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BACKGROUND
I. Field
[0002] The following description relates generally to wireless communications,

and more particularly to methods and apparatuses for coding control information.

IL Background

[0003] Wireless 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. -
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, IS-856, W-CDMA, TD-SCDMA, and the like.
[0004] In 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
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embodiments described herein may become further apparent upon review of the

following description.
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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.

[0010] In 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 $0 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.

[0011] In 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

$0 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 0 as to

ascertain a second set of decoded bits, which includes the set of control bits

[0012) To 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
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[8018] 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.

10023} 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,



accordance with various aspects set forth herein. [0014]FIG 2 is an
illustration of an exanple wreless network environnent that can be

enpl oyed iWooeMdaGli on with the various systenms and %009/032284
described herein. [0015]FIG 3 illustrates a beacon signal 1n

accordance with some aspects. [0016]FIG 4 illustrates anot her beacon
signal that can be utilized with one or nore of the discl osed
exanples. [0017]FIG 5 illustrates yet anot her beacon that can be
utilized with one or nore of the disclosed exanples. [0018]FIG 6 is

decodi ng beackhHased Eonrs B bR TRar I BRL LB R oG e pect o
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[0025] FIG. 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.
f0027 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
vartous 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 lising concatenated codes.
[0031] FIG. 19 is an illustration of an exemplary coupling of electrical
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 mumerals 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 structurcs and devices arc 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
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CDMA. CDMAZ2000 covers 1S-2000, 1S-95 and 1S-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, efc. 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.
[0035] High 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.

[0036] High 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
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that utilizes a single encoder/decoder to process a |arge control
codeword. [0026]FIG 14 illustrates an exenplary encodi ng and

decodi ng process that utilizes concat enat ed codes to process a |arge
control codeword in accordance with an aspect of the subject
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Voice over IP (VolP), videoconferencing and mobile office applications
[0037] Fast 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.,
[0038] 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.
[6039] Referring 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 recetver chain, each of which can in turn comprise a pluraiity 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,
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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
antemnas 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, antenna
groups can be designed to communicate to access terminals in a sector of the areas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 can utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for access terminals 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to access terminals 116 and 122
scattered randomly through an associated coverage, access terminals in neighboring
cells can be subject to less interference as compared to a basc station transmitting
through a single antenna to all its access terminals.
[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
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di vi sion mul tiple,access (SC-FDVA) utilizes single carrier nodulation
and frequency donal n equalization. SC-FDVA has sim|ar performance
and essenti al [(W43lhe saAbbasysnten21@ orficariz iy saymbired datoftreams ©PDIVIed
system A SC Rl ash 01le 113% | GG PO3KRLBRYRLAGE, ROWRE@hd 0 (PAPR
because of its inherent single carrier structure

used, for ins®P@AEE; carindaihitiep cendieraningtied WRS? IRIRSFEYe Lo Pﬁlﬂﬁagr eatly
benefits acceggcd@h b N@hsutd, @o&beramsmféfle}v[;@tﬂ§%fﬁc @mekedﬁfb f@cy-
Accordi ngly, SC. FDVA can bé I npl enented as an u e access
schene in 3GPEIEHE CoR@rHCIRpS) seegteshior that Eﬁtaévemmwwemmdataoosmw gh
speed packet AREASS (H@Ee%odmtaf&céaaﬁ@aﬂtﬂmn é&%%@%k& én B @&Eﬁ&s

access (HSDPA) .technol ogp/ and hi gh speed up E)ac Ket access
or enhanced uptiefEthpgonpliteny 1%@?”&’@9“%@166@& (%EI%M feplstiqugre Addpiaually or

t echnol ogy. F@QﬁﬁtwdﬂS@ﬂ@ﬂE’mbﬁE&'ﬁ bR @Ak diffiod BﬁltlEﬂ@deQF R ehRt ion

Part nershi p Project Rel ease Rel ease 6, and

: 31 i cations
Rel ease 7, re$BeLr mpgipjexe @ﬁ@lﬁ%c@ﬁ: @ﬁ@@ﬂ%k&‘ﬁhﬁ@ﬂ@ﬁﬁc@@@&%@

( HSDPA) opt | myéﬁaiydﬂ&nawh HADFHeSShAD Fréc@iitd AQ e ¥Rhknet SdlhAELUSES at
equi prent (UE). As used herein, transmssion fromthe network to the

user equi pne nicoes:iegRRakrs0 fopimpte ghangel spqne  Fhgsvmiinierre pijopind coded data
Transmni ssi on fetkddsa @saaamahlh BYmélRlaed (@58 nObl SHped)dhsclVBh b fdrBeuldr g h

speed downl i nk cket _acc HSDPA i ncrease the capacit
nobi | e radio WB‘E‘@%‘PMCMW ?éi@@'d”hﬁ%ﬂ%?ﬁ{;\(eﬁﬁé@qsgc%@@{eméﬁp %llftcan
optim ze dat aketyﬁfgr@QHSIS)smmaids(hm kgt ek all- cfu@drath@ aﬂ@nmmk@dumomsed

UPA)

herein, trans mnal to th

oferred t o abTR G foflen dgichef i ittnm  ubidte PP sidsn st
can 7 allow ﬂaxa)drngtaeﬂnmfdulsﬁmefbxadacll\/&md fnSam bﬁ%ﬂc@frﬂwdd@&xsﬁu@mns
further inprove gﬁw t he UE%’ nk and downlink as specified in
Rel ease 7 of YH¥E ’5 pro‘”& YL 82 % gh speed packet access (HSPA)

net hods typi cHb43] al | oiﬁhef wodufagisi s@;ﬁnbbmtfﬁrtmmacsmamame@&o&im lowl i nk
andthe, U0 Lyt 58,225 Gl LA bR SRR 0
of fice appli c@EDmsTXMmm%sodazwtllemamssafnsg\s nedulpicatspobl! Straue ko &s
hybrid aut Ona&ingmfttgg?ﬁﬂ[{?%g?l}rabugh 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, Ny modulated signals from transmitters

222a through 222t are transmitted from Ny antennas 224a through 224t, respectively.



(HARQ can be used on the uplink and downlink. Such protocols, such
as hybrid automatic repeat request (HARQ, allow a recipient to

aut omat i cajb¥ofordssget retransm ssion of a packet that Cqﬂ} een
received in error. 10038] Vari ous enbodi nents are descrirpbe Sﬁ@?)é%r%pl n
connection with an access termnal. An access term nal can also be
called a system subscriber unit, subscriber station, nobile station,
nobil e, renote station, renote termnal,, nobil e device, user
termnal, termnal, wreless comunication device, user agent, user
devi ce, or us quip " ess termnal can be a cell yl ar
t el ephone, a @g?ﬁl essnggécg%gc%%lné]}lﬁgsig@estfacl}‘or’lmll Fﬁ{n P‘gutla}teod%’lgﬂ? 8?135%*“’?@?3’9
phone, a wi r eNesdenhgcala thowmph 238K hiyd tht mtdied sigaal fiemsaciadntedngl 2ad
assistant (P . - i ﬁ%l LI S connect |
capability, c )r)r‘ﬁﬁffaq tﬁgpegge\%}lgeelfgge\é\rega er Zg%o%%e"é‘ Jf%l'd]géa&?éegel\é%gg%ct ed to
a wirel ess notheditiontie.golkars, amplificoumd devpodiveesitagespeaive gt idipitirehtbe ei n
i n connecti on,Whtih,A sRASE, sk tatli tili.zed for
comuni cat i ngcc%/{le{htllléﬁ]n ag ess??rgr mé %a P %eg\’)aggﬁlgthgre{%éégﬁgsotﬁ%%n&gefs g)rﬂrllé‘%ig 0 as
an access poi ¢rrresigpdies BecePpd] syodoldbepan. B (eNodeB) or some ot her

term nol ogy. [g@@391Ref &) RikGa W18 F20%an rkeo; ' ! lcation
system 100 i sloi %?Iust rated in a@gcgrdranceanv& %Cﬁ‘%\?\gqripl%c?@ﬁ@g [ rreéndtcs
present ed her&hol Spapsefam Joreedrmsr 39desed ohasutigtaticonerd®esshigt can
include nul tiplg; megd%g*aa%cm&%mﬁ%@t@%g, R FRLEINB6PLHUP Can

i ncl ude ant ennas (%04 an , anot her group can CO?’DI’I se antennas 108
and 110, and ggmodulatie: debyralcagr v deeodmedch detentrd sambel Hieam 0 1@ oean the Trnffic

Two antennas @hgerol ht Hsh Eahed Tho ro&@sqlhg RNHe PR YERUP Q6&9W{ﬁémen@§ & or

fewer antennas can be utilized Tor each group. Base station 102 ‘can
addi tional |y tbpigeeaed by TXAEMQ pepeseidrhand ek dpta reessispe? i dehbaspistatioac h
of which can 2. turn conprise a plurality of conponents associ at ed
with signal transm ssion and receptian_ (e. % , processors, nodul ators,
mul ti pl exers, (W88 odul attdresesserdifiFim psriedieally detgpmingivgh availableytechpajogyj | |

be appreci at ed ublizc00 Gis&ikidlaBsbel PukiRE pRfessor 280 LAGIRABASEreSE@llingn 102
can conmmuni cate with one or nNpre access term nal s such as access

termnal 116 BHRPESCHBRISRER RtRaIndeprtion gy wak Valge Rogiong pe
appreci at ed tasolbase $hcabiaR 1 ReGadt GRBIMPHE ArBudybd oS RShaM al | y
any nunber of acc termnals sim Iﬁr to access termnals 116 and

es )

122. Access t&p lﬁ%ﬁlg CqQBUFRYOR B3k nd/qr g recpinsd Biastpane Thedrvetse Apk

Eho gﬁsi ds mar tmad_sigaegn bd REeSpGby b’lmlﬂ QQEbﬂcﬁM_ g]i“fhﬁilloliaﬁﬂ r&dEVésGRSC data
andhel d conputing devices, sat ite radi al. positionin

syst ens, PDAsf,.‘jjl %\ﬂ‘gf‘"?ﬂ: O%‘fﬂ? SB?W?rfreoélh‘i‘ ‘ﬁaé%ﬁogrci’jg%’ E\%‘hﬁﬂ?‘l l&’&ﬂ‘ﬂfi‘ﬁla@é??‘gg

over Wi rel esscondinonedibe atinsaiittcey U e idli@h 2 54\sand episatited hadkae BSS sth@nmioal

116 is in co ication with an as 11 nd 114, where antepnas 112

and 114 trans ?”i nf or HEY3 %S attOBEE(Eg@é’%O]dPéfeﬁfﬁﬁﬁj& Homp aq5s fergmp fd

link 118 and reedeibe antafnas 208 coaditibinied iy aecieas 222 demdialated b6 a astRsduitor

reverse |ink 0. .Moreaqver ss term,nal 122 IS in comruni cation
with antennas’ ToF9ERTTHEY & eﬁagagrﬁfeéﬁoﬁg?tfﬁﬁm&h%ei &% YI§assREe

i nformati on tiwanswittedby dceespionainall2Q. Burter, arob@sonad@lcaniprdcest 24 catatted
recei ve infor I [ ccess termnal. 122 over, a.reverse link 126.
In a frequencrggsé%g\%/?%fi%egmdﬁ&%é% b (eﬁ%g %%ng éon%se ?O(IS R rig lﬁﬁg?%m%ﬂg
utilize a dif¥eglint frequency band than that used by reverse |ink
120, and for i nk 4 ifferent .f uen bancd t han
t hat enpl oye\él\fa %’r ever%écﬁsl&gﬁr}:&?g@ ?%66;%1 %)@?r%]gé? &Eﬁi’t% ﬁ%&?ﬁ%{’ﬁ} 21 e

di vi si on dupl @) ¢oFRDIn gypeteastrtior Di0wad abckss kmibdR 58 vespeaively s Bedpeatike 120

can utilize a, 3f L - i I, 4.and se
Tk 126 can T e iR i B g A e P
ant ennas and/@desane dgip.eRropensoptid0 nd Heyamale pefomyeratpatition tedmivani cat e
can be referrgd, bRy at thpiRCiPoneshiin& Sl &Rk HPdowafifk, XM S .



[0042] Fig. 2 shows an exanple w rel ess comuni cation system 200. The
Wi rel ess communi cati on system 200 depicts one base station 210 and
one accessyh8f¥lohal; 250 for sake of brevity. However, i

appr eci at edbt I§|at sfllstem 200 can include nore than one gggrel%ééog{r)%m
and/ or nore than one access termnal, wherein 9 additional base
stations and/or access termnals can be substantially simlar or
different from exanpl e base stati on 210 and access term nal 250
descri bed below. In addition, is to be appreci ated that base
station 210 a r acc term n 250 ¢

met hods descr{bgéeﬁ her eﬁlrf%{nea ) aflqleaql%se’\l/\tn rséfg'})%%%ac%aﬁe'}cg‘i ﬁmstnﬁgre
bet ween. 1004&h#o] chawsels §ineltdion b@AbOf lithiteaftd, igerfiadnace i»mrdaacemnmdfages) of adat a
streans is pr vy Lrans

processor 21 490\ﬁkg1?gnal b%[ghfhog&te@iég Qe%q%q), S%II%JC??{OI SiIT e% br%aécog?'fl)n%y l% an
transmitted OOEDM&ymé@pewhnkvelamﬂf@nm (p¢$xbhfazﬂh0fpha1m&fssm tragidttefionmat s,
codes, and infer f t ticular
codi ng scherre&geiﬂgc%%ﬁgg %fg?edtt %EB%%agﬁs r%%{%?fgoﬂ C%r%g%f’edae ugtdp[e}gﬁeé%{ lg.

