
1 METHOD AND APPARATUS FOR FACILITATING CONCATENATED CODES FOR BEACON
CHANNELS CROSS-REFERENCE TO RELATED APPLICATIONS 100011This
application claims the benefit of U.S. Provisional Patent application
Serial No. 61/025,666 entitled "METHOD AND APPARATUS FOR CODING
CONTROL INFORMATION IN WIRELESS COMMUNICATIONS," which was filed
February 1, 2008. This application is also related to co-pending U.S.
Patent Application Serial No. 12/163,812 (Docket No. 080266)
entitled, "BEACON-BASED CONTROL CHANNELS," which was filed on June
27, 2008. The entirety of the aforementioned applications are herein
incorporated by reference. BACKGROUND I.Field 100021The following
description relates generally to wireless communications, and more
particularly to methods and apparatuses for coding control
information. 



ILBackground 100031Wireless communication systems are widely deployed
to provide various  types of communication; for instance, voice
and/or data can be provided via such wireless communication systems.
A typical wireless communication system, or network, can provide
multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, etc.). For instance, a system can use a
variety of multiple access techniques such as Frequency Division
Multiplexing (FDM), Time Division Multiplexing (TDM), Code Division
Multiplexing (CDM), Orthogonal Frequency Division Multiplexing
(OFDM), High Speed Packet (HSPA, HSPA+), and others. Moreover,
wireless communication systems can be designed to implement one or
more standards, such as IS-95, CDMA2000, 1S-856, W-CDMA, TD-SCDMA,
and the like. [00041In designing a reliable wireless communication
system, special attention must be given to particular data
transmission parameters. For instance, in a densely deployed network,
where the spectrum is reused by different sectors and the coverage
areas of these sectors overlap, signals may collide frequently due to
different transmitters simultaneously accessing the same spectrum,
which causes significant  2  interference. For example, consider a
wireless system with a transmitter TX_A and a receiver RX_A. The
transmitter TX_A may be a sector or a base station. The receiver RX_A
may be a mobile station or a relay station (Alternately, the
transmitter TX_A may be a mobile station and the receiver RX_A may be
a base station). The transmitter TX_A typically transmits a
combination of data channels and control channels to RX_A and other
receivers. The control channels may include, but are not limited to,
acknowledgement channels, power control channels, resource assignment
channels. etc. [0005]In some cases, the interference caused by TX_B
may be very high, thereby degrading the signal-to-noise ratio at RX_A
to a point where it is unable to receive its control channels from
TX_A. Such high interference levels are common in wireless
technologies where the deployments are unplanned. Examples could
include femtocell deployments, WiFi deployments etc. The problem is
especially acute in systems with "restricted association" where a
receiver is not allowed to connect to the strongest RE link. For
example, a WiFi user may not be able to connect to his/her neighbor's
WiFi Access Point even if the signal strength from the neighbor's
access point is significantly higher than that of his/her own access
point. [0006]A common strategy to deal with such high interference
levels is interference avoidance. In this case, TX_A and TX_B may be
instructed to transmit in different time or frequency slots so that
TX_B no longer interferes with TX_A. However, if either of TX_A or
TX_B is in an area such that the signal-to-noise ratio is poor,
receiving control data that includes such interference avoidance
information may itself be difficult. Accordingly, it would be
desirable to have a method and apparatus for robustly
encoding/decoding control data transmitted within a noisy wireless
environment. 



[0007]The above-described deficiencies of current wireless
communication  systems are merely intended to provide an overview of
some of the problems of conventional systems, and are not intended to
be exhaustive. Other problems with conventional systems and
corresponding benefits of the various non-limiting embodiments
described herein may become further apparent upon review of the
following description.  3 SUMMARY 100081The following presents a
simplified summary of one or more embodiments in order to provide a
basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended
to neither identify key or critical elements of all embodiments nor
delineate the scope of any or all embodiments. Its sole purpose is to
present some concepts of one or more embodiments in a simplified form
as a prelude to the more detailed description that is presented
later. 100091In accordance with one or more embodiments and
corresponding disclosure thereof, various aspects are described in
connection with facilitating concatenated codes for beacon channels.
In an aspect, beacon-based signaling is disclosed as having
particularly desirable characteristics for transmitting data within a
noisy wireless environment, wherein concatenating error control codes
facilitates transmitting such beacon-based signals more accurately
and efficiently. 100101In one aspect, a method, apparatus, and
computer program product is 



disclosed for encoding a wireless control signal. Within such
embodiment, a set of information bits are received and encoded with a
first error control code so as to create a first set of encoded bits.
The first set of encoded bits is then encoded with a second error
control code so as to create a second set of encoded bits. The second
set of encoded bits is then modulated as beacon tones and
subsequently transmitted to a receiving unit. 100111In another
aspect, a method, apparatus, and computer program product is
disclosed for decoding a wireless control signal. Within such
embodiment, beacon tones corresponding to a set of control bits are
received and subsequently demodulated so as to ascertain a set of
demodulated bits. The demodulated bits are then decoded with a first
error control decoder so as to ascertain a first set of decoded bits.
The first set of decoded bits are then decoded with a second error
control decoder so as to ascertain a second set of decoded bits,
which includes the set of control bits  100121To the accomplishment
of the foregoing and related ends, the one or more embodiments
comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed
drawings set forth in detail certain illustrative aspects of the one
or more embodiments. These aspects are indicative, however, of but a
few of the various ways in which the principles of various  4
embodiments can be employed and the described embodiments are
intended to include all such aspects and their equivalents. BRIEF
DESCRIPTION OF THE DRAWINGS [0013]FIG. 1 is an illustration of a
wireless communication system in 



accordance with various aspects set forth herein. [0014]FIG. 2 is an
illustration of an example wireless network environment that can be
employed in conjunction with the various systems and methods
described herein. [0015]FIG. 3 illustrates a beacon signal in
accordance with some aspects. [0016]FIG. 4 illustrates another beacon
signal that can be utilized with one or more of the disclosed
examples. [0017]FIG. 5 illustrates yet another beacon that can be
utilized with one or more of the disclosed examples. [0018]FIG. 6 is
a flow chart illustrating an exemplary methodology for encoding and
decoding beacon-based control signals in accordance with an aspect of
the subject specification. [0019]FIG. 7 illustrates a block diagram
of an exemplary system that facilitates 



encoding and decoding beacon-based control signals in accordance with
an aspect of the subject specification. [0020]FIG. 8 is a flow chart
illustrating an exemplary methodology for encoding control signals as
beacons with concatenated codes so as to facilitate a lower false
alarm probability. [0021]FIG. 9 is a flow chart illustrating an
exemplary methodology for decoding beacon-based control signals with
concatenated codes so as to facilitate a lower false alarm
probability. [0022]FIG. 10 illustrates an exemplary encoding and
decoding process for facilitating a lower false alarm probability in
processing two sample sets of control bits in accordance with an
aspect of the subject specification. [0023]FIG. 11 is a flow chart
illustrating an exemplary methodology for encoding control signals as
beacons with concatenated codes so as to facilitate increasing the
number of control bits per codeword.  5 



[00241FIG. 12 is a flow chart illustrating an exemplary methodology
for decoding beacon-based control signals with concatenated codes so
as to facilitate increasing the number of control bits per codeword.
[00251FIG. 13 illustrates an exemplary encoding and decoding process
that utilizes a single  encoder/decoder to process a large control
codeword. [0026]FIG. 14 illustrates an exemplary encoding and
decoding process that utilizes concatenated codes to process a large
control codeword in accordance with an aspect of the subject
specification. [0027]FIG. 15 is an illustration of an exemplary
communication system implemented in accordance with various aspects
including multiple cells. [0028]FIG. 16 is an illustration of an
exemplary base station in accordance with various aspects described
herein. [0029]FIG. 17 is an illustration of an exemplary wireless
terminal implemented 



in accordance with various aspects described herein. [0030]FIG. 18 is
an illustration of an exemplary coupling of electrical components
that effectuate encoding a control signal as a beacon in a wireless
communication environment using concatenated codes. [0031]FIG. 19 is
an illustration of an exemplary coupling of elecnical components that
effectuate decoding a beacon-based control signal in a wireless
communication system. DETAILED DESCRIPTION [0032]Various embodiments
are now described with reference to the drawings, wherein like
reference numerals are used to refer to like elements throughout. In
the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough
understanding of one or more embodiments. It may be evident, however,
that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are
shown in block diagram form in order to facilitate describing one or
more embodiments. [0033]The techniques described herein can be used
for various wireless communication systems such as code division
multiple access (CDMA), time division multiple access (TDMA),
frequency division multiple access (FDMA), orthogonal frequency
division multiple access (OFDMA), single carrier-frequency division  



