

[0095] 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.

[0096] 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
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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 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.

[0097] 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.

[0098] In step 1304, which is performed on an ongoing basis, the wireless

terminal tracks timing, outputting current time information 1314. Current time

information 1314 identifies, e.g., an index value in a recurring timing structure being

used by the wireless terminal.

[0099] 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 13 18 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.

[00100] 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 the wireless
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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.

[00101] 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.

[00102] 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.

[00103] Operation proceeds from step 1342 to step 1346, in which the wireless

terminal transmits the generated beacon burst signal. The wireless terminal uses stored
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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.

[00104] 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 step 1350 to step 1354; otherwise operation

proceeds back to the input of step 1350 for another test of conditions.

[00105] 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.

[00106] 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.

[00107] 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.

[00108] 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 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
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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, 1418) 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.

[00109] Figure 14 also includes drawing 1450 illustrating exemplary beacon

signaling from a portable wireless terminal in which a beacon signal is a composite signal

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.

[00110] 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 embodiments includes a set of

OFDM tone-symbols corresponding to a set of tones for a predetermined time interval.

[00111] Figure 15 illustrates that different wireless terminals, in some

embodiments, transmit different beacon signals including different beacon burst signals.
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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.

[00112] Legend 1502 indicates that with respect to the beacon burst signal for WT

A, 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 1500,

vertical axis 1504 represents frequency, e.g., OFDM tone index, while horizontal axis

1506 represents 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 15 12. 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.

[001131 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 15 12. 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 transmission units are

left unused. Thus in this example 2% of the transmission resources of the beacon burst

are used to convey beacon symbols.

[00114] Figure 16 is a drawing 1600 and corresponding legend 1602 illustrating 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



eflliif iliiilli IIpll

060645U1
25

embodiments, a beacon symbol transmission unit occupies a different number of OFDM

transmission 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.

[00115] 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

transmission unit is represented by rectangular box 1614 with heavy borders. Large

letters BS 1616 represent a beacon symbol conveyed by a beacon transmission unit.

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.

[00116] 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.

[00117] Beacon burst signal 1706 includes two beacon symbols 1707; beacon burst

signal 1708 includes two beacon symbols 1709; beacon burst signal 1710 includes two
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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.

[00118] Along time axis 1704, there is a beacon burst 1 signal time interval T B1

1712 corresponding to beacon burst 1 signal 1706, followed by a between burst time

interval TBBI/2 1718, followed by a beacon burst 2 signal time interval T R 1714

corresponding to beacon burst 2 signal 1708, followed by a between burst time interval

T BB2/3 1720, followed by a beacon burst 3 signal time interval T B3 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 ,TBBI/2 > 5 TBI and TBBI/2

5 Tβ2 ; TBB2/3 > 5 TB2 and T BB2/3 > 5 T 3 . In this example, each of the beacon bursts

(1706, 1708, 1710) have the same time duration, e.g., TB 1 = TB2 = T 3.

[00119] 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 drawing 1450 of Figure 14.

[00120] Beacon burst signal 1806 includes two beacon symbols 1807; beacon burst

signal 1808 includes two beacon symbols 1809; beacon burst signal 1810 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.

[00121] Along time axis 1804, there is a beacon burst 1 signal time interval T B I

1812 corresponding to beacon burst 1 signal 1806, followed by a between burst time

interval TBBi/2 1818, followed by a beacon burst 2 signal time interval TB2 1814

corresponding to beacon burst 2 signal 1808, follow ed by a between burst time interval

T BB2/3 1820, followed by a beacon burst 3 signal time interval T B3 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,T BBi/2 > 5 TB1 and TBBI/2 ≥
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5 TB2 ; T BB2/3 > 5 TB2 and TBB2/3 > 5 TB3 I this example, each of the beacon bursts

(1806, 1808, 1810) have the different time duration, e.g., T 1 ≠ TB2≠TB3 ≠TB 1. In some

embodiments, at least two of the beacon burst signals in the composite beacon signal

have different duration.

[00122] 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 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", 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.

[00123] 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, e.g., a combination of frequency and time, in which 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, e.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.