[ 0044] The codeahsiidtcd o his selapatried attineasy toglatevteaen ddovmigial- -phseditivg t h

pi l ot data usjgg Prt DV

t echni ques. E di tS?onhgltglﬂ)w%!:acE fsﬁjg#bﬁ%% %&g)u\é&fﬁf rﬂ&hﬂh%n’i &ﬂsg?/%(ri)%% S(]Q;n be
frequency di vﬁiﬂlﬁhofrhjﬁ t0| rpdeiveEs @t YaRDIv), SNRSnﬁ Othxvmslpmemmq g beacend may
(TDM, or codg, gLy ﬂg%io% ﬂ?@%etcﬂoﬁb%ﬁggwé@% ™ Q%ut%hﬂn@;& H%El@teaﬁnhe
typically a known data pattern t I'S processe known manner

and can be us@ﬂrear@nta)@@cb%uep@rmm@ry fpagonederosn pyralick todhraneriel r esponse.
The nul ti pl exggs4i | ot @Wreﬁ@gﬁ%ﬂg”‘ﬁ&cgﬂ@{n LR oﬁﬁﬁaﬁﬁ ff@r@rst?sethat
nodul at ed (e. ? éii?l/rrbol mapped) based on a particular ul ation
scheme (e.g., DB vlqaatwéﬂlg Hpnay #yeripger 0 BiPSRY ma&eraa&tar gerainant
phase-shi ft k?ﬁﬂf@ﬁr §QD&9@ »Oc(Mb?H'i%l%ntsaHlbr;d;nel@%{hrhgnéﬂ\ﬁ'ra%&u Mhaiedr at ure

anpl i t ude nodul ation % % sel ected for that dat a streamto
provi de nmodul 'aqaff@ﬁa@wﬁ%r le H"FH*@d GEASTEIG CoRSEY Flipgnelsa Heludina inteferasee f or
each data strgameamdbesget erm ned by instructions perfornmed or

provi ded by processor % [ 0045] The modul ati on synbols for the data
streans can b&%Hovi deH1 "E’Gb%cﬁth?lpwnéP’é@%%‘éeo?‘)t?]ieﬂh%‘i’"ﬁsﬁ i PERNMt her

process the npeibbBickOPe SYIMNE6r di@mfle,a Heon $¥gklvht, wilith MaMdsBr gegssor
220 then provi dﬁ%’ NT nodul at i 6%?%%}?% streans to NT transmtters

(TMIR) 222a tH#P ubeasiers, pgy hpraeAnfRAtrassiopx s ispEREt &or
220 applies b&m@m | AGnadRIa@itita beacdnequs &stigd thahigtetatte 5t EI8AED

and to the an{r X p%nfd(rec%r(;[]n\clv\,r’r]‘re%ealcorrl1 SGeqﬁ 12? ?llze nelgh oergng grargsgllila‘cir]e?sr?ne&)} (Feci'de
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.
[0056] In 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.
[0057) The presence of a beacon within the beacon segment is identificd based
on their higher signal strength relative to other subcarriers. 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



[ 0046] Each transmtter 222 receives and processes a respective synbol
streamto provide one or nore anal og signals, and further conditions
(e.g., anplifies, filters, and upconverts) the analog signals to
provi de a nodul ated signal suitable for transm ssion over the M MO
channel . Further, NT nodul ated signals fom transnitters 222a thr ough
222t are transmitted from NT antennas 224a through 224t,
respect i vel sptimaiq in@oierEnse leyeldie $gheres pitwatriep 0consideret! tanentain tadetacon dif
nodul at ed s}, gnal e.recei.ved.by NR. antennas 252a throu 252r an
The'racer vertterghaf! forahF i S e RO hpb iR b Pt o aBsect v
recei ver (ROUBY] 254a THmeiggh Fﬁé%ﬁ illusReld ILLBdavEN sighdt 300Mehl LoRSle

s, an

(e.g., filters, anplifie \nd_downconverts) a respective signal,
di giti zes tHEhegmgl Ficapa@ydRigissin Maltiptexing @ HAvp pxstem inabcpidantrewith the
processes the: rOV] C ondi "r i ved” nbaol
St ream. [ 00E| R TR dFdr e KL, TG LR MR P T e

recei ved symn@inasibn eanse frargpofd ustiges el fdalloasigdaldip fhpas refedledto as
recei ver processing technique to provide ATT "detected" synbol
streams. R@ B pigBelessor 260 can denodul ate, deinterleave, and

decode eachypggspct ed Syg o5t BRI g{sge{tg&m{e%dft S bl 4230k 01

the data stream The processing rocessor
conpl enent areprasents fraguepey.f Arvesttabyolin Mpvi3cptsoneIBDM S2boh (wd al¥ptiahtan f

rocessor 214 at. base .stat] 210 00491A pro r 270 can, ,
Per | od oal | JPGRTEP Y Fn iR D M P 4Bl KOG RGN D SYab9) OgRinggmuitipl
di scussed apavesephidtding ﬁeg@érfeg.gg)a(a{ 31§2ﬁpb&§@uéhodsrﬂék@t£§v§%)fe§é4ﬁ£ $fonkl NK

message conprising a matrix in portion and a ran ue portion.

[ 0050] The rwvehodevhipihic axsgseegd fregdomanpn OF®Mapinbals t ypes of
| nf or mat | On[GOGO} 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}] Iltustrated 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.



regardi ng the conmunication link and/or the received data stream The
reverse |link nmessage can be processed by a TX data processor 238,

whi ch al soypagRlyRs; traffic data for a nunber of data %ﬁﬁggﬂ LR a
data source 236, nodul ated by a nodul at or 280, conditione yg'fﬂ
transmtters 254a through 254r, and transmtted back to base station
210. [O00511At base station 210, the nodul ated signals from access
termnal 250 are received by antennas 2?34 condi ti oned by receivers
222, denodul ated by a denodul at or 240, and processed by a RX data
processor 242 extra k nessa

access term nQP%iS Fﬁ%t%mgma%s Bet%?sfﬂcl)err%% scl%{la%ooct)%aggas? er‘f%eﬂezeefét“)r{tgct ed
message to dgm@rommea Qﬂhecihclpsedcﬁdnm? frhis ibeacot ﬂgmﬁ)()fimsimdettethmabnvag
the beant o M el oS00l RBDTHENAGERANY fudPRi MR 60 30, B!

(e.g., control, coordinate, mana operation ase station
210 and accesls,eacfélrsmmhfdii al@Bﬁludwb@petmgl@wDMpr@ciri pagticplodasisnr s 230
and 270 can bg,ass al&dp 234 am
codes and dat augPrglg s%’ors%%rgs and 0 gaﬁﬁa%s%zﬁgélrﬁonﬁhgg %{’jﬁgns
to derive frediehdyadidli npul se response estimates for the upI ink and
downl i nk, r esm@{' vel yg, owﬂc;com%%*{}c& 0?91%0@11%8@3(%11%ﬁ bcﬁ&ﬁs QHSISC%P&%] i ng

di scl osur e, beacons are used to transmt contfro annel s I nc
but not |i nitexfinggan bajised P @radest he heropatielethatetheiafpeggtion bits ‘atmed by the

convent i onal Q:%Cmtdgéme&nm&;@mg:ﬂ}ﬂc%ﬁﬂ&'m&Qémesbﬂf\kr A o the

may be an OFDM synbol in which rge fraction ossi b
power is trantfbeacarscaienens s g utrciaedSalomon eqdgy. rléan @&pecaélepﬁéofb@a@on

subcarri er. S&das@coavé;ﬁna@ngmpbeaaon%q&ﬂ&ro@xengtﬁ i cvaiaﬁ BiditsedeRn hithisr
subcarrier, it is easy to detect even at |ow si | -to-noise ratios

(SNRs) . Ther epfsrarol pEaaBhan Wsdo paev scapaicy of jere (H%Téhé?ﬁli@mt@h
signaling a sghbddiraBRintiudir@ubRné&ees] ¥ek ot 18dst t\vﬁv%rpﬁrdogé‘é" ENRS: heF

exanpl e, a sequence of beacons may be used to sig the Sectorl
a given sect of.SugTHasanfhpolieand nderivfich, sitch hat gyer Wéena“P@FQ%ﬁfq"%JYF@d

sequence nay Wakdhs ble@bRBes, BRR6GR BYTFARontny bl SechRId: AhOARIIE N Belps
result of using beacons in scenarios with dom nant interferers is

that the si gn¥ISeRAF4GRBTIPCBFacomisaanss Fammitedcapquarly (HoonenHeesllfht t er s
as the dom nardisainbicgitdoamewhde ih@?dﬂ@iﬂﬁn@%lib@}be@bcfoﬁ&rt@Hﬁterﬁlﬂﬁﬁrﬂcﬁdhl ers

with a high prohabilit Ther e orebacosarea rabl e net hod of
transni tt?ngp‘éodlﬂl‘l}afi?“sé%ﬂﬁheé?‘é’e ‘?eﬁ%qnagq f%&?ﬂr’%?ﬁéﬁ@é]eav&ﬂ%mfe ded

messages. 100mfkhaxican aspect of the pr esent di scl osure, not all of

the power in ﬁ)r(](is?: DM 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 applicd 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.



synbol need be used up. For exanple, a beacon segnent, which is a
subset of all available subcarriers, may be all ocated for beacon

transm ssiWB.20dofodddi S subsegnment, a receiver RXA may t c‘iﬂ%%m?zzsat
beacon sequence requesting that interference be cleared up pon

decodi ng the beacon sequence, the neighboring transmtters nmay deci de
whet her or not to remain silent for a period of tinme to reduce
interference for RX_A The beacon segnep; nay be common to al

sectors in the deploynent 100561l n sone aspects a beacon segnent

may co-exi st LUOH] exi Skl 111@%51%8@ q‘% %Sﬁ)%lfs\(r)e@ Oforg §ioha 1c%telglegc%ém tters

or can be on cl'eared s eacon sign I'n one
exanpl e, a be#bone maglmah&rahky Fblenall@ed pyonrREplEeiEink, St rhurbediasxable to

transmi ssion, 111}943!.15'3 Bhe n‘ﬁ%&%‘? l:An%roH?E a'bEac[n? Eode\% N Il aﬁgCEel qﬁnc €

message transm Ssion e slze M acr oss
di fferent sectplabeilsigs §@xand E@@Bﬁ@ﬂ@ém@r@s@maemmls (alf)ldetamomr: tim tumber tthe

beacon segnen&on&ra Hltg@a{%'bgdc@:gcog &4 c90ed '\Jevé# lgé}sarsmgkm%ﬂue%&f AgLGh

relative to other subcarrins. e encode ornat | arri ed
in the positi®angeh tnhberea@m@nbmwﬂseqomieérd@@delgmlm,u\mchnaymbmeans

perfornmed to ﬁ%thé"ﬁﬁ%mt&%olﬁﬁa%%rc%lﬂ%&o%@&cf“%(@& €arhBY flwirdiCh that a

threshold can be set to identify t presence of abeacon synbol. For
example, if tHW8%ower Bef Oﬂleéiﬁﬁh%lpﬁse? mP@ sprhagiigatedrucoding Selseﬁnenweﬁo

interference h&ugkediss ad mlm@exh@péymﬂ Bi'detﬁlsé SartO N A8EL Ralod 1109624 “ a

beacon if P/I >= T and not to contain a beacon ot herw Se,
t he t hr eshol ddsgadingealeqritios g be dasigpediieresting 2 cgrtaig fafsg glmrnamre@bllgy a Hbeacon

si gnal 300 i np@RpIEXNANRLR ngctomqgéhaés lEc{u%eu%@ﬁm‘chyglﬁalfenfaMlélafafnpl exing
(OFDVM system in accordance with the varjous aspects described

herein. The fPPELIEHEPRAREHA SFtapsy ErsisHebels corra pesagsdlat is “sticky”

i nfonnation cahy lbeeaetecrearkm@éiﬁ fd niééiahtﬂﬂr;& 18 PR&H iRbrlR kAN BlanPthe Sbf@ap! | NQ
schene, referred t%)as a.beacon si 0059] The horizontal axis 302

represents ti $pemed dorapglative prlpngdien qf§1n§o ince a Talse 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). Sucha
design may be advantageous in that the beacon disambiguation algorithm remains
unchanged.

[0079] 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.



represents frequency. A vertical colum represents an OFDM synbol (or
a segnment of subcarriers within an OFDM synbol ), wherein each OFDM
synbol conkai.p@93s4i i pl € tones separated in frequency.

box, such as box 308, represents a tone-synbol, which is a é@g@geﬂémof
freedomin an OFDM synbol . [ 0060] Beacon signal 300 includes a
sequence of beacon signal bursts, which are transmtted sequentially
over time. A beacon signal burst includ one or nore (e.qg., a small
nunber) beacon synbols. Each beacon sy can be a signal
transmtted i e deg f fr 0 [ nsmi s
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i ncl udes four transr% SS|con sy n%ao S{arl ocfb g%\% 1{"%66% Q‘%g@s}hmi:h‘?c
illustrates aﬁ’@t’df?ércorﬁ@é@@ﬂmsqng%’&ﬂ wh @ sechet codaliybdy at lnlnﬁfzee@dw tThe one
or more of thg ﬁ'eﬁ%d@@&gltr@mg&l%ﬂ%%@ﬁfe R 8 & b Apast
beacon si gnal léOO of the aboveefl ure. dl Tgi?@élr en%é)le 8t&i/veen£8115e§’e
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synbols. In particular, a beacon S|&na burst 1 ncludes
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asynchronous mRbiektstepbhe : dﬁ@ﬁﬁ%hé?l Qécot{)&l%% Sue HERGE At b%%S@%o as to
i nproved by repeating each a nunber of tines at the

transmitter. T4oyeqbperig! be“’%COPV‘PlLy%E rates yet another beacon si gnal

500 that can fperytili zEekeVit :Ihbul@'ﬂ@a@'iecfﬁbﬁ@ha@faltﬁd% h FhismlREQEhs BYH4IR| es.
Thi s beacon sjgnal 500 is simlar to the above beacons signals 300,

400. The di ff@gﬁﬁ@é a3 Ed"t%élee PRI RSB HEE BR siogiRBtreatsno2Shfors e ner
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for this illustr airs ? beacon syg}‘gol s 510 are.incl uded over
each of OFDM %Pf‘ﬁ 05111 tanqg,llét e gg_tgl enaq.gar WHiges error control code X and 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.
[0073] Referring next to Fig. 7, a block diagram of an cxemplary 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.

[0674] In an aspect, fransmitter 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.



[ 0064] To overcone thc effect of erroneously-identified beacons, error
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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 ftransmitter unit 705, receiver

component 735 may be configured to receive inputs from other components within

transmitter unit 703.