6 multiple access (SC-FDMA), High Speed Packet Access (HSPA), and
other systems. The terms "system" and "network" are often used
interchangeably. A CDMA system can implement a radio technology such
as Universal Terrestrial Radio Access (UTRA), CDMA2000, etc. UTRA
includes Wideband-CDMA (W-CDMA) and other variants of CDMA. CDMA2000
covers IS-2000, I5-95 and I5-856 standards. A TDMA system can
implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system can implement a radio
technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
Flash-OFDM, etc. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term Evolution (LTE) is an
upcoming release of UMTS that uses E-UTRA, which employs OFDMA on the
downlink and SC-FDMA on the uplink. [0034]Single carrier frequency
division multiple access (SC-FDMA) utilizes single carrier modulation
and frequency domain equalization. SC-FDMA has similar performance
and essentially the same overall complexity as those of an OFDMA
system. A SC-FDMA signal has lower peak-to-average power ratio (PAPR)
because of its inherent single carrier structure. SC-FDMA can be
used, for instance, in uplink communications where lower PAPR greatly
benefits access terminals in terms of transmit power efficiency.
Accordingly, SC-FDMA can be implemented as an uplink multiple access
scheme in 3GPP Long Term Evolution (LTE) or Evolved UTRA. 100351High
speed packet access (HSPA) can include high speed downlink packet
access (HSDPA) technology and high speed uplink packet access (HSUPA)
or enhanced uplink (EUL) technology and can also include HSPA+
technology. HSDPA, HSUPA and HSPA+ are part of the Third Generation
Partnership Project (3GPP) specifications Release 5, Release 6, and
Release 7, respectively. 100361High speed downlink packet access
(HSDPA) optimizes data transmission from the network to the user
equipment (UE). As used herein, transmission from the network to the
user equipment UE can be referred to as the "downlink" (DL).
Transmission methods can allow data rates of several Mbits/s. High
speed downlink packet access (HSDPA) can increase the capacity of
mobile radio networks. High speed uplink packet access (HSUPA) can
optimize data transmission from the terminal to the network. As used
herein, transmissions from the terminal to the network can be
referred to as the "uplink" (UL). Uplink data transmission methods
can  7 allow data rates of several Mbit/s. HSPA+ provides even
further improvements both in the uplink and downlink as specified in
Release 7 of the 3GPP specification. High speed packet access (HSPA)
methods typically allow for faster interactions between the downlink
and the uplink in data services transmitting large volumes of data,
for instance Voice over IP (VolP), videoconferencing and mobile
office applications 100371Fast data transmission protocols such as
hybrid automatic repeat request, 



(HARQ) can be used on the uplink and downlink. Such protocols, such
as hybrid automatic repeat request (HARQ), allow a recipient to
automatically request retransmission of a packet that might have been
received in error. 10038]Various embodiments are described herein in
connection with an access terminal. An access terminal can also be
called a system, subscriber unit, subscriber station, mobile station,
mobile, remote station, remote terminal, mobile device, user
terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). An access terminal can be a cellular
telephone, a cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital
assistant (PDA), a handheld device having wireless connection
capability, computing device, or other processing device connected to
a wireless modem. Moreover, various embodiments are described herein
in connection with a base station. A base station can be utilized for
communicating with access terminal(s) and can also be referred to as
an access point, Node B, Evolved Node B (eNodeB) or some other
terminology. [00391Referring now to Fig. 1, a wireless communication
system 100 is illustrated in accordance with various embodiments
presented herein. System 100 comprises a base station 102 that can
include multiple antenna groups. For example, one antenna group can
include antennas 104 and 106, another group can comprise antennas 108
and 110, and an additional group can include antennas 112 and 114.
Two antennas are illustrated for each antenna group; however, more or
fewer antennas can be utilized for each group. Base station 102 can
additionally include a transmitter chain and a receiver chain, each
of which can in turn comprise a plurality of components associated
with signal transmission and reception (e.g., processors, modulators,
multiplexers, demodulators, demultiplexers, antennas, etc.), as will
be appreciated by one skilled in the art.  8 100401Base station 102
can communicate with one or more access terminals such as access
terminal 116 and access terminal 122; however, it is to be
appreciated that base station 102 can communicate with substantially
any number of access terminals similar to access terminals 116 and
122. Access terminals 116 and 122 can be, for example, cellular
phones, smart phones, laptops, handheld communication devices,
handheld computing devices, satellite radios, global positioning
systems, PDAs, and/or any other suitable device for communicating
over wireless communication system 100. As depicted, access terminal
116 is in communication with antennas 112 and 114, where antennas 112
and 114 transmit information to access terminal 116 over a forward
link 118 and receive information from access terminal 116 over a
reverse link 120. Moreover, access terminal 122 is in communication
with antennas 104 and 106, where antennas 104 and 106 transmit
information to access terminal 122 over a forward link 124 and
receive information from access terminal 122 over a reverse link 126.
In a frequency division duplex (FDD) system, forward link 118 can
utilize a different frequency band than that used by reverse link
120, and forward link 124 can employ a different frequency band than
that employed by reverse link 126, for example. Further, in a time
division duplex (TDD) system, forward link 118 and reverse link 120
can utilize a common frequency band and forward link 124 and reverse
link 126 can utilize a common frequency band. [0041]Each group of
antennas and/or the area in which they are designated to communicate
can be referred to as a sector of base station 102. For example,



[0042]Fig. 2 shows an example wireless communication system 200. The
wireless communication system 200 depicts one base station 210 and
one access terminal 250 for sake of brevity. However, it is to be
appreciated that system 200 can include more than one base station
and/or more than one access terminal, wherein  9 additional base
stations and/or access terminals can be substantially similar or
different from example base station 210 and access terminal 250
described below. In addition, it is to be appreciated that base
station 210 and/or access terminal 250 can employ the systems and/or
methods described herein to facilitate wireless communication there
between. 100431At base station 210, traffic data for a number of data
streams is provided from a data source 212 to a transmit (TX) data
processor 214. According to an example, each data stream can be
transmitted over a respective antenna. TX data processor 214 formats,
codes, and interleaves the traffic data stream based on a particular
coding scheme selected for that data stream to provide coded data.
[0044]The coded data for each data stream can be multiplexed with
pilot data using orthogonal frequency division multiplexing (OFDM)
techniques. Additionally or alternatively, the pilot symbols can be
frequency division multiplexed (FDM), time division multiplexed
(TDM), or code division multiplexed (CDM). The pilot data is
typically a known data pattern that is processed in a known manner
and can be used at access terminal 250 to estimate channel response.
The multiplexed pilot and coded data for each data stream can be
modulated (e.g., symbol mapped) based on a particular modulation
scheme (e.g., binary phase-shift keying (BPSK), quadrature
phase-shift keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature
amplitude modulation (M-QAM), etc.) selected for that data stream to
provide modulation symbols. The data rate, coding, and modulation for
each data stream can be determined by instructions performed or
provided by processor 230. [0045]The modulation symbols for the data
streams can be provided to a TX MIMO processor 220, which can further
process the modulation symbols (e.g., for OFDM). TX MIMO processor
220 then provides NT modulation symbol streams to NT transmitters
(TMTR) 222a through 222t. In various embodiments, TX MIMO processor
220 applies beamforming weights to the symbols of the data streams
and to the antenna from which the symbol is being transmitted. 



[0046]Each transmitter 222 receives and processes a respective symbol
stream to provide one or more analog signals, and further conditions
(e.g., amplifies, filters, and upconverts) the analog signals to
provide a modulated signal suitable for transmission over the MIMO
channel. Further, NT modulated signals from transmitters 222a through
222t are transmitted from NT antennas 224a through 224t,
respectively.  10 100471At access terminal 250, the transmitted
modulated signals are received by NR antennas 252a through 252r and
the received signal from each antenna 252 is provided to a respective
receiver (RCVR) 254a through 254r. Each receiver 254 conditions
(e.g., filters, amplifies, and downconverts) a respective signal,
digitizes the conditioned signal to provide samples, and further
processes the samples to provide a corresponding "received" symbol
stream. [0048]An RX data processor 260 can receive and process the NR
received symbol streams from NR receivers 254 based on a particular
receiver processing technique to provide ATT "detected" symbol
streams. RX data processor 260 can demodulate, deinterleave, and
decode each detected symbol stream to recover the traffic data for
the data stream. The processing by RX data processor 260 is
complementary to that performed by TX MIMO processor 220 and TX data
processor 214 at base station 210. 100491A processor 270 can
periodically determine which available technology to utilize as
discussed above. Further, processor 270 can formulate a reverse link
message comprising a matrix index portion and a rank value portion.
[0050]The reverse link message can comprise various types of
information 



regarding the communication link and/or the received data stream. The
reverse link message can be processed by a TX data processor 238,
which also receives traffic data for a number of data streams from a
data source 236, modulated by a modulator 280, conditioned by
transmitters 254a through 254r, and transmitted back to base station
210. [00511At base station 210, the modulated signals from access
terminal 250 are received by antennas 224, conditioned by receivers
222, demodulated by a demodulator 240, and processed by a RX data
processor 242 to extract the reverse link message transmitted by
access terminal 250. Further, processor 230 can process the extracted
message to determine which precoding matrix to use for determining
the beamforming weights. [0052]Processors 230 and 270 can direct
(e.g., control, coordinate, manage, etc.) operation at base station
210 and access terminal 250, respectively. Respective processors 230
and 270 can be associated with memory 232 and 272 that store program
codes and data. Processors 230 and 270 can also perform computations
to derive frequency and impulse response estimates for the uplink and
downlink, respectively.  11 100531In some aspects of the present
disclosure, beacons are used to transmit control channels (including,
but not limited to, interference avoidance messages). In a
conventional OFDMA system, a beacon OFDM symbol (or simply a beacon)
may be an OFDM symbol in which a large fraction (possibly all) of the
power is transmitted on one subcarrier, referred to as the beacon
subcarrier. Since a large amount of energy is transmitted on this
subcarrier, it is easy to detect even at low signal-to-noise ratios
(SNRs). Therefore, beacons provide a very useful mechanism of
signaling a small number of bits to receivers at very low SNRs. For
example, a sequence of beacons may be used to signal the SectorID of
a given sector. The subcarriers modulated in the aforementioned
sequence may vary from one beacon symbol to the next. [0054]One
result of using beacons in scenarios with dominant interferers is
that the signal strength of the dominant interferer no longer matters
as the dominant interferer's beacons occupy different subcarriers
with a high probability. Therefore beacons are a desirable method of
transmitting control channels, including interference avoidance
messages. 100551In an aspect of the present disclosure, not all of
the power in an OFDM 



