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SUMMARY

[0004] Various embodiments are directed to methods and apparatus for
improving the utilization of air link resources in a wireless communications system
including a communications device, ¢.g., a base station, with multiple transmit antenna
elements. In various embodiments, the base station concurrently uses a plurality of
transmit antenna elements and uses superposition signaling in the downlink. Various
novel features are particularly well suited to wireless communications systems
implementing MIMO; however, many features are also beneficial when implemented in
non-MIMO configurations.

[0005] In some embodiments, a base station transmits superimposed downlink
signals using a plurality of antenna elements over a set of time-frequency resources,

e.g., a set of OFDM tone-symbols. The wireless terminals to which the signals are
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[0007] In various embodiments, the transform used in generating the first
transform result signal is changed, e.g., from one OFDM symbol transmission time
interval to the next OFDM symbol transmission time interval, in accordance with a
predetermined pattern known to both the base station and the wireless terminal. In some
such embodiments, at least some of the different transforms utilized are linearly
independent of each other.

[0008] A exemplary method of operating a base station in accordance with
various embodiments includes: applying a first predetermined transform to a first signal

to generate a first transform result signal; transmitting said first transform result signal

using a predetermined combination of antennas and a first set of time and frequency
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embodiments. Numerous additional features, embodiments and benefits are discussed

in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

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

in accordance with various embodiments.
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[0021] Figure 11 is a flowchart of an exemplary method of operating an
apparatus, ¢.g., a base station, in accordance with various embodiments.

[0022] Figure 12 is a flowchart of an exemplary method of operating a wireless
terminal in accordance with various embodiments.

[0023] Figure 13 is a drawing of an exemplary wireless communications system

in accordance with various embodiments.

DETAILED DESCRIPTION

[0024] Figure 1 is a drawing of an exemplary wireless communications system
100 in accordance with various embodiments. Exemplary wireless communications
system 100 is, e.g., a multiple access orthogonal frequency division multiplexing
(OFDM) wireless communications system including base stations which use multiple
transmit antenna elements and support superposition signaling in the downlink. Various

novel implemented methods facilitate channel estimation.
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[0027] Figure 13 is a drawing of an exemplary wireless communications system
1300 in accordance with various embodiments. Exemplary wireless communications
system 1300 is, ¢.g., a downlink broadcast orthogonal frequency division multiplexing
(OFDM) wireless communications system including base stations which use multiple
transmit antenna elements and support superposition signaling in the downlink. Various

novel implemented methods facilitate channel estimation.
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accordance with various embodiments. Base station 200 is, ¢.g., one of the base stations
of system 100 of Figure 1 or system 1300 of Figure 13. Base station 200 is an example
of one type of an access node. Exemplary base station 200 includes a plurality of
transmit antenna elements and supports superposition downlink signaling. Exemplary
base station 200 includes a transmission module 202, a processor 206, an 1/O interface
208, and memory 210 coupled together via a bus 212 over which the various elements
may interchange data and information. In some embodiments, e.g., some embodiments
in which the base station also supports uplink signaling, the base station includes

receiver module 204, which is also coupled to bus 212. In some embodiments, ¢.g.,
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peer node using a different base station as its point
wfmemory 210 to control the operation of the base station 200 and implement methods.
[0035] Routines 214 include a high power signal generation module 218, a
transform module 220, a low power signal generation module 222, a superposition
module 224, a transmission control module 226, a sclection module 228, and a
scheduling module 230. In some embodiments, ¢.g., some embodiments including
receiver module 204, routines 214 includes a channel condition determination module
232.
[0036] High power signal generation module 218 includes a position coding

module 219 and a QPSK module 221. High power signal generation module 218

generates relatively high power signals to be transmitted, the generated signals using



network attachnent. [0034] Menory 210 incl udes

routines 214 and data/information 216. The processor
wWQe®s/1807¢2 , a CPU, executes the routines 214 aPCI/US®e8/064889

the data/information 216 in nmenory 210 to control the

operation of the base station 200 and i npl enent

met hods. [0035] Routines 214 8nclude a hi gh power

signal generation nodule 218, a transform nodul e 220,
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predeterm ned transformto a third signal, e.g.
[0039]  Transform module 220, using one or more of multiplier modules (223,

.., 225) multiplies a first signal by constants corresponding to different antenna
elements, wherein at least two of the different constants corresponding to different
antenna elements are different.

[0040] Thus, the first transform result signal includes a plurality of different
portion corresponding to different antenna elements. Transform module 220, using one
or more of multiplier modules (223, ..., 225) also multiplies a third signal by constants
corresponding to different antenna elements, wherein at least two of the different

constants corresponding to different antenna elements are different to generate a second



anot her high power signal, to generate a second
transformresult signal. [0038] Transform nodule 220
wee@dnses2 di fferent outputs for at | east two dPET/ES2908/064889
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G FREPRIE ﬁgnélo Tau$ RO o AN ANRANE OB hnal LRORRE a plurality of
Transform nodul e 220, usi ng one or nore of multiplier
dﬁf@mnésor(tmscorr espondipsio dtfﬂ@ltenbfllﬂt@ma@kfnilm Si gnal by
prel LA bR ot SR ARG e T G Y
ﬁ@ﬂslf@&pﬁhﬁdule Q20 € girfctfs thatfirauttefoametrneidml, &h& the second
dlfferent £0040] Thus, the first transformresult
Ry spsedibe gansfomumadle 28 fo gimerase Bistscensditragpform result
e erent antenna el ements. Transform
%%gﬁ,é@gg%hﬂ%nh éﬂ%%g or nore of multiplier nodules
(2230042]. , Lakppwal signahgeherplioresiodult RR? desdrgnah reﬂ:eytlvely low

constants corres to different antenna e
IREsev§ahio treet%%%% JhereRcTater fosy @HW%%%@& SM ée and SSrhetimes
%IQ%J RERPBINGith 2 hhffoS/ct Bhn FELERRA S ﬁﬂe s L%@ﬁéarated low power

erent to generate a secondtransf rmresult si
Jigua is, tehee, ss@ovedionrb@4aMsignales gl, b QRS L AMNA, (oied 6@4 QAM 256

Bt slpa i B LS ai SR RBReRr i gy po0gvenfonal PSK
ﬁgi%ldé geaepsmskgelaf Witk bl ﬂ@tcﬁ‘ﬁﬁﬁlﬁﬁdaltobﬁ{p@ﬁé}ftﬁn i's used
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[cQ04Bin th@mtanmfm r&ufRadnag efrtﬁreaample ﬂhiedullbeﬁp@sﬁi’on module 224
generates a relatlve@g | ow power signal to
mralﬁgﬁﬁ § tiesy tranhrmyeoselt siged). wah g%%@utgv@féhle fé%qus@ module 222

BRI | RPN {ohpoRPEERIPRARY bl Fepll ARAELY power signal,

m resu SI gha ener at ow powe
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same antenna clement. As another example, in some embodiments, if a first average
power level value is determined for the non-null components of the first transform result
signal and a second average power level value is determined for the non-null
components of the second signal, on a per transmission unit basis, the second value is
lower than the first value. In some such embodiments, the difference is at least 3dBs.
[0045] Transmission control module 226 controls transmission of different
portions of a combined signal using different antenna elements on a set of time
frequency resources. For example, a combined signal may include a non-overlapping

portion corresponding to each of the different antenna elements. For example, consider

that the air link resources used for transmitting a combined signal are a set of OFDM



conbines a first transformresult signal, which is an
out put of the transform nodul e 222 operating on a

wo poogtisdryh power signal, with a second si gnal PEUS1008/664889
| ow power signal, the second signal being an output of
the | ow power signal generation nodule 222. [0044] In
some enbodi nents, the |ower power |evel is a per
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transform information 234.

[0048] Scheduling module 230, in some embodiments, schedules users and/or
sets of users to sets of air link resources, e.g., downlink and or uplink segments.
Operations of scheduling module 230 include deciding which users are scheduled to
receive high power signals and which users are scheduled to use receive low power
signals with respect to superimposed downlink signals. Scheduling module 230, in
some embodiments, schedules different types of information to be communicated on

high power and low power signals.
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frequency resources, associated with being used to

carry the second transformresult signal. [0047]
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[ 005 Data/i nformati on 216 i ncludes transform

ptafier (T i lgdetpmbormgfipe Pd4.s .., WT N data/information 246). Timing

frequency structure information 238 includes information pertaining to a plurality of
sets of air link resources used for downlink signaling (air link resource set 1 information
248, .., air link resource set M information 250). A set of air link resources is, ¢.g., a set
of OFDM tone-symbols. The set of OFDM symbols is, ¢.g., a downlink segment or
portion of a downlink segment, in which a combined signal is to be transmitted. The set
of air link resources is used concurrently by different transmit antenna elements in
communicating the combined signal.

[0053] In some embodiments, first and third signals, e.g., high power signals

using position encoding, are directed to a first set of users and second and fourth



term nal data/information 236 and tim ng/frequency
structure information 238. Transforminformation 234
wo peBOsE32 a plurality of different transfornms PCT/US2008/064889
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g el ements in communicating the conbi ned signal.
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users which are a subset of a first set of users.
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broadcast downlink signals. [0054]]t Figure 3 is a

aperrmycdsichs lesledipg amighpavedr sipgak andri lawl po3eo sigaalgs transmitted

g}‘l)ggge%tation 200 using multiple transmit antenna elements and the same air link
resources, and one of the high and low power signals is intended to communicate data to
the wireless terminal. Advantageously, the base station 200 uses different transforms for
different set of air link resources with regard to generating high power signals, and this
facilitates channel estimation by wireless terminal 300 regardless of whether the high or
low power signal of the superimposed signal is communicating data to specific wireless
terminal 300.

[0056] Receiver 1 module 302 thus receives first and second signals on the same

set of time frequency resources, ¢.g., a set of OFDM tone-symbols comprising a
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[0061] First signal recovery 320 module decodes a received first signal, e.g., a
relatively high power signal using position encoding and QPSK modulation to
communicate information. First signal recovery module 320 includes a position
decoding module 330 and a QPSK decoding module 332. The position decoding
module 330 identifies the position of high power modulation symbols of the first signal
in the set of time frequency resources used to transmit the first signal and recovers

information conveyed by the position of the identified high power modulation symbols
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rocessor, .308, .e. a, CPU, executes, the routines 316
nﬁstgngﬁbﬁagf%%mﬁns} I TR S e nory 312 to
contjpd4]t hehoRRI adtindfioffxchdigtion MEHas 322 eédbratad a 3AnaNdtimate
i mpl ement met hods. Routines 316 include a first signal

pee therfirstraignal- dn 30o¢ cabedimentsl chagnelreatinehioyganeragion grpdule 322
nodul . 2. cond, si | reco nmodul e 324.. an

U0 apliton RSREMY BLPRRlorRSRUTH TR0 e thanne
eegd. nents routines 316 i nclude a channel condition
reporting nodule 328. [0061] First signal recover

320
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ul'ation to conmunica ormat 1 on.
firgadi offsacioplerajitynafttatevé320 | ncl udes a position

decqd; dul e 330 and a OPSK decodi ng nmodul e 332.
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signal in the set of time frequency resources used
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§ERAHd SigRa 2. b © & BKE hEwEindi a8l cPpbse @ AR YREfIRY sibhA, using a
generated channel estimate obtained from the channel estimation generation module
322.

[0068] Inverse transform selection module 326 selects an inverse transform to
be used by the first signal recovery module 320 corresponding to a set of air link
resources, ¢.g., corresponding to a downlink segment or portion of a downlink segment.
For example, corresponding to a first set of air link resources, ¢.g., segment 1, the
wireless terminal selects to use inverse transform 1 350 because the wireless terminal is
aware that the base station is using transform 1 336, when generating the output signal
corresponding to received first signal. Continuing with the example, corresponding to a

second set of air link resources, e.g., segment 2, the wireless terminal selects to use



hi gh power QPSK nodul ation synbols of the first
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's [0072] Stored antenna combination information 332 provides information on
different antenna combinations used to transmit information to the wireless terminal
300. In some embodiments, the first signal recovery module 320 uses the stored
antenna combination information 332 to decode the first signal.

[0073] Transform information 334 includes a plurality of sets of transform
information (transform 1 information 336, ..., transform N information 338).
Transform information 334 includes information indicating different transforms for
different transmitter antenna combinations. Inverse transform information 348 includes
a plurality of sets of inverse transform information (inverse transform 1 information
350,...., inverse transform N information 352). Timing/frequency structure information

354 includes a plurality of sets of timing/frequency structure information ( air link

resource set 1 information 356, ..., air link resource set M information 358). A set of
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vertical axis 408 represents frequency, e.g., tone index.

[0077]  The first signal, which is the high power signal, is a signal comprising
high power non-null component and some null components, with some information
being encoded in the position of the high power non-null component and some
information being encoded in the value of the modulation symbol being carried by the
non-null component, ¢.g., a QPSK modulation symbol.

[0078] The position of the non-null component of the high power signal within
the resource 412 is intentionally the same with respect to both antennas. In this

example, the tone-symbol with frequency index = 3 and OFDM symbol transmission

time index = 2 happens to carry the high power non-null component of the first signal.
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indicating different transforns for different
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information 348 includes a plurality of sets of
inverse transforminformation (inverse transforml
information 350,. ..., inversig/transform N information
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3 sets of 4 components (530, 532, 534). The air link resource graph 508 plots time on
the horizontal axis 536 vs. frequency on the vertical axis 538. In this example, the basic
unit of air link resources is a tone-symbol representing one tone for the duration of one
OFDM symbol transmission time interval. The same air link resources of four tone-
symbols (TS;,; 540, TS, 542, TS, 3 544, TS14 546) are used by the antennas (antenna 1
510, antenna 2 512, antenna 3 514) to transmit portions of the first transform result
signal.