[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



be desired so as to reduce the probability of a false alarm
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facilitates encodi ng and decodi ng beacon-based control signals with
concat enated codes is provided. In an aspect, system 700 can be

utilized iWo3okih®lyess communi cation network to allow rgRid<@odRyi6€S
to communi cate with each other and/or with base stations. As

illustrated, system 700 includes one or nore transmtter units 705
transmtting encoded beacon-based control data to one or nore
receiver units 710. Transmtter unit 70% and/or receiver unit 710 can
be base stations, nobile devices, or other system conponents that
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785. Additional %or alternati veé_}/ . processor conponent 715 nmay be
&

confi gured t oPEBitHIcheARatsier A #ﬁb‘?%‘?esm&?ﬂ that BRSYRYEEY " uni t  705.
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conmponent 715 gnd conflgur ed tg store corrput er-readabl e i nstructions

execut ed by pPldtewatr! @ spatkbsloyers higasrdhay thegleiul &b 2ronriei’bildyso be

configured t OInSEch &caﬂym@ﬁefaulmdm& Abint probuhilef o8Emd MBLSreQly tddhdicularly

i ncl udi ng con data receive a receivin onent 735, as wel
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encoder conpogfsitivel Rtivé dtodtel &AM mGFRO BeNthay 2 2nciabdwiiad @bemOmponent
T andl o LRSSl SR Samenell . 65 p BB L comonen 726 can be
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of the first K bits, Morc hashed copies can be made, resulting in #*K coded bits.
Accordingly, process 800 encodes control data as » stream(s) of X bits at step 830,
wherein the value # 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 i 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 » stream(s) of
bits as » strcam(s) of N bits at step 840. Each of the # 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.
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component 745 SaiBRE RLRER 2 BF SONG SR RO, P bRt ce

t he encodi ng wmbmeblmmarofwommmnamf[ and P, is pkev:ﬁettzepﬁreaﬂzelsteps of
conponent 780, I Sé)%pl gured to de-interleave the interleaving of

i nterl eaver c%nponen 765, and de-nodul at or conmponent 750 is
configured toll@®]nodul Bxae asivet, ermetal datei id map inchdeligh bitowhicompopentto 775.

outer encoder 1012, as shown. For this particular example, outer encoder 1012 encodes
control data M as » streams of X data (e.g., a first 10-bit stream Kj; and a second 10-bit
stream Kpgprasi). Each of Ky, and Kpgraen are then input into inner encoder 1014
where they are encoded as » streams of N data (e.g., a first 40-bit stream Nyrand a
second 40-bit stream Npgpasy). Transmitter unit 1010 then modulates Ny and Nygrase
as beacons which are sent to receiving unit 1020 and received by receiving component
1022.



1008211 n the subsequent discussion, particul ar exanpl es of how the
af orenenti oned net hod/ system for utilizing concatenated codes arc
provided. In particular, encodi ng/decodi ng enbodi nents are provided
to show how concat enat ed codes can be utilized to adjust false alarm
probability and to increase the nunber &0 control bits a beacon
codeword can carry. Here, it should be appreciated that such

enbodi ment s[080E] provi Afdr d@moduldtmgt]ne&ﬂenm&ecpwapm Mnhnd B sh @idletl

not be constru d n e sti | i st ntial applications. 18
1008311 n Fu‘ée @3?%899%&3’;]@“??%@#%% an‘l et (E3EH AhKeRadBiany:
net hodol OQYarfa%enQHﬁE%th)ug&'aEéd?ller SO $hodd, Q-?&FQ9§1 &ﬁng@ﬂﬁﬁgﬁgﬁt ed
codes so as to facilitate prOV|d|ngrmt|pe armpro

level s. As ddcodetli0d6 exconfigorsdss dendebagimy ifek nshieps 8195 rweafleé Kot roI
data is rec d ntr I d IS, received, control data
is buffer edg?‘:(?&eda?‘? C8B§8¢$§%@P gﬂ"é‘ﬁd ”@HASWW%WHCT cgiter code

could be a pepztiti onF&aHR p@ﬂﬂ:/u&rr eﬁatﬂﬂ%rbofnﬁapﬂdt@ﬂ mleOQﬁﬁﬂa )i‘ﬁolu(ﬁtten blts
step 815 a determ nation i s made as to the sensitivity of the control

data. |n pa#ndkainpyt intg cuear éneadend 05 as shoven eOeter envoddrd0R2 maytthen encode

control dat e def al.arm.pr ob il | t
schenme at s ggégl)ba%a %ﬁeg'?l%%fgr% %ag,lat@: ii%gﬁéﬁ 5‘; dgsgc0

it shoul d bﬂraamtfe,g,,,;,ﬁ,at Ehdheof Isﬁd?ﬁlK(b)%hﬁqYare@%ﬁhﬁ&tﬂ%'l&ﬁbr@hcoﬂkﬁm%here
could include ascertaining whether the false alarmprobability of the

control dat @Y REHE0dsE 3 Gbeags obiY gl (eigh ArfirstA0-bié ptagam Np and & seqoad -
probabi | typ; ét%ﬁ?ﬁ%;)fggfga%ﬁsﬁ ﬁr%ﬁ ta}%@ ﬂeﬁllﬁcﬁiuﬂtﬁ.{)}m Qﬁ&gagb%as%eacons

schene may a rea rticu
i ncl ude det‘ehwhraranynt/\iowettemagsnmﬁ()al;(hnt roI data are | ess sensitive,

relative to er co and ma be encoded with a schene
that utili z@ggﬁess cgﬁﬁ‘ @Eﬂ@ﬁé{gﬁwe&lgﬁ?s@% VHAbe assemedthaln ereRefred
[ 0085] For tdich RAbEABHE ALeG¥@BPtReivide W{l %ntbl%ﬁlﬁ' %ﬁ@&&l@%ﬁ* gta{ér)dulated

information bits need to be transmtte significant
fal se al ar naS;ﬁVf@biabNJD;fmyf,mimh areglnuamtdoemendBCUé&sla)ges A@é&usitmteﬂhianelase

with the " tr scri be eouter
encoder cou g%&g%gr}[ efé}%ﬁ% dtc}}?fD)é’ﬁ%YtaﬁggM %d (PJ@‘*%W igh &FeemPWémO
hashed ver Sdnﬁék dRtodd? @046 .M BbreKifdute? deddee1 RS 8 FRREELS BGILE,,

resulting in n*K coded bits. Accordingly, process 800 encodes” co troI
data as 11 Kpseanis glsogeceivadi Ke veill not bpd@aded ssheantsphdathal &lmetfé(MmAspswas

determ e, SIS 2kl 920 g LSAERRL G, e B SFHL e

the n streasttey obidon@ut &ita 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 determine how many partitions », 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,



encoded control bits being buffered for an inner encoder. In an
aspect, the inner code could be a Reed-Sol onon code, wherein the

i nner encoder encodes the n stream(s) of K bits as 11 strean(s) of N
bits at step 840. Each of the n stream(s) of encoded data are then
nodul at ed as beacons at step 845 and su gquently transmtted at step
850. Here, in addition to the outer/inner encoding of the control
data, it shnaddediitsonabea dppended to thestongal/daty). db ep afpeot, afiercditheed) may
al so be inclyded,. wherein.such an int.erl| eavi te e included
beror e, ar ¢t reinigabH SRy s Ak i ESiep 18T e 6 o 665
100871Ref er §tb%gllﬂ?iﬁi‘ocb@ 100 prébeeds thisRY 19B8Rheld thi 8limBEl ¥PaRions 7 is set to
exenpl ary nethodol ogy for décodi ng the beacons generated by process
800 is provided. As illustrated, process 900 begins with the beacons

bei ng recei y ar pver. 05.. The beacon re.then
denndulatedﬁgﬂﬁttep 9%% gg:Hfgtgééﬁﬁgal%ﬂaﬁn@ﬁgﬁdégma?ﬁ??ﬂﬁﬁﬁHHOIdma
subsequent | yod3ufideed egeekdthedizd thigholdSsroctas 1800 Floefedd idsteNEKI0 whbreShep
920, the inner decoder decodes each of the n streamn(s) of N encoded

bits as n stRIERRHAY NYRDIK of ppartitions spsectiiined. Inan espesh 80 sutosvgirontd v
buffered fo ; f : 8 : each of
the n ot rean i pbRBAANERaR B BRitomng of S ok Sl s GPRRaPe
t he out er - emnoditof raiohdney yb bé izdderiningliot esec@Bucttae » phitdions when
particul ar exanple, it .i ssuned that the control data was encoded
with a repe ?Cf’g'gﬁ- Hste lféﬁaﬁéﬁ?eaw%ﬁafftbﬁe&nrwaéwéve p agbparyisvaribere
Mor eover ,  s@usisd kidofitrBiaeadtinty, kelehdiogd: -
parti cul ar sgt of 8oﬁtroﬁ dafgﬁﬁ§§%ﬁ%5%9gggﬁégﬁ%%%%%%@%L?%g}ﬁ%ghsul
mul ti pl e hakigbet deeodingrediability.he control data (e.g., n hash versions).

As such, at 935, .a determination.is de as whet her_a correct
nunbgr of hg®hz@ verspﬁﬁgﬁﬁgVﬁmbgghuF@%%P% ﬁ@ﬂv?aigPH%ﬂQJiBH%PBF@ﬁéHQO

is assumed f@cdtdt Wit cdcd@hS BretofitrB) dIWhRS Bithealil® JTRNBiEOt sei?ﬁ%'s.SAt step
subsequentlyﬁoutput at step 940. O herwise, no 'data is output, as

i | 1 ustrat ed! 149, Seerstgan(s) pf 0BG Resoded corgrahbits atedhdr yiffer@) foaan inner

exenplary e i.n nd_decaqadi.ng. praoces or faciljtating a | ower, .
fal se alar m&%(rag rag? it S)Pelctgalﬁrlsr\?fl(fgg? c%‘id |L? FL}}seﬁ?“gP 3}0%9938’@5 erqig e inner
i ncl udes t hencpi@aRSSIR Tt sttetn(SRIFTK Bits HONStFein(SAF N bifY at 3RE 1P45. Each of
wherein control data Al is transmtted fromtransmtter unit 1010 to

recei vi ng utiFe siigzn(syatencofed data grgrtherpmpdulpted g8 heacoayiatfstepni 150 and
transmtter i - i Vi ni 40, . F t.his .illustrati.on,
o oorl ar et ladhik EFR A 33 e U R ol b SRR of
at parti cul the cettegislataf itphade bs nd 0 Ghat b0 AR davirmbtaS@OCHi ctuel) a9 aldaiea

Al may include ten bits which are input intQ outer encoder 1012, as
shown. For Wﬁ%ﬂéefgmer%ﬁ%fﬂl WABIFHFR NG HER My b srptdetPrfore mftsaead or in-

control dat@ﬁ@@mgﬁegu§yﬁ§@pgugﬁhé§§§%?)(e g., a first 10-bit stream

KM and a second 10-bit stream Koi Each of Kmand Ictom sn are
t hen i nput [0AP8 i nnerRefuogerexl ®Fgwie ndlovhehartdlastenag de dxasplary

streans of N da e.q., a.first 40-bit stream NAl a secon

30611 st SIARP SRR ecRing b orians s e ToPiReN HO0d BioBCeRMAsnG

NI Al NASH asi|lbeiaaad) prodesCin0mRe e Mith tBe b&eBhybdigs Hkived BYQ réfler at step

recei ved by receiving conponent 1022.
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.
[06099] At step 1230, each of the » 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 X bits corresponds to an entire beacon codeword. Ifso, a



20 [0091] After denodul ating the recei ved beacons as NM and N(mnitsH,
i nner decoder 1024 decodes NM and N(M HASH as Km and KO MASH. Each of

Km and KolwB3hbhoabssst hen input into outer decoder 1026, pggR@9s2284
Here, if it is assumed that outer decoder 1026 is configured to

decode Kmonly if K(MHASH is al so received, Kmis decoded as control
data M since both Kmand K(M HASH were i ndeed recei ved. [0092] For
this particular exanple, control data y simlarly include ten
bits and be input into outer encoder 1032, as shown. Quter encoder

Fooz T s naaaantie a0tk fhadR i, Ds3s L khEATR R, ol daltud, 2

first 10-bit stream KD and a secon it stream
KD and Kant As¥high woulthbysubspauantly ranepvid iep &30 desn @y afidreithert hey are

encoded as 11de$érﬁm{g&hmm ?Ed&@&l_?’ts(u%&preseﬁ af étépslt%élgl @h@ﬁ%@ﬁﬂ%&% ﬁnd a

second 40- bit stream N Transmtter unit ates
ND and N(D) HA%ﬁreaé2®eareeﬁﬁ%12\%F@wlué¢w steih 1266 ovhexs lesi opilaveprdin idecodglpnd
[0093] Here, f@Qfipdthd dbatbi@dbdave purposes, it will be assuned that an
error occurred such that beacons received by receiving conponent 1042
are erroneous!¥Wenodulaved: dat i Kad ing dsjaenmegd thaj rericalpestiespaf Ki nt o

i nner decoder pikQdfespiis td dn;lési aattoegbca‘c&n&]‘ac»dﬁg%&Essﬁ@ﬁﬂh&h&%nﬂﬁ;&oﬂes
NM and N( D) HASH as &m and H, whi are input into outer

(
decoder 1046. Stfe}2é0 WP?ﬂl%lslteé%amab@é}a@rd i‘e)%bei raatehs e it @ pediondy geedde Km

only if KotytRirdcd@walistevBERbMEEp 1343 W thd pmﬁ c@%waagea%@t .aﬁcmﬁlﬁ rol
data M since Kov&al smwas not received. In fact, for this particular

exanpl e, r ecefVi%h§eaHviouspsered partial gadewgrrs g pastal F’i‘é’FWBI’Fi ITHEE Bl data M

or control dagamby aﬁﬁ@qrzds r@d}\%‘.velt fret eﬁ@ﬂl@&@ RafeRfinia@tth AGhegRARME
descri bed herei.n prevented se al.arm out put, of control data M

[ 0094] Referri ?-P&e‘ﬁ Qtlndp%gl rpqtﬂles \1/ a sforefl g gy ebzvo]dsa Bq.tgwlagep is then made
i lustrating artepX20k &y WhoiRk mqﬁllmgme fn@!’chlﬁglp‘zﬁd&l REdeGORE FRbitssh gnal s as

beacons with ganca tgna ed c tqg fa ate jncreasing the

number of cont®PBP B’lf cxa. E%E%W&’Hlegﬁ%m?l CP‘%&‘PP%P@BGJ "B‘?‘%ﬁ%@sco%ﬂ

begi ns at steqsnd&a&&ﬂ pzmﬁ leon¢oncluddd at Aepl 1965 @B&QE ’thedode%ﬁies idaedea@nd roI

data is recelvlﬁw ontrg data.is buffered. for ter encoder
5% ‘i"ﬁ“ fhg

at step 1110 o RO A P G RSO I o

[ 0095] Next, atongiapeolidvldydahadettat eddeabilone tsredritterasy higtchhe4s el ati ve

bi't-size of [001901] 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 cxample, it will be
assumed that decoding constraints of an inner decoder provide that only 40 bits of
encoded control data () 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 encodet/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
codcewords A larger than cight encoded symbols in length (i.c., eight 5-bit information
symbols).
[00102] As illustrated, process 1300 includes each of transmitter units 1310 and
1320 attempting to respectively transmit control data 4 and B to receiver unit 1330.
However, because each of control data 4 and B are 20 bits in length, inner encoders