[00124] Figure 2 1 illustrates two exemplary modes of wireless terminal operation

in which the wireless terminal is transmitting a beacon signal, e.g., an inactive mode and
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an active mode. Drawing 2100 corresponds to the exemplary inactive mode o f operation,

while drawing 2150 corresponds to the active mode of operation.

[00125] In the exemplary inactive mode o f 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 Tnnactive 2110, followed by a monitor and receive beacon

information resource 2104 with a corresponding time duration T2inact ive21 12, followed b y

a silence resource 2106 with a corresponding time duration T3inact ive 2114. In various

embodiments, Tractive < T 2u active < T3inac tive- In some embodiments, T2inactive> In

some embodiments, T 3mactive> 10T2inactive. For, example, in one exemplary embodiment

> 100, e.g. 1 13, Tiinactive = 5 0 OFDM symbol transmission time intervals, T2inactive = 200

OFDM symbol transmission time intervals, and Tsinactive = 2000 OFDM symbol

transmission time intervals. In such an embodiment, if beacon symbols are allowed to

occupy at most 10% o f the burst beacon signal resource, beacon symbols occupy

approximately at most 0.22% of the total resource.

[00126J In the exemplary active mode o f 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 T lac tive 2162, followed by a monitor and receive beacon

information resource 2154 with a corresponding time duration T2activc 2164, followed by a

user data transmit/receive resource 2156 with a corresponding time duration T3active 2166,

followed b y a silence resource 2158 with a corresponding time duration T 4actiVe 2168. In

various embodiments, Tractive< T2active < T 3active. I some embodiments, T2active > 4Tiactive-

In some embodiments, (Tractive+ T t e ) > 10T2inactive. In various embodiments T nactive =

T lac tive. In some embodiments, there are guard intervals between at least some o f the

different types of intervals.

[00127] 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 by a shaded square
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2206 and is transmitted at an average transmission power level P B, (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 PD, and (iii) P B > 2P D -

[00128] 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.

[00129] 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 6th 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.

[00130] 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.

[00131] 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 by a large vertical arrow

2306 and is transmitted at an average transmission power level P B, (ii) user data symbols

are indicated by small arrows 2308, 2310, 2312, 2314, which correspond to different

phases ( 1, θ , Θ3, ) , respectively, e.g., corresponding to QPSK, and that data symbols

are transmitted such as to have an average transmission power level P
D

and (iii) PB >

2PD.
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[00132] 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.

[00133] 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.

[00134] 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.

[00135] Figure 24 illustrates an alternative descriptive representation with respect

to beacon signals. Drawing 2400 and associated legend 2402 arc 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
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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.

[00136] 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.

[00137] 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.

[00138] Receiver module 2502, 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.

[00139] 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 beacon

signal burst including one or more beacon symbols, and each beacon symbol occupies a

beacon symbol transmission unit. One or more beacon symbols arc transmitted by

transmission module 2504 for each transmitted beacon signal burst.

[00140] 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.
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[00141] 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. Signal 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.

[00142] User I/O 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.

[00143] The power supply module 2510 includes a battery 251 1 utilized as a

source of portable wireless terminal power. The output of the power supply module 25 10

is coupled 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.

[00144] 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.

[00145] 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.
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[00146] 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 1OdB 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 embodiments, the first

period of time is a time interval during which the reference level does not change.

[00147] 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.

[00148] Mode control module 2528 controls the wireless 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
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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.

[00149] 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.

[00150] Data/information 25 18 includes stored beacon signal characteristic

information 2532, user data characteristic information 2534, timing structure 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 signal characteristic information

2532 includes one or more sets of beacon burst information (beacon burst 1 information

2548, ..., beacon burst information 2550), beacon symbol information 2560, and

power information 2562.

[00151] 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 identifying 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

b e 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
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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.

[00152] 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.

[00153] 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 QAM256, etc, and modulation symbol

values associated with the constellation. Power information 2566 includes, e.g., power

gain scale factor information used with respect to data symbol transmissions.

[00154] 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.

[00155] 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 identifies 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
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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.

[00156] 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.

[00157] Air link resource information 2538 includes beacon transmission resource

information 2568 and other use resource information 2570. In some 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 contiguous 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
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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 burst 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.

[00158] 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 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.

[00159] 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.