[0082] Block 548 indicates that first portion 530 of first transform result signal
506 is transmitted over antenna 1 510 using OFDM tone-symbols (540, 542, 544, 546).

Block 550 indicates that second portion 532 of first transform result signal 506 is
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The first transform 504 includes 3 el ements (Hu 52
#2382 The gccopl typgprm result signal 606, which is a result of a rnultlphcatlon of the

third signal 602 with the second transform 604, includes 12 components, which are
grouped into 3 sets of 4 components (630, 632, 634). The air link resource graph 608
plots time on the horizontal axis 536 vs. frequency on the vertical axis 538. In this
example, the basic unit of air link resources is a tone-symbol representing one tone for
the duration of one OFDM symbol transmission time interval. The same air link
resources of four tone-symbols (TS;,; 640, TS, , 642, TS, 3 644, TS,4 646) are used by
the antennas (antenna 1 510, antenna 2 512, antenna 3 514) to transmit portions of the

second transform result signal.
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d t t h t 534 ;
Fitidias PR ZifiriEtt EobRaG T bk SobRh ff vipigGLsienals
F@Bﬂﬁ@d & B &re@éﬂﬂ% i RELETATES $Mﬂélﬁdi<§; thS4YitiGies anA&émplary

[ 0085 gure iIs a dramng 600 illustrating
@g@@ml) slgng,l vghlglnwsup@rgngqsgd A Aredfirst transforrn result signal. Exemplary

second signal includes components (S;.1, S22, S2.3, S2.4, S2.5, S2.6, S2.7, S2.8, S2.9, S2.10,
S2.11, S2.12). Figure 7 also includes the addition of an exemplary fourth signal which is
superimposed on the second transform result signal. Exemplary fourth signal includes
components (S41, Sa2, Sa3, Saa, Sas, Sas, Sa7, Sas, Sao, Sa.10, Sa11, Sa.12).

[0090] The first transform result signal is a high power signal, while the second
signal is a low power signal. The second transform result signal is a high power signal,
while the fourth signal is a low power signal.

[0091] The air link resource graph 702 plots time on the horizontal axis 536 vs

frequency on the vertical axis 538. The same air link resources of eight tone-symbols



signaling utilizing nultiple antennas in accordance

W th various enbodi nents. Figure 6 includes a third
wWGee@Rak7602, a second transform 604, a second PCHNSI008/064889

result signal 606, an air link resources graph 608, a

first antenna 510, a second antenna 512 and a third

antenna 514. The third signal20602 incl udes four

elements (S3 | 616, S3,2 618, S3 3 620, S3,4 622). The

éﬂ%?%fiotm%ﬁ@rml@;w | T, UdBSTS, | @40MBYL %540 HPS s GAAATS, 4 646)
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graph 608 plots tinme on the horizontal axis 536 vs
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ansn1t portions of the second transform result
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020 o B0 b AR SRS b SAPREL R e Spvgag e
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portion 632 of second transformresu
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por XH (())ﬁ%vé@ Lf%ér‘iﬁ)onglﬁg Z]S& 2 £h§$7g§ Oqul Cs%goensd & n%t}% é%%)l tgvely

Seco storh resu

CoRngNT 0t il dstaNGsigial &nieniBeblytantenag £F21;>Mut1ﬁ>g1@ seS:)bH@ OjRDM
(640, 642, 644, 646 HOOS?] A nore specif exanmpl e
siabq! tHBYNIsEoR EBANKBEL USHSLPRReYIROAY 6l4ﬂe642h prH 64pYrdhich

%e?]{e%etﬁk %%p&@bﬁﬂor?%é :8Bn BREQ oﬂﬁ ntaﬁl rst}’egfﬁ ignal (0, ?-'9583,

ormat 1 on or exa one o RENt s
0., Wvith sompomgmad (Sk § Sz;@,rs4z,e$4(3) afitic finethodi e, redpreetdvely.

el e are. zero, nd the ition of. the n er

el eﬁﬁﬁﬁcoﬁe@w 7’ I ﬁPﬁﬁﬁt% FB‘&SP%“%??%W ?@W@Q?eﬁ“s during a first
OEeM @ﬁnsmmkﬁfsxmmﬂnmnw AlsindRRARY AbNs m@ow 544, 546),
transform 604" includes three elenents, each

wbmheswmantsgha suficfosrtemtof, arpoctmn affa ﬁuhatszmsmmfrbsul‘( seg@dl (0,0,

0 106 . d.t | t |
ool Pinope g Ero. 301 SarREBRA-SSEH DR Eapectively.
@Bﬂmﬁl 1k 1lldstﬂ£i’ésts|1g2ﬁl ﬁ%mltt&i)@}ggﬂterﬁia@kl@ﬂﬁrmg neiceal eFDM

that first portion 630" of second transformresul t
STk traggBissipy timednisrial. e thedora-syarhodne4 016421 64 $ihy which

Ig: PMeﬁtg i s%%%gélaor{ gfd'a por@ Aolg of 9 g’ec‘ond transform result signal (0, ¢°S3,

0, 0), with components (Sa0, S4,10, Sa.11, Sa,12) of the fourth signal, respectively.
[0094] Although illustrated in Figures 5, 6, and7 for exemplary embodiments
using three antennas, various other embodiments include two antennas or more than
three antennas. In addition, in different embodiments, the amount of resources, ¢.g.,
number of tone- symbols used to carry the first transform result signal is a
predetermined number which is different from four, e.g., two, eight, sixteen.
[0095] Figure 8 is a drawing 800 illustrating exemplary signal transform and

signaling utilizing multiple antennas in accordance with various embodiments. Figure 8



646). Bl ock 650" indicates that second portion 632" of

second transformresult signal 606" is transmtted
W@@B/150172nna 2 512 usi ng OFDM t one- synbol s ( GBOI/US20A§/064889

644, 646). Block 652' indicates that third portion

634" of second transformresult signal 606" is

transmtted over antenna 3 512 usi ng OFDM t one- synbol s

(640, 642, 644, 646). [0089] Figure 7 illustrates

RIS AFiYst SHASIISH ik @ RraBIfORARONG ki trdngfoneh redlit glgﬂa@ 806, an
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T81>60 6591&%% 848 ?4(9 Cates%ﬁ t2ﬁ ?t42 13_ Sg%ﬂ?' 1rst ttran‘g'gdrmzrg @ signal

are US ennas nna enna

80Ris tantaimrd 0361591146)nnt«1(1 Sll)afsﬁlgl@FISM}tﬂﬁé-Sym@b(ﬁm) F02U 844, 846).
illustrates S|t%nal transmtted by antenna

Binck g0 andigates Iékﬂ%%crn $ 320 rﬁfst&néf?mrﬁ@lﬁ Sﬁgr@# $e0 is
Héﬁsﬂﬁnéc?{;‘\%r%ﬁ{éﬁf?é $3 2’56811 PFDOM ?&%Lsaf%%ls s&@ 2, 844, 846). Block

represents e SUprpOSI Ion O
85amd foatemthae ghitd postigndd4 tﬁﬂ)ﬁrsﬁt,ratﬁm Bhult ﬁgnal \81[)6 s transrmtted

nponent 2,1, S2 3 S f econd
gYe@ﬁgﬁenn%§§E§E%lfl%9§§ﬁm%w i %@e ?%‘P 3@%. gnal
tr ar[ﬁl‘i@?t ted rﬁé(re%ﬁéc%ﬁ@ @xa:l‘np'ié- Qhalldde& PId&cap&d r@org%{e)Mhat the first
synbol transm ssion tine interval, using tone-synbols

$igdd is $4ignalehing 1@4161))11 endridatg ﬂoepnewnfcg’m_ahen For exarnple one of
porti.on nsf

ﬁlggﬁrftte?y %’:lisgﬁg]f tﬁ@ ﬁrsé 51§nal i3 no%-)zero\ﬂlnfelﬁl? Pfgot eSS gen(egts\]are ZEr0,

2 e pSéition of Bé ndh-z6fo diiBerdt QUATYs S fBddtion! BIHECEO2Y RIpYosents
[0092] Columm 708 illustrates signal transmtted by

sushanpaempBIpiirsysigns g Excmplasy fistmyvnsdyinn 804" urroard@ﬁrﬂgg@ ¢Jaments,
Lo b S IR 0427 o
ﬁfsula siich&lsB06t ihalngéss first psitibh 830'gn&dcofidporfion 832' and a thlrd portion
834'.

[0098] Block 848" indicates that first portion 830’ of first transform result signal
806' is transmitted over antenna 1 810 using OFDM tone-symbols (840, 842, 844, 846).
Block 850' indicates that second portion 832' of first transform result signal 806' is
transmitted over antenna 2 812 using OFDM tone-symbols (840, 842, 844, 846). Block
852" indicates that third portion 834' of first transform result signal 806' is transmitted

over antenna 3 814 using OFDM tone-symbols (840, 842, 844, 846).



251, 0), with conponents (S2 5, S2,6, S2 7, S2,s) of
the second signal, respectively. Colum 710

WO 008850722 es signal transmitted by antenna 2 5RQ@I/US2008/064889
during a second OFDM synbol transm ssion tine
interval, using tone-synbols (640, 642, 644, 646),
whi ch represents the superposi2ion of a portion of a
second transformresult signal (0, e S, 0, 0), with

CONOINt SFigate Pis axftafin OZHHS%%U)Ig efcrifgryfs@Hal Ransform and
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810, d ant 812 third T

L TFBpTSed AP st %ﬁ&d@@gﬁgﬁ&e@aﬁ%ﬂ? olg Zf%g %21 A%i 5436)
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transform result signal 906’ includes a first portion 930", a second portion 932' and a
third portion 934'".

[00102] Block 948" indicates that first portion 930’ of first transform result signal
906' is transmitted over antenna 1 810 using OFDM tone-symbols (940, 942, 944, 946).
Block 950' indicates that second portion 932' of second transform result signal 906" is

transmitted over antenna 2 812 using OFDM tone-symbols (940, 942, 944, 946). Block



(TS 1 840, TS2,i 842, TS3,i 844, TS4,i 846) are used
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et Suean s Dhe N AR hedE s isiop g Sifsyalgsing jone-
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an air link resources graph 908, “a first ant enna
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th I 2 d
xegon ol Gapes iy R g 2Be By ST RL MV IS Brne 1 810,
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928). The second transformresult signal 906, which is
altergglgn ysingftore-pimtdlp(148a?42e A46940hevhich represents the superposition

of a portion of a second transform result signal (0, ¢°*S3, 0, 0), with components (S4.1,
Sa.2, Sa3, Sa4) of the fourth signal, respectively.

[00106] Row 1008 illustrates signal transmitted by antenna 2 812, using tone with
index =1 during four successive OFDM symbol transmission time intervals, using tone-
symbols (840, 842, 844, 846), which represents the superposition of a portion of a first
transform result signal (0, 0, #°%S1, 0), with components (S,.s, Sz, S2.7, S2.8) of the
second signal, respectively. Row 1010 illustrates signal transmitted by antenna 2 812,
using tone with index =2 during four successive OFDM symbol transmission time

intervals, using tone-symbols (940, 942, 944, 946), which represents the superposition



third signal 902 with the second transform 904,
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ransformresult signal 906' js transmtted.qver
i Biracahass Taayis® Beper oonet SphETTEOT i of Gl Breny ansforms.
Biarioub CRABOEM chisOthe 8clbbredl Ifikdi prdddtceninRy @ARYBIY is lincar and at least
supergPS|t|on signalin mul ti pl e ant ennas.

Firbup iha SetoP St s R RS GUEtids BFcparAcnt en. In sep 1106, the
Epepsagaltllrlscaﬁ)%ligp gletf{rarﬁggettetrgﬁlne%i t%%gito%n to a first signal to generate a first
transform result signal. In various embodiments, the first signal communicates
information using position modulation. In various embodiments, the selected first
predetermined transform selection is independent of the position information to be
communicated in the first signal. Step 1106 includes sub-step 1108, in which the
apparatus multiples said first signal by constants corresponding to different antennas,
wherein at least two of said constants corresponding to different antennas are different.