1312 and 1322 attempt to respectively partition 4 and B into two 10-bit streams of data



the received control data. In particular, a determnation is nade as
to whether the control data exceeds a size threshold so as to

det en-ni ne how many partitions n, if any, the control data should be
partitioned into. If the control data does not exceed the size
threshold, a deternination is then nade &t step 1120 as to whet her

the control data requires "paddi ng" at step 1125 (e.g., if the size

of the cont{gl Adapatitionedimtiednind 42, Mhetepaddepartibpnes! inwyB raddhpeRceiving

baddi ng.vas O EAG2 R DRed BT taud P Satiohtot R Teck: POl Bt oar
step 1125, pheewrss, 41,00, mOBLaEEhive ke Pecki30 aviehRnbiidy. NHERERoWéver,
partitions nis set to 1. [0096] However, if at step 1115 a

det er ni nat i WRe; decheRtd 38 aennohdisehigree dadaSucad Brsdeeth mrpabtirecorstruct
size thres h&lcﬂ%%lﬁ%ﬁ %l%ta%gr?dl ?..r %?go%r,tb%c&ts? Br &}éﬁs%ﬁr Aty issuf:,1prcs)%ess

appropri ate nunber o i ons 1s’ascertal ned. haspec

as to over cbif¥ ipat endriealisigircanithgt adrita dhta suas] B khe, Mant B4 Qas s vaf.

t he control aba i ncl udes . an adequat e anount of redundancy so as to
det er mi ne hi#{193Y recoﬂ%ﬂirrm&ﬂ%@ Epkh £ X IRRlAMHE ACTHE Had 1 lizes maptenated

shoul d be ngigdidhatiatdfraRRy i ﬁ&&giélg%bﬂﬁolfcﬁragﬂ S?@@g{?ggocg%rlt?;p@. Here, it

desi red anmobunt of bit-redunda eln a
general | y resuld agaimbdisgineed thetdatbdiggrcehitmbits bf 3n inh&ORE)dR pepviidethat only

proper n value. h be,determ ned, fraomste 130, process 1100
proceeds wi ‘ltl(lﬁglé% CRdf C‘I‘?Etrgi)%ﬁar gllnﬂ’gl?ea(feﬁg‘? @Wﬁﬁﬁ’fgﬁmﬁaﬂé thatthe at
step 1135. Aphseefzd BAQeapdiR82n strean(s) of outer-encoded contro
bits are then buffered for an inner encoder. In an aspect, the inner

code coul d ¥W81¢IReed- Solibstrated dmilantheredess 1 HY, provess 14A¢ odbrdes pabidd's

the n strean(s) .of K.Dbi as treanf.s).of N bhits at step 1145. Fac
of “the n st TeRm Sy Bye e aRy PR BN Eiehshund e Bberd Shust dre 40
step 1150 apdesdiagafitantdyHefeaASWech adnabl &L ahd Boare FRPp&LvVER input into
addition to the outer/inner encoding of the control data, it should

be noted t hetttergncpdra | # Batdidnlyt28 vdisre ey aysi pertitiangyl intayhrae §&bistreams of
i ncl uded, i i | ,eayi t i hel uded fare
e 9% o BR8  EUAR VL 5N, 3 SACTRY e AR 1
[ 0098] Ref er Bj)n@imexterf @nbropdatd 2,and 5 Eauly afbaiith irk|20Hitsadk isAgtha Are
exenpl ary net hodol ogy for decodi ng the beacons generated by process

1100 is pro\FsRREH Velxeneqded ap P8 by (1-oprthice d 8-bitrtigaipa gf fiafa frieach plecontrol data

beacons bei pgnf &8l MEdidVdds A 848 Y&fun@inct

t hen denndula?egﬁat stép 1519°%s n ;?r55%5§§-%%Qﬁﬁgﬁgﬁﬁﬁgﬁﬁﬁﬁifm%ﬁgﬁ
subsequent | thelufrber eftbattitioram is herershaden aslbeing thred, epfditiddd pafsitdohs cadld be
step 1220, the .inner decoder %ﬁ&ﬁdes each of the n strean(s) of N

encoded bi t YCREEHSQEY BAMTEGSey Bfer - encoded bits, which are
subsequent | polps|f er edohed cifroPiliel AQFPEEndlded b§RBuls €reodbR099D a % I1]422,

step 1230, each of the n strean(s) of K outer-encoded bits are
A}, A2, and A; are serially input into inner encoder 1414, and By, B,, and B; are serially
input into inner encoder 1424. Process 1400 proceeds with receiving component 1432
receiving encoded 40-bit versions of 4;, A, A3, B;, By, and Bj, as shown, wherein 4,
Az, A3, By, Bz, 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 4, A3, A3, B;, B>, and B3, which are subsequently input into outer
decoder 1436. Outer decoder 1436 then utilizes the outer-encoded redundancy of 4,
A3z, Az, By, B2, and Bj to properly disambiguate control data 4 and B (i.e., control data A

1s reconstructed by combining A4,, A, and 43, whereas control data B is reconstructed by

combining B;, B», and B;). Accordingly, the number of control bits a beacon codeword



decoded according to the outer-encoding scheme utilized in process
1100. In this exanple, for instance, a determ nation m ght be nade at
step 1235 we @/t her a particular streamof K bits g@iwsanRssst O
an entire beacon codeword. If so, a 22 determination is then nade at
step 1255 as to whether the K bits include padded bits, which would
be subsequently renoved at step 1260. In an aspect, after either
determ ning that no padded bits were prgsent at step 1255 or renoving
the padded bits at step 1260, process 1200 concludes at step 1265
where the codgwRng, s 19&9@&%@%9 (PHERY Liadfe &&%é@éon&%%d

[ 00100] However, i1f" at step 1235 it is determned that a particul ar
stream of K b@F@m@%¢¥@§ﬁbWH§n%o only a part of a beacon codcword,
process 1200 ooy det eRQ@eﬁ‘ﬁg na&tosftlgns%%Qemg?fe%m&h@me@ws{eﬁl1soo
codeword could be matched wth a previousl ored partial codeword
recei ved fr omnmfeéﬁ?n@éAsﬂcccrrflaﬂewlﬂbaadpPSaqsp@éﬁd%m@wéedde‘égdlwulﬁﬁﬁ edisini t h

any of the prgyiqusd, ¥eisianed }E@étitlsﬁ&,ma:@éiﬁ)wa&%nelgim%mpg%ns Péozcgd@mrd
is stored in nmenory. at step wever, if at step 1240 is

det er ni ned t h%‘feﬂﬁlh@gb%ﬁ? ‘&ﬁ’cﬁ‘?ﬂ@\/ﬁp BOYnRE EEiodO6th dsrehy eikatie §9‘6F’fé'%i

partial codewsy & gnaauﬁi@fe%ée uwdc@ Bighals trcahmﬁmgaaaaé stﬁfoﬁspin %&éﬁboﬁﬁo s,
V\/net her conbl ni ng partial codewords results In

"conpl ete" ¢ OE@%&?IH ! 5OIZ’f lspﬁ 8f ¥ Efﬁ‘ﬁll AdgIudes fhige sederewor ey hf"ﬁélé‘é*dwt been

represent a cmkzmte@mmﬁﬂﬂge Sbctddy (BE-LE Sellk 398 O RGloHdRS2 3 d SSRRVith 2R
data. O her W se,

where the codewo sd(% gode&m and _out put s control
if the combin an%éﬁcﬁf psviblp ipgordie BT WL ous 8RR EFk 1502
[088 %ﬁ ]r $ }3 hemplaﬂéslaairst @@dﬁvse&tﬁks; 18I aSEc0fi®gcton séfﬁﬁwl 61 Btandi BRd 2.

o better et ement i
concat enat ed %Eﬁ@bh L{;ﬁ %?Fiﬂﬁﬁct% P ﬁot rlé@pé&gfhﬁ%ﬁ?ﬁ%é@?’ﬁgﬁ‘?ﬁé"“ﬁﬁﬁﬂbr of
control bits bovaddewgtod maare@ladftwgen t@ﬂa@memabmly encodi ng/ decod| ng
process that zes encoder / decoder . r ess a "large"
cont r ol COdEV\B]E’hé g?f;%odgg““i%ﬁ‘yﬁﬁom ppvidegoteqtiy %r 5%& EfFsPeexanpl e,
it will be asbuwed stghaik traemoadi hgbae astonainntefzhbdring Recto drindseoder
provi de that onl it of ., encaded contr Wi de
at any given fepnéemb dtbewrﬁﬂou%dd%rﬁﬁ??lhtéettw F84T ﬁ’éé?ﬁqﬂ}& ”f\‘grq@ng lsﬁzgﬂ%"t %gg
(Q is 32_ andxeptwantqarseatmﬂmnmimnegimbeﬁmad@mmmmmdrqedtorbutls% Khe as 40
enCoded Bl LS o R ALogl bon e g CRnSLER LS, P LS SR 2

encoder/decoder S The=8neo |ng 0
i's larger thaBintilady.icelf bir I784 inohds\arfbe setdrsetiengtsh2, @iscwnd sctwn s&tdni[lt

i nformation symnolg), tl'?igﬂg&o;t %toﬁﬁf'%gr Lﬁ%@?%ﬂt pqgs%l%ig se%ﬁ;?ﬁ;%ﬁ g? region

| arger than eight enco S inlen
i nformation smcﬁ11§9ctor[loompscs‘»tqrﬂil 1324; ﬂlat: &Th0 lg:rr@sci&ssscm@(?@ounm uges

each of tfansplllalediit ol 3PaB320 1AL L OBRLL 0L PplBERERLINC! Y
t 2 I 1
transmt contro Y g%a S'[eO recei \ielr uni t dj:%glg P‘%l §a§]§ etgo ecause
each of cont r bétweratsectox IdAEBnd et 0 1512t Sell Nl SP2 mglutigs sibasvertion@ildes
1312 and 13225t§t§0§1qg§(§6, 5191 Jﬁﬁ'@l@& tof éﬁ%ln}fdegﬁlﬁé) tiﬂ &Bh éct%pgs 1@, ﬂs@’é,q 514"0
10-bit streans ata
Sector I 1510 includes EN(1) 1536 and EN(X) 1538 coupled to BS 1506 via wireless
links 1540, 1542, respectively; sector IT 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 wircless 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 I 1522 includes EN(1) 1336°
and EN(X) 1538 coupled to BS M 1508 via wireless links 15407, 1542’, respectively;

sector II 1524 includes EN(17) 1544” and EN(X’) 1546’ coupled to BS M 1508 via



23 (i.e., Ais partitioned into AL and A2, whereas B is partitioned
into Bl and B2). Receiving conponent 1332 then receives encoded
40-bit versions of A, 242, Bl, and B7, as shown, wherein Al, A2, B,
and Bl may have been received asynchronously. Here, however, inner
decoder 1334 cannot di sanbi guate Al, A2,2Bl, and B2 so as to properly
reconstruct each of control data A and B. Moreover, because of this
di sanbi guat winglesskuks, 1598 0d 686, 1e3p&tivaly; sactawdHdG86 ynaletes BIN(E Ukt 552" and

trol dat 147 ,0 Ref
noxt 1o Frott ) L fanrk Rp S etk irdReleR o Bchrongt
codes is prpoided for sensadisDgARS ¢RMIS aGRRTIR o8t S50AWRLH it Rbled to BS I
process 1300. Here, it should again be assuned that decodi ng

constrai nt s1&46 am $$%i5Q¥e@@)ﬁ@WV0@k bvk&j‘eﬁ@hhﬁ%msyeme% Netwbrkarde d&60 is
t he al habet

SPTL Q) 1 L bR B (HEE HIRGrR B ¢ & B bidRBPR (LBA shivEe R

process 140&1ternceﬁm&e@deacrhut@fs ttcadIRIthe URErnbiNiL ﬁet%il@hﬂﬂ @56]642T@etwork lmks
attenpting to resg%e)ctlvely transmit control data A and B to receiver

unit 1430. Ht% Svthbdiedemaydbsne gofibaniicsablay Brdireaadmedp e iBMEI SThpay
thr oe 100 bi F0 aey s it e HARAC MRS Btitey 3REHILS

A3, wher easteBnimlspagt, iEN(Onesha mhwmBie t}Baug}ﬁiydteBB])SOOI‘mﬂ exmye:romm‘mﬁ&‘:at@bza
data A and B, eac which are 20-bits in. lepg Eh are respectively

encoded as 36¢ ?Enlfsw {he pasg statign gy the Sell anyrRich thegahl as Wen@a&qwa&d The
control dat @1@1&@@11@11@1“@/ 'e%‘?’ljﬁl@ﬁsls%sﬁ{a W RHHOHEREN pBLiRded? o,
hoU t he gf Ry here

was stated previously, nunber partitions
shown as bebthgr V\ﬁl?seeﬁyﬁddllﬁﬁ@nabutpdcBysttermmSO(tmalad)ab@stammi ageBSd606;s

to increase_r dun ce c rql__data A a B are encoded
by outer enﬁ%‘g%rr%e \_mr nggg%(g%@ﬂg%@qéﬁgnﬁg bﬁr‘%r}’édlﬁrcio’é’ln?‘g'“ﬁt}ﬁﬁst
into inner gnGesalchl4sldhll PodeBherstial d@t@%@&a@g Qihhiv@bds¥nd Bt etbNt O
i nner encoder 1424. Process 1400 proceeds with receiving conmponent

1432 recei vRﬁ@Jeéinw@I stagos nerfﬂ@mébwbaﬁt aJlpcation using a differed, method fB3he

h 3 b d
eyncnt onousry - iRkeels Bl depmstBlsnBlEer I Pl BielS HlasB hrily

ver si ons (nminermeppﬁga{ theYedt @ylh%l%aeﬁbdﬁre)g S@n%ﬁ‘lﬁ—@rﬁﬂ(ﬂ@ﬁﬁ&iﬂ@he Riieless
versions of A, 242, A3, .81, B7, and B3, which are subsequently

i nput into tERERIEE é‘ér‘eﬁonqa%et ajocationgaetbad plong 3athtiniormatien jegeived fem
out er - encodfh(é Ha ?éjﬂgtﬁjcﬁ'{] séASté 10&%201)6%% s&]for I% fo%ﬂ%h&i tb QeRERRE E(Lr}és

di sanbi guate contro ., contro

reconst ruct duit ﬁ‘lﬁy cmnhnpiorygo ﬁe;cchIdataamd 1ﬁ3rmavﬁt&1r£a§e(ﬁ>ﬁm§tﬁplsyﬂablapdﬁod§
reconstructﬁﬁ g}/ conbl Bl1, B,, and B3). Accordingly, .the nunber
of control B Ons SHeEkd %B%Wancezacqs&ﬂ“@aﬁhﬁp aGeoEdqnge WAS@EORS FRECts

ten to tventysprd ihfesehGHEnaSHe-EANn A RAGHE doBRERMRE{IRAR Mihough the

schene.
subject system was described primarily within the context of cellular mode, it is to be

appreciated that a plurality of modes may be available and employable in accordance
with aspects described herein.