[00160] 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.
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[00161] If the time period 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.

[00162] 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.

[00163] 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 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.

[00164] 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
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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.

[00165] 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.

[00166] 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

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

transmitting beacon signals and/or from a fixed beacon transmitter, to establish timing

synchronization.

[00167] 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.

[00168] 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.

[00169] 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
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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 least one

beacon symbol, e.g., a relatively high power tone with respect to the power level of user

data symbols.

[00170] 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.

[00171] 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 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.

[00172] 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.

[00173] The power supply module 2710 includes a battery 271 1 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
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bus 2709 to provide power. Thus, transmission module 2704 transmits beacon signals

using battery power.

[00174] 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 control 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.

[00175] 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 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.

[00176] 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.

[00177] 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
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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 on detected beacon signal portion 2756 is an output

of transmission time adjustment module 2724.

[00178] 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.

[00179] 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.

[00180] 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,
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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.

[00181] 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 o f wireless terminal operation.

[00182] Timing adjustment module 2732 pseudo randomly adjusts the start of at

least one o f 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 o f 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 a s to increase the likelihood o f the

wireless terminal and a peer being able to detect one another's presence while limiting

beacon transmit and/or beacon detection time intervals.

[00183] Mode control module 2734 controls the communications device to operate

during different times, in a first and second mode o f 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 o f operation is an active mode in which the communications device

transmits beacon signals, detects for beacon signals, and is permitted t o 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.

[00184] Beacon signal generation module 2736 generates beacon signal portions

2748, e.g., beacon bursts including a least one beacon symbol, which are transmitted b y

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
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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.

[00185] Duplex control module 2742 controls operation of duplex module 2703,

e.g., controlling antenna 2705 to be coupled to receiver module 2702 for receive 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.

[00186] 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 2754,

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.

[00187] 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 docs 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 in an active

mode including beacon signal transmissions and permitting user data transmissions.

[00188] 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
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information 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.

[00189] 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.

[00190] Timing structure information 2764 includes information defining duration,

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: (i)

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.

[00191] 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
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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.

[00192] 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 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.

[00193] 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.

[00194] 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.

[00195] Between time interval 2816 and 2824 wireless terminal 1 and wireless

terminal 2 exchange signals to establish a communications session and then participate in
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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.

[00196] 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 conditions, e.g.,

wireless terminals 1 and 2 moved far enough away from each other such that the channel

conditions were insufficient to maintain the session.

[00197] Sequence of arrows 2832 illustrates wireless terminal 1beacon 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.

[00198] In this example, a wireless terminal, which has powered up, performs

monitoring during an initial beacon monitoring period 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 mode 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.

[00199] 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
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facilitate alignment between its own beacon monitoring intervals and other wireless

terminal beacon transmission intervals.

[00200] 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

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 291 8 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.

[00201] 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 1beacon 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 interval 3016, a wireless terminal 2 beacon

transmission interval 3018, a wireless terminal 2 beacon receive time interval 3020, a
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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 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.

[00202] Drawing 3100 of Figure 3 1 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 information

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 3 112. Drawing 3104 includes a wireless terminal 2 beacon transmission interval

3114, a wireless terminal 2 beacon receive time interval 3116, 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 3116, 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.g., the wireless terminal which
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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.

[00203] 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.

[00204] 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

various features are implemented using modules. Such modules may be implemented

using software, hardware or a combination of software and hardware. Many of the above

described methods or method steps can be implemented using machine executable

instructions, such as software, included in a machine readable medium such as a memory

device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose computer

with or without additional hardware, to implement all or portions of the above described

methods, e.g., in one or more nodes. Accordingly, among other things, various

embodiments are directed to a machine-readable medium including machine executable

instructions for causing a machine, e.g., processor and associated hardware, to perform

one or more of the steps of the abovc-dcscribcd mcthod(s).

[00205] 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
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and/or CDMA. In various embodiments the mobile nodes are implemented as notebook

computers, personal data assistants (PDAs), o r other portable devices including

receiver/transmitter circuits and logic and/or routines, for implementing the methods o f

various embodiments.
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[00206] WHAT IS CLAIMED IS:

1. A method of operating a portable wireless terminal comprising:

transmitting a beacon signal including a sequence of beacon signal bursts, each

beacon signal 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.