Operation proceeds from step 1106 to step 1110.



represented in Figure 8 and Figure 9. Figure 10

i ncludes the addition of an exenplary second signha
woR08h54732 super i nposed on the first transformPEBUE1008/064889

signal . Exenplary second signal includes conponents

(S2,i, S2 2, S2 3, S2 4, S2 5, S2 6, S2 7, S2 8, S2 9,

S21 0, Si, S2J2 ) - Figure 20 al so includes the

addition of an exenplary fourth signal which is

sune0i 1y os At filvans esnsud FransfiQlsipdaapskd SieBNR! Step 1110

Exgn'plglr?y foufi?h Si ?ﬂhl ncl udes co%oms §4 %4

mclugas gub-steps 14 12@nd 1 144Ingubstep7l 1134hg appmatgs tr@zsrm‘@ the first

f?grbsfo LI*egu%g 51ﬁnaa) smg[ 001 J Trirlleed c\fl\#qsl’rtlatliorﬁa zufét(c:e)rréﬁng ana ft rft set of

tihe afrelqowcmmsmfsslgﬁ aésoufEhs Bee@iods &mBotEment) théflrﬂttpredetermmed

signal is a high power q)tg?nal whil e the fourth signal

trgnﬁomlbwoewﬁé rdlf&r@rﬁaxutpu[t 1@ipast o antenpasinclpdesyn seid
?Jeaé’t@nﬂﬁ@c?c ?1%&‘[151{ J¥Ean é?ll‘ngp eLn@ﬁfé g@%ﬂﬁh & népa?ﬁgs \fénsEnts a

requency on e vertica axl s € sa alr
seeendisiged weingsaglfirst senef syerfiolsenC Gahbndid€on kSoyrces a814izs,a1d
TSi. 844, %SM 846, TS2 940, TS(?1 w}éZ TS2 944, TS2, 4
BAEstoHREod, SURDIBHIqHY ARfNEAh 88 yd perand el g rangmiswith lower

ﬁ@%ha@%ﬁ@ﬁﬁ@ﬁ%s@éﬁﬂ res@1t §i ?ﬁzﬂ%ﬁ" & 1Skl aﬁtenﬁa@‘ﬂée%lqg #ransmit the

lustrates signal transmtted by antenna 1 810, using
fiohgandform rasuléxignall Idwariowy ehthodingents dssiransmiysion myebol

ti | nbol 40, .
AR5 R ) b B o L e e R G TRt R B igpitca
%m@&ﬂi inaRe §codd bighsitis hi @A BIBY %}%kﬂtlfong‘r@%@ﬁs feén sp lq 10 to
I 0), with conmponents (S2,i, , S2 4) of

$th1e,1é ond si gnal respect ively. Row 1006 illustrates

gﬁﬁil raps srpe ]felour & 51%9.1@ %elect%g%ﬁﬁolﬁa %e%egm?ne\antltansform

— durl ceSS|ve

acroaftﬁﬂg ©5the prefdbﬂmninea S£l¥@lon, métBod Jint sonR-eybdldirhanty| QMé)ﬁrst and
942, 944, 946), which represents the superposition o
sccpbd predpepningd yapsloransara fissasrindensndentsi Gy i gep bl 1§ the

fosd f
alﬁaglraft F]“s§ HIGCS {Hﬁa:}eésgggec sl gltransf?%%gg%‘lt& a tﬁl%%glgngl to generate
a bdaoad trah&fsrns 'rcgnh kighalarssep 1 tl€dndydanubntep 1226810 su]nsstqgl 120,
tone with ind r|n four successive K OF

thegRBsrAYS ﬁaﬁt@rv‘%ﬁéle ]ﬂﬁf‘ﬁ%l%ﬁ Y CARTIHYS CAFRSBYRANRS © Dh& gfar@nt antennas,
fiéreirBft4easBOR) of W RstaBRICEREPoAdMP R élm%l@ Qﬁ'tleﬁﬁa@ r&ré)cfhfferent

a portion of a first transtformresult sign (0,

QBdration proseeds foomptopéhtSto(s8Dp B22S2, 6, S2J , S2 8) of

th nd, si.gn espectjvel Row 1010 il |l ustyates

s NPT alSaitl [l 5 el b TNt E e Rg s oliely oD 1122
iﬂaﬂﬁ%s sub-itpsl NQ4fadn 1361 CRaSEiskp IPBPMhS Mﬂﬁ%tus transmits said
transm ssion tine intervals, using t one- synbol s (940,

g‘@gnd gaupforgngpuylt wgn@msm@wﬁ@ﬁﬁd%emh@dmp@w@mf anfghnag and a
é(l)i o4 O?Elﬁl% ﬁpg& ‘Eangx?%il %Jouf?'c%g tsalsdI s%nc%d s(ep of t?rn? frequency

transrmssmn resources being different frorn said first set of time frequency transmission
resources. In some embodiments, the first and second sets of time frequency
transmission resources are non-overlapping. In sub-step 1126, the apparatus transmits a
fourth signal using said second set of time frequency transmission resources and said
predetermined combination of antennas, said fourth signal being transmitted with lower
power than said second transform result signal on at least one antenna used to transmit

the second transform result signal.



S4 6, S4 7, S4 8) of the fourth signal, respectively.

[00107] Row 1012 illustrates signal transmtted by
w@pisnse78 814, using tone with index = 1 duriPgI/i/82008/064889

successi ve OFDM synbol transm ssion tinme intervals,

usi ng tonesynbols (840, 842, 844, 846), which

represents the superposition 28 a portion of a first

transformresult signal (0, 0, 3S1, 0), with

conpoMe]t Sid sotaGombdlithOnts, Fhe Infbrmatier cbl%}ml‘ﬁfcaﬁe}a%ystﬁ@ and and

signal, respectively. Row 1014 il lustrates si gna

thirdrségniatstasel disgetechtoanfiat wegan th snfngn%tmmmmwnwtﬁ‘rdme@he second

%md2 foulutfl shg?alfgl%yer difed egigo # gﬁceong; i rsﬁé)%ﬁ 61tlcrhge?{5 (13{29{19[5 the second

046]s a Wk Wﬁthﬂ%ﬂéﬁﬁh@ﬂﬁeﬁ coiEtisnsperagihct SNROthaa tliwﬂiﬁst @er. In
of a second transformresult signal (0, e S, 2
ViRriqys ey emehiss thegparatusgelgets ast and spropd yisess ag ahﬁmc ion of SNR.

f Ol{hhﬂ ig eﬁ?él %ﬁ’ﬁlb%[g,ltge 111[5%343?@1 fcé!nhﬂl%{gﬂid bly the first and

il lustr I gures or exenpla
&mfd@mgmimtrﬁ dirsdtetotanfimescanf emamd thaimfausmtioh Iaemmumcated by the

SRR BBAR R M T RGP 5o MRS P

ﬁfﬁ‘? 8 lof 9£er§ eRAhcSRch gmgodlnﬁﬁﬁb@k s@éonﬁ%@teof R Shetter

used to carry the first transformresult signal Is a
f:haedelt@nmtlnesﬂ erpurbghrer WiNR thansmetinbére irethe firston Winigh are not

si xteen. [00109] Figure 11 is a
FF&&E%%&@é 8d8@ an exenpl ary nethod of operating an
apAa0eEsys, Iifsohe erbdAB6RS IhOARE asd§RoRAS transBHBR, are used for
station, in accordance with various enbodi nents.

gm@reémg@rgn@tsm s firyh asd eﬁpond o2nstouneresult bignalppabatiggsmisted in
ﬁﬁs\f\g rcg gec%icb%mqtg 0 Ia}lsrﬁ“sls% an gerlgczi: ogeesﬁgchvtregrf 35§ rgecong symbol

he appara

ﬁmﬂﬁﬁmﬂmm geﬁdcamﬁanmﬂe@%nmhfgg;atdoﬁ@t Piede trefdmifgeh time
sel ection nethod. The selected first predeternlned
perigls frovams mbedigients.giid gt andpiegrnd ffmy frgucacy grsopoes are sets of

ggﬁfe {1%%&1% 2?&%81[‘0 n alnrbyﬁ r ansﬁrg&%ng% %tl nea? sets of OFDM

eterm ne rmis
amﬁhym$bmsone of the set of different transforns are

Bﬁmﬁﬁs Ede g dﬁ?f@quﬁs&uw 8§ 5%@% ntﬁi]l?ﬁ?sqf&pﬁ{aélaga

@nfeleﬁsgferrﬁingpﬁl act S dHRREY 8 Caroub bmdbdicanS f@e@tfoﬁ%wﬁs in step
signal. In various enbodi nents, the first ‘signal

tYwhccahe wiichfprenminiabis mswemgi omidtinidialinmiduldareaads torstep

V704, iR 97 0B Pardient BrmBEbER e il i GG §7aly A he same
s botimtahe Wreh@eﬂé? &8 Edolfd subh biBodihichts, ﬁl'e gitdtland second
Step 1106 includes sub-step 1108, in which t

sippals atcwpsthapenal Prreecnsnidtyifion Bwltiilgiag (GKDMO ﬁ@tﬂalﬁt &n various
&Rb4S ﬁl%gtg,d 8 %rgt%lg% féo%%%%t 1n90r111tng{] v using position modulation. In some

OFDM embodiments, the set of time and frequency resources is a set of OFDM tone-
symbols. In some such embodiments, the set of OFDM tone-symbols is in the same
OFDM symbol transmission time interval. Position modulation includes
communicating information using a placement of energy in a set of time and frequency
resources. For example, the first signal includes a mixture of nulls and one or more
non-null QPSK modulation symbols, and the placement of the one or more non-null
QPSK modulation symbols in the set of time and frequency resources, ¢.g., set of

OFDM tone-symbols, conveys information.



wherein at |east two of said constants correspondi ng
to different antennas are different. QOperation
WEe@sasds2 from step 1106 to step 1110.[00110] PEI/ES29P8/064889
1110 the apparatus transmts superinposed signals.
Step 1110 includes sub-steps 1112 and 1114. In
sub-step 1112, the apparatus 2ransmts the first
transformresult signal using a predeterm ned
conppned)i omh&, ieftSMIEss tiandirdedsi tbighinSllec@fes thdBrst signal. In
frequency transm ssion resources. In various
shodnbehimsnts: desoding she fsedgnad inelurisd using apfien knowledge of an
PhETHG R oG e PG B8 ssFREn SR A A Riments,
asvoaimgabe fitsnsighkl-isdledes idihd,aptibe kappadat bba traafieii Esradponding
second signal using said first set of tine frequency

torthn aniery eombivaiionrdish wasusediin epreasyiedhefifs gignal.

conhj i 0 . , ' j I '

Cr 00T oQpleif pRREAS hBliy TAGPR PR, IRBEDT208 me
waslekd teahmabperfonmat cheasl coineat@ntoponton sedg the firstasignil to
thefirs&%tr nsform.resul t I.n vari

Fg?i gn al . Eu ? , ,
ETRSEHT Arehgee ?s!t}glafer RSHIE SPORITRRES dEﬁOrdeb‘irt f 1.Fsé|51gnal In step
peioNe ?@rf&ﬁﬁé@lslml{gt LErsDODRNAY] dsti DUDH Sthb geﬁé?@ceé tlahhel estimate

signal and transmtted synbols in the Second signal iIs
from| seaps 1208 sl Bseco@p ehatnicbestiprase dedeme soch ehleglithedts, the second

tep ,[1116.,  [.00111] In,step.1116,. the r at el ect
Bt aelaet artoret SR Porieh TE AErRa R teee et ©
&rreéégérﬁrsmhm eahiaiRlcoll RRentBh & Rekelck NteHifal RERAEH ABRkAity of
the Tirst and second predeterm ned transforns are

raceigens| sach o hsenherahty. of Tersivers epresponding)®,a different receive antenna,
r ies the secaond pr rmned transform
%Ipcg t%g %getltllgodgf?lﬁhlerrcgmé)lrb %sa$ent%1(r)agla rc]igfeg{:ng cg]ansneeg (e)sr‘%lél%tes fgr each of the

pluanisy of feceiesl t signal . Step 1118 includes sub-step
1120, I n sub-step 1120, the apparatus nultiples the .

t hi [PBLN gn@perglior Bieseetition gep dsPotaditary! 116- i whigh digpwircless
A PR As TS Bt RS 0 (P Rer R, B2 PpSetion on the
Qeoenditignal. Brpecaied prdacods Bdreptcp U230 tawstsi €pl 21 URAtep 1212, the

00112] 1| t 1122, th t t i.t )
g’&ﬁéﬁ% g?E'B’gléEreg lawaﬁfé.adétﬂgagﬁ 11%{2581l X o) 3@33%35%%% time and
@r%(%fen@@ fhoddrSs. ThRasbly Shislithdé, thd hediARRRFRY :s'%nal_ has been

transmts said second transformresult signal "using
gaiethtgt bdebaserstatiod usiogiai differicointranfs foamt tbamiasisechi generate the first
sec set of tine frequen transm sSsion resources

S BeRBirammr . e R oy Tt ST B Feccives an
ERBQHE SSeoR€ bidBaldinfthe h@iitiodal 9dNoF Aintd dnldIfedquRly réfoutdel®
frequency transm ssion resources. |In sone enbodi nments,

Pheratipp groceerly feae iap 1363  s69p Yalde frequency
g[ﬂﬂ@ {EeogSIl %pef%lgr, glggvg?% s&gg ;ugaﬁgi:ené%ac%g gl{égdddltl%nal first signal, and
then in step 1216 the wireless terminal performs another channel estimation operation
using said additional first signal to generate the channel estimate. In some such
embodiments, the wireless terminal uses both information derived from the first
decoded signal and the additional decoded signal in generating the another channel
estimate.

[00121] In some embodiments, operation proceeds from step 1216 to step 1218.