[00109] Fig. 16 illustrates an example base station 1600 in accordance with
various aspects. Base station 1600 implements tone subset allocation sequences, with
different tone subset allocation sequences generated for respective different sector types
of the cell. Base station 1600 may be used as any one of base stations 1506, 1508 of the
system 1500 of Figure 15. The base station 1600 includes a receiver 1602, a transmitter
1604, a processor 1606, e.g., CPU, an input/output interface 1608 and memory 1610
coupled together by a bus 1609 over which various elements 1602, 1604, 1606, 1608,

and 1610 may interchange data and information.



[ 00106] Referring next to Fig. 15, an exenplary comruni cation system
1500 i npl emented in accordance with various aspects is provided

i ncl udi ng Wal-bdopbessgel 1 s: cell 11502, cell M 1504. Her gepids260384264 be
not ed that nei ghboring cells 1502, 1504 overlap slightly, as

i ndi cated by cell boundary region 1568, thereby creating potential

for signal interference between signals transmtted by base stations
in neighboring cells. Each cell 1502, 1504 of system 1500 incl udes
three sectors. Cells which have not beeh subdivided into mul tiple
sectors ('\':1) gofﬁlb' S Wb L, WP, 3664 foS c&@}f é f%@é?ve?%cksxs Wb B TREGin ha“
3 sectors % e al so ossﬁﬁie In ac ance with various asp

Cel | 1502 | nc Hafeasl Oélefslg@ts s cthennel wpetsofrom vH¢ess tmmb@misns@waﬁom
sector 11 151 I ctor

1510, 1512, 1%‘?121?‘!}%%1’%“&ht%%@%%%%ﬁﬁ%ﬁ%&?rgge? gﬁéﬁé‘e}gogh'%%g%u ary
region is shairenmisist VR94 s seblontpamitng deendpiger S[gaeiw@} Sewftobsigigdsundar y
regi ons provi gl%tagﬁa@%ac%h sibfis, 8t G0 Hircle MG R1:8PEE (s&%%(ﬁ@mwm%al
transmtted base stations i n neighboring sectors

represents a §@E¥@@m%%®%ﬁﬁwySF@bﬂ@NmHé@ﬁﬁ@%S§@@ﬁ@ﬁmnﬁﬁqgmaﬁmM§9ctor

Il 1512; i nemm;,ﬁlec%m:;@qamta%d%ﬁ@fctt%smém@wcg,e&h%w@@dﬁ WegRrsect or
11 1512 and sector |11 1514; line 1520 reRresents a sector boundary
regi on bet weeh002decash septpr and smingiyifualdpypitter 168H1gr cagh pactoar Froceswel 406\

1504 i ncl udesmay bd, £t a §8REPHurpSE 64nahI phdced e it BEAONBr3868:A606 SBELIOT
Il 1524, and gla)t( hi rg ggct griSUIgect cr)lr Ile:(I;é ‘2;6 1L| ne 1rSZ8 rre resents a

sect or boundaP@Ffar“@@P%‘?ﬁ‘se}fé@tt\%é?P%é?‘”é‘FreCPQS2@0“5%“1%’@6?‘61@311?1 goud in) j ne

1530 repr esentismaryS@0l Akl iRPNEA He MEAbARN /OSLMBAR 166 ideh d cdmedion s
sector 1111526; line 1532 rep resgnts a boundary regi on between sector

111 1526 and SHETBIORIIS: CRuB/E 1 BY S000HE PHEIE S HANeASH A FqusH (Bg) |
base station debadhededRE., dthBl ndkhvidrkd ¥ndafie Bidehed Od@S0r{ END)indlfic€ RGeS ECL OF
1510, 1512, 1?(11%. a%&ctor 11510 wol udes EN(1) 1536 and EN(X) 1538
coupl ed to BSTASERT AUNGrpoad 20 i nks 1540, 1542, respectively;
sector 11 151foing! udepaaNgibmpatibb4&20andndelNiae 163853416 satdplivehiv® BS
1506 via wireless |i] rt]ks 15

5 especti.ve sect I 11 4
i ncl udes EN( 1%lUPsgBiofpmgiog ?3@ l)ng)li‘g%%ld Bf &p- fﬁx@ét“”f%t’i‘g"rwﬁéf’“v&%?é‘f“é‘ss
i nks 1556, 18&&link eﬁpﬁmﬂnuﬁinylﬁz;slam {wvaéléqy ter@imbl (WNH U4 fb neldudtasiiase

1522, 1524, 18mtoSLgbr i usirteR BcLMERERS MDREN BrGREN 55 1dae

coupl ed to BSwu mﬁoagym lvmfoelltsecsﬁlclhdealdsta164®te;mﬁh£4]2 1650, espedd 1652] v;

sector 111524 i.n de 4 led to BS M
Teos v s oe WREENEE ey ‘ﬁ“‘“‘%"s@ﬁ d"i’%@.g‘ga‘ “Ssgi@é?ﬁk?Bliéqug@é?&ﬁ 1
1526 |ncludesmEN@mmylﬁ552 and EN(X") 1554' coupled to BS 1508 vi a
wirel ess link tlvel 0010 500

i ncl udes a nefwor node ﬂ%lgﬁl({lﬁuc AN al%fls %@yl%%gﬁémes %@% M
1508 vi a netmgnmvhpmkssmﬁﬁ2Bwﬁﬁﬁﬂw1mmswemﬁmmekﬁ4umbﬁmmm@mddden&ﬁﬁo is
al so coupl ed ti

server nodes, ‘i@gi& é‘?ﬁ@glﬂ% Mﬁ%(sjg%%ﬂuﬁné%% on SBQS%{MB%%%WO“ "Mt 1ce%jraﬁgotr via
network |ink B8y penivdk otheindesvnli®oRne @S&mon héptemaying €G3 2dorghg refti ber
optic cables. 5 ﬁl@ol gocﬂovg%i;noﬁsgip s@%@ﬁf?o%@ a%ybggoﬂomneﬁh?ﬁts S

termnal including tran tter a as a receiver e wirel ess
terminals, e. fOI13EN( 1) DaB363msludepdaia torhe draepmidaddhag will Boentamehcadey

comuni cat e Vi@ 4WrkelseRir ldoﬁ‘?&r c\%&dt}, h@rt@%ﬁr?snﬁstsi%kltd)@f?'s VAF& Q@mg@ c{ata' n

which the ENis currently |ocated e wreless termn
e.g. EN(1) 158em Wksthatbpaheen @aﬁ%sewfltrwobéeqodwdd&of recetyer 1662 ﬁ)élpme in

system 1500 o i ;Tﬁlgg , BS 1506,
ond/ of networ %Cﬁjgglz ]?_%\éi‘gﬁﬁﬁ \E/t%g]b tﬁﬁ'e %f@ngﬁ&elﬁﬁ ﬁ'{cfugg thér

comuni cat i on&/nglEgizakien E*UJéerdEfOﬁéﬂﬂon psnwééhe smqr%@d@ncoaa@taar@iyéﬂag&oant s
W th wrel essgRARMRfonBiton aREARERIIY SRR R WhAldr 9BReP§HILer ibPRE

strip-symbol period, and if so, the index of the strip-symbol period and whether the



26 1001101Sectorized antenna 1603 coupled to receiver 1602 is used
for receiving data and other signals, e.g., channel reports, from

W rel ess tywhBb@BdRsL ransm ssions from each sector w thipprhReohHassss
station's cell. Sectorized antenna 1605 coupled to transmtter 1604

is used for transmtting data and other signals, e.g., control
signals, pilot signal, beacon signals, etc. to wireless termnals
1700 (see Figure 17) within each sector,-0f the base station's cell.
In various aspects, base station 1600 may enploy nultiple receivers

1602 and nul tétﬂﬂJ Smltb A0S {gséthl?gr poi ﬁﬁ)otflunczﬁe Qle tonf E'uﬂs&%lé’c'a }le?JeﬁgeEifs aﬁl{ys

1602 for each sector and an |nd|V| transmt
sector. Proce8gpase 1808, DWﬂvmbémeéﬁﬁﬂmﬂ@i@%ﬁéﬁhﬂ%pwbwﬁﬁéiménﬁnaﬂ

processi ng UNigtsiel ERlbncy QGRS §he Ha808atoRMbd0IS nBRES: atd 1%88%{ g?@fée -

station 1600 under diréction of one or npre routines
menory 1610 aid therspl o tasp sebstthie brpliasagd to thegrip-pitbot pesieds s0Rtlsr edliads a

connect i on t ose@bNGELHAETNRE KicRB0EShe, s@&b@mdbmdts@ao;%elﬁoo to other base
stati ons, access routers, AAA server nodes ot her networ ks, and

the Internet.[Bdbry 1@%@I@Wémﬂd%@mﬁéﬁﬁ@ﬁ@@TiéﬂﬁﬂﬁﬁGU@ﬁﬂéﬁm%ﬁ@?hat|on

1620. [00111]kat whtaithdf QrBL700BeskE2@ bk BedsHElRa t&@ﬁc@r ﬁlo@@ Gind QARIRUDSEt
al | ocation sequence i.nformation 1638 including downlink strip-synbol

time informt$areh@ably sangrtdesdback mformaien. Terraipsal il 630 1 shase stafpp 1600

wirel ess ter rdggded (Vat ﬁaﬁta'{emfm Ib@é”&ebtﬂﬁ]‘.[ﬂ%ﬁ‘%cﬁd&'1%%551!’:15%(1@&1@% S
of W information: W .1 info 1646 a W N info 1660. Each set of W

info, e.g. $ecioningv g T] h@od%j%fa&%& 2°Ten® 1652 £ bgaied; for pEgple. to
sefct or ID 165c1>eéeémb uiaIsecﬁmwaedjp1hmmnﬂawgfgqgﬂa@5g6ﬁ qli%/ugésj 1?%11%@?_ gel
Informati o a nrt or out il nes

el ute. commotrR B TR g et Rl Srak bR Lok oy T 1700
roEt id nfas 1624to|uBf;lsg ﬁﬁlﬁkk@fﬁc@ﬁlﬂhéi@égrﬁeﬁtﬂ%rﬂﬁﬁ dllegﬁgtea ﬁtﬂllnldaﬁﬁopchdnnels
schedul er e 1626 an tines ncl udi.ng a ne
Soheot ol | ooct BateeE TorReeots g0 riah bl Koo B dnt ot i AT
downl i nk tonerfab ﬁnamaésl o) oh@@@ucrgg:artenﬁsj daeh 15632 tdnelfoltoh@graesphrﬂxfhopmﬁ@)oI
periods, e.g i

erlodﬁ q eacon routlne 1634.
P0013) bat 1K e TR, pBTBa R b O ODE sent t o
encoder 1614 @ﬁmﬁt@@m&himama&ﬂﬁémmmnuengoﬂMmgmpnﬂenumﬁyHmamﬁmﬁssion

to WIs, and rece ed roc sed .t hr h
docoder 1612 BEPRRar BT 1abb ol g R o SR G LB T
strip-synbol dmmmnkdﬁmmma$@mﬂtd&mﬂ1ﬁm¢muwe$cmhenmﬁahgwﬁymmhmmmlzatlon
structure | nff%ﬁ{;%};%?? xﬁlﬂﬁn p%?nﬁ secﬁlar?c%p o%e dlmgtzoa’lcl%glsS ¥191udes 11%,\’% m[a‘hon

ultrasl ot struc F'or ormati on speci
gi ven synbol dertifiouk ths state of epicptisyefdET | p‘&m@gi,sicamdomfonso the i ndex of

the strip- SerBQhSPer i 0@01%99nimgﬁsh'8ﬁtin%pf\622 go7ntrol 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.
[00116] Signaling 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



strip-synbol is a resetting point to truncate the tone subset

al I ocati on sequence used by the base station. Downlink tone
information 1642 includes information including a carrier frequency
assigned to the base station 1600, the n%nber and frequency of tones,
and the set of tone subsets to be allocated to the stri p- synbol

periods, and other cell and sector specific values such as sl ope,
sl ope i ndexdemdinketiippyradimg 061 16H0Dad scaten®d h632. i Tiel doskenlidk tenet subset

W1 1700 h >e] rom: e, data . that WI 1..170Q. desi r.es
to be tranggnuc[cg tgéj{ %/egggﬁcsée)grﬂ??\oggfer%ggorcf&%hfﬁcﬁqﬂ@%ﬁﬁe@d‘ﬂggiffl it dor t
f eedback i nidjaceat ¢eis, The WTNEI00IrBelbBe bignals DagR stiat bl 568&s in
assigned ID that identifies W 11700, Sector |ID 1652 incl udes

i nf or mat i on2ScaERSS Yith et doavndiskeste suhsehalledation sequrnees; e bpssrsiationg 600
Sector ID r . i he

Sype. Upli e HEARR Qo URR rsuS RIS Brion RoEIE M Bfiet GpcRiilethe

i denti fyi ngtradsanitie] sigedménba dohalink ave atieenioalHoppiai ecthy 1560 eshst@tts
1626 for W‘i‘i 1700 to use, e.qg., uplink traffic channel segnents for
data, dedic “é‘Hlf&)fﬁP‘F%lkopé’H’r&%e renean Mige dnfpgpatigdneediog dewRBRk KWt r ol |

timng cont@hmaghs 164200 HRNhiMk ahanie foFrﬁétiichn Péﬁ)éﬁ?%ﬁyﬂ%b\%@ﬁ%ﬂoadﬁ other

i ncl udes one or nore | ogical tones, eac ogl ca
upl i nk hoppfhay theetyire sorbol Pevinds. rikhectvambiak dataftomentedppine skGbmcenatudes