symbol need be used up. For example, a beacon segment, which is a
subset of all available subcarriers, may be allocated for beacon
transmission. In this subsegment, a receiver RX_A may transmit a
beacon sequence requesting that interference be cleared up. Upon
decoding the beacon sequence, the neighboring transmitters may decide
whether or not to remain silent for a period of time to reduce
interference for RX_A. The beacon segment may be common to all
sectors in the deployment. 100561In some aspects, a beacon segment
may co-exist with existing data transmission of certain transmitters
or can be on a cleared segment dedicated for beacon signaling. In one
example, a beacon segment may be used by macrocells for data
transmission, while femtocells use it for interference avoidance
message transmission. The size of the segment may vary from across
different sector classes. [00571The presence of a beacon within the
beacon segment is identified based on their higher signal strength
relative to other subcarrims. The encoded information may be carried
in the position of the beacons. Interference estimation may be
performed to estimate the background interference level such that a
threshold can be set to identify the presence of a beacon symbol. For
example, if the power on a subcarrier is P and the  12 estimated
interference level is I, then a subcarrier is considered to contain a
beacon if P/I >= T and not to contain a beacon otherwise, where T is
the threshold value. [0058]Turning to Fig. 3, illustrated is a beacon
signal 300 in an example Orthogonal Frequency-Division Multiplexing
(OFDM) system in accordance with the various aspects described
herein. The first and second (or more) subsets of broadcast
infonnation can be transported using a special signal or signaling
scheme, referred to as a beacon signal. [0059]The horizontal axis 302
represents time and the vertical axis 304 



represents frequency. A vertical column represents an OFDM symbol (or
a segment of subcarriers within an OFDM symbol), wherein each OFDM
symbol contains multiple tones separated in frequency. Each small
box, such as box 308, represents a tone-symbol, which is a degree of
freedom in an OFDM symbol. [0060]Beacon signal 300 includes a
sequence of beacon signal bursts, which are transmitted sequentially
over time. A beacon signal burst includes one or more (e.g., a small
number) beacon symbols. Each beacon symbol can be a signal
transmitted in one degree of freedom with much higher transmission
power than the average per degree of freedom transmission power over
a relatively large time interval. [0061]Illustrated are four small
black boxes 310, each of which represents a beacon signal symbol. The
transmission power of each beacon signal symbol is much higher (e.g.,
at least about 10 or 15 dB higher) than the average per tone symbol
transmission power over the time interval 312. Each OFDM symbol 314,
316, 318, 320 includes a beacon signal burst. In this illustration,
each beacon signal burst includes one beacon symbol 310 over one
transmission symbol period 306, wherein the time interval 312
includes four transmission symbol periods 306. [0062]Fig. 4
illustrates another beacon signal 400 that can be utilized with one
or more of the disclosed examples. Beacon signal 400 is similar to
beacon signal 300 of the above figure. The difference between these
two beacon signals 300, 400 is that beacon signal 400 includes two
beacon symbols 410 of the same single tone over two consecutive OFDM
symbols. In particular, a beacon signal burst includes two
consecutive OFDM symbols 412, 414, 416, 418. In general, in an
asynchronous network, the reception of beacon sequences may be
improved by repeating each OFDM symbol a number of times at the
transmitter.  13 100631Fig. 5 illustrates yet another beacon signal
500 that can be utilized with one or more of the disclosed examples.
This beacon signal 500 is similar to the above beacons signals 300,
400. The difference is that in this beacon signal 500, multiple
beacon symbols are included over a single OFDM symbol. In particular,
for this illustration, pairs of beacon symbols 510 are included over
each of OFDM symbols 514, 516, 518, and 520. 



[0064]To overcome thc effect of erroneously-identified beacons, error
control coding can be used to protect the beacons, such that the
information bits carried by the beacons can be decoded in the
presence of interference and noise. One way to encode the beacon
sequences is to use Reed-Solomon codes. In an aspect, Reed-Solomon
codes convert the original beacon sequence of length K, which carries
a certain number of control information bits, to a new sequence of
length N (N>K). Within such embodiment, the introduced redundancy may
serve at least two purposes. First, it helps to guard against noise
and interference, such that even when some of the received beacons
are erroneous, the correct information may be recovered. And second,
it helps to separate multiple beacon sequences transmitted
concurrently (an operation called "disambiguation"), where the
redundancy helps the decoder to determine which combinations of the
received beacons form valid codewords (and hence carry encoded
information). [0065]In some aspects of the present disclosure, the
same Reed-Solomon code can be used by all sectors (or mobiles). In
such a case, the SectorID or a time-varying hash of the SectorlD can
be included in the encoded message to help mobiles distinguish
between different sectors. Alternately, different sectors may use
different codes. One option is to utilize a scrambled RS code where a
given Reed-Solomon codeword is multiplied by a sector-specific
sequence over the alphabet of interest. The scrambled codeword is
then used to pick the locations of beacons in the beacon segment.
Here, although this description pertains to forward link, it should
be appreciated that similar codes can be applied to the reverse link
as well. [0066]To enhance the performance of the decoding and
disambiguation of beacon sequences, soft information of the detected
beacons may be utilized. This includes the values of the power and
phase of beacon tones, as well as the signal strength ranking of all
the subcarriers.  14 100671For particular applications, however, a
more sophisticated encoding scheme may be desirable. For instance, in
some applications, it may be desirable to increase the number of
control bits a beacon codeword can carry. Generally, the alphabet
size (Q) and the number of information symbols (K) determine the
number of control bits each beacon codeword carries. However,
increasing the values of Q and K too much may require a prohibitively
complex decoding scheme, which in turn means that the number of
control bits each beacon codcword can carry is limited. [0068]For
other applications, a more sophisticated encoding scheme may also 



be desired so as to reduce the probability of a false alarm.
Moreover, although a beacon decoding algorithm may be designed
targeting a certain false alarm probability, it is possible that some
beacon sequences require a significantly smaller false alarm
probability than others. For instance, transmission of a control
message that is "sticky" may be needed, wherein the message tries to
clear interlaces or blank the control segment for a relatively long
period of time. Since a false alarm of such a message would be very
costly, it would be desirable to encode particularly sensitive
messages to have a much lower false alarm probability relative to
other less-sensitive control messages. [0069]In an aspect, properly
designed concatenated codes are provided to significantly increase
the number of control bits and reduce the false alarm probability for
beacon messages. Moreover, instead of a single layer of coding (e.g.,
the Reed-Solomon codes), the concatenated code design encodes the
control bits with an outer code followed by an inner code before the
encoded symbols are modulated as beacons. The inner code and the
outer code can be different codes or the same code, chosen from the
set of the available error control codes. One of the options is to
keep the inner code identical to the aforementioned single-layer
design (such as using the Reed-Solomon code) and focus on the design
of the outer code (i.e., the second encoding layer). Such a design
may be advantageous in that the beacon disambiguation algorithm
remains unchanged. [0070]Referring next to Fig. 6, a flow chart
illustrating an exemplary methodology for encoding and decoding a
beacon-based control signal with concatenated codes is provided. As
illustrated, process 600 includes a series of steps performed by a
transmitter 605 followed by a series of steps performed by a receiver
610.  15 100711than aspect, process 600 begins with a set of control
bits being received at step 615. Here, it should be appreciated that
the control bits could have originated from the transmitter itself
(e.g., via a user interface), or the control bits could have
originated externally whereby the transmitter may be relaying the
control information. Next, at step 625, the control bits are encoded
by an outer encoder, wherein such code may include any of a plurality
of encoding schemes known in the art. Once the control bits have been
encoded at step 625, process 600 continues to step 635 where the
encoded control bits are encoded with a second code layer by an inner
encoder. The multi-encoded control bits are then modulated and
transmitted as beacons at step 645, as shown. The beacons sent at
step 645 are subsequently received by a receiver at step 620. Upon
receiving the beacons, process 600 proceeds with the receiver
demodulating the beacons at step 630. The demodulated data stream is
then decoded by the inner decoder at step 640, and subsequently
decoded by the outer decoder at step 650, so as to recover the
original set of control bits. [0072]Here, it should be appreciated
that, although transmitter steps 605 are illustrated as having the
control bits encoded by the outer encoder 625 before the inner
encoder 635, other embodiments may have the inner encoding occur
prior to the outer encoding. For instance, if the outer encoder
utilizes error control code Xand the inner encoder utilizes error
control code Y, transmitter steps 605 may include either an XY or YX
encoding order so long as receiver steps 610 include a consistent
decoding scheme. [00731Referring next to Fig. 7, a block diagram of
an exemplary system that 



