METHODS AND APPARATUS RELATED TO COWVPCSI TE BEACON AND
W DEBAND SYNCHRONI ZATI ON SI GNALI NG RELATED
WERRZI123533 ONS [ 0001] The present application cpei/ms200has6674

benefit of the filing date of U S. Provisional Patent
Application S.N 60/792,282, filed on April 14, 2006
titled " METHODS AND APPARATUS RELATED TO COVPGCSI TE
BEACON AND W DEBAND SYNCHRONI ZATI ON SI GNALI NG'. FI ELD
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[0003] In wireless comunication systens as a wirel ess
i na hout the system channel
R%II‘A 13 “@f{ffc‘}&i(g&g‘uncu on of a nunber of variables
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such as distance froma base station attachnent point,
obstructions, terrain, interference levels, etc. At
somd 0§l nt The preagnt bpplaties skamys the berefitiof dledfdlingt dataoHalS.

bR AL BE MR PO RO B2 P B B BB, Tl

SMUTTHED® ARDESBP A RATUSRECATED, TOTGVIPOSYDE BEATRSNAND
gw cklégeval uate and conpare channel estinmtes between

PeNCHRAMAA RN JIGRAREYG e at t achnment
poi nts. Methods and apparatus which facilitate such
channel estimations without first requiring the
WMEEDSSE TTHE MNNVENTI®Ne precisely timng synchroni zed,
e.g., towthin acyclic prefix duration, and/or to be
preci sely frequency synchroni zed with respect to each
of t tt Wale
charo@ A o PR T fich L SRy PR BBl AR and
wiorepatsulanty tu methodsamamppifitustvatieh viei behcqnoand rveidelmnd
tg%gkcal. l\ﬁ needs.to establish a connection with a base
1o5H2HPY deh point. In instances where a
connection may be established at nultiple alternative
attachnment points, it would be desirable if nethods
were avail able which allow a w rel ess

termnal to

[0003] In wireless communication systems as a wireless terminal moves
throughout the system channel conditions vary as a function of a number of variables
such as distance from a base station attachment point, obstructions, terrain, interference
levels, etc. At some point it may be necessary for a wireless terminal to undergo a
handoff operation from one base station attachment point to another. It would be
desirable if such a wireless terminal could, on an ongoing basis, quickly evaluate and
compare channel estimates between the wireless terminal and alternative attachment
points. Methods and apparatus which facilitate such channel estimations without first
requiring the wireless terminal to be precisely timing synchronized, e.g., to within a
cyclic prefix duration, and/or to be precisely frequency synchronized with respect to
cach of the attachment points to which it seeks to evaluate channel conditions would

also be desirable.



qui ckly conpare alternatives and/or quickly establish
a channel estimtion. Accordingly, there is a need for
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nore of the above di scussed needs. SUMVARY [0005] A

base station transmtter transmts conposite signals,

a conposite signal including a beacon signal and a
correspondi ng wi deband synchroni zati on signal. A base
station attachnment point uses2a set of downlink tones,
and a predeterm ned subset of the set of downlink
tonggo@s e WSeRk1By t@mjﬁﬁﬁQn gh ol seike %Ic‘ﬁ%%ﬁt uP9pRhIY Reeds to
carry beacon signals. In sone enbodi ments, an
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8éspiable ifimethoads &kl é}iphﬁéﬁls)/wér@%ﬁlé@fe&@l@lcﬂ ellow @Rdreless terminal to
transm ssion power level for its non-null tones. In
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torpatht ebsicgliidissed nacdswo OFDM synbol transmi ssi on
time interval wide signal including a cyclic prefix
portion, a body portion, and an extension portion. The
ggggghlgf the conposite signal differs in sone

ts to the format of a nore conventional OFDM
synbol conveying user data mhich has a duration of a
sin nbol. transm ssion ti i nt erval
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exenpl ary enbodi rent, a beacon signal is a Single tone
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dl Esgteor Iqlet S t[OP 80 e]% ISTIK%‘[IO]?%naFI‘é L egrf%r usregtgl 3ne I acﬂmeptl point to carry

respon as" hon
b@i&&ﬁ siohals. hhﬁﬂfrﬂeyerim&l&itls Qi i6YivIak] Beatetesigedl uses a single tone at
corres ondi ng w deband synchronlzatlon signal. In sone

& FlUENChENER POT Ope BRI ROweitcvsd adda thegiparesponding wideband
%yn%ﬂt% ?ﬁﬂbﬁ‘ﬁ ndiRQY ﬂ%‘idt@?lyﬁb@ IVgl%gE k)% it trgr%hlgsztgp%ogwer level

of non nu tone e corres
fidr ds manehul Yoo r dmnivaédus @mbs dgimeats, tHehwnmpositd @gnadis gyabothan an
k@ﬁ to be conveyed. In t@g grre@go din i deband
é@ SYRPY drangmissioghimie nfeayal iy durgfi ISEPMpfe, In some
PhLBERERAE A8 o Pbélte stHabis aV’tWoC(ﬁ‘FI?M:-‘sy'nﬂ;o‘F Hﬁﬁs‘i’iﬁ@él&y t11ln@f1ﬁterval

unused to facilftate cthannel estimation by W rel ess
wide signal including a cyclic prefix portion, a body portion, and an extension portion.

The format of the composite signal differs in some embodiments to the format of a more
conventional OFDM symbol conveying user data which has a duration of a single
OFDM symbol transmission time interval and normally includes a cyclic prefix portion

and a body portion but not an extension portion.

[0006] In one exemplary embodiment, a beacon signal is a single tone signal
and each different beacon tone corresponds to a different tone mask identifying a
predetermined corresponding set of tones to be used as non-null tones which carry
modulation symbol values of a corresponding wideband synchronization signal. In

some embodiments, for each different beacon tone, predetermined information also



term nal receiving the conposite signal. In sone

enbodi nents, at |east A of the tones of the w deband
w@chesss zati on signal are intentional null tPCEES2007/066674

[0007] Various, but not necessarily all enbodi nents,

i ncorporate at least three of the follow ng features

(i) a downlink tone block conprising 101 or nore

tones, e.g. 113 tones, (ii) a predeterm ned subset of

t he downlink tone bl ock tones3can be used as beacon

tones, said size of the subset being | ess than half
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the 113 downlink tones can be used beacon tones,
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tone block..

[0008] In various embodiments, a base station transmitter transmits a first
composite signal including a first beacon signal and a corresponding first wideband
synchronization signal at a first point in a recurring timing structure and transmits a
second composite signal including a second beacon signal and a second corresponding

wideband synchronization signal at a second point in the recurring timing structure, said



known w deband synchroni zation signal, e.g., a unique
known w deband synchroni zation signal. A wireless

W@ 200712385 r ecei ves a conposite signal, identifPErUSI07/066674
beacon signal and then determ nes a correspondi ng
known w deband synchroni zation signal. The wrel ess
term nal conpares, e.g., correlates, the received
wi deband synchroni zation signal to the determ ned
known w deband synchroni zati od signal. The wrel ess
term nal uses w deband synchroni zation signal
SRR §RORd paThRIIA Bk WRideQdiffeleRf AR 1ALt diRashe ANGidHirst Beacon
recei ver timng adjustnent, a receiver frequency
sighal demgritifferanicthen etHeashenc tone imid gavond bewop sightl e
various enbodi nents have been discussed in the summary
above, it should be appreciated that not necessarily
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BRIEF DESCRIPTION OF THE FIGURES

[0011] Figure 1 is a drawing of an exemplary communications system

implemented in accordance with various embodiments.

[0012] Figure 2 is a drawing of an exemplary base station implemented in

accordance with various embodiments.

[0013] Figure 3 is a drawing of an exemplary wireless terminal, e.g., mobile

node, implemented in accordance with various embodiments.



base station sector, inplenented in accordance with
various enbodi nents. [0018] Figure 12 is draw ng

WO kdongrr3sd i ng exenpl ary beacon/ w deband synchrPei/BEs2000066674
br oadcast conposite signaling in accordance with sone
enbodi nents. [0019] Figure 13 is drawing illustrating
anot her exanpl e of beacon/w deband synchroni zati on
broadcast conposite signaling in accordance with sone
enbodi ments. [0020] Figure 1l45illustrates features of
beacon signaling used in some enbodi ments. [0021]
Fi gyo®14}5> ¢ 4 SR NBsthR HRABIhPRL nkll N ision
Fi lLJ[re 5B fag% Fi gu?les ?%C i%ggg\lﬁt g}}bl&ghdagsosocfigi{]th?ncg%gﬁ
oiult@deyyeg €PN dowabontimprgesrugiurhingacrersikngedeith vdrydusg
mhhqg oftthe ot her 55 tones in the tone block of 113
P'OREE™SPe used as nonnul | wi deband synchroni zati on
t ones conveyi ng a nodul ati on synbol value in an
exenﬁlary enbodi ment. [0022] Figure 16 conprising the
contdPOY i oRigyre FisguirawmgAllaiicating greraplayecasonpsignahing from a
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used by the non-null w deband synchroni zation tones in

an exenpl ary enpodi nent, [0023]. Figures 17 and 18 .
il d@?@t eFla%Hree%ﬁﬁ[drgW UBL‘%% @fﬁr@?wiaeavowwﬁaa dfom a

FasaGREBR :s@@&‘ [Shngfted it AEREARL Qth L ARCHHANREG W th
an exenplary enbodi nent. [0024] Figure 19 Is a draw ng

illustrating exenplary beacon / w deband

syn i zation conppsite.signals in an exenplary..
o180 o BiekBnt S FoBSE e TR EnS 6t Pty heatia g from a
Bl Q8BR k&dtyr, MRSIBRAENed iPRRbAfah&OwAh RASUsTfold BRertd)
accordance wi th various enbodi nents. [0026] Figure 2 1

is a flowhart of an exenplary nethod of operating a

Wi r termnal. in accordance w th,various, .
o0 ¢ BlTDE i P A6 Hehiba@ibehwigeband
R Adhdayol BfadsdstEdndpositd sigagligdanceoriarich wiar JodiéSembodiments.

enbodi nents. [0028] Figure 23 is a drawi ng of an
exenplary wireless termnal in accordance

[0019] Figure 13 is drawing illustrating another example of beacon/wideband

synchronization broadcast composite signaling in accordance with some embodiments.

[0020] Figure 14 illustrates features of beacon signaling used in some

embodiments.

[0021] Figure 15 comprising the combination of Figure 15A, Figure 15B and
Figure 15C is a table associating each of 36 potential beacon tones with a mask
identifying which of the other 55 tones in the tone block of 113 tones are used as non-
null wideband synchronization tones conveying a modulation symbol value in an

exemplary embodiment.

[0022] Figure 16 comprising the combination of Figure 16A and Figure 16B is a

table associating each of 36 potential beacon tones with a corresponding set of 55



wi th various enbodi nents. [0029] Figure 24 is a
draw ng of an exenplary base station in accordance
wawdao/1ysss ous enbodi ments. [0030] Figure 25 i SPEI/US2007/066674
drawi ng of an exenplary wireless termnal in
accordance with various enbodi nents. DETAI LED
DESCRI PTI ON[ 0031] Figure 1 shows an exenpl ary
comuni cation system 100 i npl emented i n accordance
wi th various enbodi nents inclading nultiple cells:
cell 1 102, cell M 104. Exenplary system 100 is, e.g.,
AR AEMBSPS R0 FaldM BPEaRdd SPeatd idAtAWM W RICBSRI synchronization tones in
conmuni cations system such”as a nmultiple acCess OFDM
gy etemmlar¥gotbodendnt. 102, 104 of exenpl ary system 100
i ncludes three sectors. Cells which have not be
subdivided into multiple sectors (N=l), cells with two
sect[0a23] ( NFiraang aael1ksilwiralt diyxemiphan OFDag Gbasos sidaB)
are al so possible in accordance with various
wisbanhpmelronzaten sigeal spmbinghen tnsacspilange wish an exgmplays
%ﬂg&?ﬁwgpmnlink tones bl ocks. In sonme enbodi nents at
east sone of the sectors support three downlink tones
bl ocks. I n various enbodi nents at | east sone of the
downl i nk tone bl ocks have a correspondi ng uplink tone
bl 0dW el P! werdsepewedllysttpe %‘é@rga , %@é%qndrmﬂeh@é,
AREOANASEES Rposits SRhAKs ifart g-;?eml\l/lﬁ&g' ik R bgdﬁﬁe%.or !
sector 3 114. Simlarly, cell 104 1 ncludes a first
sector, sector 1 122, a second sector, sector 2 124,

and ird. sector, .sector 126. |1 102.i ncl ude
oMol LFidR IRy RRGE of ap P Egacina i aperartEGbase
Rhdrain deYor@hn @NANEAR%s CAbSdinicitseach sector 110, 112,
114. Sector 1 110 includes EN(1) 136 and EN(X) 138

coupled to BS 106 via wreless |inks 140, 142,

res pvelky: sectory 2 112 i.ncludes EN(IL,' 44 and .
En 026 g ST ER Al ekt of AR g abiod pf bl o wirless
febinal @sdeesddan®!with $80ueembodibdentsncl udes EN(I " ) 152

and EN(X") 154 coupled to BS 106 via wireless |inks
156, 158, respectively. Simlarly, cell M 104 includes

oS0 alt 3080 AR ARSI i
EN{dup chidodinames. EN( X) 138" coupled to BS M 108 via

wirel ess links 140", 142', respectively; sector 2 124
includes EN(I1") 144" and EN(X ) 146" coupled to BS M

108 [Wﬁéw FRURSSS slatSwih8®f an LRUnplafyBSREAEL t4@hiXal in accordance

sector
with various embodiments.

[0029] Figure 24 is a drawing of an exemplary base station in accordance with

various embodiments.

[0030] Figure 25 is a drawing of an exemplary wireless terminal in accordance

with various embodiments.

DETAILED DESCRIPTION




126 includes EN(I") 152" and EN(X') 154" coupled to BS
108 via wireless links 156', 158", respectively.

WO 0®322138yst em 100 al so i ncl udes a networ k nodBCT/682007/066674
which is coupled to BSI 106 and BS M 108 vi a network
i nks 162, 164, respectively. Network node 160 is al so
coupl ed to other network nodes, e.g., other base
stations, AAA server nodes, internedi ate nodes,
routers, etc. and the Internef via network |ink 166.
Network |inks 162, 164, 166 may be, e.g., fiber optic

cableg31] EapfpundsitRden &eliplaENcdmhdBicati®ysyR&nf100 implemented
wireless termnal including a transmtter "as well as a

measedrdence Witlevatique leabedineants inelluding. noultiplenelly: c¢ldé 18gycell M

thr 100 and co i,cat e
Y A R BT - R 4 R St YR ivetess
Mhﬁlhnﬁch}@mﬁmygtsmcsuw @m yiltipe adcesh. ORDBL Wisted. EBeeh cell 102, 104 of
termnals, (Ws), e.g. EN(I') 136, naﬁﬁconnunlcate with

@@@plwé&wmé 08 lnclwieﬁ éliirevmctqrﬁ 69l which havorotdgsgbdigided into
?t vgog%(e]c %Q‘h? Ocetf@\%\%thstr\x%t §6915§®=%) fgécéllg% tl@ﬂlgfegﬁlﬁn 3 sectors

@@Pﬁjmm glad pandldrmviccaslasdeonitiagarivak Ienmbalmts ek eewbr supports
data assistants wt mnreless etc. [0033] E%ch

PRESY TERISICABIFTY Ans6or &@6P@EHWWWH§%O&HS?ch@ cast some
§f B 's?ctt&@ @ﬁlgﬂotrtt thig da'vunilhk %&HXQB ocIiléJ rlﬂt\}aﬂﬂgscé}ﬁlpc%fﬁl%ﬁs at least

signals onposite signal including a beacon signa
soae af thodoeshdnwing qumi(&dhm@rwboslgeﬂpdmndum updink demedilgakal Cell 102

sajd co site si incl udln an initi

Teer? TRR St o sl 10D festiond et bl abia ad i RRecor,
StYH3 Nl i1y, 280 M N 6AHRNEN s § Fitd GEMSE seckIN 120k second sector,
si gnal i ng al so includes transn1tt|n% CﬁDNIsynboIs

m@@yﬁ%ga%@ﬂllrdé@qor, ecteicht Hance! Wloh n@zluﬁi@m bhgekstation (BS),
%sg spagi SeCEr TS {:nyah 3 rfue(fltdl%lro?%s (IEITS) (ijﬁ gefc Pﬂf?lz 114.

ransm ers a necess y t1m’ng

sydn@rhr Dm meldeBN(19X367ah& EN(K) $@8‘Teo®'[€£mleBEm68v1a &&feﬂe@ﬁ links
transmtters of the sane base stati are

$¥h dﬁ?dﬁiipz‘v‘é@"elbw?c‘@é%tl &t inchugdes BN ér1§4 ﬁ%ﬁN&in)f léﬁéﬁtlpled to BS
y n ’ 2

e N S e A ST R R

ENgX &) $54 M@legietn@&at(h’;dviandreldsahﬁ]m 1360 d58, ocdpactivel . a&mllarly,

e tecti on and neas el ess t I .na

Gl Ml 0 9018916539&;36 HeRobY [fed emiwiﬁrﬁéy a¥ cnd gpdgs (I 14 each

GxEdri1e2 PRl i %6, dgad: 101%2 15&1{111&%}3 QE‘G Oalﬂdzlﬁ@@# 18R’ coupled to BS

respect to the attachment point om

dbohyfowh wareddsg hinks 149’1 }@hsmnetmhly,lsnctacb d24 ancbeles EN(17) 144° and

EN(X’) 146’ coupled to BS M 108 via wireless links 148°, 150°, respectively; sector 3

126 includes EN(1°") 152 and EN(X"") 154’ coupled to BS 108 via wireless links 156°,

158, respectively.

[0032] System 100 also includes a network node 160 which is coupled to BS1
106 and BS M 108 via network links 162, 164, respectively. Network node 160 is also
coupled to other network nodes, e.g., other base stations, AAA server nodes,
intermediate nodes, routers, etc. and the Internet via network link 166. Network links
162, 164, 166 may be, ¢.g., fiber optic cables. Each end node, e.g. EN 1 136, may be a

wireless terminal including a transmitter as well as a receiver. The wireless terminals,



wi th various enbodi nents, the base station
beacon/ti m ng synchroni zati on conposite signaling
wo 207121383 es t he conpari son of beacon signal s BeMUS2007/066674
channel estimates corresponding to a plurality of
di fferent base station sector attachnent points.
[0034] Figure 2 is a drawing of an exenpl ary base
station 200, inplenented in accordance with various
enbodi ments. Exenplary base sBation 200 nay be any of
t he base stations (106, 108) of exenplary system 100
Fg ENGUY B36lmaRRP R HPASR ST dngr}na?}p&rﬂuﬁﬁﬁlb&@%aa\mreless links

urallt of 'sector receiver nodul es (sector 1

Wetbélnaﬂeqse seton e thoee¢ll in whick gt ION incureendy enatagp dibicevireless

O 8] B PR abbBRRIAF oBOHESe . ovr Wi

Syseoms M0 besutsBElseen? 08) viad HEOSEEENE. g2 B8,108Nand/or network node
/O nterface 212, and nenDr{ 214 coupled together Vi a
iC

160, ¥ T pez ENM(IWABRE may he mehilesammenagrisansdevages such as cell phones,
t) Ecﬁ{a‘fa Qggmgaq{tg\éxﬁﬂ%l @ésgmte#gnetc In some enbodi nent s,

e nu ransnlt nmodul es, N, is such
that N= 2, 3, or nore than three. [0035] In sone

enbaodi nents, the base ation corres s to a.single
sectl g933énd Epehebase sfatian @@ﬁow%m&{ fygessdoyyn qw&ssﬁgn@ Hee. c:2.

r
SEREAETATSTLEAST SR DBl AL v
b@wbm sgnddmvlnatdorremnedlngrveds@md oynctbmezaettoamgmab saitllgemposite

osi.te of a j t f. s base. st
SeRyraGng e By Il SaoL S M PRI RO R Saphot. in
ABRIans4 & th arBRGIi AR Hhﬁng msfr&L @ﬁl&}ﬁstﬁféﬁir@r DBR&BnISighd1R also
corresponds to a cell, e one single sector base

mcmdpwarpmumn@u@ﬁj)wﬁenthlﬂ coppuan@aye! flate in h@oedﬂnpfr with a
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signaling facilitates the comparison of beacon signals and/or channel estimates

corresponding to a plurality of different base station sector attachment points.

[0034] Figure 2 is a drawing of an exemplary base station 200, implemented in
accordance with various embodiments. Exemplary base station 200 may be any of the
base stations (106, 108) of exemplary system 100 of Figure 1. Exemplary base station
200 includes a plurality of sector receiver modules (sector 1 receiver module 202, ...,
sector N receiver module 204), a plurality of sector transmitter modules (sector 1

transmitter module 206, ..., sector N transmitter module 208), a processor 210, an 1/0



the base station 200 transmts downlink signals to

W reless termnals. For exanple, in sone enbodi nents,
w@emvoe13gstransmtter nodul e 206 transmits dowdT/nR2007/066674

signals including: (i) multi-synbol OFDM

beacon/ wi deband synchroni zati on conposite signals

including an initial synbol portion and an extension

synbol portion and (ii) downlink user data OFDM

synbol s including user data, éontrol data and/or pil ot

signals. [0038] In sone enbodi nents for a given
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g% % E%Je OFDM synbol signal s including user
€ HBREHLbTYat a and/ or pilot signals. The signa
generator nodul e 217 includes a beacon/w deband
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signal, the initial OFDM synbol including a cyclic
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the base station 200 transmits downlink signals to wireless terminals. For example, in
some embodiments, sector 1 transmitter module 206 transmits downlink signals
including: (i) multi-symbol OFDM beacon/wideband synchronization composite signals
including an initial symbol portion and an extension symbol portion and (ii) downlink

user data OFDM symbols including user data, control data and/or pilot signals.