R N e
downl i nk trgfd E&c&hﬁ%ﬁ] ei%.gg IRAAISO TRt WIS highHoWer gtﬁfc@nﬁjeﬁi%&ﬁ Bife or a few

channel assigned to 0 includes one or nore |ogical tones, each
fol | owi ng atoneswihidiknioppised fersyneronizatireurpedesraxmt ioend668z¢ fiel frmies

information.idcntifyin he state.of .0 ati.on of W .170 e.g.

sl eep, hol gt ! lhg%.sttTﬁ%iel fk%%%vﬂﬁ%%g%%gg(f%ﬁf?lrgsfﬁel@ﬁﬁ shsht agwafﬂcﬂbseﬂ‘é%e
station 160®ithecspedtiommiMars@bsusipuni cati ons operations and

i npl ement vari ous communi cations protocols. Base station control

routines 16081kfle useligt b7 dlonirates an srample wirslkest teoninale@od neded 7@ wirich
basi ¢ base i é‘eﬂﬁf i l,.gener ati d
reception, c:a%ﬁ)tg&%?? Irllg, adr?g%? (lt)helt ‘gn%]glgssnetg?gflﬂ%%s@}%g e%f e'g'hgﬁlr(r@tm‘r?gg’ %ﬁ‘the
sone aspectgysiencl Wdishgwhi@BRMl 51 Wigelak giralisal 1 000MrSbassts Hey tBhd@lbsct

usi ng the tqpe subset allogation sequences during the stri 9-synbol_
peri ods. 10*8{113%&% FHUFICRY Fuvitplsssiienaingloh/Op dpdudase regsavestl 7 ehingstuding a
receiver 1 Lt bt Goger ‘gﬂ% i1t i it
encoder 16613%%0%'%&%%’9%5??%9 rolglé:l)?%gcllé %%g%%lgﬁgi%ﬁrgé%s\gﬁﬂ?gh ;?nrﬁlg

t he gener atmemonf1108artsch teeduplad ge886bwnaduc OTLY ®ler inhichrthatvarious Tone
subset allogatign i 0] nstructs the tone._ subset to be used
ina strip- Vﬁf‘fg? 1%@#ﬁ3@£d?§%’d@ﬁ§a ?fﬁléa_n@f* W@“gédffg’é?at&’i‘d Afsgitgma
data/info 1BRB st abdat,in28 cRONRbnKbaRE EaRoS VAHAR: aldi ra'té\kﬁel%@s“t@?ﬁ@gl)

sector ID 1652. The downlink tone subset allocation sequences w |
di fferent fiscoedehtossedionr [70Ppe Anrantenge l 70 ursd dorf tianseitting signald)j cag etota

cells. The r ive the signals i.n the stri.p-synba i ods
in accor dan%%g% Eﬁ&aﬂgﬁ)dgvc\lﬁpiaﬁ% Y8 855;,‘%%%%?}5 5 ?Oélgffpﬁ%ffg’ésé’ah@‘gg@é . the
base stati opp01f8)0 usebhd fiocsadre 706V AKPLORRBINEEbp bt RCH thORireless
sequences in order_to generate the transmtted signals. O her

downl i nk t dfenigel Y¥9eng implspsnisgnetbedsiyexeasmegensies U 226 anfbysng nk
t one hoppi ncgltazﬁlwg S 72@1&1& JhBferwation including downlink tone
an éomn i'nkcha

information 1 , nnel information 1656, for the
synbol peri[@d319t her Ditatinfoheatiinri7e2 Sycideds up@rdads34her dovmidiok 1d3s,a
t one hoppi nq%ﬂseq%egces are, synchronj zed across the sectors of a cell.
Beacon routTeCeHese GHPFHI08 SpHEnts agep dRo Gt User datacdi4 sragriaglude
e.g., a Si ol ifbndeRlBE 4 Y&k Yiolld, HhiBOWRT bERRERN LAl Pﬂ4%?e1%rodﬂlgfp%\’(¥r
tones, which nmay be used for synchronization purposes, e.g., to

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



can be used as any one of the wireless termnals (end nodes), e.g.,
EN(1) 1536, of the system 1500 shown in Fig. 15. Wreless term nal
1700 i npl ewdnu®bdzer t one subset al |l ocation sequences. Hg/whéBheSs:
termnal 1700 includes a receiver 1702 including a decoder 1712, a
transmtter 1704 including an encoder 1714, a processor 1706, and
menory 1708 which are coupled together by a bus 1710 over which the
various elements 1702, 1704, 1706, 1708,fan interchange data and
information. An antenna 1703 used for receiving signals froma base

station (and/ QfofatfhS P, @etrrgm\ﬁ' lbq}li?)ﬁﬁ‘atﬁ)l? f mZH@aEQ stét%rl ¢9 Hﬁ&rﬁ%ﬁnol 7&? ¢ e' v g r

1702. An antenna 1705 used for transmtting s g.
station (and/$etoalRyipipastiend 74, pe reels infermsiipmn| 7)4 i &Jp!@éwbmal rnﬁgrmaﬂon

transmtter 1v034 mc[u@@sllgﬁlr;m%n Weﬁt@fﬁ&%ggluﬁ{%Qfﬁmei@s&ment?th%v&ﬁé@% Esglgﬁedt he

operation of the wireless term I npl'enents net
executing rouby hidse statop foygrelpss twaniophd Z0i i pwhsa frpsmitdmplo therba?f?émpfy

1708. [00119] Ohitiid/chathn@k FRY ieRdd (#ak krRGE UEERe 1) &S icalbd L ptink C3ftrol YSRhels,
information 1736, and_tone subset allocation sequence 1 nformation

1750. User dat®- 'e7e8at charpels mopaicontalichannel ind ineipe qosrolehpmels. Fashaplink

which will bechapiét REuEQ oBNGIRRE loiéihel Qﬁch%'g-'?&ﬂ{oﬁ(gfo%\bﬁ%aﬁ @blink tone
t ransm ssi on P%Ptransm tter 1704 to a base station data recei ved

fromthe baseM®PRE ORI T uRiEk arine praseeeceediferent betvgaaelerector 12 i n

receiver 1702typéJ$thcelli M defidkh &ackht36ls MokiGaSchbtel RELGARANP0 includes
29 information 1740, term nal 1D

information 17 l i.nk chanpel

i nformation 1% a*wav@ng‘fgaﬁdawnirf% ch3nnelSraRI Sl bavg beaigstigned pyy base

i nf or mati on 1tdfon «awd moslfyr hi&f\ﬂfeﬂﬂklb@i& sthﬁ&&s nuﬂhmﬂkg @R hation to WT
i nformati on 1?@3 % cl u]?ieg nlf or mat ]g é r}% upl i nk channel s
segment s t hat | v 8OBELY COUOFly Fay s d%‘ﬁ it FBRsand gisieamet s
term nal 1700chamelss@chbb@imiink aiaaa] idcludpg b Grhﬁ)rbﬁﬁﬁal%r@tddﬂﬂl@giuﬂhdn@k
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ti m ng controfhecdiannel s. Each uplink channel includes one or nore

| ogi ¢ tones, | ogi I'lo K ton oppi ng
sequence. Thel%gf[%aa nk h ?)er mﬁ%@é&ﬁ%ﬁlg éeba?‘@“&rﬁ lélfélﬁ‘fmﬂgg ‘\%@g’ﬁmggﬁh
sector type ofasastaiehiassigned blettifieamivnadsaceinh 10 alfbrmatiddoMid ivhich ﬁi@ﬁtrﬂ&el
i nformation 4 Ny ion.identifyin downllnkc
segnents t ha'gT Lot e&;ﬁgé&é%?%%o&’%%gg?@? eqa%xgléeg Cglfléi”iu IOp, Rt dfﬁ% r use
when t he basein&tlaté which slettifen $wispacifiegeatatofithe nélbwlumi WO?ri'fO@)lsWIéséﬂlQO

Downl i nk ¢ ha”fa&he% ;'E%le s'ta%ﬁlll W%ﬂ%@ldeﬂg cetll ?})fp:; :y]dle a&al lec or %) mr}o 174

assi gnnment channel anhne one or re
| ogi cal tone,predidds alsertpresdex typmehd wlllslopd vedueand ensiok lnldw tlﬂmapam uscd to

[00120) ther 1 te: DaSKRERESAERE, ANTEGRRGH ARES nefled il GycF flsyso
whi ch is a badentiesawhether the SYYHEE i ideletn hodsaldldmoddarse msadat i on 1 D

information Ligdthyphi chrd denihd aﬁigétlé]h&glﬁeggeciﬁohﬁatgﬁ%?%Oﬁ@%&dfgg%\%{%ﬁ% Cxw

has establi shed conmuni cations wt sector
i dentifies th@risyawoeftige igoEmefiondf 52 9@ dewnlink e inforitiay U4 Bowriagent | y

I ocat ed. Basestz%—%}rﬂb@f‘n&@nﬂo?ﬁ“hoﬁlﬁ@ﬁ 1qa§de‘3lhé:f?2{n:}] %&Fﬁﬁ‘dz\é UGuafd sector

IDinfo 1746 provides a sector indcx ope val ue and
sector index wl@ﬁeatwagﬁuﬁeasa@eéapqrﬁotd@aw@% aaltnsiobstngusdnfgerties andvb de

f t 11 1erld o 1 ) t
It nf or rmll7 on g%ﬁaﬂsiﬁ@p&ﬁﬁh&gﬁmd R %ﬁfamlb@fo R é% 34 s{rﬁi%%béi fﬁé dV\'Elfa her

subset al | ocal Bainderfdcain: Wplrmflp‘bﬁmmmeli th@:qtm@rwl@bmwsﬁkngpomt

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



strip-synbol tinme information 1752 and downlink tone information
1754. Downlink strip-synbol tinme information 1752 include the frane
synchroni zati on structure information, such as the superslot,

beaconsl ot, and ultraslot structure information and information

speci fyi ng whet her a given synbol period0s a strip-synbol period,
and if so, the index of the strip-synbol period and whet her the

Sti -1 p-symbgle sirp-&mitRs Bhiddd0aidthér dofl ahll YS! edif® vAIABEs1RH RS Slope, slope
al I ocation sequence used by the base station. Downlink tone |nPo 1‘}954
i ncl udes i niidexrand seator fileudi ng a carrier frequency assigned to the

base statio e nunher,. an e ncy of tones, anpd t set of . tone
subsets to @glgﬁl oca?gautf%sq%%(g P’%ﬁl%gtcg -u g?grﬁgﬁ?%ql?%ﬁﬂ%wﬂﬁe}?é?
cell and segh@inabgfiof idutiMed UE%. Veehinasiclddpeouthe® P24 eyl dBdasast or
type. [00122] Routines 1720 i nclude conmunications routines 1724 and

W rel ess t epqiumaRicaims petoedyvseddy WT A6 00.Co¥Rrgless cerminm sonterl rpwiings 172G
control the [ . i -] t . .
el ots oA G ITO RS ShOGFy R TR e rcoiver
term nal 170002 amdatanenater t y04. ndlinetbsprnbal comiol edutinés 1198 ingaéd ther

1702 and transnitter 1704, Wreless termnal control routines 1726

i ncl ude t heSIBRYWEITPHICS IJad: Abe sigpgingmaBtiag hi7S inslydescutonsg aibsstaglocation

i ncludes a add j 7 f ; r.1R= :
peri ods andltoa(@')ilﬁi?u(a)t§ @ﬁgéﬁ#%%gﬂ egp{léo%gtaﬂjoo’r%ﬁﬁgg(&nﬁgﬁF%t#lﬁgﬁ%%gbpmg
for the restoutihe $y3thlol tiperstadsymbolmeriody r. gstronpirgpysirobol periddsd SLont euleset
subset allocation routi 1730 uses. user ta/info. 1722 including
downl I nk chAMFBNON HRBRFALIGHEL vskb Sa84ER @ge?%@véd?w%aﬂ& widle. g,

sl ope i ndexjghi¢ha58R 1940 tb!&%tatﬁﬁﬁ]ﬂi%‘ﬁﬂi?@fe%g@%pb Rk By k@Borkyps ahdd
order to generate the downlink tone subsét~allocation sequentes in
accor dance $wilinkdnee adpowtion dAAtH pradeds geesraievieaddatlmkitpanasettaldcation
fromthe base station. ‘% her %')Wnl i nk ttone al |l ocation hqoaﬁz?ti f{}ﬁ r‘?%ﬁ:ﬁne
1732 const r TP EIGRNICRATPEHE R SPBT AP LS UL ROSESS THET YRy s B aE g rom
i ncl udi ng dgiaasddtatioan e thef dwiBink @dhelaldatictbpgMonbitite LRARBAYtructs
information 1740, for the synbol periods other than the strip-synbol
periods. Tofiewalifksiene enpsrgateruenced wsingenipnagionelidiagdountiak mype
processor 117n(1}(§ﬁn i3 sggﬂ,am dg&kﬁﬁﬂﬁ%nmgf&n%gﬁionoﬁw focfr%hets&q] Ei)sorl b@r?ods ther
wirel ess tefmnal 1 is to recerve one or nore strip-s ool P& gna?l S
from t he bagenshicdtipeyhblGeridbe Topt biibset AReatéor 00akd DIB0NGAPH Bf:cuted by

routine 1730 uses a tone subset allocation functjon, along with

i nf ort nat i oPfoceeRi VAR, FSrsed torfletesmine whep angrpn whichitanss Hervarel s tergiea

in which it : 1 ) i j :

illustrat edlfdsmglﬁg?etsc%g%%%g%ﬁte ﬁ;{t@%ﬁ%%ﬁf@ﬁ%@l né@a&g%%tg?% 16s()log’gnTae

as a beaconuplmkaons alblcesen baminmiontité 0TS Oauves & ameBnbsetisllorgtion function,
concat enat ed codes.. stem 18Q0 n resjde within a base station aqr, _ .
ool ese t oG ISt roded RGBS PEE stfiouy S dBiARBE6 HEFdagich it
functional YPReKSadshatocan represent functions inplenented by a
processor, software, or conbination thereof (e.g., firmware). System
1800 i ncl udé¥133) ogi cahmigroadiing 818b2tratkd & asytstent B§00cbatponlzing encotiang a
can act in conjuncti.on. .As il.lustrated, |ogical grauping, 1802 can

Uncl ude an STtel PRSI 2 SRR PETEF SRmGan Shprdimeds Rying porpiegated
1810. Furt heddes! 8git&ali 800 atbichide h8Mien £BikelsitioH 4 widle8s REhIrat Fbr instance.