facilitates encoding and decoding beacon-based control signals with
concatenated codes is provided. In an aspect, system 700 can be
utilized in a wireless communication network to allow mobile devices
to communicate with each other and/or with base stations. As
illustrated, system 700 includes one or more transmitter units 705
transmitting encoded beacon-based control data to one or more
receiver units 710. Transmitter unit 705 and/or receiver unit 710 can
be base stations, mobile devices, or other system components that
communicate information. 100741In an aspect, transmitter unit 705 may
include processor component 715, memory component 725, receiving
component 735, first encoder component 745, second encoder component
755, interleaver component 765, modulator component 775, and
transmission component 785.  16 100751In one aspect, processor
component 715 is configured to execute computer-readable instructions
related to performing any of a plurality of functions. Processor
component 715 can be a single processor or a plurality of processors
dedicated to analyzing information to be communicated from
transmitter unit 705 and/or generating information that can be
utilized by memory component 725, receiving component 735, first
encoder component 745, second encoder component 755, in-Lei-leaver
component 765, modulator component 775, and/or transmission component
785. Additionally or alternatively, processor component 715 may be
configured to control one or more components of transmitter unit 705.
[0076]In another aspect, memory component 725 is coupled to processor
component 715 and configured to store computer-readable instructions
executed by processor component 715. Memory component 725 may also be
configured to store any of a plurality of other types of data
including control data received via receiving component 735, as well
as data generated by any of first encoder component 745, second
encoder component 755, interleaver component 765, modulator component
775, and/or transmission component 785. Memory component 725 can be
configured in a number of different configurations, including as
random access memory, battery-backed memory, hard disk, magnetic
tape, etc. Various features can also be implemented upon memory
component 725, such as compression and automatic back up (e.g., use
of a Redundant Array of Independent Drives configuration). [0077]In
yet another aspect, receiving component 735 and transmission 



component 785 are also coupled to processor component 715 and
configured to interface transmitter unit 705 with external entities.
For instance, receiving component 735 may be configured to receive
encoded beacon-based control data transmitted from other devices
(e.g., from other transmitter units 705 so as to relay such data to
receiver unit 710), whereas transmission component 785 may be
configured to transmit encoded beacon-based control data to receiver
unit 710. It should also be appreciated that, because control data to
be transmitted may originate from transmitter unit 705, receiver
component 735 may be configured to receive inputs from other
components within transmitter unit 705. [0078]In accordance with a
particular embodiment, control data to be transmitted is passed
through each of first encoder component 745 and second encoder
component 755 so as to encode the control data with two layers of
code. Here, it should  17 be appreciated that any of a plurality of
error control codes may be utilized so as to achieve any of a
plurality of design objectives. Moreover, although the examples
provided herein utilize Reed-Solomon encoders, one of ordinary skill
in the art will appreciate that other coding schemes may also be
implemented. 100791In some aspects, transmitter unit 705 may also
include interleaver component 765, which may be configured to perform
a frequency and/or time interleaving function on the control data
before, after, and/or in between the two encoding steps. Modulator
component 775 may also be included and configured to modulate the
encoded/interleaved data as beacon tones, wherein the beacon tones
are subsequently transmitted to receiver unit 710 via transmission
component 785. [0080]As illustrated, receiver unit 710 may include
any of a plurality of components including processor component 720,
memory component 730, receiving component 740, first decoder
component 760, second decoder component 770, deinterleaver component
780, and de-modulator component 750. [0081]In one aspect, receiving
component 740 is configured to receive the beacon tones transmitted
from transmitter unit 705, and processor component 720 and memory
component 730 are configured to provide functions generally analogous
to the their counterpart components, 715 and 725, in transmitter unit
705. With respect to the remaining components of receiver unit 710,
it should be appreciated that these components are generally
configured to perform functions that complement their counterpart
components in transmitter unit 705. For instance, first decoder
component 760 is configured to decode the encoding of first encoder
component 745, second decoder component 770 is configured to decode
the encoding of second encoder component 755, de-interleaver
component 780 is configured to de-interleave the interleaving of
interleaver component 765, and de-modulator component 750 is
configured to de-modulate the modulation of modulator component 775. 



100821In the subsequent discussion, particular examples of how the
aforementioned method/system for utilizing concatenated codes arc
provided. In particular, encoding/decoding embodiments are provided
to show how concatenated codes can be utilized to adjust false alarm
probability and to increase the number of control bits a beacon
codeword can carry. Here, it should be appreciated that such
embodiments are provided for illustrative purposes only and should
not be construed as an exhaustive list of potential applications.  18
100831In Fig. 8, a flow chart is provided illustrating an exemplary
methodology for encoding control signals as beacons with concatenated
codes so as to facilitate providing multiple false alarm probability
levels. As illustrated, process 800 begins at step 805 where control
data is received. Once the control data is received, the control data
is buffered for an outer encoder at step 810, wherein the outer code
could be a repetition code and/or a hash function. [0084]Next, at
step 815 a determination is made as to the sensitivity of the control
data. In particular, a determination is made as to whether the
control data should be encoded with a default false alarm probability
scheme at step 825 or a custom probability scheme at step 820. Here,
it should be noted that the "sensitivity" determination at step 815
could include ascertaining whether the false alarm probability of the
control data should be lower or higher than the default false alarm
probability. Indeed, because the default false alarm probability
scheme may already be particularly robust, some embodiments may
include determining which sets of control data are less sensitive,
relative to other control messages, and may be encoded with a scheme
that utilizes less computational resources than the default scheme.
[0085]For this particular example, it should be noted that if K
information bits need to be transmitted with significantly lower
false alarm probability than regular beacon messages (as is the case
with the "sticky" control message described earlier), the outer
encoder could append the K bits with another K bits which are the
hashed version of the first K bits. More hashed copies can be made,
resulting in n*K coded bits. Accordingly, process 800 encodes control
data as 11 stream(s) of K bits at step 830, wherein the value n is
determined at either step 820 or 825 depending on the sensitivity of
the control data. [0086]At step 835, process 800 then continues with
the n stream(s) of outer- 



encoded control bits being buffered for an inner encoder. In an
aspect, the inner code could be a Reed-Solomon code, wherein the
inner encoder encodes the n stream(s) of K bits as 11 stream(s) of N
bits at step 840. Each of the n stream(s) of encoded data are then
modulated as beacons at step 845 and subsequently transmitted at step
850. Here, in addition to the outer/inner encoding of the control
data, it should be noted that an interleaving step (not pictured) may
also be included, wherein such an interleaving step may be included
before, after, and/or in-between the outer/inner encoding steps.  19
100871Referring next to Fig. 9, a flow chart illustrating an
exemplary methodology for decoding the beacons generated by process
800 is provided. As illustrated, process 900 begins with the beacons
being received by a receiver at step 905. The beacons are then
demodulated at step 910 as n stream(s) of N encoded bits, and
subsequently buffered for an inner decoder at step 915. Next, at step
920, the inner decoder decodes each of the n stream(s) of N encoded
bits as n stream(s) of K outer-encoded bits, which are subsequently
buffered for an outer decoder at step 925. [0088]At step 930, each of
the n stream(s) of K outer-encoded bits are then decoded according to
the outer-encoding scheme utilized in process 800. For this
particular example, it is assumed that the control data was encoded
with a repetition code and/or a hash function outer-encoding scheme.
Moreover, so as to minimize the likelihood of a false alarm, a
particular set of control data may have been encoded to include
multiple hashed versions of the control data (e.g., n hash versions).
As such, at step 935, a determination is made as to whether a correct
number of hashed versions have been received. If so, the control data
is assumed to not be a false alarm, wherein the control data is
subsequently output at step 940. Otherwise, no data is output, as
illustrated in step 945. 100891Referring next to Fig. 10, an
exemplary encoding and decoding process for facilitating a lower
false alarm probability is provided. As illustrated, process 1000
includes the processing of two sets of control data, Al and D,
wherein control data Al is transmitted from transmitter unit 1010 to
receiving unit 1020 and control data D is transmitted from
transmitter unit 1030 to receiving unit 1040. For this illustration,
an exemplary bit-size for each of control data Al and D is provided
at particular steps of process 1000. [0090]In an aspect, control data
Al may include ten bits which are input into outer encoder 1012, as
shown. For this particular example, outer encoder 1012 encodes
control data Al as n streams of K data (e g., a first 10-bit stream
KM and a second 10-bit stream KoimAsji). Each of Km and Ictomisn are
then input into inner encoder 1014 where they are encoded as n
streams of N data (e.g., a first 40-bit stream NA! and a second
40-bit stream NIAOHASH). Transmitter unit 1010 then modulates NM and
NIAINASH as beacons which are sent to receiving unit 1020 and
received by receiving component 1022. 