In step 1218, the wireless terminal uses the generated another channel estimate to

perform a decoding operation on the additional second signal.



fourth signal using said second set of tine frequency
transm ssion resources and said predeterm ned

w@Biisiaar: on of antennas, said fourth signal beRECTES2008/064889
transmtted with | ower power than said second
transformresult signal on at |east one antenna used
to transmt the second transfzZ¥ mresult signal.[00113]
In some enbodi ments, the informati on communi cated by
thgodizgt anechriols EMAbLSdieRAsSthRMArddsk @Ghith] {RlcRtsld fist inverse
user and the information comuni cated by the second
aarbferoutrom asplyraditysofastarcd invetse égnsformas aelthgselected first inverse

onme such, enbodi pents, the s d r ks a user w th
BaRTertt Erte AR L R a0 Sp 00 e B MRt s o

§dcohd inv8BE trahdfora filo@lks pRrdlidw bNRbited invicAR tBARRREAL BSd uses the
selects first and second users as a function of SNR

pebertadigecons Wuprse Bapberthioriesods the alditipnatdlstatgnal in step 1214,

%BE‘P%H]! 'ﬂ.hg ‘rﬁ'irﬁ Cin@ ¥ect0H§ iI{xjefs%tt aﬁ%r&pﬁtre%éﬁ%r%mallz% al gt le, the first

iFected tO A First set of Uusers an e i nf or nat on

oo astbed ciryespbmdsste clondhma foamf ead b tis lgeaktstian ® generate the
irected to.a second set of users, which are a _subset

gfst bigaals frcihe sgOnGIMVGEE NSO SERENOEHOJ R B wsed by the

thb% sBEbR Wgéﬁ&at@fhe%ﬂ&ﬁi@)nﬁ%@t s@?\tai.efh&%@ @ﬁ{ion and the wireless

conditions; e.g., higher SNR, than nenbers in the

fermsial bate anhinderstaindinges torwhisbtrapffotrhes toédeoned bethe base station

00115 n sone. enbaodi nents, the first,and second )
[P terisell ST S ife S G ST crminal can
ipp1p bn @pHos@aO N cfst ARAEBFME RSHVr titd MRshatioh 0 be
transmtted in first and second synbol transm ssion
ti Moo i odsstandesiiesthavie inyodeh fuir 6 istso OF DY Rhatms is
transm ssion ng@ P (.04 xl(@)qu @g@lz)y follow ng said
first synmbol transm ssion ti per.iod. H(n _20%
WhSSdi nEht's, &4 8O | r& el EURERECS | me” &t tiggpmplex channel
resour ces are-setjc:_(@f tif\i}e and frg ueni%sr.es urces.in

BHR GEONFES Ui cat ¢ ohs SIS tiamymisted complaxgsighal garygrier . *» and

tongrsympbols.. [.00116] Figure 12. | f-l.owchart. 1200 of .
an S8 B R B § il efiof SRR gy AR Bhetion of

tile ATBO tAhafNaRcWM dighaV dbr 0 Uke@tneli a¥eiiose, (SPRFREJIOd as an OFDM
starts in step 1202, where the wireless termnal is
ed on and initialized and proceeds to step 1204.

In 12 e W e ern cej | k.S
[0 BOER BRI (SRR NSNS, Lol 30 ane
Nesautk< @s thi$ nass anggril olay delsodti toantssivdrhasddiatsd teamgarticular user,

second si | s are orthogonal frequency di.vision .
A e TDP,TGe (BRI OXFTghAPEIentPFRT o3 mFERSG i FEHErSnce in such

EReentd heppink $08ferf Qé'é\ﬂ.el’nc‘aih%ﬁ&f@s{e‘ﬁp tHSIcPYF PRSIt QRd to carry a
nmodul ation.”I'n some OFDM enbodi rrents, the set of tinme  °

siguolalfto e patcolar ressivar desgésovar See. By pi GHBMnt Dsegsenbol tsansmission
to a particular user, the number of carriers used does not change during the segment. In
block-hopped systems the carriers used in a given segment for a given OFDM symbol
are partitioned into contiguous subsets. Further each subset may be occupied by the

signal for more than one OFDM symbol, creating a rectangle or block of symbols in the

time frequency plane.

[00125] In a block-hopped OFDM scheme one can use superposition by position

signaling to provide additional pscudo-pilots for the superior receiver. If the superior



In some such enbodi nents, the set of OFDM tone-synbol s

is in the sane OFDM synbol transm ssion tine interval.
w@mBtswm nodul ati on i ncl udes comruni cati ng i NPOF/BBL00$064889

using a placenent of energy in a set of tine and

frequency resources. For exanple, the first signal

includes a mxture of nulls afd one or nore non-null

QPSK nodul ati on synbols, and the placenent of the one

RlcciVBf B 9l ihdmifRBt HPFJHMﬁ Wﬂe&ﬁ@ﬂiesps'eﬁdg-:%‘?’\?@ 8hod sample

tinme and frequency resources, e.g set of

therebamiphbolres. conveys information.[00117] Then, in

1206, the wireless term nal decodes the fir

i g{ﬁﬁl 26]| nCepviderefbsarmale &1 - dedodicngV@ Fysiee. Icfrstg Aablock be
| ngl ydesyusi-pg apr) gr§ubktﬁ6’éﬂ @/gg&ngﬁlt ca0LADA h1¥h ppwer QPSK

conmbi nation sét used to transmt Irst si
ssmftmlsmwlndemﬁmcﬂlnermfﬁm)x rebeoedilieg. t b¥ epresdnt ghegaiglal over the block.

incl.udes u5|n r|or| e of a_transfarm.
LB S gt RegRihe. diic oahes COBE nat Folf NP lvise comples
HRhichi e TRE dtdond ahféﬁnaf {rhsnigl 9Nl §0R158¢ ﬁ%ﬁ&?ﬁt I opfa1 and
proceeds fromstep 1206 to step 1208. In step 12

t he (i welldds kmewmanhtbthpbfr frorsmatter anH dlmeskeivent Armnmnent practical
operation using the first si gna{]]e .gengrate a _channel

eltigangpeld lpmtOsngé?ﬁKowm@m s dodi ng Jt frs fi ¢ and . 1%
ﬂntg %ﬁn.légl ﬁ%sstfl 81[ ﬁﬁﬁ)@%‘#}r %ﬁlﬁe ?a{ngr%%t%ri ’En{ds t?nr g&r;]c%[] F@ersion of

dt Sth@re%&‘%@[n ¥ & H@E%we@ ﬁPS’I@tsﬁmbdlrls $@AENi®HE h position . 7, ],
odi nents, the second chanhnel estimate i s an

hﬁm&f?ﬁﬁﬁa RadiomehLee t 0Lt glinthgifdr sthchrnealiv&st | MRt&pectively
corresponds. In various enbodiment, the wireless

$&r m nal i ncl udes a plurality of receivers, each of
t he urality receivyer corr 0.a
d| fl{gLrLegn?Z r]@e% \/(é &hﬂ'e%g % ﬁap@ i)n&(@fﬂj}ther
s§ Latin ff@rent hanne i mates for
eac ?he?e)&ﬁurgébﬂfq% f e(ée] rsl{]lg)bz%sﬁt Jbper at i on
pr from ste 8 t 1210
o SGEE AR RLBIE chd e Brdttteeniinfaltdid Rang superior
erf rma fgeco: J&gpeatlon onth second si gnal
6881r St 8 Chr oﬂeeﬂg| frorr)? stidp ! ﬂbatgl% e%lpi]ﬂrzrecﬁqver riow has an
sdemtd g2, the wireless termnal receives and
addi tional first signal on an additional set of tine
and frequency resol bes {hjvari ous embodi nents, the

addi ti onal f| rst signal has been generated by a base
$ypicalon u%ﬁ Sl for eimaeth ¢ tnr ansfasem thatucite lagdoherence of the

gl}e réllggl?tz”l%ff Hlt%ﬁ{ﬂn{ st 99& no rl!)e tﬁn%(glq{ nﬁlrllst Dhe ! cgn form local

relfeds™t éPmiNal al so recei ves an
adichdiésoonl g$econd signal on the addlti onal set of tine
and frequency resources. o
For example, suppose - ?,7 is close to - %,7 and we assume

h(i, ) = h(7', 7')- Then we have
h(i, jY[H (i, 5) H(@. j)].
If the matrix - [1Z(2,7) H (7', j')] is invertible - and it would be made so by design -
then we can multiply on the right by this inverse and recover . (2,7} = B(¢', §').

In practice the values - h(iJ )H (@ J ) - of would be observed in the presence of
receiver noise and other distortions. These values would be used to form an estimate of

h. Many different techniques can be used for forming the estimate . /. Two



Operation proceeds fromstep 1212 to step 1214.
[00120] In step 1214, the wireless term nal decodes
w0 b@sasidrz i onal first signal, and then in stepPQRUS200$1664889
wirel ess term nal perforns another channel estimation
operation using said additional first signal to
generate the channel estinmate30 I n sonme such
enbodi nents, the wireless term nal uses both
j £, f dego al ; and
% fnﬂﬁ |rt% I%gl;‘la IEI]éiéécog&ciﬁ)[ % Al 455&%%%?%% ?%EE% ﬁg ¢7¥ and least
apmtdaé‘ﬁtl@wnhemoeﬁlhess%mmﬂt&aiz1] In soms enbodi ments
ersﬂ pro eeds fromstep 1216 to 1218.
st dff For CP B SEOH W AP M ed th @Cé%?rt?x? ptire block is
Wtat@gﬂa‘tﬁ@ ang %lia ﬁtt% &e?noQi%[afté)[H@ %rfg&)@so%@l% the inferior user’s
operation on thé additional second si'gnal.[00122] In
Mgnalow ettodi el supegoniaceivess stgarlninaglbe d;&bleot §om the two

irst i rse tr form ur.
bR PSRRI ST e s Il by Fsiven
tr q08{2®) M TRe BREO&McEMRah bE gEnctalBRAko MArStheR?2 1AA6mit @R¥nnas.
the wireless term nal, selects a second inverse
t r dA8EIM m Ftromld bplcgmeﬂmemy toothogsor ed? i qpnetestein position block. That
! rgnlgfao AINCEC & nd I D((]ﬁe nlt,c}iecaﬁg)lg Gl g%rél?utfgl & %‘urﬁlveﬂl 3 the advantage that

thc@padngl éeen\fd?&h@ inferidiaiséd ihsit gl%ﬁﬂpcﬁﬁmnﬂodkrl‘g ebﬁsﬁant improving the
transfornms are different. For exanple, the first
fA¢ioeioneo tﬁoéﬁ@pdflfﬁl@é?l‘PlbsAp)éWéQ frastipmef theabighwemer dderigsyreceiver

gggb&@asuatatﬁn% %ﬁﬂ Gl &oﬁlﬁ%ﬂ&grfﬁf ar?ln%t‘i‘ﬁ lostirARE oF M€ fy The

ond i nverse transf orm corresponds transform
infetbrlugert thiecshasselldtiaini that allwfgenfenad¢ds td he estthatitéd. onal
first signal. The base station and the wreless
t er[ﬂﬂhﬂl] hinferianrageider stlatadi inspeasire momhideseribedinsFar the inferior

base station for a. articul set

bt Pt 015 LBy RS 48 2 Bugh G0 RUE Bk Pl 2 2
tiemAtINastricad  apphyn &2 ra@vcdidral @xtMMRIpSPide) anshtefiid t 01 is
recover the information. [00123] A s andard baseband
model for eI SE CF?L\/I &8 @sXy [(w) h { i)x {
|)+)vvher j Lar Mgrrc@r eruenmes 1)
I's the conpl ex channel galn on carrier , X\yJ ) is the

transmtted cqg{p exgsi gnal o®geur)r)(er and n { i) is
i's

the additive e ‘on carr Each of the above is

2hS RecRivEHAal FRM A cdtint® of| heh‘i aRsted Tt @dassi Qcﬁﬁ‘lamé Benf using its
fixed tinme, as above, is referred to as an OFDM

kyavidedige §f0019%] ard-DVOY” %tm&mj thogompihed chavael asfimelces s
systens such as W.de Ar
I (h11®5 +h19®8a2)

[00132] Derotation is performed by computing
(R @Y
[00133] The case of alternative pilots shall now be described. The

communications system might have dedicated pilots for normal non-MIMO

transmission. In this case receivers independently have an estimate of
hV
for some fixed. V. An example is- V= D: 1] which means pilots are transmitted

identically from both transmit antennas. If both receivers are not using MIMO then we



Networks. In this case a signal may be sent to a
recei ver, associated to a particular user, on a subset

W@toosh&7carri ers over a segnment of tinme. To m BCYHS08/064889

interference in such systens, hopping is often used.

In a hopped systemthe set of carriers used to carry a
signal to a particular recei v changes over tine.
Typically, in a segment of transmission to a

pafuld s4l arSeser She NBRs ok, TAE I8¢ 488derlOgsnd1Qbn still be
change during the segnent. In bl ock-hopped systens the
vsedrtp anproye g dhanael gstinadicesegnent for a gi ven OFDM

sy reyspartitioned into ¢ [ us.subset s,

20 TBRLaA L hRhuhe SERERS SEhR S MDHBHRES iCHEP B Broffrapls to choose

e ocdcupi
oI AN SHERB o th ' h&Sh@N@l € VT eopecially fi
bl (‘)Sglk aofa s;?swn(gotlgs%% tﬁ%ﬁﬁtﬁ%%?{?@d&rﬁ%ﬁ%} %E)angt.g [OOl%SFQp]eCla yor
¢mbeddetl pelktsh Agordd tiGHDW s tlag whoamgo dane lasgely (e.g. in most locations)

SURES, POSLL] on osi.tion.signaling.to. provide .

adgt o 8o Bpteett B Mo B8 debinense witpout any
LMBHSHPBIOR! $IBRAL Ve thel &Tlﬁ?bﬁlﬂ sha@nafistifl@Entath pasithdnMeformation,
node then the pseudo-pilots should sanple the channel
breftphiase infayomene) wabhe gl laganexaphy| be.craxed, or kpown gpriori.
system_Let a block be 8 X8 . In each 4 x .1 sub-block . .
ve [OPERYni Burssior regearar velaipdnisgies peap wsrrikgdatiar, assumption is
tHat %%ﬁeﬁ&rreéé'f@er'igfiﬁﬁ'b@f(tetr %ﬁﬁﬁ%{ %Ettinnglanxthre SRfESE Rcciver. Thus,
t he sighal over the ock. e first antenna transmts
theluper{or yecéiweh earedecBde thepnfesiontecpioenis sigmal saticlugplreiability. Once

mul ti.plication. The second antenna transmts H a2 Cx) a
X R BRSO S s Thio el RPN 4t DoPh S
At U SAPSR dBFly 3pERRNT BER HEELeci forCAR Y& &DEstimate of the entire
practical choice would be to use OPSK synbols {M -j} 7
tlomng) mptriand B d2the sTh¢rsorsisap isignelsis tioe MIM@ igpEodedithon. S

by, H at,,the transmtters and the | ocal. inversion of H :

B (08”7 BB PETy SRt L Foe PR oSBT HorEver may s

bffangirbitye faihsipesdiffet dorabidatdizviehe élumekts @S & Gretused. The

" , then receiver and receiver 2 respectively see (ha

pricp) fer(this iy lpss+inheappgity, jdppido (the nggd) toxegtimyatg e preiggppplachannel
' +h {1 g Has{i,d.)) X{iJ) [00127] Assume now that X

%%nég%nggth{dsbﬁgélg%g% 46%/' decoded by the superior receiver

andob 6] in karios emBedithertS ARBRASIMiot ARtwd B8 P 8E RN ers uses

receiver now has an estinmate of h(iJ)H(i.J) .

two or more antennas.