conponent for encoding the control bits with a first error control
code 1812, Andcrintsd hwstes Bd0rindadesdpngivnaihlogkstha sebsiprgsentHandimmsded

bits wth ailﬁﬁ&%@rﬂeg H/g"l)roc%gsor, 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



control code 1814. Logical grouping 1802 can al so include an

el ectrical conponent for nodulating the nulti-coded control bits as
beacon tones 1816, as well as an el ectrical conponent for
transmittivQ24@9%eacon tones 1818. Additional |y, syst @RFASHIY A4
include a menory 1820 that retains instructions for executing
functions associated with electrical conponents 1810, 1812, 1814,
1816, and 1818. Wil e shown as being external to nmenory 1820, it is
to be understood that electrical conpondnts 1810, 1812, 1814, 1816,
and 1818 can exist within nmenory 1820. [00124] Referring next to Fig.
19, il ustr atwdtrelsode 8y4t eqnicadouningaiB0eralslse sichide auslerdical dameent onsed
control sign D fto
system 1800, %@dgggﬁg%%@tgiﬁefem gryltggstdr?lg%na&b%g%ars%g‘}telnSﬁéﬂtﬁléc\?{m{cr@le | ess
terninal, forcompgucahfostrangmisting the kapeandenes HVG. Alddivonaly) suties 18Q9ver i onal

bl ocks t hat Cﬁ&u&e%%é”n%cﬁmSiOQﬁbQPéta%%serHloﬁ%ﬂéﬁgudﬁg fithc IR &S8R d with
software, or conbination thereof (e.g., firmare Mor eover, system

1900 i ncl udesclegticgifopapnegis g A 21 502, I56.apeEY1S; i‘ﬁlﬂeéW@ﬁéWﬂ% t hat
can act in cogjdi§td Ao mzbaﬂi iskObd &%ﬁ@&a @ﬁt%&h]@g cdBRehtd) 1 §YSiseM
1800. As illustrated, |ogical groug can include an electrical
conponent f or 181 I8 G japdy | HE AMbIIHEE H“EES‘ﬁtleépom gnal s 1910. Further,

| ogi cal 9r0UpfS0ﬂz4¥-902 ﬁaanhg;ﬁéx%eagmg al1@ahtd GalsySONDM0 e erfables
denodul ati ng beacon tones 1 Logi cal grouping 1902 can al so

i nclude an el $EeHEHIALBHBAH SARIO] agnda@@dﬂrqlrgb %mqﬂsc@ﬂqw@fmwmerror

control code Q;Qﬁiérto@y%te\ﬁ@islooés?st@ﬂlﬁjoféﬁﬁ Fekigalvidgie v eRtiol @fvidr&odi ng a
second | ayer of error. contrqol code 1916. Additiopally, system 1900

can include aHERBHr Byse, s sydtem A 200 alRoipdides @H@‘W%Pl%&sébﬁf?%g
functions assﬁﬁlleﬁiﬁﬁindﬂoﬁshm@leﬁ@ﬁtédl Bﬁ& p}@@k@%@@@mﬁe JaQa&nbnﬂaaa;Zthelé&ﬂ(ég and

1916. Wiile s ei ng exter to. nme is to
under st ood thg “SC [ wgw&dﬁ@w@%gi gl%lgii‘%“pmféfélz fa?}‘?amigm can
exi st within m@nemqmﬁean 4c0 23HhdcliondRilf o gk gamrﬁ@h&mn system 1800.

mbodi ts, f t d har d
Cof tware, 1 AP R) SEBRGE AP B Lk et o PR GHAR B g

sof t war e, thebe‘amciamalrmslltfmsﬁum Slﬂmradtlﬂnlo(grcaltgrcaipslglwmzecdnwaﬂeas one
or nore instructio or c uter-re bl e .medi um

Corput or -  eadtiEhRRRPReT G Rs L 12 L?%%ngﬁw%”gﬁam
conmmuni cat i onalsmdcladelameleutﬁcaigorapmemmchmdtdgatﬁm‘tm’aﬂ dfbadnmsnttai amlef er of
a conputer program.f | ace to y be
Sy ava | abl ¢ Sy AT 0E R e RalEl e Ak E0orTiol S
exanpl e, and et 19 i6mAtdditionstly, systcih mﬁjmanlinehndez eaxd1a&n1yel92fetdataeta:am
conprise RAM mﬁ%mr@@? @%& 1\%&%?% s o% ap:g LifiR CE’[%%] cghcéoiﬁmﬁg 189812
magneti c di sk'™&t orage or o rna "¢ stora ahy Gt he
medi um t hat céH4badu8ed Wlulecsamwnyaschemgtzmraald@mpm@d 193Ritprtoge ajmem@dé [ n
e O o o Mo fen 030 MEUEHHLES AT A3 o] RE0AFEE e
conput er - r ead 81| nedi Enmne Iﬁomm@xeawmlaey emlﬁodtm@tssthﬁ ﬁmamcms ﬂ@cmbeé mvrbc t ed
froma websit cabl e,
fiber optic cgﬁk&%n%gﬁn ha?tﬁva?%:&rﬂ‘[wag@ taa[ré gg%&é@? %ﬂgfnag)ln?}}\eg& or

Wi reless tec hrmﬂlwnéé ns&svéthfalasthq? ﬁmetmemay beasttires] onam@“dmtﬁedwaws omemen
the coaxial cafleGnsbliRBloBld & acc%g4p§ter- 6l SRR ComPilrroRluidhbah €5
technol ogi es such as infrared m crowave are | nc

the definiti oﬁlcwcsfbethucemputzﬁSmtagamdﬂua%cownﬁgw rsiiadpgudingasy igdiym
conpact disc (h%cllnlaf'é§€2[nsféf%coﬁiﬂﬁtb%glgﬁ §6m oflé Phded anb@feR alistoRagdl SC
(DVD), floppy disk a [u-ray di sc where di sks usual |y reproduce

dat a magnet | calwlymdw\m w afpilsbls mediptinderade deerediptd apryr it vendser s.
Conbi nati ons Q:Ian%pl’éeanﬁ%ylﬁm%ﬁ@ﬁl|sﬁkh%§19ut@ﬁreicﬁ§lle ulded o dobiphseiavseone of

conputer-readable nedia. [O Wien t he enbodi ments are i npl ement ed
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



i npl enented with nodules (e.g., procedures, functions, and so on)
that performthe functions described herein. The software codes can
be stored in nenory units and executed by processors. The nenory unit
can be i npY@AERORE* Wi t hin the processor or external toPFﬁggﬁwaﬁég

in which case it can be communicatively coupled to the processor V|a
vari ous neans as is known in the art. [00128] For a hardware

i npl ementation, the processing units can be inplenented within one or
nore application specific integrated cifuits (ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs),

progr ammabl e Mg cerevn tedormmt Mistructiphsdr datp tEighuarnrabihat cgmbeacaessedypy a
(FPGAs) , procgssfes, AlGS Qﬁf Qhh&Fidh is pl%ﬁerm t@n@d%@%ﬁﬁér—r@id%le medium. For

m croprocessors, other electronic units designed to performthe
functions deseRmplect fesefare @Fi%ﬁ@@ﬁtﬁow@w%ﬂ% Wé“feé@r OtthGGI!‘L‘%]“WF&t has
been descri begiahQyskil RN E8S BRAIBIES@ld AR 18k FBRLETROENITENS. |t
is, of course, not possi bl'e to describe every concei vabl e ¢conbi nation
of conponent SWisPleSrSTIoMREIe Ficl &s mGares, pdip apbmisfovgus diep Hierfg2tsgadle,

af or enent i onefheR BREALIE MBied PMlE, DINEoQFireREHieAMbN gidkdubh asl iRkrdréIL radlol aniLY
recogni ze that many further conbj nat.i ons and ggrnutatlons of various

enbodi ment s aPMETPERE B sludodin diedieiytion ofmrdivge Diskepbdsce e kEsits are

i ntended to ﬁﬂblﬁ@&@oﬁﬂ)dct (ﬁﬁtqbi)%hats@tfcﬁgcl &Pisal gﬁedihgﬁﬂap@tshﬁaealsanﬁvm floppy
variations t withint spirit and sco ende
clains. Furt h@%ﬁ‘ﬁéﬂw‘%d%‘éﬂﬁ‘é& lé‘ﬁt“*‘ldﬂétepf%%‘:et‘@grﬁ“‘gi“’r‘i‘&‘b{d‘ég © {168 ysed
in either thergRtdilied oft@Sy Wil lagfs. Combifgiont & (heaboSdihbull @Mbd ifcluded

i ntended to be, |n§Iu5|ve in a nan%ﬁ{ S|nllar to the term "conprising”
as "conpr|3|n6““F heiSeRPE PRS- RALR “dtfidiPoyed as a transitional word
inaclaim [EO1RD] As u&eldthheﬂhﬁddﬁkneaﬁm in@:ﬂdﬂﬂehﬁd il b @4m c@k of tadker ence”
refers general ess. reasoni n out or inferrin
Ctates of thoshetiei REHERCDRTEAES RRer atel o m il e
observati ons ﬁlsctmapetqnblaﬁgmnaa Eygnhsa mmdkmqudmnﬁae dmﬁc&ﬂeemeﬁwmmw be
enpl oyed to ide t|f [. ac or can enerate a
probability dPaS?F laS%r?pan\Vé:P mé’tnatfon O%Dfﬁmcn%l%?a atal tmcn’frﬁ% 8nce can
be probabili sﬁtataﬂttrithatA ecsle bﬁvhmtmammmapmmw aocﬁtha cpdecibgrnint Dltdyhdldere

di stribution over st at.es % i nt.eres a consi derqt on of data
1ECO1t b aqem an / recemn m 01 a a1 rnen rfnne e1a c%r emory
and events. |RFEr8 n also re es é@p oye

conmposi ng h|ghmmmhehéhneﬂ@na@mmﬂmnpamsﬁms@mmamen&dm@aﬂﬁbﬁndaﬂaioSuch

i nference reSH%&%{;égﬁ?%&gaﬁlggﬁﬁwe%e% ORe1Rin nrgéé\ﬁ({ Y &3 mﬁ%gﬁss%&%dags@fﬁ %ﬁ i @

set of observe Stored evert
events are copssghabagoikiraginosent gnpbdddtionpliosi smrmyspeandlams rglfort he

events and daf GOl nlHANLOH orfﬂ{rw?a%‘é?sf:&'as ¥ an qrﬁa%ﬁ&m FUoF Eres

[00131] Furthernore, as used I'S appllca I 0
"conponent , " and/or instructions on a machine readable medium and/or computer readable medium,

which can be incorporated into a computer program product.

[00127] For a software implementation, the techniques described herein can be
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,



"nodul e,” "system ™" and the like are intended to refer to a
conputer-related entity, either hardware, firmware, a conbination of
har dware and software, software, or software in execution.

exanpl e, aVRMBEMEM can be, but is not limted to belﬁﬁT”§ﬂ8W38@?s
runni ng on a processor, a processor, an object, an executable, a

t hread of execution, a program and/or a conputer. By way of
illustration, both an application running on a conputing device and
t he conputing device can be a conponent33 One or nore components can
reside within a process and/or thread of execution and a conponent
can be | ocal i Rist-eontrelives, BvsigcaT ORIl plegifosicruni deaigngdde prrntifo or

nore 34 Conpﬂﬁﬁhﬁsmkﬁﬂ@@Q#&hQPac&ﬂﬁ&%oﬁﬁﬁﬁ@ﬁentS can execute from
various conputer readabl e media having various data structures stored

t hereon. The W8HSbnent ¥hatdys %ﬁﬁﬁﬁ“ﬁ?ﬁtﬁ@vﬁwq‘ﬁﬁﬁs Fruplerfonaefdrd? r enot e

processes SUC{mRRintdAts2GGOHARNEE Nt fd3siRte B BERbe DAV @acmsle%mmmndat a
packets (e.g., data from one conponent |nteract|ng wi_t h anot her
i

conponent in ¥ P@eeents pEnehqdolpeist for prrpets Shsicahing Jsafermneatesds a
networ k such @spoa@ntsNue bibedf oWlidaly RiiNie ﬁhesayﬁﬁa?rf&:ogidzé/’bﬁéf offy fudBer

signal). 35 CLALMS What is clai ned met hod, for encodi ng a
wirel ess cont $WIVINgfigIANd PEGHBTINS gﬁw@nww&w@m@m e pasibhy ﬁ%ﬁff@lﬂlﬁlﬁttﬁﬁn
bits; 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,”

L 1Y

“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 cbject, an executable, a thread of
execution, & 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



encoding the set of information bits with a first error control code
So as to create a first set of encoded bhits; encoding the first
set of encoded hits wth a second error control code so as to create
a second s¥P 28¥/%e%ebded bits; nodul ating the second setPCHfUSAPABRER
bits as a plurality of beacon tones; and transmtting the
plurality of beacon tones, each of the plurality of beacon tones
transmtted with a correspondi ng beacon signal strength, each of the
correspondi ng beacon signal strengths b# ng hi gher than each of a
plurality signal strengths corresponding to each of a plurality of
non- beacon t offEputersp In ideioReese GOTBTONEIBIAMEICCUIG TOMEAYPUS GAREDWSET reakeble
first or secopgiigRea@divagoR ueR StriciidsRRFed NG ITRGcARLANLTCR AfhnihebiRer
to partition either _the information bits or the first set of encoded
bits into a pPUVFH qftSFaigndgr femaleeasessesspeh as iigaccqmanceivith p sieept heving ane 2,
at | east one @fmdrb@atd pdcRdts @lg., 306 BOR BOEMEHNGt Fk@RSng With HRkmel NCl udi ng
partitioning either the informatiaon bjts or the first set of encoded

bits into the“PIPGrEt l“’t”;}"‘iﬂ syStemediptibygd %Ft?@’,anﬁ/ﬁ’éacﬁqsﬁu? é‘TtYV?"ii seh ag theeans
of bits incl udkdag: @ith bBaststanddywedy oSteermipf 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 nethod of claim2
further conprising ascertaining a desired false alarmprobability for
the information bits and partitioning either the information bits or
the first set of encoded bits as a function of the desired fal se
alarmprobability. 5. The nethod of claim4, at |east one of the
first or second encoding steps further including executing one of a
hashing algorithmand a repetition algorithm 6. The nmethod of claim
| the information bits relating to a control channel. 36