20 [0091]After demodulating the received beacons as NM and N(m)nitsH,
inner decoder 1024 decodes NM and N(M)HASH as Km and KO/MASH. Each of
Km and KoIMASH are then input into outer decoder 1026, as shown.
Here, if it is assumed that outer decoder 1026 is configured to
decode Km only if K(M)HASH is also received, Km is decoded as control
data M since both Km and K(M)HASH were indeed received. [0092]For
this particular example, control data D may similarly include ten
bits and be input into outer encoder 1032, as shown. Outer encoder
1032 may then encode control data D as n streams of K data (e.g., a
first 10-bit stream KD and a second 10-bit stream K(D)HASH). Each of
KD and KamtAsx are then input into inner encoder 1034 where they are
encoded as 11 streams of N data (e.g., a first 40-bit stream ND and a
second 40- bit stream N(D)HASH). Transmitter unit 1030 then modulates
ND and N(D)HASH as beacons which are sent to receiving unit 1040.
[0093]Here, for illustrative purposes, it will be assumed that an
error occurred such that beacons received by receiving component 1042
are erroneously demodulated as NM and N(D)HASH, which are input into
inner decoder 1044. As illustrated, inner decoder 1044 then decodes
NM and N(D)HASH as Km and K(D)HASH, which are input into outer
decoder 1046. Here, if outer decoder 1046 is configured to decode Km
only if KotythisH is also received, Km will not be decoded as control
data M since Kowa:ism was not received. In fact, for this particular
example, receiving unit 1040 does not output either of control data M
or control data D. Accordingly, the concatenated coding scheme
described herein prevented a false alarm output of control data M.
[0094]Referring next to Fig. 11, a flow chart is provided
illustrating an exemplary methodology for encoding control signals as
beacons with concatenated codes so as to facilitate increasing the
number of control bits per codeword. As illustrated, process 1100
begins at step 1105 when control data is received. Once the control
data is received, the control data is buffered for an outer encoder
at step 1110, wherein the outer code could be a Reed-Solomon code.
[0095]Next, at step 1115 a determination is made as to the relative
bit-size of 



the received control data. In particular, a determination is made as
to whether the control data exceeds a size threshold so as to
deten-nine how many partitions n, if any, the control data should be
partitioned into. If the control data does not exceed the size
threshold, a determination is then made at step 1120 as to whether
the control data requires "padding" at step 1125 (e.g., if the size
of the control data is too small,  21 "padded" bits may be appended
to the control data). In an aspect, after either determining that
padding was not required at step 1120 or padding the control data at
step 1125, process 1100 proceeds to step 1130 where the number of
partitions n is set to 1. [0096]However, if at step 1115 a
determination is made that the control data does indeed exceed the
size threshold, process 1100 proceeds to step 1130 where an
appropriate number of n partitions is ascertained. In an aspect, so
as to overcome potential disambiguation issues, the partitioning of
the control data includes an adequate amount of redundancy so as to
determine how to reconstruct the n partitions when decoding. Here, it
should be noted that the appropriate value for n depends on the
desired amount of bit-redundancy, wherein a higher value for n
generally results in higher decoding reliability. [0097]Once the
proper n value has be determined, from step 1130, process 1100
proceeds with encoding the control data as n stream(s) of K bits at
step 1135. At step 1140, the n stream(s) of outer-encoded control
bits are then buffered for an inner encoder. In an aspect, the inner
code could be a Reed-Solomon code, wherein the inner encoder encodes
the n stream(s) of K bits as n stream(s) of N bits at step 1145. Each
of the n stream(s) of encoded data are then modulated as beacons at
step 1150 and subsequently transmitted at step 1155. Here, in
addition to the outer/inner encoding of the control data, it should
be noted that an interleaving step (not pictured) may also be
included, wherein such an interleaving step may be included before,
after, and/or in-between the outer/inner encoding steps.
[0098]Referring next to Fig. 12, a flow chart illustrating an
exemplary methodology for decoding the beacons generated by process
1100 is provided. As illustrated, process 1200 begins with the
beacons being received by a receiver at step 1205. The beacons are
then demodulated at step 1210 as n stream(s) of N encoded bits, and
subsequently buffered for an inner decoder at step 1215. Next, at
step 1220, the inner decoder decodes each of the n stream(s) of N
encoded bits as n stream(s) of K outer-encoded bits, which are
subsequently buffered for an outer decoder at step 1225. [0099]At
step 1230, each of the n stream(s) of K outer-encoded bits are then 



decoded according to the outer-encoding scheme utilized in process
1100. In this example, for instance, a determination might be made at
step 1235 as to whether a particular stream of K bits corresponds to
an entire beacon codeword. If so, a  22 determination is then made at
step 1255 as to whether the K bits include padded bits, which would
be subsequently removed at step 1260. In an aspect, after either
determining that no padded bits were present at step 1255 or removing
the padded bits at step 1260, process 1200 concludes at step 1265
where the codeword is decoded and output as control data.
[00100]However, if at step 1235 it is determined that a particular
stream of K bits corresponds to only a part of a beacon codcword,
process 1200 then determines at step 1240 whether the partial
codeword could be matched with a previously stored partial codeword
received from step 1245. If the partial codeword does not match with
any of the previously stored partial codewords, the partial codeword
is stored in memory at step 1245. However, if at step 1240 it is
determined that the partial codeword indeed matches with a stored
partial codeword, a determination is then made at step 1250 as to
whether combining the matching partial codewords results in a
"complete" codeword. If the combined partial codewords indeed
represent a complete codeword, process 1200 concludes at step 1265
where the codeword is decoded and output as control data. Otherwise,
if the combined partial codewords do not represent a complete
codeword, the partial codewords are stored in memory at step 1245.
[00101]To better illustrate the utility of implementing a
concatenated encoding scheme with respect to increasing the number of
control bits a codeword can carry, an exemplary encoding/decoding
process that utilizes a single encoder/decoder to process a "large"
control codeword is provided in Fig. 13. For this particular example,
it will be assumed that decoding constraints of an inner decoder
provide that only 40 bits of encoded control data (N) may be decoded
at any given time. It will be further assumed that the alphabet size
(Q) is 32 and that an inner encoder encodes 10 control bits (K) as 40
encoded bits (N). Accordingly, decoding constraints of this single
encoder/decoder system prohibit the encoding of control data K that
is larger than two information symbols in length (i.e., two 5-bit
information symbols) since the decoder cannot decode codcwords N
larger than eight encoded symbols in length (i.e., eight 5-bit
information symbols). [00102]As illustrated, process 1300 includes
each of transmitter units 1310 and 1320 attempting to respectively
transmit control data A and B to receiver unit 1330. However, because
each of control data A and B are 20 bits in length, inner encoders
1312 and 1322 attempt to respectively partition A and B into two
10-bit streams of data  



23 (i.e., A is partitioned into A1 and A2, whereas B is partitioned
into B1 and B2). Receiving component 1332 then receives encoded
40-bit versions of Ai, 242, B1, and B7, as shown, wherein A1, A2, B,,
and B1 may have been received asynchronously. Here, however, inner
decoder 1334 cannot disambiguate A1, A2, B1, and B2 so as to properly
reconstruct each of control data A and B. Moreover, because of this
disambiguation issue, process 1300 may erroneously reconstruct
control data A and B as .A1B7 and B147, as shown. [00103]Referring
next to Fig. 14, an exemplary process that utilizes concatenated
codes is provided for encoding/decoding control data A and B of
process 1300. Here, it should again be assumed that decoding
constraints of an inner decoder provide that only 40 bits of encoded
control data N may be decoded at any given time and that the alphabet
size Q is again 32. [00104]As illustrated, similar to process 1300,
process 1400 includes each of transmitter units 1410 and 1420
attempting to respectively transmit control data A and B to receiver
unit 1430. Here, however, control data A and B are respectively input
into outer encoders 1412 and 1422 where they are partitioned into
three 10-bit streams of data (i.e., A is partitioned into A1, A2, and
A3, whereas B is partitioned into B1, B2, and B3). Moreover, control
data A and B, each of which are 20-bits in length, are respectively
encoded as 30 bits (i.e., three 10-bit streams of data for each of
control data A and B), which includes a set of redundancy bits. As
was stated previously, although the number of partitions n is here
shown as being three, additional partitions could be included so as
to increase redundancy. [00105]Once control data A and B are encoded
by outer encoders 1412 and 1422, A1, 212, and A3 are serially input
into inner encoder 1414, and B1, B7, and B3 are serially input into
inner encoder 1424. Process 1400 proceeds with receiving component
1432 receiving encoded 40-bit versions of A,, A), A3, B1, B,, and B3,
as shown, wherein AI, A), A3, B1, 137, and B3 may have been received
asynchronously. Inner decoder 1434 then serially decodes these 40-bit
versions (not necessarily in this order) so as to produce 10- bit
versions of A,, 242, A3, .81, B7, and B3, which are subsequently
input into outer decoder 1436. Outer decoder 1436 then utilizes the
outer-encoded redundancy of A I, A7, A3, B1, B?, and B3 to properly
disambiguate control data A and B (i.e., control data A is
reconstructed by combining A,, Al, and A3, whereas control data B is
reconstructed by combining B1, B,, and B3). Accordingly, the number
of control bits a beacon codeword  24 can carry was increased from
ten to twenty via the disclosed concatenated encoding/decoding
scheme. 