[0038] In some embodiments for a given sector, the same antenna is used for a
sector transmitter module and a sector receiver module. In some embodiments, for a

given sector, the base station sector provides connectivity corresponding to multiple



cyclic prefix portion by copying an end portion of the
body portion. The beacon/w deband synchroni zation
W@ e@nati3ext ensi on synbol generation nodul e 222PCT/US2007/066674

generates a synbol extension portion, e.g., a synbo

ext ensi on OFDM synbol, that imediately follows the
initial synbol in the nulti-synbol conposite signal.

The generated synbol extension portion includes a

first copy of the body portiordo begi nning fromthe

start of the synbol extension portion. [0040] Beacon
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beacon/wideband synchronization signal extension symbol generation module 222
generates a symbol extension portion, e.g., a symbol extension OFDM symbol, that
immediately follows the initial symbol in the multi-symbol composite signal. The
generated symbol extension portion includes a first copy of the body portion beginning

from the start of the symbol extension portion.

[0040] Beacon module 224 identifies the beacon tone for a give multi-symbol
composite signal in the downlink frequency/timing structure corresponding to the base

station sector 1 transmitter module at a given point in time with respect to the timing
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synbol generation nodul e 232 generates OFDM user data
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OFDM embodiment the full set of downlink tones is a set of 113 tones and the initial

OFDM symbol includes one high power beacon tone, a plurality of low power
wideband synchronization signal non-null tones, e.g., 55 tones, and a plurality of

wideband synchronization signal null tones, ¢.g., 57 NULL tones.

[0043] User data symbol generation module 232 generates OFDM user data
symbols including user data, control data and/or pilot signals. For example,
immediately following the multi-symbol composite signal, user data symbol generation

module 232 may generate a sequence of user data OFDM symbols, e.g. 112 user data



Home Agent nodes, etc. Thus I/O interface 212 provides

a network interface for wwreless termnals using a
wha®e/ 131383 | on 200 physical attachnment point, PCT/US2007/066674

facilitating conmunications sessions between WIs in

different cells. [0045] Menory 214 incl udes routines

234 and data/information 236. The processor 210, e.g.,

a CPU, executes the routines 234 and uses the

data/information 236 in nmenory2 214 to control the

operation of the base station 200 and i npl ement
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Home Agent nodes, etc. Thus I/O 1nterface 212 pr0V1des a network interface for

wireless terminals using a base station 200 physical attachment point, facilitating

communications sessions between WTs in different cells.

[0045] Memory 214 includes routines 234 and data/information 236. The
processor 210, ¢.g., a CPU, executes the routines 234 and uses the data/information 236
in memory 214 to control the operation of the base station 200 and implement methods.
Routines 234 include communications routines 238 and base station control routines
240. The communications routines 238 implement the various communications
protocols used by the base station 200. The base station control routines 240 include a

scheduler module 242, a receiver control module 244, a transmitter control module 246,
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representing the generated signal and/or portions of
the generated signal, e.g., information representing

the cyclic prefix portion, the body portion and the
extension portion. [0049] Cenerated user data symnbo

signal information 252 includes information pertaining

to a generated user data synbol. For exanple,
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beacon/wideband synchronization composite signals, e.g., information representing the
generated signal and/or portions of the generated signal, e.g., information representing

the cyclic prefix portion, the body portion and the extension portion.

[0049] Generated user data symbol signal information 252 includes information
pertaining to a generated user data symbol. For example, information 252 includes
information representing a cyclic prefix portion and information representing a body

portion.
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sub-divided into 3 subsets of 12 tones each. W deband
w@cheess zat i on signal information 264 i ncl udeGI/US2007/066674

information identifying which tones in the downlink

tones bl ocks are to be used as non-null w deband

synchroni zati on signal tones by which sector

transmtter nodul es at designated | ocations in the

downlink timng structure, andhinformation identifying

t he nodul ati on signal value to be conveyed for each of
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synchronization signal tones by which sector transmitter modules at designated
locations in the downlink timing structure, and information identifying the modulation
signal value to be conveyed for each of the non-null wideband synchronization signal
tones. Multi-symbol signal information 268 includes information used in generating the
multi-symbol composite signals, ¢.g., information identifying the duration of the cyclic
prefix portion, the duration of the body portion, information including formulas used for

generating the extension portion. Wideband synchronization signal information 264

includes beacon tone/wideband synchronization signal tone mask mapping information



and/ or tone bl ock associated with the WI connecti on,

W identifiers, addresses, and base station assigned
wais@r/1zdenti fi ers such as an active user identPET/882007/066674

User devi ce/ session/resource information includes

information pertaining to device control paraneters,

peer node information, address information, session

establ i shment and nmi ntenance information, and air

link resource information, e.n, uplink and/or

downl i nk segnents assigned to the WI. [0052] Figure 3
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eedoldtionsimbol Fr @pylg\mfoenne@@ Ty mgnanfogwlcrquf Hygure 16, and
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exenpl ary w rel ess termnal 300 includes a receiver
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oge er via a over e various el

gighali i mm&anbj@dldﬁh@ thatorich bﬁt‘hﬁ&btn@ﬁmte[ DEBBIncltde a beacon signal
wreless ter 300 .i ncl.udes recei ver and
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respectively.” The wreless termnal receliver nodul e

®02 btk es. gewﬂh(smmlelomer singm atisg usel todiomgnunidaye control information.
mul ti-synbol OFDM beacon / w deband synchroni zati on
conposite signals including an initial OFDM synbol and

an qydANsi pacHIDYM syndel Iﬁ&%aelbh)(zm QBz)qﬁ&l@dQ:dQM data,

nbol s i ncl udi ng user data, control data, and
myen@ﬁcaélpg mtaﬂognmoa, airft eserdedogsesSipr/raapuIcE arfgrmtto@r Thoaser data

smtsu k si to ba .0
AR cles, ViR O SRR, g8, RAFUR e dftglete o be

gnal's,

ﬁrh@ﬁﬁ{téd arehiét rosiveddat e Siignak Eermhﬁl ﬁm@ormﬁbmdatmn tsSsstdn with a
si ngl e antenna is used for receiver and transmtter,

Beey nodg. nTheowsst fafe insHdgp fiﬁwaln@}@bqeé datpeibe tanspiged to the WT via
?%ﬁﬁﬂ&?aff@ e uf‘é%égfaﬁ& la%'sq %Cﬁiqeﬁsu?éﬂg%hgeggaﬁ Symbols.

ransmtter | nc es an enco
Ideﬁhﬂemonesfoﬁﬁ&mrﬁngludesrmﬁjmphmmﬁnﬂ{@f}ﬂgaﬂe attehbeat phint sector

use, swtch aker, a,.tc., I 1 ow
oSk DIBFK yposiaisd Pyt Hpdt | GeIcetRt: 3*%6%‘@1& esses, and
9;%% Rtatibh QEsﬁéﬂed%@@ 1H&ﬁfﬂe?sr§10h a0gh SARERRLr 1@$nt1ff‘c?sUs§fo e
operations of the wireless termnal, e.g., initiate a
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Ir)grlélrtnle e?s? pg’e]fdflogen gnfgr%tla ion, a(fgi{rergsatlﬂfgrmgﬁ%g ser)§18n SRablishment and

maintenance information, and air link resource information, ¢.g., uplink and/or

downlink segments assigned to the WT.

[0052] Figure 3 illustrates an exemplary wireless terminal 300, e.g., mobile
node, implemented in accordance with various embodiments. Exemplary wireless
terminal 300 may be any of the exemplary wireless terminals of exemplary system 100
of Figure 1, e.g. , ENs 136, 138, 144, 146, 152,154, 136, 138", 144", 146", 152, 154",

The exemplary wireless terminal 300 includes a receiver module 302, a transmitter



306, e.g., a CPU, under control of one or nore
routines 314 stored in nenory 310 uses the

walad0an28dr mati on 316 to cause the wirel ess terPai/nsi007/066674
300 to operate and to control inplenentation of steps
of nmethods. In order to control wireless termna
operation, routines 314 includes comruni cations
routine 322, and wireless termnal control routines
324. The communi cations routile 322 inplenents various
comuni cations protocols used by the wireless term na
%guleB@Q%roWsrs@ﬂ RS udcl 'I/@ ABkiccG Q08 Tl aréthbien O%%ﬁpled together
i ncl ude mul ti-symbol conposite S|gnal nodul e 326,
wiadevs ﬁdi2 oyerchiioh th@atarlcns elegaeid caeingerphiange datn an@ mfblénatlon
328, a conparison nodule 330, a receiver timng
adj ustmrent nodul e 332, a receiver frequency adj ustnent

modyhes33 34 ThawtRRRORImBS! 300aihtRbcy R @ 283 GrandmitRnsiabdnas
control nmodul e 338, and a user data synbol nodul e 340.
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beacon signal s Wi t h respect to ot her recei ved beacon

datarpatant usE glatn calitiph applicgions, préeantiohatfeet pemggperations of the
hhal g a plurality of

%%?gﬁéﬁgﬁﬁﬁéag%ﬁﬁggg%gﬁ 1aﬂh8%k ggﬂupon the tone or

tones of the beacon S|gnal For exanpl e, the beacon

oot AR Diotirs VB bt LB B RBP4 PE Fcessor
d6, cand, Epe, ﬁﬁﬁ? B8htiPo DAL En R LGRS t?) e soRGGH Yi&Ghory 310 uses
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r
1m1ﬂement3t?oon of’s eSpl'sI 0 %e%ho%s DA conIrol wireless terminal operation,

routines 314 includes communications routine 322, and wireless terminal control
routines 324. The communications routine 322 implements various communications

protocols used by the wireless terminal 300.

[0055] Wireless terminal control routines 324 include a multi-symbol composite
signal module 326, a wideband synchronization signal determination module 328, a
comparison module 330, a receiver timing adjustment module 332, a receiver frequency
adjustment module 334, a channel estimation module 336, a handoff control module

338, and a user data symbol module 340. The multi-symbol composite signal module



the received conposite signal corresponding to the

w deband synchroni zation signal obtaining information
wW@h@razies i zi ng the recei ved wi deband synchr onP@EUSIN7/066674

signal. [0056] Wdeband synchronization signa

determ nati on nodul e 328 uses the beacon

identification information fromthe beacon |ID nodul e

348 and wi deband synchroni zation signal informtion

388 to determ ne a correspondihg known w deband

synchroni zation signal, e.g., the tones of the
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evaduation mgpdaic 34fantasors thof enichgy leed whd/er sifenigtieof the received beacon

conpari son dyle 330 and results fromthe beacon .
SEpiarn ALt RO b B Epesh (oo el bgoon signals.
BeiRhnigel feRHuansy ndl4SIRBNNtERY HeYca&indidHal from among a
informati on 370 and control frequency adjustnents of

pleadity ef p@otial poregpigahlannhel bassd upeint themoneouipres 3 ghe beacon
enerates a channel estimate usi bot he.received ... .
e, SRS DR A R iSRGl P R A d DRt Rtmiting

B®poteetiad 3Mhghyisbat diesigedl S apkinech Krapmewidahiane beacon ID module
synchroni zation signal information from nodul e 328.

Whigheethe saacied iceon ipRrLioons 26 thenk nedendiabbeacen mge Received
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ween nown w roni zatl
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[ | .. [0059 dof f . trol .mMmdul e 338 i d f
SR Gieg e B s B iy od S At adigsation Signal

station sector associated with a tone bl ock to anot her
base station sector associated with a tone bl ock, and
t he [0@f6d of Widdrand eynampatutatioB 3 nelodeterolisationenodule 328 uses the

beacon identification information from the beacon ID module 348 and wideband
synchronization signal information 388 to determine a corresponding known wideband
synchronization signal, e¢.g., the tones of the corresponding known wideband
synchronization signal, which tones are null tones, which tones are non-null tones, and
the modulation symbol values of the non-null tones. Comparison module 330 compares
a received wideband synchronization signal, represented by information output from
module 350 to a determined known wideband synchronization signal, represented by
information output from module 328. Comparison module 330 includes correlation

module 352 which performs a correlation operation.



adj ustnment of transmtter 304 tim ng and/or frequency
at the appropriate tinme in the handoff process using
w0 pdoonmasd on supplied by the receiver timng aPfUBES208TI066674
nodul e 332 and/ or receiver frequency adjustnment nodul e
334. In addition, the handoff control nodul e 338 uses
t he channel estimate based on w deband synchroni zation
signal information corresponding to the new attachnent
point to initialize another citannel estimate 374 that
IS to be used when attaching to the point from which

t he [postgbapdcSYRAGMRARIadRkInRMt BodliR! 330386k theyrBRASE AlcRiding the
the channel estimate was transmtted. [0060] User data
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doominetka diffaraet betegate heslctsmingd ddown wWilictgod synchronization

Rl R Y SRS RRALRSORI S N A AL on 956 may be
AeCeds Jlaﬁ usSed to |ﬁBPen8n? {Ne e hods and/ or dat a

structures. Data/information 316 al so includes system
data/informati on 358 which includes a plurality of

set 408991 sy Eeedafbepyirod madplsd 3Pt wrerder Srnging atfadwrangpoints, c.g.,
ﬂ@‘ﬁla({ 'erf)f oL ﬁ@t‘idnogéc%g gsso i teki/lwﬁt% eiltoﬁg ?IO%[( té\l nother basg station sector
1t 1S i on

at a ormat 1 on sect or ata/ 1 nformati
280¢iated withBSoM bleck adh@dnadbifiiborrohodiie 382¢ontBS the
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information corresponding to the new attachment point to initialize another channel
estimate 374 that is to be used when attaching to the point from which the wideband

synchronization signal used to generate the channel estimate was transmitted.

[0060] User data symbol module 332 processes received user data OFDM
symbols, e.g., extracting received user data information and/or pilot signal information.
Some of the received OFDM user data symbols recovered include user data directed to
the wireless terminal 300 and/or control data relevant to the wireless terminal 300, and

the WT 300 recovers such communicated data. For example, a recovered OFDM user



current point of attachnent and al so pertaining to
ot her base stations, base station identification
WO nfooneesss on 364, e.g., the ID of the current PCT/US2007/066674
attachnment point and the ID of each BS sector
associated with a received beacon signal.
Data/i nformati on 316 al so i ncludes data 366, e.g.,
user data such as voice data, inage data, audi o data,
text data, file data, etc., rEceived fromand to be
transmtted to a peer node of WI 300 in a
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cornrnumcatlons session with WT 300. User data includes user data recovered from

received OFDM user data symbols corresponding to portions of downlink traffic

channel segments assigned to WT 300.

[0062] Data/information 316 also includes timing adjustment control signal
information 368, frequency adjustment control signal information 370, channel estimate
based on wideband synchronization signal 372, and channel estimate for new
attachment point 374. Timing adjustment control signal information 368 is an output of

the receiver timing adjustment module 332 and is used as an input by the handoff



of Figure 6 illustrates an exenplary super slot 2302
whi ch has a duration of 114 OFDM synbol transm ssion

wao povg/12138%r val s. Super slot 2302 may be any of P€T18S2007/066674
super slots (2204, 2206, ..., 2208) of Figure 5. Super
slot 2302 includes a strip synbol interval 0 2304, a
strip synbol interval 1 2306, and 8 slots (slot O
2308, slot 1 2310, ... , slot 7 2312). Draw ng 2400 of
Figure 7 illustrates that exexplary strip synbo
interval 0 2402 and exenplary strip synbol interval 1
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downl i nk user data. [0065] Figure 9 is a draw ng 2600

210%0s Drawingg28& ehpigarys deacyes 31 gealplay bm@mSth de¢®which has a

| A ment ed ccorda C& WI th v
BBl R SESOPEM W TR ibE s B SRERAN° Stk AN C 03 HRay e
byt 6fahs bedcsn Glatd (Q@O4§|2QD6 1..2808) ot 2l CBeaZorZﬁ@t@Z% includes
each ultra slot has an uItr slot time duration 260
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transmission time 1nterval. Exemplary strip symbol time intervals (2402, 2404) may be
the exemplary strip symbol time intervals (2304, 2306) of Figure 6. Drawing 2500 of
Figure 8 illustrates an exemplary slot 2502 which has a duration of 14 OFDM symbol
transmission time intervals. Slot 2502 may be any of the slots (2308, 2310, ..., 2312) of
Figure 6. Slot 2502 includes 14 successive OFDM symbol transmission time intervals
(OFDM symbol transmission time interval 0 2504, OFDM symbol transmission time
interval 1 2506, ..., OFDM symbol transmission time interval 13 2508).



including multiple ultra slots, or a portion of an
ultraslot. The interval between successive beacon
wGer@natsss s a beacon slot tine duration 2607. PET/UKI087/066674
exanpl e, a beacon signal is transmtted during the two
strip intervals in the first super slot of each beacon
slot. [0066] Figure 10 is a drawing 2700 illustrating
exenpl ary beacon signaling froma base station sector,
i mpl emented in accordance wi thl vari ous enbodi nents.
Drawi ng 2702 illustrates 2 successive ultra slots
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il lustrates 2 successive ultra slots (ul'tra slot

2812 beagon signgl B 26 4, 28 olgaconpignal RsPolt6).Ires@otivéine Ifhmwtern of
%:;acl{)rrl] %fg)églg@b i ?snex%%lg} %rn% ac%{neﬁ} lre.gptg_alg)fozr tggc%sk%e 2200t 2602 to

ac eacon

tHeGtcdnd80@a S138084. In some 3thtO¢mbedimdaie Stha pe@irh 8§ b@mdh B@nahng
beacon signal (beacon S|gnal A 2812, beacon_signa
pgy Acpeat on a difkeieas Aimsiipierial R 2 guBperl s echsipesayd Sum@lta slot
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BRI o Re68 e8! Ly R Byl SOk S SORI S
siecesthcltbichdon stgmts i28B4acofisiot itinteaturaiond0®e émthis example, a

uccessi ve beacan gnals is a beacon, sl ot

RicaR pighal 2%6?118@%3 R B 0 S RLB e e éftst B@sE YAt of cach
84308k opf ultra slot 1 2802 and first beacon signal of
ultra slot 2 2804 is an ultra slot tinme duration 2803.

In this exanple, a beacon signal is transmtted during

éggﬂh@%&igﬁigﬁrelo ) 8k awmgr}ﬂ)gI ellus{}atrllgg 5 pﬁar? lbgatlc0%.)1fsignaling
from a base station sector, implemented in accordance with various embodiments.
Drawing 2702 illustrates 2 successive ultra slots (ultra slot 1 2702, ultra slot 2 2704).
Ultra slot 1 2702 includes 18 indexed beacon slots (beacon slot 0 2706, beacon slot 1
2708, ..., beacon slot 17 2710). Each beacon slot (2706, 2708, ..., 2710) includes a
corresponding beacon signal (beacon signal A 2712, beacon signal B 2714, ..., beacon
signal R 2716), respectively. The pattern of beacon signaling repeats, in this exemplary
embodiment, for the first ultra slot 2702 to the second ultra slot 2704. The interval

between successive beacon signals is a beacon slot time duration 2707. The interval

between the first beacon signal of ultra slot 1 2702 and first beacon signal of ultra slot 2



[0068] Figure 12 is drawing illustrating exenplary
beacon/w deband synchroni zati on broadcast conposite
WG@Ee@nati3gy i n accordance with sonme enbodi ment SPCTUSA0TIQNG6674

2900 illustrates an exenplary strip signaling segnent,
used to convey a conposite beacon/w deband
synchroni zation signal, information indicating which

tones are used for an exenplary beacon signal,
i nformation indicating which 2ones are being used as
non-null tones for an exenplary correspondi ng w deband
SV R 2 6tAInS 4 &RBédn 2773 1h Ai9 EXARAMIE N Bé&@'d)ﬂ?ﬁgﬁaﬂ Qs transmitted
whi ch tones are intentional null tones of the w deband
dymghthe e atripantesiagalthe seeond swkr dai of cadobedcad sloat es
downl i nk tone bl ock tone index nunber, which
identifies 113 contiguous tones and ranges fromtone
I Ndga06Y|t OFigarel il RAdadtavkihg 2800 ilgantiad cx@¥ipsary 804bon signaling
indicates OFDM transnission time interval wthin the
froper basp statipmsqctdi wmeplernentpb iicashorslprgealithreriqus ﬁg@@dme@ﬁﬁ
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00 w th dicagonal ~1'ine shading, asrepresenteéd
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shading indicate that the tone is an intentional null

bawecof _etﬁﬂi@t bepeteioegnd! gﬁml@h stonil 2807 end Sisghedcomnignalef ultra slot 2
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t@ivg the dx&éﬂ stFip4nteByads 1le&>@t<hﬁdtsﬁp@ st df tdvh eedondflott ones
55 wth index values = {2, 3, 5, 8, 10, 13, 14, 16,
17 18, 19, 20, 23, 26, 27, 29, 30, 32, 33, 36, 37,

26 12 b s By G
%chﬁyﬁuzaﬁéin bdadca87contbikite 3i@6alinklifjacemdprce setht soene embodiments.
on nul I?(ml eband s chronl zati.on signal tone and
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Dr aw ates the sane
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d to co osi te beacon/w
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signal, and information indicating which tones are intentional null tones of the
wideband synchronization signal. Vertical axis 2902 indicates downlink tone block
tone index number, which identifies 113 contiguous tones and ranges from tone index 0
to tone index 112. Horizontal axis 2904 indicates OFDM transmission time interval
within the super slot including the beacon signal and ranges from 0 to 1. Each small
block in grid 2900 represents the downlink air link resource of a tone-symbol. Legend
2906 indicates that (1) tone-symbols in drawing 2900 with full shading, as represented
by exemplary fully shaded block 2908, are beacon tones transmitted at Py per tone

transmit power level, (ii) tone-symbols in drawing 2900 with diagonal line shading, as



signal as represented in draw ng 2900, and nodul ati on
synbol value information and signaling characteristics
w0 o007821885 of t he non-zero tone-synbols. Verti ceCT/EHK1087/066674
2902 i ndi cates downlink tone bl ock tone index nunber,
whi ch identifies 113 conti guous tones and ranges from
tone index O to tone index 112. Horizontal axis 2904
i ndi cates OFDM transmission tine interval within the
super slot including the beaczh signal and ranges from
O to 1. Each small block in grid 2950 represents the