7. The nethod of claim®6, where the information bits are control bits
corresponding to an interference mtigation nessage. 8. An
appar at us, conpri.sing: a receiving conponent, the receiving
conmponent configured to receive a set of control bits; a first
encodi ng conmponent, the first encodi ng conponent 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 encodi ng
conponent, the second encodi ng conponen@ 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; CMAIMS g npdul ati ng conponent,
t he nodul ati ng conponent configured to nodul ate the second set of
encoded bits as a plurality of beacon tones; and a transmtting
conmponent, t h&ErgHeRet S ng conmponent conflgured to transnmit the
plurality of beacon tones, each of the plurality of beacon tones
transmtted mnth a co pondLn beacon signal strength, each of the
cor r espondi ng bead%ﬁméP£§%Pm§¢Pgﬁ§Fa?sBgﬁw mﬁ?bﬁ@?“ﬁﬁ@n each of a
plurality signal s&mmmyduﬁdmm%mﬁﬂ@ﬂﬁgng to each of a plurality of
non- beacon tones of. c q18 at st. one of the
first or second eﬁ@ﬁﬁfﬁd”ﬁ%ﬁ%aﬁa Eﬁo?wpﬁﬂgﬁ‘ﬂﬁﬁFpéﬁP% °od5 SP AYP SRRt a
Reed- Sol onon sﬁdEmﬁﬁﬂﬁumemVQtutlon code. 10. The apparatus of claim
8, at |east one of t e f t or .sec q¥enc dlng % onents further
ok St

configured to det &ffi°H& tﬁgCﬁF%m ?F? EHWOLEAT $9% Di t s
or the first seit afecanicetdddndaidédbiisnto a plurality of streans of bits.
1. The apparatus of claim 10, the at | east. one th st _or second
encodt ng. conmonenttod P Sealt enssTREs & T PRk YEpoohiaiopsend
control bits or thanﬁMnmgﬂegmnﬂﬁyeﬁmaﬂedmblmshsﬁmbbmhmnhﬁbﬁkurﬁh@ty
of streans of f bits and a
second stream onrs’thsttefj i a%mllesgoutdmg%eacﬁn ?lglllaﬁlalgn%t fll eamt(f'{ghescgire%?r%énént r ol
bits or the fbm@@Iﬂ&ml%mngm@mmgd@bmﬁbmbamn@apmumadmymlmmtmﬁﬂnthe

first stream of i f 5 @NdabNg SREANSALE S hnk 'S

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.

0. The method of claim 1, the information bits relating to a control channel.



37 12. The apparatus of claim8 further conprising an interl eaver
conponent, the interleaver conponent configured to interleave at

| east 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 interl eaver conponent configured to provide at |east one of a
frequency or tine interleaving functions. 14. At |east one processor
configured to encode a wireless control_signal, conprising: a first
nodul e for receiving a set of control bi% s; a second nodul e for
encodi ng the set of control bits with a first error control code so
as to create a first set of encoded bits; . . athird nodule for
encodi ng the firsttPeBethed olelats deuhas; g nfrigtiop bitg ais et biscogesapndgs
code so as t 0GhH edrRreRcSBENdn $REsa®f. encoded bits; a fourth
nodul e for nodul ating the second set of encoded bits as a plurality
of beacon tongs; and a fjfth nodule for transmtting the
plurality of beacdl PEHHRELS CUHERIET the plurality of beacon tones

transmtted wth areenmngespapiienohdeaddng Singidadnt Sinfigned b, reRaeh s@for t he
correspondi ng bqugn signal strengths being higher than each of a
plurality sigifaf®tengt hs corresponding to each of a plurality of
non- beacon tones. a fitd encdiag tghioaEnt ol q@imdunboneti@oPlidusddngencode

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
sccond set of encoded bits as a plurality of beacon tones; and

a transmitting component, the transmitting component configured to transmit the
pluraiity of beacon tones, each of the plurality of beacon tones transmitted with a
corresponding beacon signal strength, cach 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.

11.  The apparatus of claim 10, the at lcast one of the first or sccond 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.



a conputer-readabl e medi um conprising: a first set of codes for
causing a conputer to receive a set of control bits; a second set of
codes for causing the conputer 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 conputer 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 conputer t¥ nodul ate the second set of
encoded bits as a plurality of beacon tones; and a fifth

set of codes f.or usin ter to transmt the plurality of
beacon tones, IQeac B fPRE gmﬁfﬂﬁﬁﬁggvh%Fmﬁﬁgﬁﬁﬁ“FWﬁ@?@f?gﬁ?ﬁ?Fﬁ%H with
a correspo ndi n@rle8r d@ﬁl@@@lﬂt @hg@aéd 16 @Rt letBoht fihctBf catESIBOME Ng
beacon signal stre her t han of a plurality signa
strengt hs cor?égﬁ a‘? tSe 3WS‘P“QS%P ?ﬁ?fﬁg“%f non- beacon tones.
16. An appar at us, conpr|3|ng means for receiving a set of control
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 50 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 1o 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 sct 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 50 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



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; nmeans for
nodul ati ng the second set of encoded bits as a plurality of beacon
tones; and means for transmtting the plurality of beacon
tones, each of the plurality of beacon tones transmtted with a
correspondi ng beacon signal strength, ch of the corresponding

beacon signal _strengths being, hjgher than each of lurality signal
Strengt hs cor FALBORAMIGED BREAT BF ool as PRy ore RN B EhE Pighds
17. A net hod thaf cadiecfadiluralita sighal eteagihs @omnipoadingiogGadal of a @Rrahty Fintig:
receiving a plurality of beacon-based control tones corresponding to
a set of conttOf"$f1°, each of the plurality of beacon tones
transmtted using a concatenated code detected as having a

cor r espondi nglitheaconrpgirgnatorgiris@ggt h, each of the correspondi ng
beacon signal strengt hei n‘gﬁ,,hﬁgeg&rm%ﬁu%ﬂ. each of a plurality signal

INEALS TOTI TECe1VL 15 .
strengths corresponding T6 e urality of non-beacon tones;

and denodul ati ng tfvensgbueneddingythodet dfeanton bitonidsa Hist casr tantraisodr foak ' a

set of decode i hod of claim 17, the denodul ating
step further %%alr?rgbgrﬁ%teséEOfeI&(aeJ%%hodul ating the plurality of beacon

tones so as to asoertsdbrensodet thofirstenddododedddts biith g ;second error degioticadg
the set of de&ggwg%a?eda&&ﬂ?s%iogggg fdibft t. en-or control decoder so as
a EH]

. d
to ascertain irst set o eco ecf bit's; and
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

demoduiating 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 error control decoder so as to
ascertain a first set of decoded bits; and

decoding the first set of decoded bits with a second crror control decoder so as to
ascertain a second set of decoded bits, the second set of decoded bits including the set of

control bits.



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
met hod of claim 18, at |east one of the first or second decodi ng
steps further including determ ning whether either the denodul at ed
bits or the first set of decoded bits represent a partial codcword.
20. The nethod of claim 19, at |east ong of the first or second
decodi ng steps further including identiﬁ@ing t he presence of at | east
one redundancy bit 21. The nethod of claim 20, at |east one of the

e tiar codonls 4 e oSy BLIRS 1k laag ond DAY s Ra deBBhtets e,

bei ng a funct in@lﬂdlﬁﬁ ddihrmirig Viedrt citwethe échodaland witdirthe fird 2et oT e odd@t hod
of claim 18, first or second decodi ng steps

further inclu Fﬁﬁ“ &83@F§@ﬂ€9?ﬁ£9 the denodul ated bits or the first

set of decoded bits as a function of mhether at | east one of a
repeated versipon r bi t t first set.of
opoqed bi 1o obe e Eellfbedds SRR Sty SenddGelddeXopt B!
of the first wrludiegandifvieg tdipregenst efss lchsptdredunianey bidi ng decodi ng
either the denmodul ated bits or the first set of decoded bits as a
function of whether at | east one of a hashed version of either the
denodul at ed bRts dihetrigthofl bf d2imPO1 at tfstdecodexd it dr scowabderaliey swpsl furth@4

An apparat us, P&‘Bﬁﬁl?%gp%ﬁﬁﬂno the Pamal%oéﬁ%%ﬁd 1{‘%«%?&7%8%25;0%1%&9%35 & Iiﬁ{léﬁng

conmponent conf i gur 0 rece ura ase
t ones cor r espserdiemyg atfonciios ef thedt 1®Eir®tw whuttdpteg biteach of the pl uraI ity
of beacon tones detected as having a correspondi ng beacon signal

strength, each, of 1:11@%81'%& 5?@88’1@' ﬂ%aﬁ%ﬂ%‘f’lhéﬁ kecShd a%@&ﬁ%,} éﬁ?hl@tger

hi gher than each ura gnhal streng s correspo
each of a pl umaliuwg:d@f)dmmth@efa@wqduh@é bli%pldmfﬁmmf @@COMWQWt t he

derodul at or Cﬁﬁ&%%@kb&ﬁ’éﬁ& 1L &Q otFQrcpcatcd version of cither 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



denodul ate the plurality of beacon tones so as to ascertain a set of
denodul ated bits; a first error control decoder, the first
error control decoder configured to decode the set of denodul ated
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 second error control code so
as to ascertain a second set of decoded bits, the second set of

decoded bits incl IE!.QéC'agd &Pﬁtcﬁglto @JCO&?QIHJSQ&OHQ %& cont?o@dec-g@e% C@l 6@"Tt0us of

claim?24, at |east one o |rst or second error control “decoders
further confi¢papdedhefysigeitad depodast With ecchlmedd ¢ pepndtdyer ghwirpldaiiatoad thi t s

or the first i%@énaf?lfa s@&qa@gi&@!féyc@dmsom%@dahd &t epcre&ad@& bl?sqgamoq&e sellr

The apparatus of claim?25, at [east one of first or second error
control decod®goifif-t her configured to |dent|fy t he presence of at
| east one redundancy bit and to conbine the partial codeword with a
stored partial codeword as a function of the at |east one redundancy
bit. 27. TheZappdhatrperags otglaimmpdpnt leagionp alile figirs seopnd gigor £onigt  or

second error gecfalridesadessd foufcichﬁﬁcﬁmﬁdl gm{cemeﬁé}naﬁﬁ%%n@bﬂtﬂeﬁmt he
denodul at ed blts or the first set of decoded bits as a function of

whet her at | et dsppdedbpitsgemieseiadaiakoiarP dr a repeat ed version of
ei ther the denodul ated bits or the first set of decoded bits was

received. 28 Thenhappafakdscifiin Bl alidiidbe btthd RETor QBRI &ridr BEht1
de- |nterleaver conponent the de-interl eaver conponent confiqured to

de-i nt er | eavedespdersdidhier gondigyed fordentfy thepresgaoeoda Icaserpe prdpadangyrhit and ¢ st

set of decoded cbinbisie th0bartifl@o&RGaNtIELI018d pLHl 06tRE ofdiak & funcddh of TG
apparatus of claim 24, at ggast one of the first or second error
control decodSFEoRuPdHECE it i gured to decode a Reed- Sol onon code or
a convolution code. 30. At |east one processor configured to decode
a W rel ess comt r olThs kygiagtys o€ €HEpY A4Sat @it onc of the first or sccond error control

decoders further configured to decode either the demodulated bits or the first set of
decoded bits as a function of whether at Ieast 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 sct 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;



a first nodule for receiving a plurality of beacon-based contro
tones corresponding to a set of control bits, each of the plurality
of beacon tones detected as having a correspondi ng beacon signal
strength, each of the correspondi ng beacon signal strengths being
hi gher than each of a plurality signal strengths corresponding to

each of a plurality of non-beacon tones; a second nodul e for
denodul ating the plurality of beacon topes so as to ascertain a set
of denodul ated bits; 41 a third nodul e for decoding the set of

denmodul ated bits w.i.h b r [.Or..con I oder s s to
ascertain a first asd;élfd %?Jugfeig}o%g%duﬁ fpgset é%‘%mogﬁﬁeﬂ’d{sfwéﬁra?ﬁlﬂ FIFEY or
decodi ng t he fldcodt sestto eerthacoiiethetriftiscoded htspandecond error contr ol

decoder so as to t ai S et of hi t he, second
set of decoded bi taa ?8‘%: uﬂglle%%l (fégée%lﬂ%etﬁe %115 t%gtoogt% g%?&gol“?s\fuﬁ%i%m%i %{)Orrrput er
progr am pr oduetnfrolgtyesiei wian ép aseertgio mperced sat ebdiadlce bite thie sevoabaepefi si ng:

a first set Oﬁaﬁﬁﬂ%ﬁs&9&dﬁ§H§EQQf&mﬁgﬂﬂgter 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
cor r espondi ng3beacdsompuierarogsant eradich comgisgof t he correspondi ng

beacon si gnal strqng&gﬁng&Qgeﬁk@ ﬁ%o&Pﬁﬁh.aCh of a plurality signal
strengths correspondihg to each of a plurality of non-beacon tones;

a second set of codes f&rst¥adisbigy fertreusingrpametetto reinpepibatie of he
plurality of Q&@&%s%dﬁ:?r?tﬁol%ﬁe@&&@oﬁtﬁ%%@ét%@mﬁ@fbi@fea%%tﬂllg%lﬁ?8f

bits,; a set of codes for causing the co
decode the sebeagdn tersiraeieqtesas danna scogewerdpgiyatad signgliskagiheeach pf Bont r ol

al gorithm so asrelRn@fgedabdt fondl strbigls oL hRherIRARQARD R bluSlity ARG al
strengths corresponding to each of a plurality of non-beacon tones;

a sccond sct 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 signai strengths corresponding to each of a
plurality of non-beacon tones;

means for demodulating the plurality of beacon tones 5o as to ascertain a set of
demodulated bits;

means for decoding the set of demodulated bits with a first error control decoder

S0 as to ascertain a first set of decoded bits; and



a fourth set of codes for causing the conputer to decode the first
set of decoded bits according to a second error control algorithmso
as to ascertain a second set of decoded bits, the second set of
decoded bits including the set of control bits. 32. An apparatus,
conpri si ng: 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 hi%lng a correspondi ng beacon
signal strength, each of the correspond g beacon signal strengths
bei ng hi gher than ] a ngt hs correspondi ng
to each of a plur aﬁ?e%{'} %lecg‘dup eg rcsosrclzy?ts dﬁg)@l A blga t% S?E eril cB'IpontR)?
denodul ati ng ddgedep Iscuzrsew iscyrtapf a fee@d oet of devededdis, als: skandsa ef dabded aits et
of denodul ate reans for decoding the set of denodul at ed
bits with a fﬁ?@¥&%g$8?og%ﬁg§oIgdecoder 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.