2. The method further comprising:

providing transmission power used for transmitting the beacon signal from a

battery power source.

3. The method of claim 1, wherein the number of beacon symbols in a beacon signal

burst occupies less than 10 percent of the available beacon symbol transmission units.

4. The method of claim 3, wherein the majority of beacon symbol transmission units

in a transmitted beacon signal burst are occupied by nulls.

5. The method of claim 3, further comprising:

transmitting, during a first time interval, user data in addition to said beacon

symbols, 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 said first time interval.

6. The method of claim 1, wherein said step of transmitting a beacon signal

including a sequence of beacon signal bursts includes transmitting said beacon signal

bursts at intervals, a time period between two adjacent beacon signal bursts in said

sequence of beacon signal bursts being at least 5 times the duration of either of the two

adjacent beacon signal bursts.

7. The method of claim 6, wherein at least some different beacon signal bursts

transmitted in said sequence of beacon signal bursts have periods of different lengths.
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8. The method of claim 3, wherein the average per symbol transmission power level

of each beacon symbol transmitted during a first period of time is at least 10 dB higher

than the average per symbol transmission power level of symbols used to transmit user

data during said first period of time.

9. The method of claim 1, wherein said 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 signal bursts.

10. The method of claim 9, wherein beacon symbols occupy less than 0.1 percent of

the tone symbols in a portion of said period of time, said portion of said period of time

including one beacon signal burst and one interval between successive beacon signal

bursts.

11. The method of claim 10, further comprising:

transmitting user data on at least 10 percent of the tone symbols of the

transmission resource used by said wireless terminal during said period of time including

multiple beacon signal bursts.

12. The method of claim 11, wherein the time duration of a beacon signal burst time

period 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.

13. The method of claim 9, wherein the time spacing between beacon signal bursts

occurring during a first period including multiple beacon signal bursts is constant with

said beacon signal bursts occurring in a periodic manner during said first period of time.

14. The method of claim 13, wherein duration of beacon signal bursts during said first

time period is constant.

15. The method of claim 9, wherein the time spacing between beacon signal bursts

occurring during a first period including multiple beacon symbol transmission bursts
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varies, with said beacon symbol bursts occurring during said first period of time in

accordance with a predetermined pattern.

16. The method of claim 15, wherein duration of beacon signal bursts during said first

time period is constant.

17. The method of claim 15, wherein said predetermined pattern various depending

on the wireless terminal performing said transmitting step.

18. The method of claim 17, wherein said predetermined pattern is the same for all

wireless terminals in a system.

19. The method of claim 15, wherein said pattern is a pseudo random pattern.

20. The method of claim 1, wherein said portable wireless terminal includes an

OFDM transmitter which transmits said beacon signal and wherein said beacon signal is

communicated using a resource which is a combination of frequency and time.

2 1. The method of claim 1, wherein said portable wireless terminal includes a CDMA

transmitter which transmits said beacon signal and wherein said beacon signal is

communicated using a resource which is a combination of code and time.

22. A portable wireless terminal comprising:

a beacon signal generation module for generating a beacon signal including a

sequence of beacon signal bursts, each beacon signal burst including one or more beacon

symbols; and '

a transmission module for transmitting said generated beacon signal, using beacon

signal transmission units, each beacon symbol occupying a beacon symbol transmission

unit, one or more beacon symbols being transmitted during each beacon signal burst.

23. The portable wireless terminal of claim 22 further comprising:

a battery power source for providing transmission power used for transmitting the

beacon signal.
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24. The portable wireless terminal of claim 22, further comprising:

memory including stored beacon signal characteristic information used by said

beacon signal generation module in identifying which beacon transmission units in a

beacon signal burst are to be occupied by a beacon symbol, and wherein the number of

beacon symbols in a beacon signal burst occupy less than 10 percent of the available

beacon symbol transmission units.

25. The portable wireless terminal of claim 24, wherein said store d beacon

characteristic information identifies which beacon transmission units in a beacon signal

burst are to be occupied by intentional nulls, and wherein the majority of beacon symbol

transmission units in a transmitted beacon signal burst are to occupied by intentional

nulls.