F%Mbﬁt@df bldlagbhdl ink SBRMH BRCRT920 L RO K1 ERBARPY nciﬂ%gﬁzﬁgon signal
56 indicates that (i) tone- synbols in draMAng 2950

@r-hull tones wrarsimittedat Ree peti tond trautsmlhmwezrdmeélwllarm Bs dB > Prg dB,

hadi. t | bl 9 )
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Fiyaniohalviaul iuend df tB3 widdband E}Qfdﬁroi)/zﬁti@lh Sigh4l a€ld avis@ali8 ¥dnsmitted
with high resolution vertical and horizontal Iine

amfaf ogC apd thedisr s ttapemppowrielsptlds §- bl ock 2960,
convey a cyclic extension of the 1st strip signa
i ncl udi ng a nodul ati on synbol value (1,0), (iii)
t ong0869rbolrsthisrexdmnpld, fghe 28480 = s beavor ®aokid therset of tones 55

Crosshat ch shadi ng, as_represented by exenpl ary bl o
SUBIRGASS 21 6585 T 3ol iy | Tl 105 000 2ol S92, 33
S50k Vi@l ke A5; 15 Q1)7 4809, 64 55 5ONA- 5Y HIOkS 69”7I“7‘3W'7§‘g78 83,
2950’ W't h” hi'gh’ résol ut’i on” &rosshat ¢h 'shadi’'ng, ds

BB H0e8Bri0et0.B\, Bk TpP@ary, bﬂ)bdﬂ6,2]9@z} conmnvee’ghealonymllwudeband
nal_.i ncl ud

SoERR e St dpr iy Fermpine sn e dfh AfnBnal pithges of the

W?de‘lé@n({ syhcRoniZAtidiBl @atan@taren@ﬁ%ﬁugwt h the nodul ation
synbol value (-1, O§ [0071] In this exanple, tone

index = 4 1is a beacon tone and conveys nodul ation

Sy nﬁgﬁﬂqgl B 1n§ 2%(&5 rs‘%%tes %af}ﬂg g}?e)é%f)/lg%/gs ?p]%;gﬁaaglg sggrnent of
81@W119§29(E)5usell(16 conRFeHe SOMVEYNpdsI® bedcat/madebaddd@chronization

value = (1,0 tones with index values = {8, 10, 14,
g_lgnal:gg reppepentg Q n Q]@wugﬂ O§3and3mod1§gt10m@rm Val,q;g 1nfq13nat10n and

7
é_gna@% chgjlcteggncsggr ea%gff ﬁ]% ﬂ??szggoc ne% Vggﬁa\%gﬂ UFZXIS 2%02
ﬁiyd[datﬂs deahliek ong-block)tond 1@@&21]1uﬂ¥d)eguwb1c]1 Iddnsifids Al evgitiguous tones
ustratin he exanp l.e beacon/ w dehand.
RGBT G g becaet I %EL% Heangars %309 fpdicates OFDM
%%Mﬁt&vﬁpﬁﬁhlﬁqp@gi @Pﬁ&ﬁncl%ﬁ@“tﬁ@bé@@@s gnal and ranges
|IIustrates an exenplary strip signali'ng segnen
fromdbtovie yEwhaonp ddoaken lgedé’@ﬁ(b wipdesbain thesdavoimbriatki I@murce of
oqlg%lyhlbopffegenctl h95% m"&{jca%:e"é‘t[ﬁa? 91) ¥Vh ne- syrntbops in drawing 2950 with low
resolution vertical and horizontal line shading, as represented by exemplary block 2958,
convey a 1* strip signal including a modulation symbol value (1,0), (ii) tone-symbols in
drawing 2950 with high resolution vertical and horizontal line shading, as represented
by exemplary block 2960, convey a cyclic extension of the 1% strip signal including a
modulation symbol value (1,0), (ii1) tone-symbols in drawing 2950 with low resolution
crosshatch shading, as represented by exemplary block 2962, convey a 1% strip signal
including a modulation symbol value (-1,0), and (iv) tone-symbols in drawing 2950

with high resolution crosshatch shading, as represented by exemplary block 2964,

convey a cyclic extension of the 1% strip signal including a modulation symbol value (-



are used for an exenplary beacon signal, information
i ndi cating which tones are being used as non-nul
w0 oved2138F an exenpl ary correspondi ng w debandPCT/US2007/066674
synchroni zation signal, and information indicating
whi ch tones are intentional null tones of the w deband
synchroni zation signal and are thus |left unused.
Vertical axis 3002 indicates downlink tone block tone
i ndex nunber, which identifie® 113 conti guous tones
and ranges fromtone index O to tone index 112.
h"@? ' Tl@@ﬁl@ﬂul@ﬁéﬁsm vhidi £ @1 R 8PN SrRSSWItR $hORodulfFon
interval withinthe super slot including the beacon
singbrdivaliad-1r Bhges from 0 to 1. Each small block in
grid 3000 represents the downlink air link resource of
a tone-synbol. Legend 3006 indicates that (i)

t ongoEMYbOlSthisexdmpw, fghe IR M {sha Badbdn ®Radhd gonv@§s modulation
represented by exenplary fully shaded bl ock 3008, are
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roni zation’signal intentional null tones on which
no signal is transmtted on that tone and the per tone
.S .this exa
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{%ﬂpg 6 %’eac’fﬁg"ldi d sili%rogtﬁiaélforzl S (%2%1 1n 2}]%1eon ﬁ%(%icélﬁqgl v(v)hlbh tones

wicdgbbfid af YREHplORI lieatd)roﬂgﬂiab neformaftich Inﬁﬁ:aflﬁmwhﬁgnééﬁre being
tones conprise the |ntent|onal nul | tones of the

wicd b anerng heues dofi BRIy §oragSPOR s Widebandsinclyippizaton
élggﬁsind%ﬁ)%ﬁgoégléga{lhé gcﬁlgzr)rge\%n a'f@ﬁ‘lé%ggﬁal%ﬁgme%ro\fthe

Slgna g segnen
sidebeyd tynehivaireticosipodiahe aﬁ&hﬁ@]ﬂﬁmndmdaﬂtbmcal axis 3002 indicates
resente draw ng 3000

nchroni zati on si.gpal rep
R nl%ﬁap%ﬁo R g W HE b R %&qéﬁan%wm% and
e ?é@ﬁ&fﬁ%ﬁé hEs 6 R toRE AL 13. hﬁoﬂ%taea&g F00n 8 BYIIRAH DM

tical axis 3002 indicates downlink tone block tone
iragexssemtoee intovvilchithid ¢int supcedotlibGudingtthgomaen signdsind ranges

ﬁ“g d;‘i?ﬁ? ;Eac mll%)g?fi( 1%1 %giﬁ?gﬁ%%eopé%%‘e tlllen own11n11< air link resource of
a tone-symbol. Legend 3006 indicates that (i) tone-symbols in drawing 3000 with full
shading, as represented by exemplary fully shaded block 3008, are beacon tones
transmitted at Py per tone transmit power level, (ii) tone-symbols in drawing 3000 with
diagonal line shading, as represented by diagonal line shaded block 3010, are non-null
wideband synchronization tones transmitted at Pg per tone transmit power level, where
Py dB > Prg dB, and (iii) tone-symbols in drawing 3000 with no shading indicate
wideband synchronization signal intentional null tones on which no signal is transmitted
on that tone and the per tone transmit power level is 0. In this example, tone index =7

is a beacon tone and the set of tones 55 with index values = {1, 2,9, 13, 14, 16, 18, 19,



transm ssion tine interval within the super sl ot

i ncl udi ng the beacon signal and ranges fromO to 1.
waEaowh/1si383 | bl ock in grid 3000 represents the POmMbionk066674

air link resource of a tone-synbol. Legend 3056

i ndicates that (i) tone-synbols in drawi ng 3050 wth

| ow resol ution vertical and horizontal |ine shading,

as represented by exenplary bl ock 3058, convey a 1st

strip signal including a nodusati on synbol val ue

(1,0), (ii) tone-synmbols in drawing 3050 with high

p@s0l vg ixon3vent sgal4 andohsrigom ajg bo,me, shadi §g,58a81, 62, 63,

represent ed by exenpl ary bl'ock 3060, ‘convey a cyciic

e%t6ng1.013, 8. 15ho. 8t 851861 B7.X0ghalo5 fell08i HY ., 402, 104, 105, 107,

lati synbol ,val ue (1,. i1i) tone-synbols
Rl Tl 30 SR B Pl it e AT R RSP
BSndiging 8% etes do@}m@qﬁw{t@{twnbﬂ e kB th€ ATBInBsyhshronization
strip signal including a nodul ati on synbol val ue
gignaloyhichpsrg 1¢ft yyusedne- symbol s in drawi ng 3050 with
hi gh resol uti on Crosshatch shadi ng, as represented by
exenpl ary bl ock 3064, convey a cyclic extension of the
1st [8073]p Pronal 305€1udiratgs the Rmele kot arysyif sibnal Algegment of
- 1,0). The nodul ati on synbol value ( 1,0) is 180 out .
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tone and conveys nodul ati on synbol val'ue (1,0); tones
vigtdlinigretievacteabtimdoreach of he nbd;zefoltond-BymBols. X81tic@baxig3002
géicaég ’do%é&nl? %061& %Yo’fgggﬁeli?}%éx Ig%l?ezé\g@éﬁ é(jﬁzlggﬁssg t‘B c?o%’tiguous tones
AR 8ds i SOHFRRdcxMPloUBnTinddx 912, HOTRhtaMakR 3004 @xdicates OFDM
values = {2, 18, 19, 22, 32, 34, 39,43, 44, 48, 50,
B3)sn8ssiorsme g8ervalpyitig theygipeggot igrludeg thobcacaimgignal ead ranges
P8 ) I R b B PSR B 4 c rsourc o
b eseaynbol Niadden@ 305®6hdicates EHe (i¢ Fane by BB1sSn dkawihf8050 with low
exanpl e of Figure 14, the draw ng 3900 includes an
ExelpPRy gt iR ZansHding sbrding fas 1epsesepisd dy cremalaphbfesk 3058,

st e 1 . . | .
BBy s et incluind EBRAARGK ol Ju ST DXL Bhbols in
tifaev it O3 Oblvdle kigh besdoldonnetticat andrhovizohtakblimd shading /as represented

ones. In so enbodi nents, . a beacon _signal .uses qne .
b RECTRRBh o %ﬂéﬂf W62 LBTELXAINOA G o brotihSgyTeuding o
£15ROdHSE Yrsbol WRRAIT bE f(ﬁfgtto&ostg@{b%'lﬁh d?a%ﬁg@osm% 18 Sesolution
further partitioned i'nto thrée subsets, 8.g., the 36
diosshetcbshaiug,entérabschied byrextmplesy bloek péa2, icoﬂl\@m_@dl_“i strip signal
%]E[u%‘%‘ngsa“r%% RS syrbol ONER (35 ind () Sorelynltes & ¢t $12%050

with high resolution crosshatch shading, as represented by exemplary block 3064,

convey a cyclic extension of the 1% strip signal including a modulation symbol value (-
1,0). The modulation symbol value (1,0) is 180 out of phase with the modulation
symbol value (-1, 0).

[0074] In this example, tone index = 7 is a beacon tone and conveys modulation
symbol value (1,0); tones with index values = {1, 9, 13, 14, 16, 20, 28, 29, 31, 33, 40,
41, 52,57, 58, 61, 69, 72, 74, 76, 81, 86, 95, 96, 101, 104, 107, 111, 112} each convey a
modulation symbol value = (1,0); tones with index values = {2, 18, 19, 22, 32, 34, 39,



potential beacon tones in subsets is, in sone
enbodi nents, used to further distinguish a potentia

whemcoz3sdne from an attachnment point at a parPCTUBBN7/066674

point in tinme in a recurring downlink timng structure
bei ng used by the base station attachnment point.
Legend 3902 identifies that nenbers of the 1st beacon
tone subset are indicated by Crosshatch shadi ng, as

i ndi cated by exanpl e bl ock 398¥. Tones with index

val ues {4, 13, 22, 31, 40, 49, 58, 67, 76, 85, 94,

193y, @@rsroesp%d@ %3t be i 17§t85381’¢)%t 92 Legenst, 389210} cach
i dentifies that menber’s of e 2nd beacon tone subset

ane@yﬁdmuwké@nbymbekvﬁw%ﬁ(ﬂﬂhe shadlng, as indi cated
by exanpl e bl ock 3906. Tones with index values {7, 16,
25, 34, 43, 52, 61, 70, 79, 88, 97, 106} correspond to

t he [6@BYNdFRuRS L illubegendadlRdfibeahisidnebnd Bt iesrher s
of the 3rd beacon tone subset are indicated by
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beacon tone, need not be precisely quency
bymomnmnsmedhmhmhmnEEmednnmdnt$sm$ﬁ&ﬁsylmtﬁﬁgﬁﬁaaepomnnd

tation to be bIe to.detect a con signal. an .
Beein fllet Seerlr Bt Vodr Boantsi i Dagney g Ehis Hiihss division of
h&BRial bscot ¥R i€ sutReth 1€ HSIMEY crAVRENEMR] %8d tPRirtheV@btinguish a
of less than one tone interval is sufficient, in sone

potbuithl fresnos torfefrom an ettedhyesalt beiat e nastieulargob in time in a

correct oci.at d the intended tone |nd
OB s BR PR B SRl SRt LB B Bl i Gen i

pagerna@ 90 ida:nﬁﬁemﬂhqmemfo@ie band 1SYhedvnabheaibs@nrsindiated by
a uni que signal |nclud|na@predetern1ned non- nul

@r@ﬁ%@tceéh%w g 1 Bk 3940 Tangs mathitadex values {4,

A '5%051 ‘@f 11'%?82%? ! gge)t4eq r;bc%g[e n@n%% 'trfeﬂfﬂjst {ﬁ%é‘c Legend 3902
mfenﬂﬂa; thatnmeanbas sf mg |2éd u@eamme sutct @c praficaad wi tdntiGd line

ar 55 non-null w deb chronj zati on. t ones.
SadieepbidicaisAdy cxpRe eg&‘?%r% nﬁJgn%ﬂfWkthagld%ﬁ@usff beAo: 25, 34,
ﬁ?fszt @F 7‘%)0‘7@%%' be 1@%?%9{% i’!(bﬁ@ﬁﬁtﬂg s&hAg Rrnel zat eﬁ?&‘3902 identifies

are |ntent|ona t to null. For exa
thlaememmploélﬂ;p Y Obeacoi tm‘llz sofscll4r8 1mdmae§@1 BB8diegorBY hn@si@shng, as

MR TE RS N TR S
$y.rxohy P,ﬂ'OD,aIOg} torrespond to the second subset. It should be observed that
adjacent beacon tones of the set of 36 beacon tones are separated by 3 tones. This
intentional spacing facilities easier beacon detection, as a wireless terminal receiving the
beacon tone, need not be precisely frequency synchronized with respect to the
transmitting base station to be able to detect a beacon signal and associate the received
beacon signal with a beacon tone. For example, a frequency synchronization level of
less than one tone interval is sufficient, in some embodiments, for a received beacon

tone to be correctly associated with the intended tone index value.



signal tones have fixed transm ssion power
relationship levels. In sone enbodi nents, a beacon

wao o0ve/138Hol signal in a 1st OFDM strip synbol PCT/US2007/066674
transm ssion tine interval has a nodul ati on synbo
value (1,0), while each of the corresponding timng
and synchroni zation signals corresponding to a
non-null tone have either a (1,0) or (-1,0) nodul ation
signal value. [0077] In sonme It her enbodi nents during
beacon signaling, the conbination of beacon signa
toNgeO )" I BSRPRAMID NGBS Wakh BéRER &M, BYARET Qith ZakhifR
s&&gal tones, and intentional null tones occupies a
paotebrashsynghignizaomsipenli ¢.g., a ohiqu sigddundliidikg pradetchnisei non-null

orresponding to a.base statio ttach t .point, wWth .
ity SIREVEE e BrBind e RunRM R AR by BN rilstetmined
BitétiDhMH Ul I26RRBU Foy ctDipl@ih@ic @JAAEER with Ftone bidck of 113 tones,
communi cate other control signal information. [0078]
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tones are used as non-n w deband synchroni zati on
siggal adnes dres{ixdd rasmesionmowt? 6datichepiléveds Ibeame mmbodenents, a

nd second co] um, k4204 i i fies orrespondi ng.
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is an el ement mask i ndi cating whet her a correspondi ng
syobrongzageme sighals perr@pombing toud nonwivelkisan heynoheoai et ¢rdnl,0)
signal: tones. Far a given beacon tone, the first
gpgwah?lwﬁn%ﬁ%ﬁ%brresponding mask is the | eftnost
topnost el enent and corresponds to the tone with index

| ndexi ng proceeds alogg the first row fromleft

)

= 0.
to MPYHY, Imemcatbeignbedimatsaerinedwasenyienaing, the combination of
Er PP e A OB Mo U o SR Feligh R ohes, and
inderitiond nutidexcs bt2upies & peativboreeg. bd majorityh of dreadaveadikk e clidock

= 1 indj.cates that .the w deband synchronization signal

?@éeép? e P&ﬂléasﬁéta591}1 Btitf‘\-lgﬁmept R%We}"’“&ﬁf &éStéOU‘SIt‘RI‘é@S&% ﬂt?

HOThGAL BRe bldek B&H? afcss_ilﬂgfta&oﬂﬂ? fMtﬂlerg)‘r%gﬁ)ség, e.gh, %0 communicate
d h . Ins enbo

w deband synchronization signa I'ments
ethchcantrot figndlomfesmatehent i fied with a 0

[0078] As previously described each of the allowed beacon tones can be
associated with a specific pattern of wideband synchronization signaling. Figure 15
comprising the combination of Figure 15A, Figure 15B and Figure 15C is a table 4200
associating each of the 36 potential beacon tones with a mask identifying which of the
other 55 tones in the tone block of 113 tones are used as non-null wideband
synchronization signal tones. First column 4202 identifies beacon tone and second
column 4204 identifies a corresponding wideband synchronization signal tone mask.
The tone mask is a binary vector of 113 elements, each of which is an element mask

indicating whether a corresponding tone is one of the 55 non-null wideband



value are intentional null tones of the w deband
synchroni zati on signal unless the given tone index
weorrespends to the correspondi ng beacon tone PEEX2001/066674
sonme enbodi nents, if a given tone is identified as a
non-nul | w deband synchroni zation signal tone, but the
tone corresponds to a DC tone, the tone is al so
intentionally nulled. [0079] Figure 16 conprising the
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as tone index = 4. Figure 13, previously descri
amc enderpbrcspondsiortye tdrecsporidingrbtdcom tdneomddxhdn satbé embodiments,
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7. [0081] Figures 17 and 18 illustrate an exenplary

OFDM beacon signal 1712 / w deband synchroni zation

sig 713. compi nation in accordance.-w th . .
oo sty cPsBBY LT s BG5BRARRF & Mehin B gy e 168 i
fab RSO0 GYysootativg ehdhcall th@3é Sotdrtdd bescohitdies Withgdt 3053 alodulation
axis 1704. The avail abl e bandwi dth 1706, e.g., for the
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ISE AN Spchf JPol LRAERENnétforAn T SSERB Bkt valucs
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transm ssion ti |0 716,  The exenpl ary w deband
gg?ﬁelml% Sk galus iog Rb) géﬂfé mpdylagion &W%%J @?@ﬂf%%‘g@%wd
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excl usi ve of "the beacon Signal tone or tfones and al so
hagn thedordertindinated irPtalde@N synbol transni ssion tine
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[0080] Figure 12, previously described is an example of using the information
from the tables of Figure 15 and 16 to construct a composite beacon/wideband
synchronization signal for the exemplary case where the beacon tone has tone index = 4.
Figure 13, previously described is an example of using the information from the tables

of Figure 15 and 16 to construct a composite beacon/wideband synchronization signal

for the exemplary case where the beacon tone has tone index = 7.

[0081] Figures 17 and 18 illustrate an exemplary OFDM beacon signal 1712 /

wideband synchronization signal 1713 combination in accordance with an exemplary



a correspondi ng wi deband synchroni zati on signal, the
correspondi ng wi deband synchroni zati on si gnal incl udes
w@e@daersin ned null tones and predetermnm ned noPETUE1007/066674

t ones conveyi ng non-zero predeterm ned nodul ation
synbol s val ues. Each pair of a beacon tone with a
correspondi ng wi deband synchroni zati on si gnal includes
a uni que beacon tone and a uni que w deband

synchroni zation signal. Prefer®ably, the exenplary

wi deband synchroni zation signal 1713 is a nulti-tone
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0,1,2,...,N-1, where N is the total number of tones. For example, N=113. Each tone
corresponds to a tone frequency. Consider that the exemplary beacon tone has tone
index = 40 on which a modulation symbol at high power is transmitted, and the
exemplary wideband synchronization signal includes tones 0, 1, 3, 5,7, 8,9, 11, 13, 14,
15, 20, 25, 26, 29, 30, 31, 33, 35, 36, 38, 43, 45, 46, 48, 50, 53, 54, 57, 60, 63, 66, 69,
70,72, 74,75, 76,79, 83, 85, 87, 89, 91,93, 94, 95, 96, 98, 103, 104, 106, 107, 108, 109

on which non-zero modulation symbol values are transmitted at a lower power level and

tones 2, 4, 6, 10, 12, 16, 17, 18, 19, 21, 22, 23, 24, 27, 28, 32, 34, 37, 39, 41, 42, 44, 47,
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appropriate access time.