[00106]Referring next to Fig. 15, an exemplary communication system
1500 implemented in accordance with various aspects is provided
including multiple cells: cell 11502, cell M 1504. Here, it should be
noted that neighboring cells 1502, 1504 overlap slightly, as
indicated by cell boundary region 1568, thereby creating potential
for signal interference between signals transmitted by base stations
in neighboring cells. Each cell 1502, 1504 of system 1500 includes
three sectors. Cells which have not been subdivided into multiple
sectors (N=1), cells with two sectors (N=2) and cells with more than
3 sectors (N>3) are also possible in accordance with various aspects.
Cell 1502 includes a first sector, sector 11510, a second sector,
sector 11 1512, and a third sector, sector III 1514. Each sector
1510, 1512, 1514 has two sector boundary regions; each boundary
region is shared between two adjacent sectors. [00107]Sector boundary
regions provide potential for signal interference between signals
transmitted by base stations in neighboring sectors. Line 1516
represents a sector boundary region between sector 11510 and sector
II 1512; line 1518 represents a sector boundary region between sector
11 1512 and sector III 1514; line 1520 represents a sector boundary
region between sector III 1514 and sector 1 1510. Similarly, cell M
1504 includes a first sector, sector 11522, a second sector, sector
II 1524, and a third sector, sector III 1526. Line 1528 represents a
sector boundary region between sector 11522 and sector 11 1524; line
1530 represents a sector boundary region between sector 11 1524 and
sector 1111526; line 1532 represents a boundary region between sector
111 1526 and sector 11522. Cell 11502 includes a base station (BS),
base station 11506, and a plurality of end nodes (ENs) in each sector
1510, 1512, 1514. Sector 11510 includes EN(1) 1536 and EN(X) 1538
coupled to BS 1506 via wireless links 1540, 1542, respectively;
sector 11 1512 includes EN(1') 1544 and EN(X') 1546 coupled to BS
1506 via wireless links 1548, 1550, respectively; sector III 1514
includes EN(1") 1552 and EN(X") 1554 coupled to BS 1506 via wireless
links 1556, 1558, respectively. Similarly, cell M 1504 includes base
station M 1508, and a plurality of end nodes (ENs) in each sector
1522, 1524, 1526. Sector 11522 includes EN(1) 1536' and EN(X) 1538'
coupled to BS M 1508 via wireless links 1540', 1542', respectively;
sector 111524 includes EN(1') 1544' and EN(X') 1546' coupled to BS M
1508 via  25 wireless links 1548', 1550', respectively; sector III
1526 includes EN(1") 1552' and EN(X") 1554' coupled to BS 1508 via
wireless links 1556', 1558', respectively. [00108]System 1500 also
includes a network node 1560 which is coupled to BS I 1506 and BS M
1508 via network links 1562, 1564, respectively. Network node 1560 is
also coupled to other network nodes, e.g., other base stations, AAA
server nodes, intermediate nodes, routers, etc. and the Internet via
network link 1566. Network links 1562, 1564, 1566 may be, e.g., fiber
optic cables. Each end node, e.g. EN 1 1536 may be a wireless
terminal including a transmitter as well as a receiver. The wireless
terminals, e.g., EN(1) 1536 may move through system 1500 and may
communicate via wireless links with the base station in the cell in
which the EN is currently located. The wireless terminals, (WTs),
e.g. EN(1) 1536, may communicate with peer nodes, e.g., other WTs in
system 1500 or outside system 1500 via a base station, e.g. BS 1506,
and/or network node 1560. WTs, e.g., EN(1) 1536 may be mobile
communications devices such as cell phones, personal data assistants
with wireless modems, etc. Respective base stations perform tone



26 1001101Sectorized antenna 1603 coupled to receiver 1602 is used
for receiving data and other signals, e.g., channel reports, from
wireless terminals transmissions from each sector within the base
station's cell. Sectorized antenna 1605 coupled to transmitter 1604
is used for transmitting data and other signals, e.g., control
signals, pilot signal, beacon signals, etc. to wireless terminals
1700 (see Figure 17) within each sector of the base station's cell.
In various aspects, base station 1600 may employ multiple receivers
1602 and multiple transmitters 1604, e.g., an individual receivers
1602 for each sector and an individual transmitter 1604 for each
sector. Processor 1606, may be, e.g., a general purpose central
processing unit (CPU). Processor 1606 controls operation of base
station 1600 under direction of one or more routines 1618 stored in
memory 1610 and implements the methods. I10 interface 1608 provides a
connection to other network nodes, coupling the BS 1600 to other base
stations, access routers, AAA server nodes, etc., other networks, and
the Internet. Memory 1610 includes routines 1618 and data/information
1620. [00111]Data/ information 1620 includes data 1636, tone subset
allocation sequence information 1638 including downlink strip-symbol
time information 1640 and downlink tone information 1642, and
wireless terminal (WT) data/info 1644 including a plurality of sets
of WT information: WT 1 info 1646 and WT N info 1660. Each set of WT
info, e.g., WT 1 info 1646 includes data 1648, terminal ID 1650,
sector ID 1652, uplink channel information 1654, downlink channel
information 1656, and mode information 1658. [00112]Routines 1618
include communications routines 1622 and base station control
routines 1624. Base station control routines 1624 includes a
scheduler module 1626 and signaling routines 1628 including a tone
subset allocation routine 1630 for strip-symbol periods, other
downlink tone allocation hopping routine 1632 for the rest of symbol
periods, e.g., non strip-symbol periods, and a beacon routine 1634.
[00113]Data 1636 includes data to be transmitted that will be sent to
encoder 1614 of transmitter 1604 for encoding prior to transmission
to WTs, and received data from WTs that has been processed through
decoder 1612 of receiver 1602 following reception. Downlink
strip-symbol time information 1640 includes the frame synchronization
structure information, such as the superslot, beaconslot, and
ultraslot structure information and information specifying whether a
given symbol period is a strip-symbol period, and if so, the index of
the strip-symbol period and whether the  27 



strip-symbol is a resetting point to truncate the tone subset
allocation sequence used by the base station. Downlink tone
information 1642 includes information including a carrier frequency
assigned to the base station 1600, the number and frequency of tones,
and the set of tone subsets to be allocated to the strip-symbol
periods, and other cell and sector specific values such as slope,
slope index and sector type. [00114]Data 1648 may include data that
WT1 1700 has received from a peer node, data that WT 1 1700 desires
to be transmitted to a peer node, and downlink channel quality report
feedback information. Terminal ID 1650 is a base station 1600
assigned ID that identifies WT 11700. Sector ID 1652 includes
information identifying the sector in which WT1 1700 is operating.
Sector ID 1652 can be used, for example, to determine the sector
type. Uplink channel information 1654 includes information
identifying channel segments that have been allocated by scheduler
1626 for WT1 1700 to use, e.g., uplink traffic channel segments for
data, dedicated uplink control channels for requests, power control,
timing control, etc. Each uplink channel assigned to WT1 1700
includes one or more logical tones, each logical tone following an
uplink hopping sequence. Downlink channel information 1656 includes
information identifying channel segments that have been allocated by
scheduler 1626 to carry data and/or information to WT1 1700, e.g.,
downlink traffic channel segments for user data. Each downlink
channel assigned to WT1 1700 includes one or more logical tones, each
following a downlink hopping sequence. Mode information 1658 includes
information idcntifying the state of operation of WTI 1700, e.g.
sleep, hold, on. 1001151Communications routines 1622 control the base
station 1600 to perform various communications operations and
implement various communications protocols. Base station control
routines 1624 are used to control the base station 1600 to perform
basic base station functional tasks, e.g., signal generation and
reception, scheduling, and to implement the steps of the method of
some aspects including transmitting signals to wireless terminals
using the tone subset allocation sequences during the strip-symbol
periods. 1001161Signaling routine 1628 controls the operation of
receiver 1602 with its decoder 1612 and transmitter 1604 with its
encoder 1614. The signaling routine 1628 is responsible controlling
the generation of transmitted data 1636 and control information. Tone
subset allocation routine 1630 constructs the tone subset to be used
in a strip-symbol period using the method of the aspect and using
data/info 1620 including  28 downlink strip-symbol time info 1640 and
sector ID 1652. The downlink tone subset allocation sequences will be
different for each sector type in a cell and different for adjacent
cells. The WTs 1700 receive the signals in the strip-symbol periods
in accordance with the downlink tone subset allocation sequences; the
base station 1600 uses the same downlink tone subset allocation
sequences in order to generate the transmitted signals. Other
downlink tone allocation hopping routine 1632 constructs downlink
tone hopping sequences, using information including downlink tone
information 1642, and downlink channel information 1656, for the
symbol periods other than the strip-symbol periods. The downlink data
tone hopping sequences are synchronized across the sectors of a cell.
Beacon routine 1634 controls the transmission of a beacon signal,
e.g., a signal of relatively high power concentrated on one or a few
tones, which may be used for synchronization purposes, e.g., to



can be used as any one of the wireless terminals (end nodes), e.g.,
EN(1) 1536, of the system 1500 shown in Fig. 15. Wireless terminal
1700 implements the tone subset allocation sequences. The wireless
terminal 1700 includes a receiver 1702 including a decoder 1712, a
transmitter 1704 including an encoder 1714, a processor 1706, and
memory 1708 which are coupled together by a bus 1710 over which the
various elements 1702, 1704, 1706, 1708 can interchange data and
information. An antenna 1703 used for receiving signals from a base
station (and/or a disparate wireless terminal) is coupled to receiver
1702. An antenna 1705 used for transmitting signals, e.g., to a base
station (and/or a disparate wireless terminal) is coupled to
transmitter 1704. [00118]The processor 1706, e.g., a CPU controls the
operation of the wireless terminal 1700 and implements methods by
executing routines 1720 and using data/infon-nation 1722 in memory
1708. [00119]Data/information 1722 includes user data 1734, user
information 1736, and tone subset allocation sequence information
1750. User data 1734 may include data, intended for a peer node,
which will be routed to encoder 1714 for encoding prior to
transmission by transmitter 1704 to a base station, and data received
from the base station which has been processed by the decoder 1712 in
receiver 1702. User information 1736 includes uplink channel
information 1738, downlink channel  29 information 1740, terminal 1D
information 1742, base station ID information 1744, sector ID
information 1746, and mode information 1748. Uplink channel
information 1738 includes information identifying uplink channels
segments that have been assigned by a base station for wireless
terminal 1700 to use when transmitting to the base station. Uplink
channels may include uplink traffic channels, dedicated uplink
control channels, e.g., request channels, power control channels and
timing control channels. Each uplink channel includes one or more
logic tones, each logical tone following an uplink tone hopping
sequence. The uplink hopping sequences are different between each
sector type of a cell and between adjacent cells. Downlink channel
information 1740 includes information identifying downlink channel
segments that have been assigned by a base station to WT 1700 for use
when the base station is transmitting data/information to WT 1700.
Downlink channels may include downlink traffic channels and
assignment channels, each downlink channel including one or more
logical tone, each logical tone following a downlink hopping
sequence, which is synchronized between each sector of the cell.
[00120]User info 1736 also includes terminal ID information 1742,
which is a base station-assigned identification, base station ID
information 1744 which identifies the specific base station that WT
has established communications with, and sector ID info 1746 which
identifies the specific sector of the cell where WT 1700 is presently
located. Base station ID 1744 provides a cell slope value and sector
ID info 1746 provides a sector indcx type; the cell slope value and
sector index type may be used to derive tone hopping sequences. Mode
information 1748 also included in user info 1736 identifies whether
the WT 1700 is in sleep mode, hold mode, or on mode. [00121]Tone
subset allocation sequence information 1750 includes downlink 