[00137] In various embodiments, information to the inferior user is the same on

both antennas but subject to a rotation known to both transmitter and receiver.

[00138] In some Block OFDM schemes, symbols to the inferior receiver have
higher power. In some such embodiments, information is conveyed in the position of

those signals.

[00139] In various embodiments, remaining symbols are used for transmission to
superior user. Different information may, and sometimes is, transmitted from the two
antennas.

[00140] While described in the context of an OFDM system, the methods and
apparatus of various embodiments, are applicable to a wide range of communications

systems including many non-OFDM and/or non-cellular systems.



Typically HJ ) wll be snmooth in %nd J due to |ocal
coherence of the channel. The function H need not be

W@ pwethn772Jsi ng this one can form |l ocal esti mtPGSI/I820081064889
For exanpl e, suppose J is close to J and we assune
h(hJ) = h(if,f). Then we have h(iJ)[H(iJ) H ',f)} .
If the matrix [- ((J) - () 32is invertible - and it
woul d be made so by design - then we can nultiply on

thgooigat Byvdrius cnBYSiHRAtsaHddcd GRIONEId hekbin afe implerhdhted using
practice the values HJ ) V- J ) of would be observed

pRe Qrﬁeorprr@@bl&@séo @ﬁrfmm&ne\séaps goirepordide &1 ereeror more methods, for
Gl Ron SE Ry i R pERHo e Bt B S Bl
{revsférad @i Uy, itpheresiidtioatof albeledton esaspieSupsPosiasBoRigials,
nmodel fitting (e. % assune h is affine in J), and

Q

pedadulinggarfaretioniatjugey ahprne! sasbitionsedts. asw%@mm@ments various
[Fegg&gssélr? E Iglehlgﬁtecct ltiglﬁglnﬁcf dul§C %h&?ﬁlolé\?l %fhe antéﬁprfa%fnegted using

across e ent i'S how ava
sefachre, hackbrnad uf abanbﬂnetmynﬁmtf@aMmdehalrdtWamnmny@xf the above
was. set to The superior receiver's

ég’sgﬁ'af?’dﬁé @%Orom?thg 81RpS Cf%nd%a ipplenepidapingmaching grepyjplle
ﬁ@f%&ctMnmua@Q@gdfawa%é 1ﬂ\élhéledtlﬁ AR RILSIbR hiBuSYRES hOL

receiver. [0 basi ¢ concept can be generalized
temopy devidran. g2 RAMn ﬁnpny dsit, etm ascormoa 80khine, aguganctyd purpose

t t t
AR phRiROR A0 Eriond Wbt s fmBR G ok Eportots of the above
@és@nﬁ&f‘%@ﬁh@@is cldt, ih Bhé BEmoRtaodef eA8cbr@nBISmbhabtheNBings,

channel seen by the inferior user in a gi ven position
parsig cimbodioreatseare dlrtcﬁgi 94 machineragdatde medwnofmb@mg ghine
'exn J o{a% 1ns(%ruct10ns fn? cau, fnr acl%la&ln GOfG t h?ocess% aRE YK assocwted hardware,
PHTertor Tecerver sYnba s woula e khown & prior

tbhpesfor@long oahlods\of me s@ps oftht ubd)vee@etstxmwd&nahod(s). The
inferior user takes a small hit in that all of h needs
t o 1BBI4 ¢ | Numesepuspoditigngl veriptéanson themsthpdy andanpaeus described

| oY %II%NEPB%%\%[qﬁ sk Qﬁﬂed ¢ bfi8n kf’(}(&%fi thE al{)o%t%ﬁl'eyﬁfptlons. Such

ransmts e sane data
azrriaaamnasm td be thrsidred \21th:1hamslel Thetmdthodssanld apparatus b€various

SRS S 00 L0l 220, SISV o
Iﬁft@%@e%tcir ARt SorPhuliplex@EN@ MY, A0Gr CHTRISRA RGNS odsi ng
communications techniques which may be used to provide wireless communications
links between access nodes and mobile nodes. In some embodiments the access nodes
are implemented as base stations which establish communications links with mobile
nodes using OFDM and/or CDMA. In various embodiments the mobile nodes are
implemented as notebook computers, personal data assistants (PDAs), or other portable
devices including receiver/transmitter circuits and logic and/or routines, for

implementing the methods of various embodiments.

WHAT IS CLAIMED IS:




know edge of S a and S a 2 to formthe conbi ned
channel estimate [00132] Derotation is perfornmed by
w@opasi7my {hay <g> Y [00133] The case of alt ePCEHUB2088/064889
pilots shall now be described. The conmuni cati ons
system m ght have dedi cated pilots for normal non-M MO
transm ssion. In this case re3%ivers independently
have an estimate of hV for sone fixed V. An exanple
is = [ which neans pilots greafmignsmtted identically
fromboth transmt antennaS. T both receivers are not
using M MO t hen weshoul d set Sa=Sa =1inthis
Gase. , Theh0$ §£|or receiver's signal can still be used
to inprove RE"¥iaNriel estinate. [00134] When the
super aplyiap @bt prédeMriidddhesmsiotmn®y fig shunef ©reahémtctOfirst
choogse S ai_and S a 2 to better neasure the conponent
HW@ﬁE@bﬁﬁwiﬁénﬂ’ especial |y for embedded pil ots.

ﬁlo ;?r Fgﬂci: g%{ﬁo Ss%ﬁgf@tytr&llg g&‘f}e&ﬁ& ?@ﬁgyélg%gggﬁ%ﬁﬁ ?16%1 lcBmbination

bﬁﬁﬁﬂnmsm&igﬁﬂ#sﬁaﬁUﬁ&ﬁmﬂﬁﬁﬁuMMWhmmMnﬂmynaﬁduﬂngm&ﬂ

pilots. nals in the rtho qnal ace. can |I
cont aﬁﬁnsaa&nlg.aoﬁﬁa?wf%% pigg Gﬁstaﬁa%émmn&r FROVFREY

%ﬁs&n@s@oﬁ‘ﬁ@&rcés anﬁ%&d%rgﬁ%ltéfm%d%ﬁﬁ)ﬁgmoﬁ lof KMO¥MAs Xaid second
priori. [00135] Superior receiver related issues are
ﬂgn\aldbemgrtraknemtteﬂihfetlalswwnp@warthmssaud] fitst trhmfemp@sulo signal on at
[e%e ver | etteﬁ QﬁnP se%tlngzﬁhan 1

Ryerr 8P ePléac‘éﬁe\‘}é? TSNS AR %H&?ﬁ O FELEPRY can

decode the inferior receiver's signal with high
reliability. Once X is known the superior receiver

dses The methodofckum éswhnmttesa@i first preggtermigeditramrdorg) proguces
ferent ?St%{l{?%?%ﬁqgagf W :&} tfﬁe%en? Irtgnnats jnclu e\d% Fe?lg E)F]efdg{ermmed

e en channe

&um@mwmhaﬁmﬁmﬁa§lgnal is not M MO encoded then S a
and S a 2 may be linearly independent. Leaving them
i ndependent, however, may still offer diversity gains

§inc eT%]Infeﬁlroﬁ%tf o i ﬁ/ﬂ%ﬂeﬁpﬁf({)ﬁrﬁ H%ls%rﬁm%&%l; ,Sig{fblgmf}{é&s a

used rice 0SS I n capacl

phealitg eﬂdﬂfﬁarees pomahecdriwparditpgatifftrentrainsmhs.conponent ,
to the inferior user. [00136] In various enbodi nents,
a transmssion to two or nbre receivers uses two or

gore apt RRAAAof LRGRI7IvhbRinVaid fdeSHA FBNESm is one of a
information to the inferior user is the same on

plurality of a set of different transforms, the method further comprising:
prior to said applying a first predetermined transform,
selecting the first predetermined transform according to a predetermined

selection method.

5. The method of claim 2, wherein applying said first predetermined transform
includes multiplying said first signal by constants corresponding to different antennas,

wherein at least two of said constants corresponding to different antennas are different.

6. The method of claim 1, wherein the first signal communicates information using

position modulation.



bot h antennas but subject to a rotation known to both
transmtter and receiver. [00138] In sone Bl ock OFDM
waeleHes72 synbol s to the inferior recei ver havRCTiUg10e8/064889
power. In sonme such enbodi ments, information is
conveyed in the position of those signals. [00139] In
various enbodi nents, renaini iy synbols are used for
transm ssion to superior user. Different informtion
may, FRESHFRLIIRSM 1S furthcAfsApAdigd from the two
antennas. [00140] While described in the context of an
OFDM &ppdyiegy sedvad peedstagmined draaplioanae ashivt sigeal fogenerate a second
%gggq%ﬁ%nﬁ§yrg&em1 plicable to a wi de range of
COMMNI CatT ORs systens includi ng many non- OFDM and/ or
non- cghdsmliamgsyisitseomnd t@hsfbdhn rbsultvsagadUsing BHo gidieRtriined
nodes descri bed herein are inplenmented using one or
pRIpRInpin Mfegtangagdi oierorchist r@? @8 2R FIeguinen gl%?gmﬁ%orbf?éources,
. r t , . ' : ' | :
B R B o ool e A o AR T LR o AR o s
firsa g fod rimetand dsguercyplraapmiztiah iresouaks.a sel ect ed
transform superposition of signals, scheduling as a
function of user channel conditions, etc. In sone
gMbodirHE Rlefhol ¥ bRYS 7 RAEMIESiRIRohdBARIGH uIHSEAY includes a
nodul es. Such nodul es may be 1 npl enented using
plufdlip pedifiermt pentienocorecspardmmt didercof ansaig whmeengn d
hardware. Many of the above descri bed net hods or
nmet hod steps can be inpl enented using machi ne
@X eCUTAOhRtHob DI Clafh I70WRercilial At 8Rf {08k Lprel AeInHEHtrhtiforms
a machi ne readabl e nedi um such as a nmenory devi ce,
aredincannjudepandpy di sk, etc. to control a nmachine,
e.g., general purpose conmputer wth or w thout
addi tional hardware, to inplenent all or portions of
the abbyectedofiched orairthedsomgrigng: i N one or nore
nodes. Accordingly, anmong other things, varioqus
enbodrAbEingrdouith signdPnrsgidescapichichel ipadadfeaureay um
Hgﬁ%ﬂ%&ﬂgfgﬁﬁ&%ne executabl e instructions for causing
a machine, e.g., processor and associ ated hardware, to
performone or nore of the steps of the

ove-descri he t had(s).. [,00142] Nunmerous additional
ﬁ;ri a?ﬁ%ﬂ@ﬂwﬁ 0? ﬁ@?fﬁgﬁw@%elg 3 fpetion cogaRR Ry Sad first and
ARAUE Ml dre BR.ARPRT LMt (Rr;lh@se skilled in the art in
vi ew of the above descriptions. Such variations are to
be cowstmeribd inMpidtipngooweynidatel bresanbsisorhendiopeth atgnsls are
enpbodi nrents may be, and in various

f various
g%i%{wgo%@,er'used with CDMA, orthogonal frequency

division nultiplexing (OFDM, and/or various other

types of : : L :

12. The method of claim 10, wherein the first and third signals are directed to a first
set of users and wherein said second and fourth signals are directed to a second set of

users which are a subset of the first set of users.

13. The method of claim 12, wherein the second set of users have better channel

conditions than the users in the first set which are not members of the second set.