[0083] Figure 19 is a drawing 1900 illustrating exemplary beacon / wideband
synchronization composite signals in an exemplary basic embodiment. The beacon /
wideband synchronization composite signal facilitates easy detection and rapid channel
estimation, even when the wireless terminal receiving the composite signal is not

precisely timing and/or frequency synchronized with respect to the base station



beacon/ wi deband synchroni zation signal includes an
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cyclic prefix, and a cyclic extension synbol during
t he second OFDM synbol transmi ssion tine period. This
extension portion facilitates information recovery at
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prefix duration. The tones are intentionally not
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t onqges4|n Pediihb A002 fietratbs 8&hipPity ®badoRRindihg @Yhchronization
composite signal 1. Beacon/wideband synchronization composite signal 1 1902 uses:
(i) tone 2 to communicate the modulation symbol of beacon signal as indicated by a
large arrow, (ii) tones 1, 3, 5, 7, and 9 to convey non-zero modulation symbols of the
wideband synchronization signal, and (iii) tones 0, 4, 6, 8, and 10 to be intentional null
tones of the wideband synchronization signal. The size of the arrow associated with the
beacon tone is larger than the size of the arrow associated with the non-zero modulation
symbol tones of the wideband synchronization signal to indicate that the per tone

transmission power level associated with the beacon signal is higher, ¢.g., by 3dBs or



associated with a tone indicates the phase of the

nmodul ati on synbol being conveyed by the tone. For
wex@nptess tones 1, 2, and 7 convey a nodul ati oPCEHYROT/066674

value of (1,0) while tones 3, 5, 9 convey a nodul ation

synbol value of (-1,0). [0085] Drawi ng 1904

illustrates exenplary beacon/w deband synchroni zati on

conposite signal 2. Beacon/w deband synchroni zati on

conposite signal 2 1904 uses:3Xi) tone 5 to

conmuni cat e the nodul ati on synbol of beacon signal as
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transn1SS|on pomer | evel aSSOC|ated MAth t he non-zero

ai A0t R ERE TP bR SRR B eoen ot sShenrdriacion
tapssat 8Bnhlne BERSE wideband synchronization composite signal 3 1906 uses:
(i) tone 8 to communicate the modulation symbol of beacon signal as indicated by a
large arrow, (ii) tones 1, 2, 5, 7, and 9 to convey non-zero modulation symbols of the
timing synchronization signal, and (iii) tones 0, 3, 4, 6, and 10 to be intentional null
tones of the wideband synchronization signal. The size of the arrow associated with the
beacon tone is larger than the size of the arrow associated with the non-zero modulation
symbol tones of the wideband synchronization signal to indicate that the transmission
power level associated with the beacon signal is higher, e.g., by 3dBs or more, than the

transmission power level associated with the non-zero wideband synchronization signal



of the nodul ati on synbol being conveyed by the tone.

For exanple, tones 2, 5, 8, and 9 convey a nodul ati on
waywhot13sal ue of (1,0) while tones 1 and 7 CONRERUS2007/066674

nodul ati on synbol value of (-1,0). [0087] It should be

noted that the beacon tones selected for potentia

beacon/w deband synchroni zati on signal conposite
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t he per tone power of any tones of said first beacon
signal. In_various embodi nents, the exenplarg nmet hod |
i ncll0e8 oRigutsy 24w pdlayrchsrt 5990 shosewmplaposthiqdrfgrrating 2
C
R RS e 3 o064 0 B8 3R g fencRRFIEARN; embodiments
§bm@mmmhnmhmsstartsfﬁa Sepnina Whﬁtﬂ% oire cdmmmacattroam ﬁemtds Br
requ tween diffe nt tones f

%rs% o8 @@E %ﬁftlg]@ﬁd eﬁras%srw? ﬁ.SteatS%B% tQjioh §Q04. In
bté 9@@{ %@&rﬁrﬁuﬂﬁﬁ%%@w@e ﬁ%@@ﬁgedcte WRASHT: & first composite signal
S|gna I'ncl udi ng a second on signal which includes
nicludemss fishbeacomeigndli and aifgstrpidelbmddyhchronization signal, said first

wideband synchronization signal including a first plurality of tones said first plurality of
tones including at least some null tones and at least some low power tones, said low
power tones having an average per tone power less than half the per tone power of any
tones of said first beacon signal. In various embodiments, the exemplary method

includes one or more of steps 5006 and 5008.

[0089] In embodiments, which include step 5006, operation proceeds from step
5004 to step 5006. For example, in some embodiments, the communication device
transmitter may frequency hop between different tones for the beacon signal. In step

5006, the communication device is operated to transmit a second composite signal



communi cate the first beacon signal and a second

w deband synchroni zation signal, said second w deband
w@chesss zat i on signal including a second pl urEl/U82000666674

tones, said second plurality of tones including at

| east sonme null tones and at |east sone | ow power

tones, said | ow power tones having an average per tone

power | ess than half the per tone power of any tones

of said second beacon signal,34aid transmtting of

sai d second conposite signal being performed during a

Iﬂcﬁﬁl%ei $cREnddaehn SR vﬂﬁ&h RYRIALAR 164588 RMoRS WAHAS not used to

said rst conposite signal. For exanple, said first

@(Umpwmcate thg @lfsabeanaly S@ealtamé ﬁ§n¢qntd@atddlnnndﬁgnqlmmllzatlon signal, said

cons ve s of a

ERARERLIHRy SkhPatpr iehd Ve o SiesBa bbby gf sgnes. soid

g9tdn & pluchl B 6P0d c CATRARIgt 8 |kGdale MifitoRs dntlankaitisbd low power

during two consecutive strip synbol intervals of a

toaehdlddewPersT ey bayarg aravicsecretose poar kenihar halgthe per tone

B P BE 3R REAE RSk B psp
&y sito pighalt hebiy rfoceed duffingartisicgpribd Ohidhalost e ch@ﬂBp

In step 5008, the connunlcatlons device js_operated to
F?%?ﬁl‘?n of Sﬁ}%ffirét sqppastte sighdls itohsxarEifpaY first conyipsite signal

RAGBe %ﬂérﬁﬂtt@&‘ ﬁhnﬁg{mpédn%@cuﬁkzg Oip ¢ gﬂlﬁbbpﬂk&%@& a first geaconslot

addi ti onal beacon signal and an additional w deban
Bs)%ﬂwhd ﬁmt]zeaﬁrsommpq;prta stgnela@ﬂtd sudidl sacbnh edmpadstte b@naﬂ rnay be

ipzation SI cl ud ast sone
PUReRh el 0. SnSehhet Mo e Mep et 2R Biteonstor
RQWEE] tRNESsdeayd E&n@%ﬁ@‘ﬁ%ﬁﬁ%m@@éonﬁ%@cdﬁ@k&? folio%‘ﬁﬁg th st
hal f the per tone power of any tones of said

betgprilednal beacon signals, each additional beacon
signal corresponding to a different tone and each
addi ti onal w deband synchroni zati on signal being

uni qoe9eandircanb@ipemns wigich Chcﬁld%isﬂi@ 08 ¢petitiod diréteeds from step
addi tional beacon signals. [0091] Operation proceeds
HoUno st 0880 step éﬁb&s d@a@onanu@twéwns dodce @@p@ﬁ%ﬁdﬁ@ trgpsmit a

élt&?alftgg%%ﬁﬁt? a%o sﬁé' %ﬁ%lgfeaﬁfl g@dlﬁgrgagw 1 s‘?tre S?F%gﬁmcfugmg an

e co ni cati ons
hdlilm@mﬂa héacbﬂ &ghalamslmnaﬁdﬂnnﬂfwﬁibl&nﬁIsyﬁcthrmﬁmmmm sigmal, cach

S LS T e S50
fegﬁ%&'ne Il@w ze%r RHED sﬁﬁ@&g hB®BE Bned MRirfd drSdveRBRPR tone power
less than half the per tone power of any tones of said additional beacon signals, each
additional beacon signal corresponding to a different tone and each additional wideband
synchronization signal being unique and corresponding to a single one of said additional

beacon signals.

[0091] Operation proceeds from step 5004, step 5006, or step 5008, depending
on the inclusion or omission of step 5006 and/or 5008, to step 5004, where the
communications device is operated to repeat the transmission of the first composite

signal.



single tone signal. In various enbodi ments, the step
of transmtting the first conposite signal includes
WO e@nsm3ss i ng the first conposite signal duri NRCEHUS2007/066674
period of time which is greater than one synbo
transm ssion tine period. For exanple, the first
conposite signal, is in sone enbodi nents, a two OFDM
synbol transmission time period wi de signal including
a first OFDM synbol during th& 1st OFDM synbol
transm ssion tine period, said first OFDM synbol
i nclipgh219 fh Soned drbdiEt tROTiksk BEacBR glgaalh@ leaﬁ@mamlgnal
and a second OFDM synbol during the 2nd OFDM synbol
inchdgne A siashtwra tepcpelnisonne sseli embadimnets AROKIS pedsoh signal is a
be| an.ex e.g. . CO tinu tign, of. sai I.ISt :
%%;I%%}a‘i b@dV%B? ?ﬁng%dlmlea 9@]3 RO g 51’.?"&1%{5%““% tﬂe fﬁlrst composite
ﬁgmr:ﬂmcrr@dbts $ranéhietidd ths firMceepasith SHAC B Z péricAnofIingahich is
includes at least X tones, at |least A of said X tones
BW@‘I%H’@G ong syabel tranpissigh @@!ﬁ‘dﬁﬂloéy Kehesmpiathofirss pqynpgsite
wher
DA ! GG iR £odh DR DR DA R Ry B Bing poriod wide
blgﬂﬂhn(ﬂ@dmgﬁ) fire>XGHTPlIesyrribol duréngetkie P OFDM epinbali treisinisdion time
down] i nk tone bl ock i cIu es 113 .contj guous taones, the
BEdeprid figy FOM S&W@OP@H’@ ing 4 Gy chiq predix PoRinty A aadynprtion,
5‘?(1 { s@bnd BEDX1 tsgrlﬂﬁél (%.E‘l?l i 37 RPN g?lﬁbgl tran'é&ls%fonﬁﬁne period,
nu tones. rlous enbodi nents, the first
yaidi e@andi OﬂDM Isymholzlaamg)am sitgraln, £.86 Icunt&mammoni wdil first OFDM
to wWi,.thin said first wi deband synchroni zation
@F@ Poﬁﬁpg%lﬂre interspersed with said null tones
according to a first predeterm ned pattern. For
exanpl e, in an exenplary enbodi ment, the first
wi dd simwetitoos pgg@dlmn§s tjlnéirstmdd@@é@vi@@mmzaﬁm sggfnal
ELCFu té arlrt] ln 8@% 0! ﬁas t/I rr%ofnsa %)r(]gonnngﬁti(c ude f ﬁrté zs"aﬁl!(i) %rsn i eb%gld
ﬁﬁﬂﬁ@nﬂaﬁbﬂl Righdlefrgrfill tvhaewand E%Mﬁﬁsﬁﬁelﬁbg@@r&t@ﬁﬁn 4. In
communi cat e nodul ati on synbol s val ues. I n sone such
s BIchsAbediments, &disablcattrdd Fep gxannlrdn 08§ NP gy bodiment a
h&w&lﬁhﬁmfl bRk Yﬂcﬂfo*%ﬁi’s %ﬁéﬁ&&ﬂoﬁ@é } %”beﬁécﬂl of AbrR%one, X is
any one o up 0
mm:liﬂdaetppmmmym;olhalﬁ/@ﬂ theX. tohds ase)mﬂl tmnbg cétgr,e‘m &, 58aull tones.
predet er mi ned nodul ati on synbol value in said first
wi deband synchroni zation signal is one of two
di fijgent PAkloAl LABosKTERRL RliHaSidbiRhd YRR fratiof sifhal
exenplary enbodi nent, the first w deban
BljthdhEF oon-zali foors wutgmadaldcﬁnst wsbbmdﬂssymhroneamn sigeal which are

1nterspe se%i ﬁlhsal(i1 m%l?%olngsn actcor ngsteota grD ’9 preg tter(;)rlﬁned’jl pal%tern For

example, in an exemplary embodiment, the first wideband synchronization signal

corresponds to one of the timing synchronization tone masks of table 4200 of Figure 15.

[0095] In some embodiments, the non-null tones within the first wideband
synchronization signal communicate modulation symbols values. In some such
embodiments, a predetermined modulation symbol value in said first wideband
synchronization signal can be any one of up to four different predetermined modulation
symbol values. In some embodiments, a predetermined modulation symbol value in

said first wideband synchronization signal is one of two different modulation symbol



i nformati on sets of Table 4300 of Figure 16, where an
i ndi vi dual nodul ati on synbol value of a non-null tone

wo gooonzi3ed (-1,0) or (1,0). In sonme enbodi nent BCT/URM®07/066674
beacon signal conveys a predeterm ned nodul ati on
synbol value which is the sane as one of the
predet erm ned nodul ati on synbol val ues conveyed by the
correspondi ng wi deband synchroni zati on signal, e.qg.,
nodul ati on synbol val ue (1,0)36 [0096] In various
enbodi nents, the first conposite signal is an OFDM
$41088lEBor SRdpIE] heh &ORAPRSY EBbSIiMEAR, tRaukngidebaid sl Beeization
format froman OFDM synbol used to comuni cate uSer
slanal coreipoasaivping of thediming syndoerpetiondors sghalodilgtion palue

BOMEEOR PR ADs 4R Th B Riner o BRI GATRRE gt bor

$41008f a herchudiond iPorys (LIGO YTl jOX, IndsobRMmipdihéms thdBeacon
an extension portion, while an OFDM synbol used to

Henghean s @ piedsteraiicd meddationsyobpiwadyarbich is the same as one of

r : r -
LSRR RRS 8 AR LIS ISR 1R SRRl igeruna
byaeRtonOhtibinsighdlac gn noidgiasbn taabdliviahicg$,0glet ect i on and
identification of the beacon signal. The additi onal
extension portion of the first conposite signal,

facijhadeit e &a@%gé’ @ﬁﬁéo&ignehﬁ?thfeiff\xﬁtcoﬁf_%ﬁ%ﬂiﬁ&l N ANGFD] signal,

i nformati on, under conditions erein the wreless
saad firsh abmpesrelsighabliavayme Hiferint &irimah freint dm @R Mesytmbiod used to

the base statjon transmtter .exceeds .a cyclic. prefix
R G LSO oG R aBHs P (6 SPGARIE SR Beir some
SHBEARRIY! 4 YighQeoMENRE cBYscButd GFBRBsynfIoltraAm b€ Amb Heriods,
unabl e to successfully recover user data inclusive

SFORYss poiposite signabigdiudingrs, cyiche profies, & hedy portionl pibait extension
tones ar.e no e et ween. successi ve DM sy
DR o A0 B R BB BTG g R Brm

tyanies tanheniRsipp Gehchrtive and inoudssis eRaRi prefi-CimdM BodysirSon. The
bei ng used to convey user data. [0097] In sone )
ehsoahish Bor tPRe DR EHotohel B prraancineblisiideos edcctiongnd
Ei%ﬁﬁﬁfatn%h loﬁ the ﬁeﬁ@d?l?f%&a? Ehé %{di@&gh é}ﬁ&%‘i% SHBLst 'Ehg first
signal's, the secon deband synchroni zati on si gnal
tormapasite signal; rfadilitates ne vetyi afhhafist tdrepsitawsigasl'stinformation, under
non-null tones of. the first w deband nchr.oni zat i on
cqrghAans pYRereim e EdRthirimiagldevehs & S eBEORIZBRN WOR SSreRg to the

B%@%taﬁoﬂ%ﬂérﬁ‘ﬁtiep&c%é’moéyc% }ejfélf'ixi &irdlioh! ahGotird E@rﬂh&lﬂ% signals
nmbol n 0

modul ation synbol communi‘cat ed on at | east one noh-zer
mep de eliccessdulty reseverngdipbamtrekpntehmmal whichanunable to successfully

recover user data inclusive OFDM symbols. In addition, in some such embodiments,
tones are not hopped between successive OFDM symbol time periods of the first
composite signal, while tones are hopped between two successive OFDM symbols

being used to convey user data.

[0097] In some embodiments, in which the communications device, ¢.g., base
station, transmits first and second composite signals, the second wideband
synchronization signal include non-null tones which are the same as the non-null tones
of the first wideband synchronization signal but which communicate on at least one

non-zero tone a modulation symbol which is different from the modulation symbol



signal. In various enbodi nents, at |east sone non-nul

tones included in the second w deband synchroni zati on
waee@natizss e different than the non-null tones PCI/BE81007/066674

first w deband synchronization signal. In sone

enbodi nents, the first and second w deband

synchroni zation signals are unique and map to first

and second beacons, respectively. For exanple, in one

exenpl ary enbodi nent, the fir¥t conposite signa

i ncl ude one beacon tone of any of the possible beacon

E@R@SnicaeAbh fat Restione Ebﬁ%l% tdfbo offtH@ ﬁ%@ GRAbaR® SRR A In®zation

signal includes a different one of the beacon tones

bigeelt I varepus enbodiumants] 4t leagh dompgof-npk tonsn mcé@@dmmthe second

Wi deba nchr ni zat i are defl b
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FidpBhd s%rllchr%nﬁaﬁbrowgﬁkﬂr n SokOer@bodmeRis P lfiadt Yindeddoad Wldeband

of operating a w reless comuni cati ons device, e.qg.

wmblroes@tl%ﬁlﬁvﬂ& Rre Unius el meprie dirsiiend sgeenfl daacons, rSipectively.

FOPGALRE  onc PRl P Bbaklte, XL Alopd i DA ShALAS one
bacpoveked anyofithd poskilile bticor doneanmhaﬁed)m Pipoedddthefseamnd

start step 5102 to ep 510 n step 510
GRTRRSES 8 eBpRE A & %fﬁ%ena%% ‘bféL? beasey &le%.ldoemjﬁ%d in Figure 14,

LY #-09nd RORG %de%'aﬁ@ ?#ncﬁf&u?atl% ggﬁ@ig dre defined b¥ thee

synchroni zation signal. 1n various enbodi ments,
né@mmwwdnhéabdnnﬁugnaHSHmdd6narromband si gna

i ncluding at nost two tones. In sone such enbodi nents,
the received beacon signal is a single tone signal.