strip-symbol time information 1752 and downlink tone information
1754. Downlink strip-symbol time information 1752 include the frame
synchronization structure information, such as the superslot,
beaconslot, and ultraslot structure information and information
specifying whether a given symbol period is a strip-symbol period,
and if so, the index of the strip-symbol period and whether the
sti-ip-symbol is a resetting point to truncate the tone subset
allocation sequence used by the base station. Downlink tone info 1754
includes information including a carrier frequency assigned to the
base station, the number and frequency of tones, and the set of tone
subsets to be allocated to  30 the strip-symbol periods, and other
cell and sector specific values such as slope, slope index and sector
type. [00122]Routines 1720 include communications routines 1724 and
wireless terminal control routines 1726. Communications routines 1724
control the various communications protocols used by WT 1700.
Wireless terminal control routines 1726 controls basic wireless
terminal 1700 functionality including the control of the receiver
1702 and transmitter 1704. Wireless terminal control routines 1726
include the signaling routine 1728. The signaling routine 1728
includes a tone subset allocation routine 1730 for the strip-symbol
periods and an other downlink tone allocation hopping routine 1732
for the rest of symbol periods, e.g., non strip-symbol periods. Tone
subset allocation routine 1730 uses user data/info 1722 including
downlink channel information 1740, base station ID info 1744, e.g.,
slope index and sector type, and downlink tone information 1754 in
order to generate the downlink tone subset allocation sequences in
accordance with some aspects and process received data transmitted
from the base station. Other downlink tone allocation hopping routine
1732 constructs downlink tone hopping sequences, using information
including downlink tone information 1754, and downlink channel
information 1740, for the symbol periods other than the strip-symbol
periods. Tone subset allocation routine 1730, when executed by
processor 1706, is used to determine when and on which tones the
wireless terminal 1700 is to receive one or more strip-symbol signals
from the base station 1600. The uplink tone allocation hopping
routine 1730 uses a tone subset allocation function, along with
infortnation received from the base station, to determine the tones
in which it should transmit on. [00123]Turning to Fig. 18,
illustrated is a system 1800 that enables encoding a control signal
as a beacon in a wireless communication environment using
concatenated codes. System 1800 can reside within a base station or
wireless terminal, for instance. As depicted, system 1800 includes
functional blocks that can represent functions implemented by a
processor, software, or combination thereof (e.g., firmware). System
1800 includes a logical grouping 1802 of electrical components that
can act in conjunction. As illustrated, logical grouping 1802 can
include an electrical component for receiving a set of control bits
1810. Further, logical grouping 1802 can include an electrical
component for encoding the control bits with a first error control
code 1812, and another electrical component for encoding the encoded
bits with a second error  31 



control code 1814. Logical grouping 1802 can also include an
electrical component for modulating the multi-coded control bits as
beacon tones 1816, as well as an electrical component for
transmitting the beacon tones 1818. Additionally, system 1800 can
include a memory 1820 that retains instructions for executing
functions associated with electrical components 1810, 1812, 1814,
1816, and 1818. While shown as being external to memory 1820, it is
to be understood that electrical components 1810, 1812, 1814, 1816,
and 1818 can exist within memory 1820. [00124]Referring next to Fig.
19, illustrated is a system 1900 that enables decoding a beacon-based
control signal in a wireless communication environment. Similar to
system 1800, system 1900 can reside within a base station or wireless
terminal, for instance, wherein system 1900 also includes functional
blocks that can represent functions implemented by a processor,
software, or combination thereof (e.g., firmware). Moreover, system
1900 includes a logical grouping 1902 of electrical components that
can act in conjunction similar to logical grouping 1802 in system
1800. As illustrated, logical grouping 1902 can include an electrical
component for receiving beacon-based control signals 1910. Further,
logical grouping 1902 can include an electrical component for
demodulating beacon tones 1912. Logical grouping 1902 can also
include an electrical component for decoding a first layer of error
control code 1914, as well as an electrical component for decoding a
second layer of error control code 1916. Additionally, system 1900
can include a memory 1920 that retains instructions for executing
functions associated with electrical components 1910, 1912, 1914, and
1916. While shown as being external to memory 1920, it is to be
understood that electrical components 1910, 1912, 1914, and 1916 can
exist within memory 1920. [00125]In one or more exemplary
embodiments, the functions described may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over as one
or more instructions or code on a computer-readable medium.
Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of
a computer program from one place to another. A storage media may be
any available media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired  32 program code in
the form of instructions or data structures and that can be accessed
by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then
the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of
computer-readable media. [00126]When the embodiments are implemented



implemented with modules (e.g., procedures, functions, and so on)
that perform the functions described herein. The software codes can
be stored in memory units and executed by processors. The memory unit
can be implemented within the processor or external to the processor,
in which case it can be communicatively coupled to the processor via
various means as is known in the art. [00128]For a hardware
implementation, the processing units can be implemented within one or
more application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers,  33 micro-controllers,
microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof. [00129]What has
been described above includes examples of one or more embodiments. It
is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the
aforementioned embodiments, but one of ordinary skill in the art may
recognize that many further combinations and permutations of various
embodiments are possible. Accordingly, the described embodiments are
intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended
claims. Furthermore, to the extent that the term "includes" is used
in either the detailed description or the claims, such term is
intended to be inclusive in a manner similar to the term "comprising"
as "comprising" is interpreted when employed as a transitional word
in a claim. [00130]As used herein, the term to "infer" or "inference"
refers generally to the process of reasoning about or inferring
states of the system, environment, and/or user from a set of
observations as captured via events and/or data. Inference can be
employed to identify a specific context or action, or can generate a
probability distribution over states, for example. The inference can
be probabilistic-that is, the computation of a probability
distribution over states of interest based on a consideration of data
and events. Inference can also refer to techniques employed for
composing higher-level events from a sct of events and/or data. Such
inference results in the construction of new events or actions from a
set of observed events and/or stored event data, whether or not the
events are correlated in close temporal proximity, and whether the
events and data come from one or several event and data sources.
[00131]Furthermore, as used in this application, the terms
"component," 



"module," "system," and the like are intended to refer to a
computer-related entity, either hardware, firmware, a combination of
hardware and software, software, or software in execution. For
example, a component can be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a
thread of execution, a program, and/or a computer. By way of
illustration, both an application running on a computing device and
the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component
can be localized on one computer and/or distributed between two or
more  34 computers. In addition, these components can execute from
various computer readable media having various data structures stored
thereon. The components can communicate by way of local and/or remote
processes such as in accordance with a signal having one or more data
packets (e.g., data from one component interacting with another
component in a local system, distributed system, and/or across a
network such as the Internet with other systems by way of the
signal).  35 CLAIMS What is claimed is:  1. A method for encoding a
wireless control signal, comprising: receiving a set of information
bits; 



encoding the set of information bits with a first error control code
so as to create a first set of encoded bits;       encoding the first
set of encoded bits with a second error control code so as to create
a second set of encoded bits; modulating the second set of encoded
bits as a plurality of beacon tones; and       transmitting the
plurality of beacon tones, each of the plurality of beacon tones
transmitted with a corresponding beacon signal strength, each of the
corresponding beacon signal strengths being higher than each of a
plurality signal strengths corresponding to each of a plurality of
non-beacon tones.  2. The method of claim 1, at least one of the
first or second encoding steps further including determining whether
to partition either the information bits or the first set of encoded
bits into a plurality of streams of bits.  3. The method of claim 2,
at least one of the first or second encoding steps further including
partitioning either the information bits or the first set of encoded
bits into the plurality of streams of bits, the plurality of streams
of bits including at least a first stream of bits and a second stream
of bits, at least one bit in either the set of information bits or
the first set of encoded bits being included in both the first stream
of bits and the second stream of bits.  4. The method of claim 2
further comprising ascertaining a desired false alarm probability for
the information bits and partitioning either the information bits or
the first set of encoded bits as a function of the desired false
alarm probability.  5. The method of claim 4, at least one of the
first or second encoding steps further including executing one of a
hashing algorithm and a repetition algorithm.  6. The method of claim
I the information bits relating to a control channel.  36 