14. The method of claim 1, wherein the transmission power differential between
non-null transmitted symbols in the first transform result signal and transmitted signals

in the second signal is at least 3 dB.



comuni cations techni ques which may be used to provide
wi rel ess communi cations |inks between access nodes and

woreshigo7modes. | n sonme enbodi ments the access POOES2088/¢54889
i mpl ement ed as base stations which establish
conmuni cations |links with nobile nodes using OFDM
and/or CDVA. In various enbodijrents the nobil e nodes
are i nplemented as not ebook conputers, personal data
assi stants (PDAs), or other portable devices including
receiver/transmtter circuits and | ogic and/or
tdut i hbemethed of gigire e whitsn &aitﬁbpqﬁmm@dtdatmmnmsmcates
1n|%brmat10n ﬁg %rany\v-wiln%pgow%fo‘ln g;rl"'afl th/e%}hm‘%o ttrrag S S%SSIPH units
ﬁ@ﬂablfellﬁ sdid sirgRed oﬂt@n@ﬁfde&@pen@ thdnsiissiohaBsfuere’ resul t
signal; transmtting said first transformresult
signal using a predeterni ned conbi nati on of antennas
28 d anlé ﬁl%{hoa?f cfﬁmtl' Wer&ﬂ‘galdrﬁargtgﬁ&%}ferhﬁ Stmn§ﬁ)lr8% a ﬁéed
r esour ces transmtting a se signal using sai
foiatrd malkeiplicdtioni usimganglufatiggafgrede tdrimamsindoastantrcongdoLinaeiplicr
agd sai d predeterm ned conbi nati on of antennas, said
¥¥Hond signal being transmitted with | ower power than
said first transformresult signal on at |east one
antenna used in transmtting the first transform
tesul Theingtied of 2laim e wiretchp daid ffirgtlaad secbnd wite pétimesad drequency
first redeter ned transform produces different
BueHhts r?B?n Yg%gﬁgg two di fferent antennas included
in sald predet erm ned conbi nati on of antennas. 3. The
method of claiml, wherein said first transformresult
$8.gnallh¢ methgd @ cairpﬁuwabﬁeﬁysaéﬁ fiegt fricsegond Tp;@ns{qr@m@re used for
GO APRNE08 @ ST AR B EPARSo bl DB PR Bl sccon
Sfmisol pabigraissibiy tiefe p&n&@i r@peéiviclye k£t sedond @ﬁlﬁlbdill'fﬁansﬁﬁbelon time
met hod further conp prior to said applying a
perpagh imppesipdel ?rlll‘ﬁ’é‘ﬁg tsalértgwowmbogém@atlssw HReP$qds t
predeterm ned transform according to a predeterm ned
sel ection nethod. 5. The nethod of claim2, wherein
&ppl yﬂ"h@nﬁﬂjod off ickagh lﬁrwﬂﬁ’e'ﬂrsm'dmdof fiahafdoenoidetsustaame and
gyltl said first signal tants

queggjb\éﬁ%q SIOHICHP Y& et%lﬁf[‘ Tél%ﬁ requency resources in an OFDM

communications system.

20.  An apparatus for use in an access point that includes a plurality of antenna
elements, the apparatus comprising:

a transform module for applying a first predetermined transform to a first signal
to generate a first transform result signal to be used to produce a combined signal; and

a superposition module for combining said first transform result signal with a
second signal to produce a combined signal, said second signal having a lower power
level than said first signal; and

a transmission control module for controlling transmission of different portions
of said combined signal using different antenna elements on a set of time and frequency

transmission resources.



wherein at |east two of said constants correspondi ng
to different antennas are different. 6. The nethod of
W@ R@BM572 wherein the first signal conmmuni cat eBCT/US2008/064889
i nformati on using position nodul ation.7. The net hod of
claim1, further conprising: applying a second
predeterm ned transformto a 3third signal to generate
a second transformresult signal; and transmtting
spi d $RERFrdtiANSAARM, Sdietdin §id Wer%bv@ﬂle%él‘ ifla per transmission
predeterm ned conbi nation of antennas and a second set
wifit powier layrd forrmegomaioyenat pergions si on resour ces, said
second set of tinme and frequency transn ssion
resources being different fromsaid first set of tine
and f TReugetud sRUMEM X5 wWdidrdie Sadd fre@FornBmodile piddutedditierent
claim7, wherein said second transformresult signal
PPNt dessat deast tyrodifferpniantennprcdgnagnts eludedssaid plurality of antenna
glgﬁ]hﬁ%pondl ng to different antenna el enents. 9. The
of claim7, wherein said first and second
pr edet er m ned transforrrs are linearly independent. 10.

E?anﬂﬂ? %?n%gaf%scc% %1%203. Wg‘ﬁ‘f’aﬂ% %ﬁg i%p Eria@%ﬁ %%aesglétsigaﬁl includes a
ﬁ%ﬁ%ﬁaﬁd&ﬁwﬁ]&%ﬁ w&gpamg% & BSQRH £8Sma temchie

of claim 10 wherein the information
comuni cated by said first and th| rd signals are

rec d to a fi and in the inf
Db eyl TEaleR R F6T Py Erginn SobHo S one ofa
El'uhﬁﬁj{r 8fla §&Q 0B dFREEH &ahisTBFms, U balél @taﬁ@d ﬁ%e@ﬂhcﬁlhﬁi m 10,
wherein the first and third signals are directed to a

firststeed laﬁormgtecrnsspaﬁlﬁym&ém&rmhtmf diffsens trangfaems, god t h
s gnag el crtl%tndI r(iel]:f%?og fsélgctf}lgstﬁ ﬁrs? tr%gstforom fr %esralﬁc*%%%%?}h%fd

are a su (0] erTirs users.

offfeedndirtamsk@rmasher ei n t he second set of users have
better channel conditions than the users in the first
set which are not nenbers of the second set. 14. The

tho ' . .
BT o Sathar hey R R S LR B8 RRIpies o frs
sipsalfoiyreehstantansfopondies dlffsregnaiterambletmmns randi t ed

si gnal ﬁ in the seco ﬂ ]dlqunal i s at t 3 gg 15. The
met hodfDgfemtdrast gvo oRsiay S&O‘EB%PPP 18 ¢ P pRRNNa
CIRRRNRIf24i B rdnnf Or mati on by transmitting power on at
nost half of the synmbol transm ssion units
26. The apparatus of claim 20, further comprising:

a high power signal generation module, and wherein said high power signal
generation module includes:

a position coding module used in generating said high power signal, said

high power signal communicating information using position modulation.

27. The apparatus of claim 26, wherein said high power signal generation module
further includes:

a QPSK module for generating non-null high power QPSK signals.

28. The apparatus of claim 26, wherein said high power signal generation module

generates said first signal.



avai lable in said first set of time and frequency

transm ssion resources. 16. The nethod of claim1l
wob@saseT75ai d first predeterm ned transform i sPEI/UE20081064889

matrix nultiplication using a plurality of

predet erm ned constant conplex nultiplier values. 17.

The nethod of claim?7, wherei3y said first and second

sets of tine and frequency resources are

non-overl apping. 18. The nethod of claim?7, wherein

said first and second transforns are used for

g2ner &h¢ prpardtussel gt %De@dlnrﬁm st heyionm Bodile: si gnal s

E ?agg né i %%ne%onﬁé’re%tﬁngl th g 88“8?? %g}“_(/d?/“%na'll P &&Hiigy2 second
&m&ﬁﬁhy&@ﬂﬂgghﬁ§MQﬂ tinme perlod i mredi ately foll ow ng
said first synbol transn1ss|on time period. 19. The
met hoWheyrinctazd wippgissigiesontral Hafye §e1@trqif tranypsiomhel differcnt
?&918Hsdofss%c§se%n& ﬂr%f(ﬁ'&dreglﬁ{sl?éﬁjrgé '§1¥fe}ern@gt§tgﬁncasé18ﬂents on a second set

esources are sets o nme an requency resources In
afntifoEbM frogumanoy ﬁ‘&lllSl’IﬂBlﬁOISl}éS(bL&mS 20d sdvond pgaif aimesfréquency
use in _an acgess. point. i.ncludes a plurality of
EPWhnD e teitat fppesal 5?%%% freguricy §$Sﬁ5rce%l
transform nodul e for applying a first predeterm ned
transformto a first signal to generate a first
ﬁ@ ansTbe appaesud of daign2tl, wherdnesaid egtond trpnsfoiune ecsalt signal includes

BITEHY R SRS pp RS o BB RRS loldi e it Rirpanes,

second signal to produce a conbined signal, said
second signal having a | ower power |evel than said

B 1.r st The gpraratuseiorlaimt 3% mdwioss b fisd and stcond tiedeterrained
&%%%ngllngnan QE@E%E&EP of different portions of said

i ned Si gna using di'fferent antenna el enents on a
set of time and frequency transm ssion resources 21
The agﬁaratus of cl.aim20, wherein said | ower

Pevel Theappagdys efrcds Is ghereinypaid trapviRim el n¥0éi=ﬂe also controls
%&n\{l\lﬁﬂn (§P a%ﬁhg @%;151' R’ thg gecg?l—{? SetYrRRLe H%Tcﬁ%?ﬁélyq%%gurces

erein sal ans e produces
outputs for at |east two dlfferent antenna el enents

Hie. abbambatintt Gt T st Ran RRaa A sarpapnicacd by he s

Mc?ﬂlﬁti QgMafs @lite BBl firkGEM ARS wRelhhlihb¥mAfon communicated
different portions corresponding to different antenna

by theeatand and fourth signals are directed to a second user.

34, The apparatus of claim 32, wherein the first and third signals are directed to a
first set of users and wherein said second and fourth signals are directed to a second set

of users which are a subset of the first set of users.

35. The apparatus of claim 34, wherein the second set of users have better channel

conditions than the users in the first set which are not members of the second set.

36.  The apparatus of claim 29, wherein, said set of time and frequency resources and

second set of time and frequency resources are non-overlapping.



24. The apparatus of claim 20, wherein said first

predeterm ned transformis one of a plurality of a set
W@Roodi1sd722r ent transformnms, the base station furP¢EDS2008/064889

i ncluding: stored information specifying a plurality

of different transforns; and a sel ection nodul e for

selecting the first transformd§romsaid plurality of

different transforns. 25. The apparatus of claim 22,

wner eirfe gsfashthd GNILiRY 79, WOLE L s Kitdt Bhd §Ros@bfndrbmsitare used for
signal by constants correspondlng to different antenna

g¢nersmedirstand sodoaddiansfarm [resal tsignals t@be angnittoth gt fanst and second

%y%l?og ?x‘é&ﬁ%‘n‘%’fsgg t[l%g?ﬂlgg A F%spacglvoe yr,] g?ald S%OE sylint]ttﬁanlessmn time
paiqArinhdiiikitcls fbil@hing Qxve Ifirsti sgmdbl @anRefi&idnatmepelidde, and
wherein said high power signal generation nodule

i ncludes: a position coding nodul e used in generating

s@i d g Iﬁ?&%ﬁsr Ofsdlfgﬂlaiﬁ widhdh i@ Qet%?‘f\ﬁ%srt afid g%gkd Pets of time and

co nnunlcgglng formati'on using position no
fdquchbe trammasts:smfrc@I e ot 6f orwmgbaalrfreslaembyrdlghmp (ﬂmﬂﬁplexmg

&Q%ﬁNblggg tion dule furt E i ncl des OSK
g TG FRIIHDTG GRS rlF Pt Y410 ing:
si gnal s orpu trﬂl‘ﬁm?t@lol%ﬁ MRe? sl %’aﬁ&%@smﬂ‘@&{tﬁﬂ Phodidtcd

hi gh power signal generation nodul e generates said
first signal.29. The apparatus of claim 20, wherein

ansf orm ul e; plies a .predet.er m ned
3 ans ABFATEGHE St o GBIt 3 G EFEE B ST BRAMAS fesources
&%@&§%@[ﬂﬁﬂ@$@ﬁésyyl wnal ; and wherein said transm ssion
control nodule controls transm ssion of different

portions of said second transformresult using

(I) ff CAG ni}p? n{ugrf‘ SR llne S erl]gc ssHbidt tﬁaﬁclgcq%de% &t l alltgle%rﬁne}ang for

requenc ransm SSion resources, Sa

tddiminf leRgtiemayndtie SRves else piarigusthionteisat fr om said set
of time frequency resources. 30. The apparatus of

cl ai niteens fARERRIFRCRESR SuBiE oF APy ioe firsisupdetamipe
EAGEAAER I@J[ H%@Jl '(fjcs %e];rf%{ratga & HERLRe Féshfm nal tgjl_)e %d to produce

correspon erent antenna el enen
ap@abmbwmgnﬂ,cla|n129, wherein said first and second
predetern1ped transforns gre I|nearlg depengdent

means for superposing signals for combining said first transtorm result signal
with a second signal to produce a combined signal, said second signal having a lower
power level than said first signal; and

means for controlling transmission for controlling transmission of different
portions of said combined signal using different means for radiating electromagnetic

waves on a set of time and frequency transmission resources.

41. The apparatus of claim 40, wherein said lower power level is a per transmission

unit power level for non-null signal portions.

42. The apparatus of claim 40, wherein said means for implementing a transform
produces different outputs for at least two different means for radiating electromagnetic

waves included in said plurality of means for radiating electromagnetic waves.