Oper|a49 1832 PIREEEOS affleWBhe#SR0® 8P4 &N nRHRRE of dperating a

ste the wirel ess conmmuni cati ons devi ce
Wer@ § ¢aneuninations devive - hemvinlesy tgrmainal, Bmccelsdamﬂ with various

eacon 3 nal be ane of t nti.a
LRGeS AR o Ry 5By RerB LIS el SEFE Yhers e
SJYI@IGENOnhrﬁuﬁJLBﬁlcEPS gk atsyposrsbab @il initialiged adERMtiH [gB&deds
is a high power S|2ﬁje t one sh?nal usi ng one of the 36
pemeart gFp PHECOStPTIEY. bt strp gl thegvirplesercommpunigagigns device

Ee]cg)l%es 1 Q %ﬁ@ég %%r&ggé:dg gﬁf én(zlnaswgi% lngﬁ 15hi ﬂi‘cﬁism al In

ion sig espo
vihreous (éﬁfﬂ)bd]ffﬂl@tk Heacarivel ignedn sigioil 1sea(mmdvﬂ1ant1 b%nal 1nclud1ng at

W rel ess co ni cati on evice uses the ident.ified
B3R (DRve I MBS SYSIGHT S@ﬁ%@%&é‘@@ Eeeie heapuesal is a single tone

§OhdI® %%H%r&@é’d!rﬁc‘%g%?%ﬁ% %&’ﬁ@ﬁ‘SRﬂﬂ 4 kie g%l% Qﬁé"wu'e[bss
accordance with informat rovided in Ta

€cprgmumca_153rm nigvitadeatiAg0Be mefcei?weg eecon61gn@D I8jr e&maplat ihe heacon
%) 1gRa en%%l efornoeno1f %toteegtlajb%gcotn mgna‘lespbe?ngl&s%d bly%aget S%Etlon tra%lgﬁntters n
the system. In one exemplary embodiment, the beacon signal is a high power single
tone signal using one of the 36 potential beacon tones of Figure 14. Next, in step 5108,
the wireless communications device determines a known wideband synchronization
signal corresponding to the identified beacon signal. For example, the wireless
communications device uses the identified beacon tone index from step 5106 to

determine a corresponding known wideband synchronization signal in accordance with

information provided in Table 4200 of Figure 15 and Table 4300 of Figure 16.



wi rel ess communi cati ons device perforns a conpari son

bet ween the recei ved wi deband synchroni zati on signa
wana7ntissziet er mi ned known w deband synchr oni zaP@DOS2007/066674

signal. In various enbodi nents, the conparison of step

5 110 is a correlation operation. Operation proceeds

fromstep 5 110 to step 5 112. In step 5 112, the

wi rel ess communi cati ons device perforns a receiver

timng adjustnment operation a8 a function of the

result of the conparison operation. In step 5 114, the

W T eh@Ry CORBIMNbE BlocORR fRAY bt‘éﬁsp@f{fo%é'fﬁs Baor & §ﬂeﬁ S'l 10, the

frequency adjustnent operation as a function of
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RO RhbRHInRMSs, &%Vdoﬁ@)aﬁ%ﬁd@t@% 18065 aoned a@st bpedtRn. Operation
usi ng both sai d recei ved w deband synchroni zati on

gliogﬁﬁ;ﬂs fromysterm P §l Ytersesrri Id e d Ik Al 1 desoaieless communications
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step € W relfess communi ca
denpaonepantivmeln seepdi Ifl# ethe nde:ldse tovamnnizaiichsaiel e perfedns a
known éndeband synchroni zati on S|%nal and sai d

FeSERFREEAURN e UMHUMERLRDRFAGIAN 28 ¢ THITISN ghal lcastpRy af the Fesult of said
9(51919&9%9& o%&@ﬁ%t?&tﬁpa mtdRrdifen? BF@leEh]eQ[ﬂencyb? & dt8&ived beacon

W rel ess conmuni cations device receives another signa
sipedludi stgp 41 e dloowirslegprmimnaundcations desbeangenerates a channel estimate

t | 0Q1 | ) )
A A Y T L o L SN A R R R P
Widcbiie 88 cRlonYRESN §ivRalt SRPSS116 M IRIE sEHBRFISTEN By subrs?ep 5118,

beacon signal is a single tone signal, e.g., a si

the rw;r@w ramniyeiaagowodaviasi d@@ﬂ@me@wﬂff@wed@ﬁsmwmd\ﬁgeterrmned
ransni ssion tinme.peyiods. ari, ous

Iaw#gﬁ%nd sypghronization stg al an alg ﬁelczegitelci gvr%des an(ri1 ynchronlzatlon

slgﬁellu dg3ratiop |pl:tfo@bdlst fyordfsteb @n es to &e®5 104awmbtertaé inting1eQf
tones allocated for the same two consecutive OFDM
SYABBRicRtiaNSigiss Fesaives Arothusiggbingfudinga haseoresipe anda

gﬁﬁggto ggﬁﬁggﬁﬁg%ggﬂa'enbodlnents t he set of t ones

a downl i nk tone bl ock being
used by a base station attachnent point is the

f an allocated beacon tone and the set of
BTN o yeitpus smPR@meais e RGN HegHAG Orghaienal
n@lu%i t%ﬂ%@%&%ﬁw In sBﬁle @glbrogﬂﬁeﬂtss tHd BB ﬁ%@él iYa single tone
as part of construct i

slgnéésqagctt swgleggndg mgmﬂ ét:img rcomrrnum@latetdrtezer two consecutive OFDM
symbol transmission time periods. In various embodiments, the wideband
synchronization signal includes a plurality of tones, ¢.g., a plurality of tones allocated
for the same two consecutive OFDM symbol transmission time periods of the
corresponding beacon signal. In some embodiments, the set of tones of a tone block,
e.g., a downlink tone block being used by a base station attachment point is the
composite of an allocated beacon tone and the set of tones allocated to the
corresponding wideband signal. In some embodiments, the DC tone is intentionally

nulled as part of the OFDM symbol construction, irrespective as to whether or not the

DC tone has been allocated to a non-null wideband synchronization signal modulation



DC tone has been allocated to a non-null w deband
synchroni zati on si gnal nodul ati onsynbol value, thus in
waeemh/1zxssenbodi ment DC tone nul ling overrides RMTERANT066674

synchroni zati on signal value determ nation. [00101]
Figure 22 is a draw ng of an exenplary base station
5200 in accordance with various enbodi nents, which

i ncl udes nodul es 5204, 5206 and 5208, which are
coupl ed together. Exenplary b¥se station 5200 may be
any of the base stations of exenplary system 100 of
58l €athie, RS EMHNuRK ¥n BRBEdiRlca D@ﬂo@@&ﬁhﬂ@bﬂv&ﬁdé&s&&‘leﬁﬁld
i'npl ement the steps of the nethod of Figure 20. Modul e
SaQhrongzatompigudleafugrdetaramafipet i ng a first composite
signal including a first beacon signal and a first

w deband synchroni zation signal, said first w deband

SYynodroN}i zBigufnsis @nthwinR ol uel bfd@n}ﬂafyl HaSé steliod 8200tiM abdordance
tones said first plurali tﬁ@gf tones i ncluding at | east

yihwaropy cnplpdagenihgviieh inshides modples 8P4 596 andoads, which are

|
RS RLRAL G oI A0 KR BODEY k. PN g1
&xangilarysacomn 190 &igurd/bdBkemplaBBbdss satiom diﬂ()a‘mﬁpbe used to
o e eps o e e e g akadale B4t BRAuR e
%ﬁsﬁnwn ¥Rkt é&gﬁsﬁ@mgﬁmw § Fr1®eldon Sl eREARL first wideband

signal and a second wideband s nchronlzatlon signal ,
syaictiroper oo sighd edpah irss yvmftﬁfbamh smhlromzasmg sighaliindiididg a g“lrst

secon of .t on sai d ;sec | ur aI
SRE PRt it p it SR heS R E R L s Bplediul tha@fand a
RSB OMRWOW PYREr loBBE Said S&k ‘ﬂo{)v@f"\foﬁ@é’\ﬁarvdgoﬁleﬁfefh% tp@ﬂtoﬁ@ power
average per tone power |ess than half the per tone

[sowihan balf gheyper tynepovier ghiny tgwmfdalldefaetdna@fngﬂalal Yhoidgle 5206

%re ar?lggrﬁr%egorggnsml Iggl ? seﬁéﬁ&) ggmg%%lsgi:n%ﬁ&c}lggﬂ%loat 568 (cheacon signal
hithsSndleddsan le@t;t e lt@hefwmah iscTResE th@ofinghadate tMBdiUit%eacon
5208 is a nodule for transmtting a plurality of

ﬁaaﬁltanéﬁeim%ﬂéﬁﬁlé@bap s¥ichFenizatiop simak gy spengwideband
SHRRAIARF VA0 pl S 0 SO, e Fhantly o

wachinabidirtg ab ekt soincahdindnsyandfar tiastzaticdow pogratones, said low
i ncludin | east sone nul | to es anqﬁg&pleast sone

P%Wrﬁ@i}@%af’ B8 &8 AVEARR PFIIRN HRET ?Sér’i]&l fgerAne power of any
ONEL @igs%lcp%oﬁcp&%c@@ hall @a*‘f'@tr&&ﬁﬁtt off s&t{ Sedd®ll b E@sne signal
power of any tones of said additio beacon sig
bangpadﬁnmﬂahahgb@a&qumdgﬂaﬂl¢ﬁmm939wmumeHMDmaonofsmdfhﬁ
g(lg}{]l}gqejsgtg E{g?tg],? ﬁ@ﬂ(ﬁﬂ? aﬁ(gﬁc 1@ aargg dulé ??Jang}nngt?rpgaep glurality of additional
composite signals, each additional composite signal including an additional beacon
signal and an additional wideband synchronization signal, each additional wideband
synchronization signal including at least some null tones and at least some low power
tones, said low power tones having an average per tone power less than half the per tone
power of any tones of said additional beacon signals, each additional beacon signal

corresponding to a different tone and each additional wideband synchronization signal

being unique and corresponding to a single one of said additional beacon signals.



bei ng uni que and corresponding to a single one of said

addi tional beacon signals.[00102] Figure 23 is a
waele@niizgsdf an exenplary wirel ess term nal 530BCT/E@SH7/066674

nobi | e node, in accordance with various enbodi nents.

Exenplary wirel ess term nal 5300 may be any of the

exenpl ary end nodes of the exenplary system 100 of

Figure 1. Exenplary wireless term nal 53000 nay

i mpl enent the steps of the nmetthod of Figure 21

Exenplary wirel ess term nal 5300 includes nodul e 5304,

53 000102308Figa®: isa3fkdwing dt4n eﬁ&ﬂpl@%%rél@éé%l%ﬁnal 5300, e.g.,

et her. Modul e 5304 is a nodul e recei vi ng
gﬂgnocienm agprgnes \Méla@mmglegrbaﬂlrmms ExQintedra m:ireless terminal

Nbdul 5306 i.s a i dentifyin
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lasy Wiroeshut@nih@rs30e0 efafiimpRencat HdQvdps WF BRadR0d of Figure
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i’%ﬁ'@a@%@% éesecewsg 3?55%%3@1%@133%@ Weéuheégggllvr&)%%ﬁ@ﬁ isa
gélerr&d&@t&nﬁﬁhg a%&gh WHif&hatd %%dh%rﬁzta!n%ﬁ s%ﬂ@lré%'i*ﬂeé‘ébnding to the

ule 53 12 is a or performng areceive
tdemlfﬁlgi 1wapms$1gmit1dampﬁediby orvdak B0buMadubnSf0 15 henodule for

ult of the conparison gpera erfor d dul e.
BT RGBT SoR pa GO B FuT M res D or g SyndRSrizaion
gﬁﬁl NRkinbd BEMERSYIATBMS LA® He RReMAHURAoRE vaddusngt i on
| east one of the result of the conparison

@g}@h@mzehomﬁgnﬁddﬁt@’ns@qbﬁ@tndn@Mr le 53 14 ineludes module

ecei-ved beaco S -
éger i m"ﬁ UPEPESIBIEA SEITE a@‘?}g‘é’?r%loél MOAEs31gis a
Rk dbi Mfoﬁimﬁfg&ﬂlféeélvﬁsﬁrhﬂﬂ@taﬁj ushdh® op@titiorsal dfuhedd ofabe result
w deband synchronlzatlon S|gnal obtalned from nodul e
gBiha comperisonopcEoR pehlora dibygueduls 82k dodule 53 14 1sa rnodule for

TR T —
cetlevfiiheicompariginfdperagiog ef hetduleei3 10 had detcasurtment df tha/\ﬂ]equency
b8 T o HEcoa o b Snitd QB URCHP BT 2304 oMOGHg g6 i
%Hfﬂ'e qg[dgé‘n%fé'ﬁhg‘)% @Hluﬁle@ g’sQﬁnaté Qﬁﬂgﬁéth Fhl@.%&lv?eﬂ Widelnd

draw ng of enpl ary base station
ssocbrodamtien wighdl, etaained ﬁomnbmlﬁém% ancExadrpibtarrmnbdikeown

%&&%51941 sy%%gr%n&%‘y OI‘P selgr?a yob(%alne(i~I from modu g 5308. Module 5316 includes

module 5318 which is a module for determining a difference between the determined

known wideband synchronization signal obtained from module 5308 and the received

wideband synchronization signal obtained from module 5304.

[00103] Figure 24 is a drawing of an exemplary base station 5400 in accordance
with various embodiments. Exemplary base station 5400 may be any of the exemplary
base stations of exemplary system 100 of Figure 1. Exemplary base station 5400
includes a receiver module 5402, a multi-tone transmitter module 5404, a processor

5406, an I/O interface 5407, and a memory 5408 coupled together via a bus 5410 over



base stations of exenplary system 100 of Figure 1.

Exenpl ary base station 5400 includes a receiver nodul e
wGadZ/12885ul ti-tone transmtter nodul e 5404, aPCT/US2007/066674

processor 5406, an I/ O interface 5407, and a nenory

5408 coupl ed together via a bus 5410 overwhich the

various el enents nmay interchange data and infornmation.

Menory 5408 includes routines 5412 and

data/i nformati on 5414. The préicessor 5406, e.g., a

CPU, executes the routines 5412 and uses the

AR/ thdd HIBklc@tnRARYy inferdRy Z{gé Yat@ 49@ idfOmeRRdh ! Merhdl9 5408

operation of base station 5400 and inplenent steps’ of
metudegitputing0¥02anfdetal intormatiefub 4 4541@1@ Jprecegsor S400, erbv CPU,

d 03
PRy Bl rob Gy 3P BRI IR RS B RAR4P PPt o
t&@1t#ol iRl speraMah of bienetioh 3Ae0id Riiplemeitsepd 4O thettRdd. |

an OFDM transmtter, is coupled to transmt antenna
5405 via which the base station transmts downlink

i[ | ncﬁ%gb‘?@& n(dd%)lle 5’46%05' L &n ?J 'récen?e r:dr E@ﬂﬁé&t% receive

I ng a beacon’s gna
mtdlﬁiaﬁﬁﬁm3 syanehich nheziaise smatien graives mdlk(sngn)als(ﬂ'?ﬂvlvﬁwtdw te®minals.
conveyi ng user data i nformati on

Yori-&snerdgnpier sodsls XVhorsat OFpad %a%mﬁar ﬂ%coalpfed to transmit
gl 9205 L5 hich ¢ D&tatiSEIRAits Jo%%%hghél@mcludes (1)

I nterface 5407 coupl es base station 5400
tarhposite sigaald/ ocongtdsee sigetvineclkdingdédsacon. sq:gn,al mtd%ematwasda

tati , t t d
Mo SneliBa-Shonng SO PEON R AR o B TRnSsHot
In@orthids KNGUDF DRI WihiKols 8bihR ?ﬁgamvma&io%@mﬂasrsmoﬂ@épondmg toa
using a baSe station 5400 aftachnent point to

pewnlink tpdtie channgl segmenhi cati ons session with a peer
node using a different base station as its point of
attachnment. [00106] Routines 5412 include a

conourosgat i/onatekfact $405scoRALd bardtian 6460 & theMntemat irl/or other
routlnes 5418. The communi cati ons routi nes 5416

Enafics\ag | 90 Resaritaiesatqusts ot Otoeet. foms agenyrodes, ctc.
g?‘iﬁgte?{lﬁc %ﬁgjg] §§ rge gglrlé)lg%g &l Q(g)uﬁ%%r‘:gaﬁ%auﬁ ﬁé't‘ix)opl?%llows a

tiralessrictrhmial wsiint & bzltse Fathioh é46(42t?a,chmenﬂ pﬁcﬁ)ltl toperticgae i 1n a
contro] nodul e. 5424. The receiver ¢ ntr nodul e 5420,
EQRTHBIcaigNs SRS BV ih 2 PEAOPE RS ABAGH 8)256 datypn as T point of
LdRbR@nt he receiver, controlling timng adjustnents,
controlling decoding and i nformati on recovery

operations, etc. I/Ointerface contro

[00106] Routines 5412 include a communications routines 5416 and base station
control routines 5418. The communications routines 5416 implement various
communications protocols used by base station 5400. The base station control routines
5418 include a receiver control module 5420, a transmitter control module 5422, an 1/0
interface control module 5424. The receiver control module 5420 control operation of
receiver module 5402, e.g., tuning the receiver, controlling timing adjustments,
controlling decoding and information recovery operations, etc.  I/O interface control
module 5424 controls the operation of I/O interface 5407, e.g., controlling the

transmission and recovery of packets being communicated over the backhaul network.



nodul e 5424 controls the operation of I/Ointerface

5407, e.g., controlling the transm ssion and recovery
wo@Roopazises s bei ng communi cat ed over the backhaRdT/US2007/066674

net wor k. [ 00107] The transmitter control nodul e 5422

control operation of nulti-tone transmtter nodul e

5404, e.qg., tuning the transmtter, controlling timng

adj ustments, controlling signal construction,

transm ssion timng of generad?xd signals, etc. The

transmtter control nodul e 5422 controls the

nul Do td7pneThé aRsmikéCdonB60Aod Qe 542NSIHtlo] Bpdrhfici of multi-tone

conposi te signal including a first beacon signal and a

fripsgnitton rdedde 64% Rehrtemng dtei ttamsmtgfm,aqontrg Hing tining adjustments,

and . s zation si I N n first

ShlpRRR Y ORI AR LR FRE ipp o iR seBiete. e

ravdn 8ém@nabl heast S8DNEonMld the ﬁﬁﬁ@-tc&fédra@hmit%@SﬂOéﬁw’fﬁmsmit a

| ow power tones, said | ow power tones having

s pergrosie signahiaclydingra ﬁréfs'%ea@%ﬁgmﬁé apd rﬁéstﬁ@ﬁehaaﬁ e

n
PR Eon e BT YEh 584 Rl bR S HRAEATo T A ingi e o i
plukdlity bbroacd, ko s‘mttpﬂleaht&w‘ﬂoﬁe@ utoemﬁ@g attlbsst soransull ®coind at
of the flrst conposi t gnal on recurring basis.
[coy SOWF oW POYFY @ags éﬁg éw tH@WF”ston?%léanI}%?’é]t AVGEAGE PRY tone power
| t
t&g%féﬁgh hhi$ t@ ne Eit%ﬁﬁ%gﬂgg%%lﬁ?sS&QhﬁﬁfspIgeragtBn g%g%:lb r;[‘ﬂ@ transmitter
&Mgmmhmwsbé4§2m@b@ommﬁeﬂgngmaHDn¢ngmnﬁméﬁwédbﬁmnmshe
he f.irst ite si.gnal has a duration which is
biGatision oR° BRG cReu ahShe BhBHETRE poriod In
vari ous enbodi nents, the first w deband
synchroni zati on S|gnal i ncludes at |east X tones, at
| ecd90108A ofn waios mb@dimenﬁcth@d“@s:t hencoslailgnai israsnarrowband signal
w%ﬂl%,? q Sc}/sg tC po g?ll%:sz nlsgn eSIger ern‘tr)oe alltng S %ﬁrsj%eaicr?h S%%TEI isa
siigla t@lﬁk@ghalmi‘ﬁi Pme dnﬁbo@ﬁmérﬁ@&he afkt cdrﬁpd&&é Isipwsl has a duration
enbodi nents, the first w deband synchroni zation signa
WhEhusaates Hiap @nE Sy hRISTaRpmESHoR tag nerieds b vaians wmbrdiments,
Bl Mabt SR AGHON (B 1 RT RUBAET MIBRY: oFsid X
tern n sone suc e I ment's, the ul'l
twint dhudediin sdid fisdt wid ehabd rghchyonitation isigaali lmmgmght@hes, where X is

communi cat e predeter ed nodul ati o | ue n

% RPYBUSINE#S0 eﬁtﬁ’h{hé T q‘b F%%?%hrﬁHH@g ’ﬂ%’%gdf ?@ﬁaséépr’o&ﬂ various

¥1ﬁbétﬁnfeﬁts aht 'ﬂé%l&é&%@ @ﬁ%h?&ﬁ%%ﬁ RiA &t ih QRS rQJﬁaﬂul%Hes which
be any one of up to 4 different predeterm ned

adutewpesed withisald nulllteres actéarding tea Sins preietzodined pagerma In some

de d dul t
B SEiRa g o] She oV TRE iy siTupniggsion signal
temAuRlicht Pr&RteriRd ehRTuM: A&y MBELN Al dsOMn various embodiments, a

predetermined modulation symbol value in a first wideband synchronization signal can
be any one of up to 4 different predetermined modulation symbol values. In some such
embodiments, a predetermined modulation symbol value in a first wideband
synchronization signal can be any one of up to 2 different predetermined modulation

symbol values.

[00109] The transmitter control module 5422 further controls the multi-tone

transmitter 5404, as a function of stored transmission timing information and stored



synbol val ues. [00109] The transmitter control nodul e
5422 further controls the nmulti-tone transmtter 5404,
wW@sgooa/12138t i on of stored transm ssion timng PCT/US2007/066674

informati on and storedsignal definition information to
transmt a second conposite signal including a second
beacon signal, which includes at | east one tone which

is not used to communicate the first beacon signal

and a second wi deband synchrofs zati on signal, said

second w deband synchroni zati on signal including a

SierANEiRIteh M fokfatRfn th @RSt §3bGna EAPLsiR! sl IdcWidg a second
tones including at |east some null tones and at | east

Besgen bignelpoivsh maindss at kabtani sancpuhieh istnon scdabmguairate the

verage per ton ower l.ess than, half .the per tone
FERRFRGe ot PUPA BT i Ead SRzt Selianid Epng
tvicbaid §yinci@nhtisRiidnd eediding @ RRRHH Eﬁn@lﬁtg R&ktonl€isBdl second
performed during a tinme period which does not overl ap
plugddypEwneninghudiigiaf lopptrsomedwhgerdstaad 8t lgagsomyhew power tones,

: : | |
KRR b & ol e O BEen S A IO B per tone
powérvd age aanesl of hepesintdesdoprsidnaRaid tra@asmittinggf addbsesond
[00110] The transm.tter contraol nodul e 5422 further
EUPRGSHF SiEnplPiRg Rq%omﬁ% Ay HnePsFoS w@ﬁ <§)§S got overlap

{rm%&ds%h S saph fgﬁsf&rﬁgo%né Gofsll afetalidtel Eﬁrﬁfo‘ffﬁ{oitdﬁfé fpd 4150

stored signal definition information to transmt,

eorgrols tha naulti-¢enertranngittza $#64 toadpiéat ilertednsomsposif the second
sqiéﬂ}gal.s,. an addi tional conposite signal including a
BUHRSHC SiEgRlD BITGUANE dP¥ &8s pondi ng wi deband

synchroni zation signal. [00111] Data/information 5414

i ncludes stored transm ssion timng informati on 5426
and081 1Y edTh¢ gassmidefdonirel madulapéhaurthoncauass thematetbne
BT S5 Tl R5CE SR SR MR Raionssprors

Jibgal rdefititioh Mfoetamitini to krahdrhit, Qe Sér &l EdcUirthg bakier atalitional composite
5430 includes first conposite signal tim ngll )
pigpads.reataddisional ppmpesitorignad iphikng & badcgn signgli apdggorresponding
W j . Nt h conposite signal timng
}Nmegélﬁr@;ﬂngﬁmg%gé@ fl%ahZ] First conposite signal

timng information 5432 includes transm ssion timng

RIS OB RSP 0, o SOTRRSH Gy
g %é‘&[nrdi sBted G daknfio i@l tidHCI49% € SRELD Fa BRIV tith M
information 5426 includes recurring downlink timing structure information 5430. The
recurring downlink timing structure information 5430 includes first composite signal
timing information 5432, second composite signal timing information 5434, ..., Nth

composite signal timing information 5436.