26. The portable wireless terminal of claim 24, further comprising:

a user data signal generation module for generating a user data signal, said user

data signal including data symbols, and wherein said transmitter module transmits said

user data signal in addition to said beacon signal;

a transmission power control module for controlling the transmission power level

of beacon symbols and data symbols, and wherein the transmission power control module

controls, during a first period of time, 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 beacon symbols transmitted during said first period of time.

27. The portable wireless terminal of claim 22, further comprising:

a beacon signal transmission control module for controlling said transmission

module to transmit said beacon signal bursts at intervals, and wherein a time period

between two adjacent beacon signal bursts in said sequence of beacon signal bursts is

controlled to be at least 5 times the duration of either of the two adjacent beacon signal

bursts.



060645U1
56

28. The portable wireless terminal of claim 27, wherein at least some different beacon

signal bursts transmitted in said sequence of beacon signal bursts have periods of

different lengths.

29. The portable wireless terminal of claim 24, further comprising:

a transmission power control module, and wherein the transmission power control

module controls the average per symbol transmission power level of each beacon symbol

transmitted during a first period of time to be at least 10 dB higher than the average per

symbol transmission power level of symbols used to transmit user data during said first

period of time.

30. The portable wireless terminal of claim 22, wherein said transmission module is

an OFDM transmitter, and

wherein said 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

signal bursts.

31. The portable wireless terminal of claim 30, wherein beacon symbols occupy less

than 0.1 percent of the tone symbols in a portion of said period of time, said portion of

said period of time including one beacon signal burst and one interval between successive

beacon signal bursts.

32. The portable wireless terminal of claim 31, wherein said transmission module

transmits user data in addition to said beacon signal, and wherein user data is transmitted

on at least 10 percent of the tone symbols of the transmission resource used by said

wireless terminal during said period of time including multiple beacon signal bursts.

33. The portable wireless terminal of 32, wherein the time duration of a beacon signal

burst time period 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.
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34. The portable wireless terminal of claim 30, wherein the time spacing between

beacon signal bursts occurring during a first period including multiple beacon signal

bursts is constant with said beacon signal bursts occurring in a periodic manner during

said first period of time.

35. The portable wireless terminal of claim 34, wherein duration of beacon signal bursts

during said first time period is constant.

36. The portable wireless terminal of claim 30, further comprising:

memory including stored transmission timing structure information used by the

beacon signal generation module to generate said beacon signal, and

wherein the stored transmission timing structure information includes

information defining the time spacing between beacon signal bursts occurring during a

first period including multiple beacon symbol transmission bursts to vary, with said

beacon symbol bursts occurring during said first period of time in accordance with a

predetermined pattern.

37. The portable wireless terminal of claim 36,

wherein said memory further includes beacon signal characteristic information

used by said beacon signal generation module in generating said beacon signal; and

wherein the beacon signal characteristic information defines the duration of

beacon signal bursts during said first time period to be constant.

38. The portable wireless terminal of claim 36, wherein said predetermined pattern

various depending on the wireless terminal performing said transmitting step.

39. The portable wireless terminal of claim 38, wherein said predetermined pattern is

the same for all wireless terminals in a system.

40. The portable wireless terminal of claim 36, wherein said pattern is a pseudo

random pattern.



'iliinutiinflliiiilliiilnLIiiiiiiiiiInliMiifliiilliiHiilillii fflMM

060645U1
58

4 1. The portable wireless terminal of claim 22, wherein said transmission module is

an OFDM transmitter which transmits said beacon signal and wherein said beacon signal

is communicated using a resource which is a combination of frequency and time.

42. The portable wireless terminal of claim 22, wherein said transmission module is a

CDMA transmitter which transmits said beacon signal and wherein said beacon signal is

communicated using a resource which is a combination of code and time.

43. A portable wireless terminal comprising:

means for generating a beacon signal including a sequence of beacon signal

bursts, each beacon signal burst including one or more beacon symbols; and

means for transmitting said generated beacon signal, and wherein each beacon

symbol occupies a beacon symbol transmission unit, one or more beacon symbols being

transmitted during each burst.

44. The portable wireless terminal of claim 42, further comprising:

means for storing energy for providing transmission power used for transmitting

the beacon signal.