32. The apparatus of claim 31, wherein said transform
control nodule also controls transm ssion of a fourth

WG @Ras705i ng the second set of tinme and frequeCiyS2008/064889
resources. 33. The apparatus of claim 32, wherein the
i nformati on communi cated by the first and third
signals are directed to a fir¥® user, and wherein the
i nformati on comruni cated by the second and fourth
§3 gnafrfe appardid &CdAh 400 wheRSE O fiks @ansfSfn rcbOR signal includes a
apparatus of claim 32, wherein the first and third
plugpligy of differeat pertivasicartssporfdingsto difercof meansfer raﬁ@tlng
m@cégny S égasecond and fourth signals are directed to

Seco set Of users which are a subset of the first

set of users. 35. The apparatus of claim 34, wherein
the second set of users have better channel conditions

than Thearpsertes efrelaimett iwhstein said it eredgicemingd tivpypan & onc of a
fur&lgf ofEEL %@I dffflent ?gnsf&qﬁs KL S0P furt%!e@ﬁlmuagl

said set of tine an requency resourceg and
secondo&ﬂhn@hannegmm@Mﬁge@u&ﬂﬁyofdéﬁmﬂneanﬂbﬁnsand

non- overI 37. The.a at us of aim 2 ere
sai d PFpE}tI0 E?F‘Eegcélé‘&&ﬁ@nﬁoé‘ﬁ&%sﬁﬁ%nﬁg gleJlgéto“afné rom sai

?ﬁﬁﬁﬁ@&f&ﬁﬁgéﬁ§ﬁn§gﬁh§econd transformresult signals
0 be transmtted 1n first and second synbol

transmssion tine periods, respectively, said second

nbol . trans nt eri od, i medi ateI fol.l ow n
T OTS SRE el TRt a1 Ry fBaémsglin gl om
ARRMIRS Yid Bikst GleAhBy3obnsthc8irBspdaliflg $€ HifREerlt nfcihs RMadiating
second sets of tine and frequency transm ssion

¢le@tﬁun@1§tlewevesevv§e@m fﬁrl@asbgmfaﬁ safdr m@fenwommogﬁime to different
kN P@ re resources, the

g%es S aatdllacglﬁ1 % 1rﬂeaénetcl Miish %%redg%rﬁ transmtter

responsive to said transm ssion control nodule. 39.

The a&garatus of cl.aim 38, wherein sets of OFDM ti ne

é d f ¥ fsdtirdds fgther semBriyng:oFDM t one- synbol s.

o ﬁghes AE urat{n ' P pb 0o A AE AR SRR Leid b or

radi at
gﬁe&ﬁm@nﬁggbponmmymsnwhhesapparatus conprising: neans

for inplementin ransforn1for a first

pr edet er ni RS 1B Fefosiiing ostian Goghi éﬂﬂ?ﬂ%ﬂ@% Hegsgeating said
Bi fl' pofer §1g§eﬂ Sfaff ﬁ'ﬂgﬁ %ﬁ%%lt mgﬁﬂ @Qtlnrﬂuﬁlckﬁﬁnéj 86kntaPioR 'il@ﬁ;lg %@smon

a conblne signal ;7 nmeans Tor superposing signals f

oodbiandémg sai d first transform resul t signal wth a

second signal to produce a conbi ned signal, said
second signal having a | ower power |evel than said

7.1 st TBé GFjAkatuPeitlaim 46, wherein said means for generating a high power
signal further includes:
means for generating QPSK modulation symbols for generating non-null high

power QPSK signals.

48. A computer readable medium embodying machine executable instruction for
controlling an apparatus to implement a method, the method comprising:

applying a first predetermined transform to a first signal to generate a first
transform result signal;

transmitting said first transform result signal using a predetermined combination

of antennas and a first set of time and frequency transmission resources; and



means for controlling transm ssion for controlling
transm ssion of different portions of said conbined
waee@Rak7tsi ng di fferent nmeans for radiating — PCT/US2008/064889
el ectromagneti ¢ waves on a set of tine and frequency
transm ssion resources. 41. The apparatus of clai m 40,
wherein said | ower power leveldis a per transm ssion
unit power |evel for non-null signal portions. 42. The
appar ghksniffngGl REMAIgnaMIgh € 41d $iddt detBFaMEe drdrfrequency
I npl enenti ng a transforn1produces di fferent outputs
fransnassioretgseuressoindisail gwedetermpzad sofnbinatiqn pé@liltnlglas sald second
%%naﬁt n%&%rﬁgr'glt%fi w1ﬁ1elélweeg i):ovg ﬂgg%ne %aa% fl {/\S/g {‘./rgns re.%lt 51gnal on at
Rpf@hahbgned uelah ffhrﬂ@mtﬂig&h@ first sahsHorink FeStilt Elrgﬁﬂsf orm
result signal includes a plurality of different
portions corresponding to different neans for
d|a
Fai 4o ro fR 6 SRR R £ % SRPAET bicmincd
trSnscﬁ(lsml phdacepldiffatittoptmalts for seteatwddiffee¢reahtennas included in said
t nsf or e base. station further including: stored
%tP%I’PF ﬁorg‘g‘aeﬁlqm fgtndt ural ity of different
transforns and neans for selecting a transformfor
sel ecting the first transformfromsaid plurality of
80.f f eTbn tomplacngk@&a’mm md&ﬁudef@Iaampdéﬁr a/tha@imsfaid: fiest tradsform result
wher. ei ementin
ﬁgpal an a(ieg aé)éara?& frf%rpbtr?grtlw celgﬁg)[og to dl%{‘erent antennas.
corresponding to different neans for radlatlng
el ectronmagneti ¢ waves, wherein at |east two of said
&bnst &he gornmrtﬁre@p@bén medine aficlimrsn Whm@ahsald bﬁedeterrmned
| v,
OBk g P e pLATRIGPE o AU e BB R SRy gF e

oRb@efurther an%c@hlgaﬁmﬁn@@@eahbleamuﬂmw@fs&bﬂ sai d nmeans
for generating_a hi power signal includes: neans for

per f obHeGHige Hesshiist E:fﬁg%t%mﬁ@d oA 36ATdiRgele 4 piedetermined
Qe%b%op&ﬁéﬁ%oﬁ ghgr RN SWBHapD lﬁ@ﬁé firsP eﬁeﬂahﬂl'ae@&wfom

si gnal conmini cati ng position
nodul ati on. 47. The apparatus of cIa|n146 wherein

el AR CoTR RO GEFURE o O T PP S TR

EQLuBBRERGRICASNBR- nuI | hi gh power QPSK signals.

multiplying said first signal by constants corresponding to different antennas as
part of said step of applying a first predetermined transform, wherein at least two of said

constants corresponding to different antennas are different.

53.  The computer readable medium of claim 48, wherein the first signal

communicates information using position modulation.

54.  An apparatus comprising:
a processor configured to:
apply a first predetermined transform to a first signal to generate a first

transform result signal;



48. A conputer readabl e nedi um enbodyi ng machi ne
executabl e instruction for controlling an apparatus to

WO ppBasEmt a net hod, the nmethod conprising: appCHUSZP0OS064889

first predetermned transformto a first signal to
generate a first transformresult signal; transmtting
said first transformresult sdiignal using a
predet erm ned conbi nati on of antennas and a first set
of time angafsBauedaiyt trhAAsm &3h0SghAIRHGESedetermined
andtransmtting a second signal using said first set
edmbipatonsefdnfanaeiandoy fitst sph ohiimg iand ficewngy éressnaingios gdsdurces;
I det erm ned conbi nati on of antennas, said second
Ssignal being transmtted with | ower power than said
first trangh@nih & &eohd sighgnaingaaidAirsi @ast tinoenantanay
used in transmtting the first transformresult )
HpmpRHssionpgsourers 4ad ipidinsed cfesmined| cOnMPEHitigROb pnteRs njaigsccond

[ LSt -
b S L A e e O L LS e
leagtlond @edtehma ssiddn paesattaptha fcst camdiomatdsoln sighal.
antennas. 50. The conputer readabl e nedium of claim
48, wherein said first transformresult signal
551C1 GRS aghaRlt &t didich 9 wHetdi® S8R BFdd@RSined transform produces
corresponding to different antennas. 51. The corrputep
digtdalb betpresdpuahledst oradifficd®f ambisragiinclgliddn said predetermined
grelgleterngetneg transformis one of a plurality of a set
IR U PShsf or ms, the conputer readabl e medi um
further enbodyi ng machi ne executabl e instructions for:
selecting the first predeterm ned transform according
$0 a phedmutastni ofeddaigeid sthicnin prad Herd trapsfpion rasplt signal includes a
t ep.. of Lving.a first predeterpm ned transform 52.
FRERLEhE PRIt Bt rRbnPI S URRRT AR, ey
enbodyi ng machi ne executabl e instructions for:
mul ti El ying said first signal by constants )
ebr r eSpoOMRNRIUT @ diFF ¥ @ﬁl@r%wé% ReggletgEmingd frapyforgmjspne of a

' Lvi . . )
TREALPRr S8R ey ulfbrdhy SubiorRy SN RETLTRE phdESE R hher configured
too different antennas are different. 53. The conputer
readabl e dium of claim48, wherein.the first signal :
comuiflcA eSS hTEFiaT B! GRISHRIMASSPHd O darieds e selection
Rittho@prRRRE Al Y& p ©P APy SN rsBprBd QGRRSQY tr&Rrigur ed
to: apply a fi rsP predeterm ned transformto a first
signal to generate a first

58.  The apparatus of claim 55, wherein said processor is further configured to:
multiply said first signal by constants corresponding to different antennas as part
of said step of applying a first predetermined transform, wherein at least two of said

constants corresponding to different antennas are different.

59. The apparatus of claim 54, wherein the first signal communicates information

using position modulation.

60. A method of operating a wireless terminal comprising:
receiving first and second signals on the same set of time and frequency
resources,

decoding said first signal;



transformresult signal;transmt said first transform
result signal using a predeterm ned conbi nati on of
waeiosnsias2 and a first set of tinme and frequencBCT/US2008/064889
transm ssion resources; and transmt a second signal
using said first set of time and frequency
transm ssion resources and sadd predeterm ned
conmbi nati on of antennas, said second signal being
t r anspirkdrfing'h EEhnh OMRHMRAYEbpdriddh Sdlgkald fist sibhans bcte a
result signal on at |east one antenna used in
thaanelrstimpteganche first transformresult signal. 55.
The a 5 rﬁlt usnorfateﬁlcgimrple?ésﬁmmee oeie? osaiaddef ic[ilslt cration on the
pr edeter ned transtorm proaaucesp dfifl?lereﬁ? o%?%u?sq‘or
gdcoh@sighalt wo di fferent antennas included in said
predet erm ned conbi nati on of antennas. 56. The
apparatus of claimb54, wherein said first transform
sul ' ly Jdengl S i . j . .
B ng Bl of B8 Rl ikl PhieRt ithomari ysin
payddoranadulefiorc! ai m 54, wherein said predeterm ned
transformis one of a plurality of a set of different
transfornms, and wherein the processor is further
62Nt | 9HE AlioRor SRIREH, fulficf Ldidirisigedet er mi ned
transform according to a predeterm ned sel ection
met hotkceipmigom additwaildirst @gnabbn applditiogpl actfafitste and frequency
redetermned transform 58. The apparatus of claim
OUlfe 8T n sai d processor is further configured to:
mul ti Rhyrefepdforminta SadAd csat@NSicddton GARIESNLMAIRGg said
to different antennas as part of said step of applying
addifionzd fipnt sigatle maddetontte apid fiustrpignahiergsinerate sajdeeiwnngl\getimate.
of said constants corresponding to different antennas
are different. 59. The apparatus of claimb54, wherein
bhe frhsinctiodvdklaird®aUwheaineaid alfd@iomal fiensipsdl iggenerated using a
positi on nodul ation. 60. A nethod of operating a
diffeeqng gansfempdhan is essae Beckyed vead Brsypiggalf i r st and
second signals on the sane set of tinme and frequency
resources, decoding said first signal;perfornmng a
6hann&he esthodwif iclim opewhércmsaidsdaegdingioflsdid fisdt sginginalperformed
tq generate a channel estimate; and usi the . .
yangs it &L%hﬁ%l@aé%%l}dﬁﬁ]ﬂeéelpéa‘&e%ﬁ%f%déﬂg@fg gftiqgpte is a second
opghatdsgan the

65.  The method of claim 64, wherein said second channel estimate is an improved

estimate of the same channel to which said first channel estimate corresponds.

66.  The method of claim 61, wherein decoding said first signal includes using a

priori knowledge of an antenna combination set to used transmit said first signal.

67.  The method of claim 66, wherein decoding said first signal further includes
using apriori knowledge of a transform corresponding to said antenna combination

which was used in generating said first signal.

68.  The method of claim 66, wherein said wireless terminal includes a plurality of

receivers, the method further comprising:



second signal. 61. The nethod of claim 60, wherein
said first signal conveys information using position
worp@ahst7ion. 62. The net hod of claim 61, furthRCT/US2008/064889

conprising: receiving an additional first signal on an
addi tional set of tinme and frequency resources; and
wherein perform ng a channel 4%timation operation
further includes using said additional first signal,
i n adgidelfmg tdi’ff@t@ht%hﬁhﬁ&%stﬁheﬁ@ﬁfor bRhUIEIdaH | §aBBi oF receivers.
channel estlnate 63. The nethod of claim62, wherein
said additional first S|gnal IS generated u3|ng a

ffe n rmtha [ ted.s
gﬁ:’ r st ﬁ"gl g h|o% g 281 vr\{e ef‘rﬁln $at afe fd réf and%e%(ln s V\%nals ellre Oléﬂall?%onal
ﬁe@mﬁwgwmioxsl@umpﬂexﬁ@g (CHMRkighsls. per f or ned using a
first channel estimte and wherein said generated
channel estimate is a second channel estimte. 65. The
?@t ho?h@&e%oﬁ'o@cﬁ% W‘“\gﬁ&’eﬂl s%ﬁf 1905 ?ﬁqﬂéjdu‘fﬁﬁ)'ﬂqg ludes
estimate I's an i nproved estimate o e sane channe
t@mmbnmhmggmﬂnﬁmnsmu@hglphkmﬁ&ﬁ&ﬁ&hﬁgymtmﬁ$&nmﬂﬁnm&ﬁd
ghe nmet hod of claim 61, wherein decoding said first

PYHAFY IeYGtes using a priori know edge of an antenna
conbi nation set to used transmt said first signal
67. The nethod of claim66, wherein decoding said
VLrstAswgdamt&mﬁnﬁemnmdmmgdes usi ng apriori knomAedge

of a transform corr.espondi to, sa

combi ARTTOR WA e Was ’[?% %Ib‘P %ﬁm@"eﬁ@? %?fh es*gﬁna $tjqf gime and
fb@naby r&8urcdfye method of claim 66, wherein said

wirel ess termnal includes a plurality of receivers,

t he nefind dlgn@ulrrlewrscmnémlp §<i>m@cg@ng paitlifigy stiinkk er ent

chan ng chame 16%? %1% 1010 %er%e%a% 9 for g&el{rat\?\tll%%g Xha%];lel es%rnate using

recelvers alm rern Ssal

§did Sitst sndalseednd S|gnals are orthogonal frequency
di vi si on nul tipl exing sigpals. 70. The nethod
of cl apsroBd SlgﬂHéP%qVﬁ%@P@ulﬁé%ﬁ ReFioFMmEdLdcapdiag opratiopes said

g&mﬂgﬁﬁtu' H%fthe?%é%{efﬁéd nHS Q8maeR) &%{’ﬁ{‘& d@{%ﬁ&e&p@%/anon on

sal ne and requency re our ces
thicrse¢@slsignat.m nal conprising: a receiver for receiving
first and second signals on the sane set of tine and
72. The wireless terminal of claim 71, wherein said first signal recovery module
includes a position decoding module for identifying the position of high power
modulation symbols of said first signal in said set of time and frequency resources and
for recovering information conveyed by the position of the identified high power

modulation symbols.