[00112] First composite signal timing information 5432 includes transmission
timing information indicating when the first composite signal is to be transmitted, e.g., a
timing position within a recurring downlink timing structure being used by the base
station transmitter. Second composite signal timing information 5434 includes
transmission timing information indicating when the second composite signal is to be

transmitted, ¢.g., a timing position within a recurring downlink timing structure being



station transmtter. Second conposite signal timng
i nformati on 5434 includes transm ssion timng

WO pdoonemsss on i ndi cati ng when the second conposPECBEUS2007/066674
signal is to be transmtted, e.g., a timng position
within a recurring downlink timng structure bei ngused
by the base station transmtter. Nth conposite signal
timng informati on 5436 includes transm ssion tim ng
i nformati on indicating when t4 Nt h conposite signal
is to b etransmtted, e.g., atinng position within
AscdVGURE bANG SEAOVA kﬂaﬁi@nﬁﬂefﬂ N RhipdSitdisiend &inli8g Hﬁ&%a@ﬂbn 5436
the base station transmtter. [OOllsf St or ed si gnal
thetudas trismissidrotiming inforB42eh indshiieiewhewthed¥th cemppsjivaignal is to

' 5438. . Co [ | f 5438
i s S R
68AMdh€ BaRRREILE tahghiakr.i nf or mation 5442, ..., Nth

conposi te signal information 5444. First conposite
signal information 5440 includes 1st beacon signal

i nf ji 0 0 i
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mﬁ(ﬁmtamiah I54BR. 5@6@p0m|slgiﬁsln2md1aheﬁl6@38 sictyidad first composite signal

formation 5450 and 2nd w d nd synchroni zati on
ik Lo R4 iaEangiroBpesite Hig 8% fopgd 4Z.gngNth composite signal

mqr&%{a%h 5@y Spd44ah goélienﬁ%ﬁl i &%%%ﬁ $4MN) RRALREFTHPN signal

signal 1 nformation wi deband synchroni zat 1 on
ifgaition 6 anedt 1°bwidst&6l syﬁlamm}ltm signal uu“npwlotneﬁ448 Second

nal i nfor.nption 5 s. i nformati.on defi N
CortPqte Sn AR s RRe S RS T bl SR OB GO 5438 and 2+
W&ﬁﬁ@iﬁn@ﬂmnh@ﬁ@n ﬁlgﬁeﬁ R Erh &bn J1BdU |Niﬁ b&ﬁ{)@ﬁt@@@nal information
i nfornmat’i on_associ ated with tones, one or tones

5444 ingloterddd beavon lignbleiabomat oy a4 ar\mﬂtg widabaed syachronization
|Slncllli|d ldmellt{]onfé}ﬁ wi deband synchroni zation signal a s

nalt tones gh tones are included in the w deband
synchroni zation signal as |ow power tones, etc. 1st
beacon signal informtion 5446 includes i nfor mat i on

i ddRP1¥4)i nEirstirempesite Benal sienasiop SAA@ inghiges mfaingatign defining
RS0 N nPTISR) ohR ok SRR floguicin

yI'ng lon sy veye
h;emlmlmfbﬁnzmonm@bcnanéd)wnhmma wideln tdnfe)blr et e ipdweésd in the

evel assoc ed with, ton 1st.
agen sighals h@ﬁﬁ@}ﬁ%% ing %f‘ i FWlﬁgFﬁjaPWqCEWHSZ&HSH signal as null

(LIRS AL THOGR ) 0 B St
Bomes, [etd. IlSttbz};n@zn, 51gvhli1 otformation Iﬁéé@ intchriles irdomnatiow igaonuEring the tone
tBrg‘&ggs of‘qgg\geacon 51gna1 1n£185£1m kit éc’oorgf)oasgtg glg\rllmalt Pnfortr]natllogw
identifying the modulation symbol value conveyed by a beacon tone, and information
identifying the power level associated with a beacon signal tone. 1% wideband
synchronization signal information 5448 includes information identifying the tones of
the 1™ wideband synchronization signal, which of those tones are null tones, which of
those tones are low power tones, power level information associated with the low power

tones, and predetermined modulation symbol values associated with the low power

tones.



tones, and predeterm ned nodul ati on synbol val ues

associated with the | ow power tones.[00115] Second
weewposi3s® signal information 5442 incl udes i NPCF/IBL00T066674

defining the second conposite signal, e.g., power

| evel information, tone information, nodul ati on synbol

i nformati on associated with tones, which tone or tones

are included in the beacon signal, which tones are

i ncluded in the w deband syncdi oni zati on signal as

nul | tones, which tones are included in the w deband

SYyNODT &) 28¢doRh c8mPBdte Bshal AMORANBH SUPNBRIudS ffordl@ion defining

beacon signal information 5450 includes information

thgespaednidytiopgosikesigiahes ©r paveridey cb infeinetion alooe indpredion,

included in the. second comosite,.signal.,information.
RS o ARG FRRG bl o ety s 8 o §Fnctuded
heae BBacoA Rignad RehidhntbAdsmé inefided anthie i ¢t@nd BendieOMRZation signal as
| evel associated with a beacon signal tone. 2nd
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AeLuges Lof Q‘d"()%ﬁéo%rktiérg?ﬂltféﬁﬁa!ti]%ﬂ 5&\2(?3{%1%{)@?%@&&%% 208 tifying

deband’ synchroni zatTon signa ose tones
thiceomLdrl todia3rog she dat@hsighal irvbsde dtio fescesrel dobwoposveEpnal,

R DS o uHb i HBbo RO H Ly oBR-cn 0. nd
Iﬁﬁdﬁoﬂ%ﬁaﬁrﬁﬁgﬁle obRr 181 45V RONGEth taaRESN d&é@%%@k ond

Nt h conposite signal information 5444 inclu
widebrmdagyinohrodehiion signal efohétiopdi#dd sndledes inghoahatiom. identifying the

ower.| eygl i.nformation,. tone.informati , dul ati
B R R B PR ik R e Rosgrpegh oyl tones,
AhichTefosdlichel AL 1H6GweR tdnle JRQRE RRcBSihffktioNMNs6flated with the
tones are included in the wi deband synchroni zati on

ivgpeverdenasugnd nredrsegrmingd modulermssyatbel valotsageariated with the low
wi dehand synchroni zati on signal as | ow power tones,
39%@Hﬂﬁﬁ‘beacon signal information 5454 incl udes
information identifying the tone or tones of the

beacon signal included in the Nth conposite signal,

i nfl@PHER i olth eramrasity Siggaltinermaten td4onclyderspforipatiepedetining the
it ¥ioaIPE 8C BBwWELRGe| iAR AN tIRLARANAL y
FADUBHRR Y P EOE 0 0y LAV RURY BB LA o
HthboMidfelrasttbnsyg surhatahivizh tornes, wshigh adneion tanesatel ioeiudethia the
jncludes information jdentifying.the tones of the N
brien élﬁaalsvﬁwﬁﬁ%t}ﬁszla% inglded e idahnd SR hioRaHOR ey os null
fn€s, Widh oRBESFe iRl i0ThelWiASBINHQ ﬁ&r@tﬁ?atlo‘ﬁ%%gm@srlow ower
tones, power level 1 nformation asSociated with the |ow
o ete. N™ beacon signal information 5454 includes information identifying the tone
or tones of the beacon signal included in the Nth composite signal, information
identifying the modulation symbol value conveyed by a beacon tone, and information
identifying the power level associated with a beacon signal tone. N™ wideband
synchronization signal information 5456 includes information identifying the tones of
the N" wideband synchronization signal, which of those tones are null tones, which of
those tones are low power tones, power level information associated with the low power

tones, and predetermined modulation symbol values associated with the low power

tones.

[00117] In various embodiments, the stored signal information 5438 indicates



tones, and predeterm ned nodul ati on synbol val ues
associated with the | ow power tones. [00117] In

wo anroessenbodi ments, the stored signal i nforme€T/o82007/066674
5438 i ndi catesthat said the second w deband
synchroni zati on signal includes non-null tones which
are the sane as the non-null tones of the first
wi deband synchroni zati on signal but which comrunicate
on at | east one non-zero toneta nodul ati on synmbo
which is different fromthe nodul ati on synbol
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signal . xanmpl'e, in one exenpl ary enbodl tones
mnth |ndex = 111 and 112 are i ncl uded as non nuI

and00HAe' PovEE e FEORACote SFEHEM FOTBHise a0 cates
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ineluded aonort-ailetonkes th theB&ohd d&d’eband’r sy’:lf&ﬁrd@ezad&ﬁ kigeal, Mmd those
information including the i nformati on of Tabl es 4200

tones argoot wicdpp or-ayll joney Hythe dirgyedehand synchiremzaionstgnal.
tone having index = 4. Continuing with the exanple,
second w deband synchroni zati on signal may correspond

t o [P@B9YN frosvenandrhibodimegs,ithelfixst and/scaonkd tédetledd syadhdoyiization

i .nf rnatlon in Iudln the i nformati on. of Tabl es 420
%%%a % 3EEuCEn m@go 5t ARd) Sﬂ@ngga %fepétg@alsmpﬁctb@%oﬁ%

E;Qa%l@ Eﬁ%bt%db%ﬁ’éyﬁch?om&ﬁ%%@énal fha QR HERP Y 6@@61?1!0% with
the sét of co te signals defined by stored

tone index = 4 and be defined by information including the information of Tables 4200
and 4300 of Figures 15 and 16 associated with beacon tone having index = 4.
Continuing with the example, second wideband synchronization signal may correspond
to beacon tone with tone index = 7 and be defined by information including the

information of Tables 4200 and 4300 of Figures 15 and 16 associated with beacon tone

having index = 7.

[00120] In some embodiments, the set of composite signals defined by stored
signal information 5438 defines each of a plurality of composite signals in addition to
said first and second composite signals, each additional composite signal including a

beacon signal and a corresponding wideband synchronization signal, each wideband



signal information 5438 defines each of a plurality of
conposite signals in addition to said first and second
weewposi3s® si gnal s, each additional conposite BCTOS1007/066674
i ncluding a beacon signal and a correspondi ng w deband
synchroni zation signal, each w debandsynchroni zati on
signal including at |east sone null tones and at | east
some | ow power tones, said | ow power tones having an
aver age per tone power |evel 4%ss than half the per
tone power |evel of any tones a correspondi ng beacon
$rdRdhizaliBn SIBAR i846MNnE PR IEAE Hull @Rl aRdEH [EdsPB&the low power
beacon signal corresponds to a different tone and eac%
talds, tskidriew peivdetsaashaiingr avgsedgageuiongpewanigvel less than half the

corresponding,te a sinagle one of said additiona
PRLRB PO AArL oF el Bhshh SR Ponding Waco/bginal, HT0me such
enbed ¥BR! cach RedisiBhal Otad¥nGoMADSItSp&iidg @k Hiffderd Gra@lcach
of the 36 potential conposite signals defined by

pithaeneh idabancheRpl dgingAnmug Ene soTsspanding & a pipglepp of said

- . v ) .

AR BorchE sEn S PO kol O SESRRIIA SRS the sotof N
eqapusitanipaalgiid Hisubact odtise Biparechting odbmpodixsignhBrd¢fined by
wirel ess termnal 5500 may be any of the exenplary end
Hberawtign 1&@@9%@#&%@%@&% 100 of Figure 1.

Exenplary wireless term nal 5500 includes a receiver
nodul e 5502, a transmitter nodul e 5504, a processor

550001213 er Figh® Zemiackswing b8 an ancnplaryempelyss3&hind 0 exig.,

t oget her vi a bus.551 1, over.which the vari ou

EOBITR RS FagleReRian o1 e gitencs St B TR RSy
RRdRsd REhivdPSs (TOQH%}i Begny5t ke %&;&%qﬂeﬁ&%d RbQF Ok cRPldty system

The processor 5506, eéﬁ., a CPU, executes the routines
5601 0f Raureus déxenipdary atiepldsn tamingl 5000 BEhdes mrageiver yodEe 502, a

o contral ., th eration he witel ess m nal 5500
bR Bl Sa o Pod oSl A RLEFS Tty it 5510
Eougled tapcth¥rlMA & BaEF VErovet Shivhud eatidue cle@tdisvBa@int@tivage data
5503 via which the wireless termnal receives downlink

igmirnatippnMersy 33 Hi inelides rpHEngsed 2 wad detaipformation 5514. The

. i nelud . : ' . . '
FREPSLeSARCL U8 ARSI L 1A, s0SAMIAR. e 43 lcn
55 Il ingnaymg H500 ke adntiohtheiopoakion dhthervaedess eandoaMib 00 knd
Siﬁnals al so i nclude other OFDM signals, e.g., OFDM

POLOBHIRAP ng user data. [00123] Transnitter nodul e
5504, e.g., an OFDMtransmitter, is coupled to

[00122] Receiver module 5502, e.g., an OFDM receiver, is coupled to receive
antenna 5503 via which the wireless terminal receives downlink signals from base
stations. The received downlink signals include composite signals, a composite signal
including a beacon signal and a corresponding wideband timing synchronization signal.
The received downlink signals also include other OFDM signals, e.g., OFDM symbol

conveying user data.

[00123] Transmitter module 5504, ¢.g., an OFDM transmitter, is coupled to
transmit antenna 5505 via which the wireless terminal transmits uplinks signals to base
stations. User I/O devices 5508, e.g., microphone, keyboard, keypad, camera, switches,

speaker, display, etc., allow a user of wireless terminal 5500 to input data/information,



transmt antenna 5505 via which the wireless term na
transmts uplinks signals to base stations. User |/0O
waelea7azs85508, e.g., mcrophone, keyboard, keyp@amps2007/066674
canmera, swtches, speaker, display, etc., allow a user
of wireless termnal 5500 to input
data/informati on, access output data/informtion,
control applications, and execute operations, e.g.,
initiate a conmuni cations ses4&d on. [00124] Routines
5512 i ncl ude comuni cations routines 5516 and wirel ess
HRESH didput YRRk Rrmh@oH, kBRfol 2ppeatidRE 1RO BXAEDICoPel @B s, c.g.,
routi nes 5516 |nplenent vari ous communi cations
mrittto e cbmmyswdtipns schreom r el ess terni nal 5500. Wrel ess
term nal control routines 5518 include a beacon signa
i dentification nodul e 5520, a w deband synchroni zati on

si goad 24fet RoHMiiS 55 0D ind0dd|cBmaRdidcatian SUHASY A6 af® iteess
5524, a receiver timng adjustnment nodul e 5528, a

foarmmial, gqntiol e AT S 1ddj ThstcrBmmunigidon erog5 e, 55dfdmalement various
i
AR REh oERLLAP TR e Wiy, (ARILBO IR B0 i
egittoredutions fidLiheludS 3 Bedcos lsiggelsidentifichfien modele 5520, a wideband
det rmnation duI e. 5534. [00122% The beacon S|Ignal
RO ZAEaR PBRA RGBSR olBE SRR EEOTaPA g MpdHle 5924, a

%a@muﬁin%%ﬁustrﬁelﬂ modfu[eoivm% ”@f&el@elpfr u%h%)ﬁ é/dr]]sttment module 5530,
pot enti al “beacon signals.” For exanpl e,
anbodhameeltcstimhgotbmadan 5§3Yyndhe cmypdmomrmdngl %2?: ordudes a

Bt idue sF % GHRBRmeT Sy R TeM o 0 o ha pchtiBrence

HaBeniiRidho8u199830f potential beacon si gnal
information ( 1st beacon signal info 5562,..., Nth

beacon signal information 5566), and beacon

ng@giigAcfﬁ“iég ﬁee g‘éﬁl lsjllge lggenrg gttloengmoc?l?lg g§2érgit téig%s % Boeived

BéagoRbighdlf @gwﬁbmm&@@pmﬁamyabﬁlﬁbtmlaﬂ béacpRbgntls aFor example, in

alternatives in 1st beacon signal info 5562, ..
%erble%@ﬁnfsth@rbﬁﬁcanwwhﬁlﬁy &f 25888 tongpigaalpege é@fr%pondmg to

8ﬁeg5kache ?@S%ﬁﬂél%@&d oﬁ@%%‘f"liﬁgx@%%% v!?fﬂ??a‘%ﬁ%%?énﬁ&l b¥&itkone

nposi te si or mat I NC recel ved
tmeathg e @btentiéildrelminl shgnab Bi3Gmaatidn ¢ £t 1m‘aml)m gignal info 5562, ., Nth
dentlfled eacon | ion 5542, identifyi
‘f?éOINS‘ﬁB‘l‘ SRR aglﬁéﬁ%ﬂogl TOEEaEIN WP anso o d&ietines o

ﬁﬁéfb‘ﬁhé PNbZak IOﬁ'TI“?\%H&%' infdeh&tidH m%é%d%%nem%@ %1forrnat10n 5538
deterntnes a wideband S| gnhal correspon

tdrepdrcbtu the petdntid attomatveynak 1™ Maderl Sgi5d 212fo 5562, . Nth beacon

signal information 5566). Thus beacon signal identification module 5520 processes

received composite signal information 5536 including received beacon signal

information 5538 and determines identified beacon information 5542, identifying one of

the N potential beacon signals.

[00126] Wideband synchronization signal determination module 5522 determines
a known wideband signal corresponding to the identified beacon signal. Module 5522
uses the identified beacon information 5542 to determine a known wideband
synchronization signal having the characteristics of one of (1% wideband known

synchronization signal information 5564, ..., Nth wideband known synchronization



uses the identified beacon information 5542 to

determ ne a known w deband synchroni zati on sigha
whawrngidshe characteristics of one of ( 1st w PEbESH07/066674

known synchroni zation signal information 5564, ...,

Nt h w deband known synchroni zati onsi gnal i nformation

5568), the known w deband synchroni zation signal being

paired with the identified beacon signal. For exanple,

consider that the identified 4eacon signal uses tone

with index = 10 (See Figure 14), the w deband

§¥Héﬁ R BRh & 535"6835 iR ovae RIc BBy h Mo AR AWM Bsi @2 Being paired with
déterm nes the identified w deband synchroni zati on

thiegdantificd bhaopa stgnel. drracaenplei csmsxdgr ihdtetrht: iidangifiehheacon signal
tabl es 4200 and 0 orres beacon.tone W t.h
PROAGR AT el b ERE AR i Sorky MRFRRRF s
daeexinitlon Bodude 5422 &termind, th@ldeﬂtlﬁe(ﬂ-sgldeﬂ\ind sl8chrddizatdoh signal
23, 26, 28, 29, 31, 32, 34, 37, 38, 39, 40, 41, 43,

t4)5havg12he ngracnglstl@zdetggiedé)y tal@gs 4291;) ang413OQ gorrqspondpgg to beacon

G s e 8 S B By 1570700

12,13147, 18521,18, 2192,6 28,2923, 32534 27, 3839, 3®,41383, 43647 48, 49,
3555681, B963.99, 70871, T874587, Bas0gd, REis3"R% Olops. 69309866102 106,
?@8 18§ 1194 arehls, 9[811651\91% m%l%éo 508> 1l10{*5 15099, 2%)034 25187 30, 33,

convey non-zero | ow po rodul ati’on Sy

61 1560912 445 46,00, 51.530%4, 5(51560)37 5(9160),)65 06, 1670)38 q917m,)75 76, 79,

%' };’58}6 4. 94%)% ?§1'9é5 §) ’(97§L§%51%’ 1(51115@ '1@9' flosgglm (1]19%151)
éonlveg)non-(zéraoq})w Ifowjer Hodulatidn Qmecﬂég(@)o ((1' é)i@ 0), (ﬂOle g)) (-1,0),
él1o)o§ 1,00, (11 o) (- 1(0$ Q)] 0} 11 é) (1&) 1,9) (-1 01, (@)0) 8(1,01 ©).0), (-1,0), (-

$op o b dogr. @3}(—1(0>1<8§)) g0l 18- Bro. L0
o eet o ne (ﬂ:oaealm)ovveroﬂ ENE). (TERDESL (IBY (1) (10 (10,

Ch05r oy 0156140 4 051Dk b0 67l A0 3k A —
FEQEALRA LR OB ARE DHEHERD R PRI & rlofization signal

ﬂﬁ@ﬁ&MbﬂﬁS#hmkmqugnoﬁwm&mmmggmhmnn&n&myeganh&hanﬂnonnmdub
g%géhronlzatlon signal 5540 to the determ ned know
band synchroni zati on signal information, e.g.,
i nformati on 5544 obtai ning conparison result
i nformati on 5546. The conpari son nodul e 5524 i ncl udes
a doo123] at Compa@sdmlmocﬁﬁeﬁﬁwerﬁ»@mﬁ arcnmpgri@nmma@bmiriodnding

e]éﬁ%%]'é{qg%rfehg 1(% Wi%e?g@cgéy\{]g 1z i sig él%%&g?onﬁle rgigtdei"lr!mened know
wideband synchronization signal information, e.g., information 5544 obtaining
comparison result information 5546. The comparison module 5524 includes a

correlation module 5526 for performing a correlation operation.