7. The method of claim 6, where the information bits are control bits
corresponding to an interference mitigation message.  8. An
apparatus, comprising:       a receiving component, the receiving
component configured to receive a set of control bits;       a first
encoding component, the first encoding component configured to encode
the set of control bits with a first error control code so as to
create a first set of encoded bits;       a second encoding
component, the second encoding component configured to encode the
first set of encoded bits with a second error control code so as to
create a second set of encoded bits;       a modulating component,
the modulating component configured to modulate the second set of
encoded bits as a plurality of beacon tones; and       a transmitting
component, the transmitting component configured to transmit the
plurality of beacon tones, each of the plurality of beacon tones
transmitted with a corresponding beacon signal strength, each of the
corresponding beacon signal strengths being higher than each of a
plurality signal strengths corresponding to each of a plurality of
non-beacon tones.  9. The apparatus of claim 8, at least one of the
first or second encoding components further configured to implement a
Reed-Solomon code or a convolution code.  10. The apparatus of claim
8, at least one of the first or second encoding components further
configured to determine whether to partition either the control bits
or the first set of encoded bits into a plurality of streams of bits.
II.The apparatus of claim 10, the at least one of the first or second
encoding components further configured to partition either the
control bits or the first set of encoded bits so that the plurality
of streams of bits includes at least a first stream of bits and a
second stream of bits, at least one bit in either the set of control
bits or the first set of encoded bits being included in both the
first stream of bits and the second stream of bits. 



37  12. The apparatus of claim 8 further comprising an interleaver
component, the interleaver component configured to interleave at
least one of the set of control bits, the first set of encoded bits,
or the second set of encoded bits.  13. The apparatus of claim 12,
the interleaver component configured to provide at least one of a
frequency or time interleaving functions.  14. At least one processor
configured to encode a wireless control signal, comprising: a first
module for receiving a set of control bits;       a second module for
encoding the set of control bits with a first error control code so
as to create a first set of encoded bits;       a third module for
encoding the first set of encoded bits with a second error control
code so as to create a second set of encoded bits;       a fourth
module for modulating the second set of encoded bits as a plurality
of beacon tones; and       a fifth module for transmitting the
plurality of beacon tones, each of the plurality of beacon tones
transmitted with a corresponding beacon signal strength, each of the
corresponding beacon signal strengths being higher than each of a
plurality signal strengths corresponding to each of a plurality of
non-beacon tones.  15. A computer program product, comprising: 



a computer-readable medium comprising: a first set of codes for
causing a computer to receive a set of control bits; a second set of
codes for causing the computer to encode the set of control bits with
a first error control code so as to create a first set of encoded
bits;             a third set of codes for causing the computer to
encode the first set of encoded bits with a second error control code
so as to create a second set of encoded bits;             a fourth
set of codes for causing the computer to modulate the second set of
encoded bits as a plurality of beacon tones; and             a fifth
set of codes for causing the computer to transmit the plurality of
beacon tones, each of the plurality of beacon tones transmitted with
a corresponding  38 beacon signal strength, each of the corresponding
beacon signal strengths being higher than each of a plurality signal
strengths corresponding to each of a plurality of non-beacon tones.
16. An apparatus, comprising: means for receiving a set of control
bits; 



means for encoding the set of control bits with a first error control
code so as to create a first set of encoded bits;       means for
encoding the first set of encoded bits with a second error control
code so as to create a second set of encoded bits;       means for
modulating the second set of encoded bits as a plurality of beacon
tones; and       means for transmitting the plurality of beacon
tones, each of the plurality of beacon tones transmitted with a
corresponding beacon signal strength, each of the corresponding
beacon signal strengths being higher than each of a plurality signal
strengths corresponding to each of a plurality of non-beacon tones.
17. A method for decoding a wireless control signal, comprising:
receiving a plurality of beacon-based control tones corresponding to
a set of control bits, each of the plurality of beacon tones
transmitted using a concatenated code detected as having a
corresponding beacon signal strength, each of the corresponding
beacon signal strengths being higher than each of a plurality signal
strengths corresponding to each of a plurality of non-beacon tones;
and demodulating the plurality of beacon tones so as to ascertain a
set of decoded bits. 18. The method of claim 17, the demodulating
step further comprises:       demodulating the plurality of beacon
tones so as to ascertain a set of demodulated bits;       decoding
the set of demodulated bits with a first en-or control decoder so as
to ascertain a first set of decoded bits; and 



decoding the first set of decoded bits with a second error control
decoder so as to ascertain a second set of decoded bits, the second
set of decoded bits including the set of control bits.  39  19. The
method of claim 18, at least one of the first or second decoding
steps further including determining whether either the demodulated
bits or the first set of decoded bits represent a partial codcword.
20. The method of claim 19, at least one of the first or second
decoding steps further including identifying the presence of at least
one redundancy bit.  21. The method of claim 20, at least one of the
first or second decoding steps further including combining the
partial codeword with a stored partial codeword, the combining step
being a function of the at least one redundancy bit.  22. The method
of claim 18, at least one of the first or second decoding steps
further including decoding either the demodulated bits or the first
set of decoded bits as a function of whether at least one of a
repeated version of either the demodulated bits or the first set of
decoded bits was received.  23. The method of claim 18, at least one
of the first or second decoding steps further including decoding
either the demodulated bits or the first set of decoded bits as a
function of whether at least one of a hashed version of either the
demodulated bits or the first set of decoded bits was received.  24.
An apparatus, comprising:       a receiving component, the receiving
component configured to receive a plurality of beacon-based control
tones corresponding to a set of control bits, each of the plurality
of beacon tones detected as having a corresponding beacon signal
strength, each of the corresponding beacon signal strengths being
higher than each of a plurality signal strengths corresponding to
each of a plurality of non-beacon tones; a demodulator component, the
demodulator component configured to 



demodulate the plurality of beacon tones so as to ascertain a set of
demodulated bits;       a first error control decoder, the first
error control decoder configured to decode the set of demodulated
bits according to a first error control code so as to ascertain a
first set of decoded bits; and  40       a second error control
decoder, the second en-or control decoder configured to decode the
first set of decoded bits according to a second error control code so
as to ascertain a second set of decoded bits, the second set of
decoded bits including the set of control bits.  25. The apparatus of
claim 24, at least one of the first or second error control decoders
further configured to determine whether either the demodulated bits
or the first set of decoded bits represent a partial codeword.  26.
The apparatus of claim 25, at least one of the first or second error
control decoders further configured to identify the presence of at
least one redundancy bit and to combine the partial codeword with a
stored partial codeword as a function of the at least one redundancy
bit.  27. The apparatus of claim 24, at least one of the first or
second error control decoders further configured to decode either the
demodulated bits or the first set of decoded bits as a function of
whether at least one of a hashed version or a repeated version of
either the demodulated bits or the first set of decoded bits was
received.  28. The apparatus of claim 24 further comprising a
de-interleaver component, the de-interleaver component configured to
de-interleave at least one of the set of demodulated bits, the first
set of decoded bits, or the second set of decoded bits.  29. The
apparatus of claim 24, at least one of the first or second error
control decoders further configured to decode a Reed-Solomon code or
a convolution code.  30. At least one processor configured to decode
a wireless control signal, comprising: 



a first module for receiving a plurality of beacon-based control
tones corresponding to a set of control bits, each of the plurality
of beacon tones detected as having a corresponding beacon signal
strength, each of the corresponding beacon signal strengths being
higher than each of a plurality signal strengths corresponding to
each of a plurality of non-beacon tones;       a second module for
demodulating the plurality of beacon tones so as to ascertain a set
of demodulated bits;  41       a third module for decoding the set of
demodulated bits with a first error control decoder so as to
ascertain a first set of decoded bits; and       a fourth module for
decoding the first set of decoded bits with a second error control
decoder so as to ascertain a second set of decoded bits, the second
set of decoded bits including the set of control bits. 31. A computer
program product, comprising: a computer-readable medium comprising:
a first set of codes for causing a computer to receive a plurality of
beacon-based control tones corresponding to a set of control bits,
each of the plurality of beacon tones detected as having a
corresponding beacon signal strength, each of the corresponding
beacon signal strengths being higher than each of a plurality signal
strengths corresponding to each of a plurality of non-beacon tones;
a second set of codes for causing the computer to demodulate the
plurality of beacon tones so as to ascertain a set of demodulated
bits;             a third set of codes for causing the computer to
decode the set of demodulated bits according to a first error control
algorithm so as to ascertain a first set of decoded bits; and 



a fourth set of codes for causing the computer to decode the first
set of decoded bits according to a second error control algorithm so
as to ascertain a second set of decoded bits, the second set of
decoded bits including the set of control bits. 32. An apparatus,
comprising:       means for receiving a plurality of beacon-based
control tones corresponding to a set of control bits, each of the
plurality of beacon tones detected as having a corresponding beacon
signal strength, each of the corresponding beacon signal strengths
being higher than each of a plurality signal strengths corresponding
to each of a plurality of non-beacon tones;       means for
demodulating the plurality of beacon tones so as to ascertain a set
of demodulated bits;       means for decoding the set of demodulated
bits with a first error control decoder so as to ascertain a first
set of decoded bits; and  42       means for decoding the first set
of decoded bits with a second error control decoder so as to
ascertain a second set of decoded bits, the second set of decoded
bits including the set of control bits. 