45. The portable wireless terminal of claim 43, further comprising:

memory storage means for storing beacon signal characteristic information used

by said beacon signal generation module in identifying which beacon transmission units

in a beacon signal burst are to be occupied by a beacon symbol, and wherein the number

of beacon symbols in a beacon signal burst occupy less than 10 percent of the available

beacon symbol transmission units.

46. The portable wireless terminal of claim 45, further comprising:

means for generating a user data signal, said user data signal including data

symbols, and wherein said means for transmitting transmits said user data signal in

addition to said beacon signal;

means for controlling transmission power levels of beacon symbols and data

symbols, and wherein the means for controlling transmission power levels controls,

during a first period of time, the data symbols to be transmitted at an average per symbol



]

060645U1
59

power level that is at least 50 percent lower than the average per beacon symbol power

level of beacon symbols transmitted.

47. The portable wireless terminal of claim 43, further comprising:

means for controlling said transmission means to transmit said beacon signal

bursts at intervals, and wherein a time period between two adjacent beacon signal bursts

in said sequence of beacon signal bursts is controlled to be at least 5 times the duration of

cither of the two adjacent beacon signal bursts.

48. The portable wireless terminal of claim 47, wherein at least some different beacon

signal bursts transmitted in said sequence of beacon signal bursts have periods of

different lengths.

49. The portable wireless terminal of claim 45, further comprising:

means for controlling transmission power, and wherein the means for controlling

transmission power controls the average per symbol transmission power level of each

beacon symbol transmitted during a first period of time to be at least 10 dβ higher than

the average per symbol transmission power level of symbols used to transmit user data

during said first period of time.

50. The portable wireless terminal of claim 43, wherein said means for transmitting

includes means for performing OFDM transmission, and

wherein said 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

signal bursts.

51. A computer readable medium embodying machine executable instruction for

controlling a portable wireless terminal in a wireless communications system to

implement a method, the method comprising:

transmitting a beacon signal including a sequence of beacon signal bursts, each

beacon signal burst including one or more beacon symbols, each beacon symbol
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occupying a beacon symbol transmission unit, one or more beacon symbols being

transmitted during each burst.

52. The computer readable medium of claim 51 further embodying machine

executable instructions for:

controlling the transmission power level used for transmitting the beacon signal,

wherein the transmission power is from a battery power source.

53 . The computer readable medium of claim 51, further embodying machine

executable instructions for:

controlling the number of beacon symbols in a beacon signal burst to occupy less

than 10 percent of the available beacon symbol transmission units.

54. The computer readable medium of claim 53, further embodying machine

executable instructions for:

controlling the transmission, during a first time interval, of user data in addition to

said beacon symbols, 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 said first time interval.

55 . The computer readable medium of claim 51, further embodying machine

executable instructions for:

controlling transmitting of said beacon signal bursts at intervals such that a time

period between two adjacent beacon signal bursts in said sequence of beacon signal

bursts is at least 5 times the duration of cither of the two adjacent beacon signal bursts, as

part of said step of transmitting a beacon signal including a sequence of beacon signal

bursts.

56. An apparatus comprising:

a portable communications device processor configured to:

control wireless transmission of a beacon signal including a

sequence of beacon signal bursts, each beacon signal burst including one or more beacon
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symbols, each beacon symbol occupying a beacon symbol transmission unit, one or more

beacon symbols being transmitted during each burst.

57. The apparatus of claim 56, wherein said processor is further configured to:

control transmission power levels used for transmitting the beacon signal, said

transmission power being from a battery power source.

58. The apparatus of claim 56, wherein the number of beacon symbols in a beacon

signal burst occupies less than 10 percent of the available beacon symbol transmission

units.

59. The apparatus of claim 58, wherein said processor is further configured to:

control wireless transmission, during a first time interval, of user data in addition

to said beacon symbols, 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 said first time interval.

60. The apparatus of claim 56, wherein said processor is further configured to:

control the wireless transmission of said beacon signal bursts at intervals, a time

period between two adjacent beacon signal bursts in said sequence of beacon signal

bursts being at least 5 times the duration of either of the two adjacent beacon signal

bursts.
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