[00128] Receiver timing adjustment module 5528 performs a receiver 5502
timing adjustment operation as a function of the result of the comparison operation.
Receiver frequency adjustment module 5530 performs a receiver 5502 frequency
adjustment operation as a function of at least one of the result of the comparison

operation and a measurement of the frequency of the received beacon signal.



timng adjustnment operation as a function of the

result of the conparison operation. Receiver frequency
wa@eajoagrsent nodul e 5530 perfornms a recei ver 55BRI/US2007/066674

frequency adjustnment operation as a function of at

| east one of the result of the conparison operation

and a neasurenent of the frequency of the received

beacon signal .[00129] Channel estimation nodul e 5532

generates a channel estimate i06i ng both said received

wi deband synchroni zati on signal and said determ ned

known w deband synchroni zation signal. D fference

det erm nati on nodul e 5534 determines a difference

bet [\%132?] t h€hateickestindian sy 5/ﬁ3é@§a¢rdteswbatmhi:szimat@using both

S REr o BeddBd BRIl b aRRD 305 YR B GRRAR0wn widcband

§y@eBionedtien spasi u)iffsliegébadietérﬁﬁ@mmtmwm&m deted@imds fal dfference
beacon i nformati on 5542, determ ned known w deband

BefHyeeit Wﬁud@@t’m@wds@gwa Wldfmaad rEchEnniBsen sigashipdithsisqeived
%E%@L‘&} CRJOHEQ{I&DSI timng adjustment information

uency adj nent i nformati on 5550, generated
channel estlnate |nfornat|on 5552, stored signha
definition |nfo%pat|on 5554, and tim ng structur

i nfl8PhM i oRawgREprmptiem 25kt 11%&&@?%@%8&%@ %lg@aﬁéﬂlfomﬂon
55‘5 & Ec{éﬁhﬁ&{‘b&%&@ idfGhHPBRS shE gﬁ:’m‘fﬁ%&%@% wilehal synchronization

i nformat i on 8 and receive deband synchroni zati on
siggal aﬂlforrnatmnrﬁﬂﬁ oronisdidon feR0It BEPrnBitoned46,itgmak adjustment

o A LS SRS G i
ﬁﬁgrgna‘ubﬁ 3353 ]stc@@d"ﬁ?ﬁdl tJefigition ﬁ{fofrﬂzftﬁﬁl@tS y %dﬁﬁﬁﬁﬁ structure
y

i ncludes a plurali of sets of conposite signa

iniérorattan S670.(fi rst conposite signal information 5558
., Nth conposite signal information 5560), and

conposite signal format information. First conposite

si goed 31 nf ReswrtddudnPsite siped] iehemdtfon 336 86@tudels @¢tlived beacon
i nformati on 5562 and 1st w deband known ) ) )

sigpad ARfeFmatian a8 end regeivied Madehans synabspuzating Kigaalippsmaton
ignal i nformation 5560 includes Nth beacon signa
informati on 5566 and Nt h wi deband known

synchronization signal information 5568. 1st beacon

Si i nf |on 2 .includes. i
i dgﬁﬁ%}. ngors: & dgantioh Infprghe r% 5% mciqdm BPHeRS 6 ryienal
{n9&iidibY% 15856 htuser data signal 1nforrnat10n 5572.

[00133] Composite signal information 5556 includes a plurality of sets of
composite signal information (first composite signal information 5558, ..., Nth
composite signal information 5560), and composite signal format information. First
composite signal information 5558 includes 1* beacon signal information 5562 and 1*
wideband known synchronization signal information 5564. Nth composite signal
information 5560 includes Nth beacon signal information 5566 and Nth wideband
known synchronization signal information 5568. 1* beacon signal information 5562
includes information identifying the 1% beacon signal, e.g., information identifying the
tone or tones of a 1% beacon signal and information identifying the power level

associated with the beacon tone or tones. 1* wideband known synchronization signal



tone or tones of a 1st beacon signal and information

identifying the power |evel associated with the beacon
W@ o0v2/121383 ones. 1st w deband known synchroni zaP@DOS2007/066674

signalinformati on 5564 includes information

identifying: the set of tones of the 1st w deband

known synchroni zation signal, which tones are nul

tones, which tones are non-null tones, the power |evel

associ ated with non-null tonesl, and the nodul ation

synbol val ues carried by each of the non-null tones. N

REaeQRfoR 58648 IncluAt O MIBIN0Bn %@ﬁfylﬁglt%ﬂ@& of fbfn% HBht AN wideband

identifying the N beacon signal, e.g., infornmation

ketewit $}fnyhmglzlah@n tﬂgn@ which dores assfnudl thndseabish tgmf@raaft negrgull

%n%% rt]%r%t%olvgeg A%Vgﬁ asts8%1 teg g\ll{,hoIﬁOélpo rog%sgé% as S 1on syrnbol values
SyFied b Bachadfitdndii- gnaionwfmtﬁ BBdcof @1g55ﬁﬁfdrﬂ1@ﬁd;id €566 includes
information identifying: the set of tones of the N

wiferardiag idensinngs the BWCQI&EII%ﬂ e RgHEPrmaiionddentidying thertane or
@
Lyt 253 1) ERERLABSAPTMhlod Q058 0RRRE Tt wi
ﬂiadiehcaini toie Syt Nﬂé{)vuﬁbamhlmdvﬁthylnyhreﬁfzhtl@f sigh information 5568
tones site signal

Il
H@g#&tﬁ?@}?ﬁ% wnrlgyd% dlset ﬁ? @Pﬁwﬁs BN d@#ﬁ%@ kagwand
Mchﬁ‘)‘nmaﬁgn Elgnélh@hféﬁ RS LAY it t'oﬁés thlc"ﬁ tSﬁ’é'mﬁ)éh&ﬁ Illllll tones, the

signal, e.g., occupies two consecutive
powerdava sisoniatddmeth mrenwblosgs, tod g ramchllartmln slyuxbpbvialues carried
consecutive OFDM synbol transm ssion

the t
Yﬁ%:ﬁgF %@¥P§§bondlng to the conposite signal,

the signal includes a cyclic prefix portion fol | owed
by a body portion foll owed by an extension portion.
[ 0098BY4] UsEpmgasite signghfirmhindermatipe ASBbingludatinerewmtion

'c{éflt%r axn%:alm peptglrntmal tgltﬂ]eqchara gergﬂgsl i aucso%(ljpofsl g? ng en g Cgactugles two

wtfsecmtriazb lOBDM@grmbel eatshidgson tﬁnmwvas | toflesy ¢t o pp&l Bgween
conveyed by portions of traffic channel segnments In an
rebvp S9msettive BB Miwtnabod irghumisyien Emgaeriofs Garesponding to the

j r pat

LSRG Sigh o, Rl LIRS P e B R R R I35 4 Bortion
foHoMecd pyraalextensibnigesioa. cycl i ¢ prefix portion foll owed

by a body portion and occupy a single O-DM synbo

transm ssion tinme period. User data signal information

557g0fsio egl da@agﬁ&/%ﬁa@ oIR8 75 AR O ARA REM I o

to successive OF nbol s which carry user
signals used to communicate user data, e.g., voice, audio, image, and/or text data

information communications in modulation symbols being conveyed by portions of
traffic channel segments in an OFDM symbol. User data signal information 5572
includes format information for OFDM symbols conveying user data, ¢.g., information
identifying that such OFDM symbol includes a cyclic prefix portion followed by a body
portion and occupy a single OFDM symbol transmission time period. User data signal
information 5572 also includes tone hopping information pertaining to successive

OFDM symbols which carry user data.

[00136] Timing structure information 5576 includes downlink and uplink channel

structure information. Downlink channel structure information includes information



[00136] Timng structure information 5576 incl udes

downl i nk and uplink channel structure infornmation.
wOoorii121385 channel structure information incl udBGI/US2007/066674

informationidentifying tine intervals in a recurring

downl i nk structure in which conposite signals are

communi cated and tine intervals in the recurring

downl i nk structure in which user data signals are

communi cat ed. [00137] The tecii ques of various

enbodi nents may be inpl enmented using software,

PRI LA Ht% a 1R it # FRUABH RWVdink SRNLWRS ] W@f‘&'l composite signals

hardware. Various enbodi ments are directed t

apggnmlmgcat@i and, tmm)tljiqr@alﬁ (38 1: 1) r@uamggpg)wmmﬂqs‘g’ucture in which user

erm q base st ons, conmmuni cations system
@5?Fgﬂgsgﬁ%5@Fﬁ%Hf%e re also directed to nethods,
e.g., method of controlling and/ or operating mobi | e

nodes, base stations and/or communi cati ons systens,
e. g901374st Ehe tgshnigyes of; ﬁ‘B’é@l‘Fﬁﬁiﬂt%ﬁf&?@S A1ay e dmplesieatsdising

Wr@ qlagcﬁ)@aq@ v\#@oﬂ? 9 ?ongof RM. eﬁgﬁmagﬁ% Q’@Irlgus

de machine rea
emnBddithehis ansditeztedao rappajhﬂus g ambBibddties swchi axphetinérminals,
one or, nore steps of a nethod, [00138] In va

S
BB SHLARh COMABRES g iche 0V HINS CAIDY 1énqnfﬁﬂr% ﬁiéﬂfigacted to
HRiHads, %r% RELIPBE SR BSankiRor %g&faﬁgéqﬁpﬁe ﬁ&@e@sbase stations and/or

corres ding to one or nhore or exanpl e,
m@mahlcmwsssamg, ¢. gl g &V gmne catbbdmeatsdiroalso directed to

tr nsnis n st.e T N, SO nbodi nent s var.i ou

i S e AR e M P BB o ke i Befuce
Hﬁ&’hlﬁ@réaﬂPAI@ MR8 $bNDn&6f inparBachita td WAPRnRht due or more steps
conbi nation of software and hardware. Many of the

abowethedscri bed nmet hods or nethod steps can be
i mpl enment ed usi ng machi ne executabl e i nstructions,
such as software, included in a machine readabl e

mMeq00rs3uch asiods BRBOdiyncdB\odes d@c@bed H3Ah afd ig@dmented using
di sk, etc. to control a machine, g general purpose
@Wdtl@fre mgdulesdp Daifed e stepacoreanding QiR & merg methods, for

f
i dS gng%ﬂo?&ﬁlﬁggﬁéésggé &erattllaﬁ gﬁ@/g}’%%rgsgﬁ%s%rpﬁgp Thus, in
sumagmbddiments Rarious, featards atmnqﬂhnﬁtastbmﬁmg mbéulela; r @wthedodules
i ne-readabl i ncl udi ng.mach

0 e
gﬁﬂ%}ﬁ CRICP{gd USSP AT E?frg%’alifﬁrﬁg’ogl PH sofgvgye and
Rﬁr@%&s Na RS SR W &SR LAV or ]?If%tlﬂ)% stePk uPBEirWlemented

nore of theé steps of the above-describ
nmh@nﬁ@bpePﬁﬁﬂ@bk1mﬁnmaodﬁsmdlhﬂvﬂMﬂﬁih@hmbdME&nwomnaﬁmddﬂe
megl\{lm Q’uch rnernory %\tflcéc’ Oeng IQ&NI, I}lleoppy disk, etc. to control a machine,
e.g., general purpose computer with or without additional hardware, to implement all or
portions of the above described methods, e.g., in one or more nodes. Accordingly,
among other things, various embodiments are directed to a machine-readable medium
including machine executable instructions for causing a machine, e.g., processor and

associated hardware, to perform one or more of the steps of the above-described

method(s).



nmet hods and apparatus of various enbodi nents, are
applicable to a wi de range of comruni cati ons systens

WO p@i7azhi3ggyy many non- OFDM and/ or non-cel | ul ar SRGI/ERBNT/066674
[ 00140] Numerous additional variations on the nethods
and apparatus of the various enbodi nents descri bed
above w Il be apparent to those skilled in the art in
vi ew of the above description. Such variations are to
be considered within the scop$8 The nethods and
apparatus may be, and in various enbodi nents are, used
W'Ogb() 3YA, wafifehraaml if fIREBBREYHNOBHONs YA, laPlcgtisBfic of the
(OFDM, and/or various other types of conmunications
metheds andepparatetrivayiotrecrnbatimens prro splisable te h agde range of
communi cations |ink et ween_ac nodes and bi
OB SR s AR, S OE DA BRR B G PR Y feoms.
i mpl enent ed as base stations which establish

comuni cations |inks with nobile nodes using OFDM
andPBHOEDVNumerpUs addigional eirtiaiinmmenthe methodeaid apadesof the
i . t . SQEF . .
B ORISR TR BELSRIR 1 view
oktbeiaberd desafgivnt Sach cariatioht srcaotie kogiiderahaitbin the scope. The
routines, for inplegent ds. WHAT | S, CLLAI VED
‘odn

ing the metho
msthogs agdappgratys may g w%w‘ﬁ?aglalee&ﬁﬁmse%wﬁeﬁDMA,
R AN TRIRL R ORDA Ry RIS e s
tommunivetamsrcchnguas wand naayf hessed v plebaledvireless communications

nchroni zati on signal, .said. first w deband
BB ZLE TS0 A0S GO HEINGdr g 0P COPORIRNL the gegsps nodes
heNePctitnebdldshade Rt WHidh &labliESmin0fIcHIRYinkE wiBasdbile
some null tones and at |east some | ow power tones,

seded usiogy QFdNdrantion € DM Aviln yareusspeosiyenge thetraotalepiodes are

R0 SRR PSRN LR D B o

teaes hdltding r&divdr/frisalitt @ifRaRs 4l 15E@ral/or Zouthbg for

met hod of claim 1, wherein said first beacon signal is
mplamediedhe methodsal i ncl udi ng at nost two tones. 3.
The nethod of claim2, wherein transmtting said first
conposite signal includes transmtting said first
conposite signal during a tine period which is greater
t han one



synbol transmi ssion tinme period. 4. The method of
claiml1l, wherein said first w deband synchroni zati on
wGar@nati3sncl udes at | east X tones, at |east 1/BCDUSHAT/h6674
X tones included in said first w deband
synchroni zation signal being null tones, where X is a
positive integer greater than 4 5. The nmethod of claim
4, wherein X is at least 20. 6. The nethod of claim4,
wherein said first w deband synhchroni zati on signa
i ncl udes non-null tones which are interspersed with
seird T CLAPNED §g§cording to a first predeterm ned
pattern. 7. The nethod of claim6, wherein said
non-null tones within said first w deband

synchroni zati on si gnal e predeterm ned
nodul ati on synbol val ues. gqﬂf%@@ thod of claim7,

wher eAmméhsd 8f@icedtipnesnishitaionARviRY td@hnsvél etBnpdiite signals,
said first w deband synchroni zation signal can be any

@H@PQﬁn&p to 4 different predetermnined nodul ation

Sy nbotraﬁ’sﬂ{lH g f%’at c‘;m;ﬁ)logﬁé Bgtg% Qﬁtd&(’h Meifst b\é@c%bes#@aﬁ%nd a first

prede erm ne on s e In Sa
wildbbbiache nsiroamton ighdl onidfignaidedarm Hachoyizafio?signal including a
mbol val ues.
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& 158¢ ?‘“ﬂ% Fo%pmérttgne%' S owl L 49b 0 Having e radﬁlagéﬁémone power

si gha I ncl udes at |east one tone

lesethan balrfdmpmmlatp@waoﬂaﬂyl toBts dfsaxdcﬁrs@aegcmi sigmud}, sand
second w bqﬁﬂ roni.zation si , said second
RGBT i B Mo i T S PREIC QTG second
plurality of tones said second plurality of tones

including at |east sone null tones and at |east sone
Pow pdhemethoded clagmildwhergimwidktirst bepsgn biguilriga aprrowband signal

on ower |ess than half the per tone
“%ﬁ%?%%ﬁ (ﬁt£¥ ﬁbs ‘of said second beacon signal, said

transmtting of said second conposite signal belng
Eerforned durlng a tinme period which does not overlap
r ansNSBRdof cignd. pheisin EBwposing saidifgsompesite sl includes
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sal rst te signa
wmitbcﬂftlanﬁnﬁssmm timgtpetiodm an OFDM syrrbol used to
conmuni cat e user dat a.
4. The method of claim 1, wherein said first wideband synchronization signal

includes at least X tones, at least 1/4 of said X tones included in said first wideband

synchronization signal being null tones, where X is a positive integer greater than 4

5. The method of claim 4, wherein X is at least 20.

6. The method of claim 4, wherein said first wideband synchronization signal
includes non-null tones which are interspersed with said null tones according to a first

predetermined pattern.

7. The method of claim 6, wherein said non-null tones within said first wideband

synchronization signal communicate predetermined modulation symbol values.



12. The nethod of claim 10 wherein said second
w deband synchroni zation signal includes non-nul

WO o09¢82083 ch are the sane as the non-null toneRCDIS100B066674
first w deband synchronization signal but which
comruni cate on at | east one non-zero tone a nodul ati on
synbol which is different fromthe nodul ati on synbol
communi cated on the at | east one non-zero tone of the
first w deband synchronizati o§p si gnal.13. The net hod
of claim 10, wherein at |east sone non-null tones
i ncluded in said second wi deband synchroni zati on

signal are different than the non-null tones included
Bn sailbic mcthot oficlheh 5nﬂ’h§1§¢m¢1p®d¢tzmln@<hﬂ@d’glﬁ‘a®n syrabol Yakue in

(% BB it e RshfnistEh Sigfaiah e apL3be TS Ment ,

pR@ctbirhintd alddulatien sesBYIdakeacon signal s, respectlvel y
15. The nmethod of claim 14, further conprising

transmtting a plurality of additional conposite
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&y@ﬁhﬁ@nﬂdﬁhdQﬁuﬁngmahonEQQMLadﬁbhnpﬂﬂIdﬂﬁﬂﬁb@ﬁdﬁmnnnwd
synchr.oni z t|on signal including at |east sone nul
fisAelationsymfol valies. “sone | ow power tones, said | ow

power tones having an average per tone power |ess than
hal f the per tone power of any tones of said
a@di t inmalletHodaxf ohimilgheths; cenpisizgigartsiotiak alseamdrcomposite

Sty G BB kvcyishe b Bt A Raft e R which is not

Hz{é'dcw GoRfln a8 RIARCb ABort ﬁ%ﬁ’al $h 8 k&8 i8Ebai@ksphchronization
addi ti onal beacon signals. A conmmuni cati on devi ce,

plongr sagd monchwrdﬂbmd syoskronizanemsignad indleting p sepom pluralgy of
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foiwr mw@aam§salicelosu evadr torie Ihudﬂng @n avémg@perb@a@m@n@e aﬂan half
and a first w deband synchronlzatlon signal, said
thierdst tope @@Wﬁlh‘éif Ay eI 9k S2iE sPend dioal signgb suiditigsmitting of said

gécB d ccprlng(; g%apgeltlggﬁsgﬁor&]@#i q%llflfrléé tin d)%fl?éi ¥cho({oeg ﬁgte(TQVerlap

rncludrn east
trmwnpmmroﬁs@nbﬁr,st sanpgbsitovigpdwer tones havi ng an
average per tone power |less than half the per tone
power of any tones of said first beacon signal and to

fepe aﬁ“hé Rlethold ro@@ﬁtfﬂlslsbvﬁgreﬁf safPfifdt EdrhSdsite QRIS b€ OFDM signal,

Si gna on a recurri ng basi s
said first composite signal having a different format from an OFDM symbol used to

communicate user data.

12. The method of claim 10 wherein said second wideband synchronization signal
includes non-null tones which are the same as the non-null tones of the first wideband
synchronization signal but which communicate on at least one non-zero tone a

modulation symbol which is different from the modulation symbol communicated on

the at least one non-zero tone of the first wideband synchronization signal.



17. The comuni cati ons device of claim 16, wherein
said first beacon signal is a narrowband signha
WO p@azhi3ey at nost two tones. 18. The comuni caPCDOS2007/066674
device of claim 17, wherein said first conposite
signal has a duration which is greater then one synbol
transm ssion tine period. 19. The conmuni cati ons
device of claim 16, wherein said first w deband
synchroni zation signal includ#s at |east X tones, at
| east 1/4 of said X tones included in said first

4 debapdnsioadreniiabl @RcSind ¥asPRinth Al hROSHeluded in said
where X is a positive |ntegerm$yeater than 4. 20. The
1

sesand pildshendsinchiwnizebowsigedl arqdifgrenithan dhemox-ndl tgnes included
Iea§{ Zp.kf 1. Thehconnunications device of claim19,
“H%}eﬁﬁ g&‘%aW1$@flﬁpggﬂgh%g¥§hchronization si gna

i ncl udes non-null tones which are interspersed with

said null tones according to a first predeterm ned

bt t el he mpthod pH slags duwhersin seisiigeandoscerd widgbandoa |
g%%ﬁﬁh{kaﬁé‘ﬁ ggﬂaﬁﬁ‘ a{él{lnliq&e%%?na:ﬁ th ML t}é Eéctonéf"ggfc% Wfnals,
ynchroni zat Pon signal” conmuni cate predeterm ne

ropiedtiatliyon synbol val ues. 23. The conmuni cati ons

device of claim22, wherein a predeterm ned nodul ati on
synbol value in said first w deband synchroni zation

} gna . . 1 . o .
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canpasitc senilonsichl eddigena compadimsigial nghidingrancaldprongi egeon

stored, transm ssion.timng,informtion i ndicatin en
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i'nformation defining Said first and second conposite
wingh akid:;lowmawahtones havaeg ah avxsragedicr topd ppeer igss them half the per tone

control s said lL.tist.one transmtter a f.unction of
B Sy BAL p M o B b RBRG AP Rl RO o Bl
sdredspohdin@ad diffefdnbioht @nd tavhaiddRioneinyidebindarnséhrbnidation signal

second conposite signal including a second beacon .
BYIRE HRIGHA PRhCQrFSP fgra Jiggle pnoplesaidaiditigiial beacan pigpals.
used to comunicate said first beaconsignal and a
second w deband synchroni zati on signal, said second
W.debandnayndtutionidzaice,aongirgingt i ncl udi ng a second
pluralit¥.of t ones. sai.d second plurality. of

a multi-tone transmitter for transrmttlng composite signals; and

a control module for controlling said multi-tone transmitter to transmit
a first composite signal including a first beacon signal and a first wideband
synchronization signal, said first wideband synchronization signal including a first
plurality of tones said first plurality of tones including at least some null tones and at
least some low power tones, said low power tones having an average per tone power
less than half the per tone power of any tones of said first beacon signal and to repeat

said transmission of said first composite signal on a recurring basis.

17. The communications device of claim 16, wherein said first beacon signal is a

narrowband signal including at most two tones.



tones including at |east sonme null tones and at | east

sone | ow power tones, said | ow power tones having an
w@r@ragesper tone power | ess than half the perP€DNg2007/066674

power of any tones of said second beacon signal, said

transmtting of said second conposite signal being

perfornmed during a tine period which does not overlap

transm ssion of said first conposite signal. 25. The

conmuni cati ons device of clai3f 24 wherein said stored

signal information indicates that said second w deband

$§ NChpAtFEAMlARafdBRRYick BE LA 1100hdbih|saldan8Scomposife signal has

are the same as the non-null tones of the first

pidurebem whsyhris Bregter feniona sgingelaranbmissighitoe pwioduni cat e

on at | east one non-zero tone a nodul ati on synbol

which is different fromthe nodul ati on synbol

COMMUTHhE adrBfluiRatidi® datick oashin®ne, Wistciaghid fironeidebaridhe
first w deband synchroni zati on signal. 26. The

BowhioniZetien vaBaldesindss aptcagdatancat lagpel/ dphsadiXdoresopelgded in
SR AL AMF BLR n hCRheB T s

Byapehpraicz dlan@n si gnal are different than the non-nul
tones included in said first w deband synchroni zati on
signal . 27. The communi cations device of claim24,
vher eirfe s@thflubichiinsadics 8F AR W deRaGH 8 ¥NE Magizat i on
signals are unique and map to the first and the second
beacon signals, respectively. 28. The conmuni cati ons

vice of claim 27, further conprising: i tional
2F or ong ForFishn Ehixdh cevie ACIHR STdierOR SFAGIEY KRG When
rRhtdnlatiby sighalafdiddsAalnuBABRASIHiEh SrcGRNBEsPerSEPWIH s818 null
transmtted; and additional stored signal definition
fontoroeardiamtogefiishpiegetemmaincdpatichie pl ural ity of
addi tional conposite signal to include an additiona
beacon signal and an additional w deband
sy.nchrhntaahupidattd@ridiice efclhinadd] wheaialsalindabamdones within said
synchroni zati on signaL i ncluding at | east sone nul |l
fiesh addohapd sinchoaiation panslepmpsinesate pisdeiernygedimpdiation symbol
ﬁgﬁg;tones havi ng an average per tone power |ess than

alf the per tone power of any tones of said
addi tional beacon signals, each additional beacon

[ gnal corresponding to a.different tone apd eac .
ijaqi C Tl SR B deyise AF S 36 herein grapddigmigpd modulation
SHhisHd ©aRR¢h said first wideband synchronization signal can be any one of up to 4

different predetermined modulation symbol values.

24. The communications device of claim 16, further comprising:

stored transmission timing information indicating when said first composite
signal and a second composite signal are to be transmitted,

stored signal definition information defining said first and second composite
signals; and

wherein said control module further controls said multi-tone transmitter as a
function of said stored transmission timing information and said stored signal definition
information to transmit a second composite signal including a second beacon signal

which includes at least one tone which is not used to communicate said first beacon



corresponding to a single one of said additiona
beacon signals. 29. A communi cati on devi ce,

weowpn2ssng: nmeans for transmitting mul ti-tonePCT/US2007/066674

conposite signals; and neans for controlling said

means for transmtting nulti-tone conposite signals to
transmt a first conposite signal including a first
beacon signal and a first w deband synchroni zation
signal, said first w deband s3chroni zation signa
including a first plurality of tones said first

Rbhdahd fa)ée&fndtvﬂﬂ@o%nti RGhhed gt Rh slg@as Ealé %E%nﬂ WillcdaRBeS
and at | east sone | ow power tones, said | ow power
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ton omer of 1Any. L0 irst beaco
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pm&smdselasmgraalav@frag@péﬁsm pong 188 3hh haBlthe plone power of any
conmuni cations device of claim29, wherein said first
toageeisa weand beacan pignsloviidhiensanigimalof prid [serend gompositsstignal

[

b¥e PR ied TR NTRR fhr thich A0k ELORORL L nflih o Bld s
torapssite Signeln time period. 31. The connunlcations
device of claim 29, wherein said first w deband
synchroni zation signal includes non-null tones which
a5 e | fhetSRRlRReiMs dRyRabM i b4 WHRRM 8 Qo éirkggﬂapl tmation
first predetern1ne pattern; and wherein said non-nu
tndmeges what vaid ssaind Witelsind wyaidbamzhtion mtgnabmclxldt nomnull tones

signal comruni c redet er m.ned

Shithase S3emng BeSeRrindatt T e B LR iPagaton signal
bt KIEK cSRARAicRc 9 at TRK BhenBh-BEPOhOE nidd@RSIBh SPhBA which is
timng information indicating when said first

dlcﬁf?p@é fioa télr: gmulaatnd Sﬂnb@lmmnwmmm e gt lgastlong nen-zero tone
- %tgﬁyng signal definition

00 *FB'st “and second conposite
S|gnals and mhereln sald control neans further
controls said nulti-tone transmtter as a function of
3G d Shoraamppispienssisyisn of Flainh g4, wiaeinupidstrratheigaaljigformation

ﬁltdﬁjcrageg tﬁ‘dt gpl%last ‘g&fn% 'ﬂbﬁ-’n‘aﬁ tones included in said second wideband

synchronization signal are different than the non-null tones included in said first

’r1h e th(oi%b g fS}l romza

wideband synchronization signal.

27. The communications device of claim 24, wherein said first and second wideband
synchronization signals are unique and map to the first and the second beacon signals,

respectively.

28.  The communications device of claim 27, further comprising:

additional stored transmission timing information indicating when a plurality of
additional composite signals should be transmitted; and

additional stored signal definition information defining each of the plurality of
additional composite signal to include an additional beacon signal and an additional
wideband synchronization signal, each additional wideband synchronization signal

including at least some null tones and at least some low power tones, said low power



information to transmt a second conposite signa
i ncl udi ng a second beacon signal which includes at
wo e@3ti2ege tone which is not used to comuni caPEI/BE810d7/066674
first beacon signal and a second w deband
synchroni zation signal, said second w deband
synchroni zati on signal including a second plurality of
tones said second plurality of tones including at
| east sonme null tones and at j%ast sone | ow power
tones, said | ow power tones having an average per tone
RAMERavi S s éské-?efgg%ir fonk PBwREIesd BRE hAOWRpePlon@ Péwk LBy tones of
of sai d second beacon signal, said transmtting of
srad dddbomah Beasonpipsilsecash gaditionsd bagroperdnel erstbspndingtos
f,d ri od whi.ch, does, not. over | transm.ssi on of
e e SRR HERY B SNy ORRh AR GR BB haiaue end
evdspendifig @l Aling13 dn¥bedatd Add@ird] BRRDS sighils St ori ng
signal information stores information indicating that
sai d second w deband synchroni zation signal include

n- nyl {ﬁﬂﬁ ich. .ar . same as the non-nul
%nesgék e %F*@fﬁgfgé%a dgg%hchronization signal but

whi chmeemnfontre@netton nadltittedstonypsitasignazlerandt one a
nodul ati on. synbol which is q;fferent,froqmthe L
modul BErOE GRSl medstfagtrgmiftias fpulfidons cogppesite signals
OB RHQ, #RP&rHoskbSi Bélriﬁélu%g%kfﬁﬁ%eééfoﬁ&%‘gﬂ%ﬂ hé P FiRPwideband
signal. 34. Th connénlcatlon device of ¢laim 32,
wynehmwinrragan signaasesd fiot wsdabridhgyrshpnadatiomsignatandlading a first

ARG ot BT ated FREpuiai Phiobss e Qiinde i GonBa tones and a
RAAGBRRMW dbivetohbgRat Ia Bodbf bREERvithavchee PeRtRs bbwer

tones included in said first w deband synchroni zati on
esgythan halfshe pan tangpemat abamypenensfeaidrirst keeeanmgesdandipsrepeat
S em .the aratus conprising.. a Rprocessor
S RS S G I o T
Bmcl utth®igorambhicstionsei@eien ostigmaboand a first w deband
synchroni zation signal, said first w deband )
synchP8giciataibirss bepsan sighel| iy anagowbandrsignapinglugling af nest two
fppespgaid first plurality of tones including at |east
songnul'l tones and at |east sone | ow power tones, said
| ow peherir @ikfrsheatpugitanigavidraa gelupeiontwdtich p@neaterltikssone
er tone power of any tones of said

thﬂgﬂhalf t he g
PP TEBHEISHOR PTG nd repeat sai d step of
transmtting said first conposite signal
31. The communications device of claim 29,

wherein said first wideband synchronization signal includes non-null tones
which are interspersed with said null tones according to a first predetermined pattern;
and

wherein said non-null tones within said first wideband synchronization signal

communicate predetermined modulation symbol values.

32. The communications device of claim 29, further comprising:
means for storing transmission timing information indicating when said first

composite signal and a second composite signal are to be transmitted;



36. The apparatus of claim 35, wherein said processor

is configured such that said first beacon signal is a
woasorosshd signal including at nost two t onesPCBUS20011656674

apparatus of claim 36, wherein said processor is

configured to transmt said first conposite signa

during a tine period which is greater than one synbol

transm ssion tine period. 38. A nethod of operating a

wi rel ess communi cations devic& the method conpri sing:

receiving a signal including a beacon signal and a

W debaghspnebFien kgl RAniod W@oimét%fﬁe‘ﬁﬁlﬁig‘;&id 48t and second

recei ved beacon Signal; and determ ning a known

opredsindigaglacdndoni zat i on signal corresponding to the

identified beacon gi nal gg. Tgelne%hoqqu cgainm 8,

wher el"RSSH W Erdol By HHEBH QPRI HUAGD T BRsTHEe 2 @

fingfidd of Jagd $t6ca FraBmiBISH tith indbtetiod @nd Jdie striddghaPlcfinition

claim39, wherein said wi deband synchroni zati on signa

indeumpdien tytrpnsgibd paconéeomperits signal inqlydingg sqepnddfcagqrpyignal

%ﬁichfitﬂélﬁ@e%rat Qe 369 hilf Esf U gk&lgt 2 ﬁl%%altesﬁ?d first beacon

operation between sald recelve Wi deban

siynd hno aisza@inid ovidshagd 3y nchnchigaiod sth@te sait Rewnk madeband

wi deband synchrani zation signal. 42. The net hod of .
@fnaﬁmnmrwmgwéilﬁclgﬁpa 2eeipd rpﬁgalﬁw% g e epegnl giprality of
fORES ﬁlﬂuﬁﬁl&‘lﬁ -leay‘s%nféﬁhﬁ‘lqgn&fanﬁ!a@le‘gbtds_%mefld"\gfgg_@rer tones, said low

conprising:. performng a receiver timng adj ustnent
ppecrabnshaamganfavege per tofie pdvecresuhan loff thaper tone power of any

conpari spn o ation. 44. .The nmethod .of. .claim41, . .
T R eaRe aa Sl i iy TR Pa R e Rpdsodnagie sienal
Behy péMBRlcdARERA bR REiod WIHAEEIRMoPbv@lap t@AShisSIBE oPfaid first
the result of said conparison operation and a

papesite sgnel. of the frequency of said received beacon
signal. 45. The nmethod of claim44, further

conpri si ng:

33.  The communications device of claim 32 wherein said means for storing signal

information stores information indicating that said second wideband synchronization
signal include non-null tones which are the same as the non-null tones of the first
wideband synchronization signal but which communicate on at least one non-zero tone
a modulation symbol which is different from the modulation symbol communicated on

the at least one non-zero tone of the first wideband synchronization signal.

34.  The communications device of claim 32, wherein said means for storing signal
information stores information indicating that at least some non-null tones included in
said second wideband synchronization signal are different than the non-null tones

included in said first wideband synchronization signal.

35.  An apparatus operable in a communications system, the apparatus comprising:
a processor configured to:
transmit a first composite signal including a first beacon signal
and a first wideband synchronization signal, said first wideband synchronization signal

including a first plurality of tones said first plurality of tones including at least some



generating a channel estimate using both said received
w deband synchroni zation signal and said determ ned
whp@rin2sstieband synchroni zation signal. 46. ThRCTESINOT066674
of claim45, wherein said generating a channe
estimate includes determning a difference between
sai d determ ned known w deband synchroni zati on sigha
and said recei ved wi deband synchroni zation signal. 47.
A wireless termnal conprisingl a receiver for
receiving a signal including a beacon signal and a
Wi RPN gh SHNERE QIMZBW R &3 salc?lokiﬁﬁﬁ% téHeS AW ing an average
identification nodule for identifying the received
perdempayagness thaarfdl fdheb erdbempovssad liny Hingaiof ssud Sisghedcon signal;
deferm nati on nodul e for determ ning a known w deband
IV%chronization signal corresponding to the identified
beacon si grpbat s41. stchot tinki@l (€8S sdi@Fifdt Behp@itcGlgabm 47,
wherei n said received beacon signal is a narrowband
signal including at nost two tones. 49. The wireless
sr m 08L o Blardth SR BRI AR otbePRABgyred such that said
synchroni {7 on S|gna i ncludes urality ot
finbsachh sighhles winaebebandt sl mludﬁxfg atlnosirtwa’ tontar t her
conprising: a conparison nodule for performng a
conparison operation including conparing said received
de b@ﬂ@' %s’ St At 363 st elid ei%@f d cgﬁﬁr%[rg& REGansmit said
nown mn synchroni zation signal. 51. e
fiist edrepesite srgmahairmgfa tohapendOwhh e geatesthin ocosypatral son
gndule |ncludes(g correlation nodule for performng a
BISUPYIQY UNC 8DE9%¢t i on. 52. The wirel ess terminal of
claim50, further conprising: a receiver timng
adj ust ment nodul e for performng a receiver timn
3% ustiresthodpleperiting sasirelefsinootinancasions feviece shel metbd
sqﬁd ﬁgnparlson operation. 53. The wireless term na
ot "Ei4i%n 50, further conprising: a receiver frequency
adj ustdzeiRingndi @ ifolidifes bedcth Bignal and el debantils@athesitYation
adjustnent operation as a function of at |east one of
pigealy esul t of said compari son

identifying the received beacon signal; and
determining a known wideband synchronization signal corresponding to the

identified beacon signal.

39.  The method of claim 38, wherein said received beacon signal is a narrowband

signal including at most two tones.

40. The method of claim 39, wherein said wideband synchronization signal includes

a plurality of tones.
41. The method of claim 38, further comprising:
performing a comparison operation between said received wideband

synchronization signal and said determined known wideband synchronization signal.

42. The method of claim 41, wherein said comparison is a correlation operation.



operation and a neasurenent of the frequency of said
recei ved beacon signal. 54. The wireless term nal of
web@rmeB8 further conprising: a channel esti nmeCT/0O82007/066674
nodul e for generating a channel estimte using both
sai d recei ved w deband synchroni zati on signal and said
det erm ned known w deband synchroni zation signal. 55.
The wireless term nal of claimb54, wherein said
channel estimation nodul e i ncdudes a difference
determ nation nodule for determ ning a difference
bet ween sai d determ ned known w deband synchroni zation
signal and said received wi deband synchroni zati on
43.gnallhe B@thod oficlain dd sfustbameamusitigons deV| ce,

conpr .o feans. for rec
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@@%ﬂ?ﬁfsohgﬁﬁﬁtléﬂl ng the received beacon signal; and
means for determ ning a known w deband synchroni zation

signal corresponding to the |dent|f| ed beacon signal.
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conpari son operation between said recei ved w deband

synchroni zation signal and said determ ned known

L debanpd s hr.o tion.signal 59. The wi rel ess
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receiver timng adjustnent operation as a function of
the result of said conparison operation. 61. The

¥6.r el EES methothoficigrh i4oNnwhelei satl @hcetiag Mchdnnef etinti@d includes
compri sin
detglgmnmg agdlfference between said determined known wideband synchronization

signal and said received wideband synchronization signal.

47. A wireless terminal comprising:

a receiver for receiving a signal including a beacon signal and a wideband
synchronization signal;

a beacon signal identification module for identifying the received beacon signal;
and

a wideband synchronization signal determination module for determining a

known wideband synchronization signal corresponding to the identified beacon signal.

48. The wireless terminal of claim 47, wherein said received beacon signal is a

narrowband signal including at most two tones.

49. The wireless terminal of claim 48, wherein said wideband synchronization

signal includes a plurality of tones.



means for performng a receiver frequency adj ustnent
operation as a function of at |east one of the result
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frequency of said received beacon signal. 62. The
Wi rel ess comuni cati ons device of claim6l, further
conprising: neans for generating a channel estimte
usi ng both said received wi deband synchroni zati on
signal and said determ ned kng8wmn w deband
synchroni zation signal. 63. A conputer readable nedi um
enbodyi ng nmachi ne executabl e instructions for
controlling a comuni cation device to inplenent a
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first beacon signal is a narrowband signal including
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predeterm ned pattern; and wherein said non-null tones
within said first w deband synchronization signal
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transmtting a second conposite signal including a
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a channel estimation module for generating a channel estimate using both said
received wideband synchronization signal and said determined known wideband

synchronization signal.

55. The wireless terminal of claim 54, wherein said channel estimation module
includes a difference determination module for determining a difference between said
determined known wideband synchronization signal and said received wideband

synchronization signal.

56. A wireless communications device, comprising:
means for receiving a signal including a beacon signal and a wideband

synchronization signal;



some null tones and at |east some | ow power tones,
said | ow power tones having an average per tone power
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first beacon signal, said transmtting of said second
conposite signal being perfornmed during a tinme period
whi ch does not overlap transm ssion of said first
conposite signal. 67. The conputer readable nmedi um of
claim 63, wherein said first @onposite signal is an
OFDM signal, said first conposite signal having a
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communi cat e user "data. 68. A conputer readable nmedi um
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%p tnﬁéhbg b mﬁrphgss conmuni cations device to
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signal including a beacon signal and a w deband
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wi deband synchroni zation signal includes a plurality
of tones. 71. The conputer readabl e nedi um of claim 68
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conparison is a correlation operation. 73. The
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the result of
60. The wireless communications device of claim 58, further comprising:
means for performing a receiver timing adjustment operation as a function of the

result of said comparison operation.

61. The wireless communications device of claim 58, further comprising:
means for performing a receiver frequency adjustment operation as a function of
at least one of the result of said comparison operation and a measurement of the

frequency of said received beacon signal.

62. The wireless communications device of claim 61, further comprising:

means for generating a channel estimate using both said received wideband
synchronization signal and said determined known wideband synchronization signal.
63. A computer readable medium embodying machine executable instructions for
controlling a communication device to implement a method of transmitting composite

signals, the method comprising;:



sai d conparison operation. 74. The conputer readable
medi um of claim 71, further enbodyi ng machi ne
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frequency adjustnment operation as a function of at
| east one of the result of said conparison operation
and a neasurenent of the frequency of said received
beacon signal. 75. The conputer readabl e medi um of
claim 74, further enbodyi ng n@&chi ne executabl e
instructions for: generating a channel estimate using
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The apparatus of claim 77, wherein said received

beacon signal is a narrowband S|gnal i ncl udi ng at nost
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b den R eyt SRR GHE Ghadm e Tasa ST Srgabgnd
@fnch%?z%tlon signal includes non-null tones Wthh are interspersed with said null
tones according to a first predetermined pattern; and wherein said non-null tones within
said first wideband synchronization signal communicate predetermined modulation

symbol values.

66.  The computer readable medium of claim 63, further embodying machine
executable instructions for:

transmitting a second composite signal including a second beacon signal which
includes at least one tone which is not used to communicate said first beacon signal and
a second wideband synchronization signal, said second wideband synchronization signal
including a second plurality of tones said second plurality of tones including at least
some null tones and at least some low power tones, said low power tones having an
average per tone power less than half the per tone power of any tones of said first
beacon signal, said transmitting of said second composite signal being performed during

a time period which does not overlap transmission of said first composite signal.

67.  The computer readable medium of claim 63, wherein said first composite signal
is an OFDM signal, said first composite signal having a different format from an OFDM

symbol used to communicate user data.
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68. A computer readable medium embodying machine executable instructions for
controlling a wireless communications device to implement a method, the method
comprising:

receiving a signal including a beacon signal and a wideband synchronization
signal;

identifying the received beacon signal; and

determining a known wideband synchronization signal corresponding to the

identified beacon signal.

69. The computer readable medium of claim 68, wherein said received beacon

signal is a narrowband signal including at most two tones.

70. The computer readable medium of claim 69, wherein said wideband

synchronization signal includes a plurality of tones.

71.  The computer readable medium of claim 68 further embodying machine
executable instructions for:
performing a comparison operation between said received wideband

synchronization signal and said determined known wideband synchronization signal.

72. The computer readable medium of claim 71, wherein said comparison is a

correlation operation.

73.  The computer readable medium of claim 71 further embodying machine
executable instructions for:
performing a receiver timing adjustment operation as a function of the result of

said comparison operation.

74. The computer readable medium of claim 71, further embodying machine

executable instructions for:
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performing a receiver frequency adjustment operation as a function of at least
one of the result of said comparison operation and a measurement of the frequency of

said received beacon signal.

75.  The computer readable medium of claim 74, further embodying machine
executable instructions for:
generating a channel estimate using both said received wideband

synchronization signal and said determined known wideband synchronization signal.

76.  The computer readable medium of claim 75 further embodying machine
executable instructions for:

determining a difference between said determined known wideband
synchronization signal and said received wideband synchronization signal as part of said

step of generating a channel estimate.

77.  An apparatus operable in a communication system, the apparatus comprising:
a processor configured to:
receive a signal including a beacon signal and a wideband
synchronization signal;
identify the received beacon signal; and
determine a known wideband synchronization signal

corresponding to the identified beacon signal.

78. The apparatus of claim 77, wherein said received beacon signal is a narrowband

signal including at most two tones.

79. The apparatus of claim 78, wherein said wideband synchronization signal

includes a plurality of tones.