73. The wireless terminal of claim 72, wherein said receiver module receives an
additional first signal on an additional set of time and frequency resources; and
wherein said channel estimation module uses said additional first signal in

addition to said first signal to generate said channel estimate.

74.  The wireless terminal of claim 73, wherein said first recovery module uses a first

inverse transform to process said first received signal and uses a second inverse



frequency resources, a first signal recovery nodul e

for decoding said first signal; a channel estimation
w@emsnstrron nodul e for generating a channel esPCTHSZ08/064889

using said first signal; and a second signal recovery

nodul e for perform ng a decodi ng operation on said

second signal using the gener&ted channel estimate to

perform a decodi ng operation on the second signal. 72.

RS B R8& st SfidiRRkd Afiofd] 2édAvEH sighREKAH Firsiahd sédohd inverse

signal recovery nodul e includes a position decoding

ﬁ@nﬁhmﬁﬁhﬂﬂg(bﬂé@ntying the position of high power

nodul ati on synbols of said first signal in said set of

time and frequency resources and for recovering

75f or Wa¢ vl ceonrMaa o thytaitE, pdetdin &iid @écdditgy dfdedatfirki ®ghal is

hi gh power nodul ati on synbols. 73. The w rel ess i )

P@?QWWQ usige adivali aharge] eqirertephd WhPEin wikeensratefoehaneel estimate is

é%%%%?gﬁmgﬁlgggh%;onal first signal on an additiona

Ime an requency resources; and wherein said
channel estimation nodul e uses said additional first

ignal in.addition to.said first signal t enerate .
2 d Chamie e%@_fmwaﬁ o C?af_m T o descopdefig) ymate is an
fhAbR A’ S imdEs8hO satd Chahh&1%d WhEGOMET HrsTRHHhE d8BfteRorresponds.

first 1nverse transformto process said first received
signal and uses a second inversetransformto process

id fj ddj ti I Lved .si | ,..said fi d
Lcondht RvePeeCtp LY RE Ry i P rErdiE. 75 The
W 1 el g8fedta@fdihi 8bmPBihaGdRinfBridtioMPRIVEifly Sillbrehadies Odidierent

of said first signal is performed using a first
aermiedonbinations esedrid tahenié inforseation de Hervairdebs deranmad] and
esti Mot & olrg o5 HANNEL WERLEIB € ol Pyt MiSnicnna

wi rel 8ssterTnar *of ‘craim 75, Whereih sard second

edrabingioreiafdrimtién tosdeabdd st fmesighslt i mate of the sane
channel to which said first channel estimate
corresponds. 77. The wireless termnal of claim72,

Pur t Nene CATRE! SEA) StALAARLANDR GRRGRRAt o

information providing In I on on
conbi statcidarassfosadn foemiticamnadicatingdifferaat irasfdrmstused for different

wireless termnal; and wherein decoding said first
HRH LT 49Ny SQMAWRARe Ss ai d st or ed ant enna conbi nati on

informati on to decode said first signal.

79. The wireless terminal of claim 77,

wherein said wireless terminal includes a plurality of receivers, said receiver
being one of said plurality of receivers; and

wherein said channel estimation module generates different channel estimates

for each of said plurality of receivers.

80. The wireless terminal of claim 72,
wherein said first and second signals are orthogonal frequency division
multiplexing (OFDM) signals; and

wherein said receiver is an OFDM receiver.

81. A wireless terminal comprising:



78. The wireless termnal of claim?77, further

conprising: stored transforminformation indicating
waledoBasiem transforns used for different transP@T/US2008/064889

antenna conbi nations. 79. The wireless term nal of

claim77, wherein said wireless termnal includes a

plurality of receivers, said 4%ceiver being one of

said plurality of receivers; and wherein said channe

est i NRLLQBr MBS G8AOMBIRS Al EQnaRIgnaRIANBE same set of time and

estimates for each of said plurality of recei vers. 80.

ﬁh@KmFYéﬁe@§e$ern1nal of claim 72, mherein said first

and secon nal s ar tho onal si on

i ¢ e g e L b SRR e R ARE i ra Sl

i's ancl@ﬁ@éﬂ dSﬁﬁl@thﬁfneaI&]-for éeﬂMaftﬁﬂg%Scfnaﬁlﬁl mtﬁﬁite using sald first

conprising:receiver neans for receiving first and

slgedin (%lgnals on the sanme set of tlne and frequency

resouf foFFe%Gvc’e Fa sreg&ﬁf/tgﬁé Pgm 'f5 erito}‘rﬁﬁlﬁa de%b@iﬂ@l

for decodi ng Sal d |rst S1 gha ann est t1on

opaatonf @r sagbmmd sipopl asimpaimngdneasdd ¢dhaheel gstimge s@peform a

f|r t signal nmean for recovering a second type

gigco ‘;nér?é’f%raFlBP 052‘??%??1‘?‘12@&%%? decodi ng operation on said

second signal using the generated channel estimte to

perform a decodi ng operation on the second signal. 82.

¥he wilheeskss erminabdf adincd laiwhegin sauhercennfos atedvensaywsfirst type

t f d ) ..
oEreRE R Aandas o PortouEBe aPEoT Oroodkibrip! K5 g reae posiion
BOISih hER oo il S RS0 1S EFe] dofl s Ofig iy Qi $ s @b f BRle@nd frequency
flrst signal in said set of time and frequency

reé@@m&:@si fah@comﬂngemmmtmgcqnﬁ@mdr’mth@poszmn/@f;ﬁb@ idgytified high
e i,on of e identified high power nodul ation
%%§ﬁ§@ﬂ§§m5¥ bOE Wreless termnal of claim82,

mherein sai d recei ver neans receives an additi ona

first _signal on an additional set of ting and

$3- equ@hwlrﬁ@mﬂ@% ofoghdimafre METCH 113 8 g TeREYFhBICans receives an

ch%ﬁ § KA s&ﬁé{b& #.Sa%ﬁlt%%hpse?ﬁpﬂlﬁlb Qﬂé‘hei eélé§ re%%&@ﬁéé ghdl

on o sa Irst signha ener sal nnel
est i matherein said channel estimation means uses said additional first signal in

addition to said first signal to generate said channel estimate.

84. The wireless terminal of claim 83, wherein said means for recovering a first type
of signal uses a first inverse transform to process said first received signal and uses a
second inverse transform to process said first additional received signal, said first and

second inverse transforms being different.
85.  The wireless terminal of claim 82, wherein said decoding of said first signal is
performed using a first channel estimate and wherein said generated channel estimate is

a second channel estimate.

86. The wireless terminal of claim 85, wherein said second channel estimate is an

improved estimate of the same channel to which said first channel estimate corresponds.

87.  The wireless terminal of claim 82, further comprising:



84. The wireless termnal of claim83, wherein said
means for recovering a first type of signal uses a

wo poogtisi7mer se transformto process said firstPCBHUSI00$064889
signal and uses a second inverse transformto process
said first additional received signal, said first and
second i nverse transforns bei4sg different. 85. The
wireless termnal of claim82, wherein said decoding
of saifralsk hfhn$Tod I@kink anREARL SABHatkH iRfbrAafibd loviding
channel estinmate and wherein said generated channe
wdennmgive on glifferseicoiing hembiahtienstisphtogranggit ifffpsmation to the
&hIEer%nfefgL al of claim85, wherein said second
Chanmel™ 8t fte is an i nproved estinmate of the sane
channgheilcth ddtbding Saiddirktisigial BMoRIABEhsi@SEdidEbed antenna
corresponds. 87. The wireless term nal of claim82,
fURbIREiOTCIHFEMREH i docedatyed Fishpigntlor storing ant enna
conbi nation information providing information on
di fferent antenna conbi nations used to transm t
B&1f or rat iviklckotethmalw i ddiessy, tweheraimedid stereewhe@ne further includes:

decoding said first signal .inclu usi ng.said store

ant enﬁg%éa%ﬁﬁ?gﬁl%%ﬂw? TRdcr e 5@%@&%@@3}8&5?4 s%gfigfferent
50908 ter H%nnd REMWINLELARSS term nal of claim 87, wherein
sald storage neans further includes: stored transform

information indicating different transfornms used for

ifferent transmitter antenna,combi nations. .. .
By epriuisadna hetaiin SRBOMY PR genaen ohe ub atiatsien for
batfol it d Rireley teARMAT 18lilbRehcat YMucelodS thet®itRd @mpring:

i npl enent a net hod, the nethod conprising: receiving
f i r st regpigingegroindsicepmdl ssgnets arhbe samese ef tioke anil fgquendy
;rgq%ency resources, decoding said first signal;

€S cS, . . : . . .
per?orﬁ1ng a channel estimtion operation using said

firstdsdogh@lsaidofirgedigiait € a channel estimate; and using
t he generated channel estimte to perform.,a decaoding
oper aPFTHIMGRE ¢ Feangelestmadoyppgratigpusing it Fishtigagl to generate a

Leadalsgnamdiym of claim89, wherein said first signal
conveys I nformation using position nodulation. 91. The

conmputieng theagabhednbhainghewiimatd @i por®dm af decodieg operation on the
eangéggg machi ne

secon

90.  The computer readable medium of claim 89, wherein said first signal conveys

information using position modulation.

91.  The computer readable medium of claim 90, further embodying machine
executable instructions for:

receiving an additional first signal on an additional set of time and frequency
resources; and

using said additional first signal, in addition to said first signal to generate said

channel estimate as part of said step of performing a channel estimation operation.

92. The computer readable medium of claim 91, wherein said additional first signal

is generated using a different transform than is used to generated said first signal.



executabl e instructions for: receiving an additi onal
first signal on an additional set of tine and

WO e@§us01¢y resources; and using sai d additi onaPCEIUSRDE/064889
signal, in addition to said first signal to generate
said channel estimate as part of said step of
perform ng a channel estimti4nh operation. 92. The
conmput er readabl e nedi um of claim91, wherein said
agldi t TROSdm %ﬁtér%a@dbml:dlhﬁl SrNgmatoe tdhrthet Babedydhd masians
transformthan is used to generated said first
Sﬁ@n@bbgmﬁﬂwh@mt®ﬁputer readabl e medi um of cl ai m 90,
Lg: ]tt 2}? %foﬁrgltﬁ? dé’aéc? g rTg dlg oq S%l 1r§:tusgga}1fgl e I nStﬁrst:I gﬁannefer?tlmate
hezin @itagmﬁfat@séhaﬁﬁél%summe lieh Kecdad dh@laeledsahﬁcé channel
estimate Is a second channel estimate. 94. The
conmput er readabl e nedi um of claim93, wherein said

e T T

esnimmmmmdmprcﬁ}éd cdihreate ofifhetsemc rchad@btoewhiehl saithfiost chhmaicin

90, further odyi ng nmachi ne executabl e instructions

?%an%gﬁﬁﬁpﬁugblori know edge of an antenna

conbi nation set to used transmt said first signal as

part of said decoding of said first signal. 96. The

22npuThe conemdeaticedambainodmof ofclamfi09 Gyrthicu enbedying machine
nbod h|n executable instructions for: using a
‘¥B?¥6Rﬁ%ﬂfﬁaﬂ% bf a transform corresponding to said

ant engang @ pRbA&hLARAYObEL MASNYTBAbINALIBE BTG 1sdAGramding said
first signal, as part of said step of decodlng said

ﬁr&t@gn@shagmalrtofgﬂzd dpgodapspedrsatduerscogmli si ng: a processor
configured to: receive first and second signals on the
sane set of tine and frequency resources, decode said

96.r st Th¢ goraputene@idadiomadiamesielimest, furtict mbePeli@inacline
using said first signal to generate a channe
@chp%{eemst%gons for:

using a priori knowledge of a transform corresponding to said antenna
combination which was used in generating said first signal, as part of said step of

decoding said first signal.

97.  An apparatus comprising:
a processor configured to:

receive first and second signals on the same set of time and
frequency resources,

decode said first signal;

perform a channel estimation operation using said first signal to
generate a channel estimate; and

use the generated channel estimate to perform a decoding

operation on the second signal.

98. The apparatus of claim 97, wherein said first signal conveys information using

position modulation.



use the generated channel estimate to performa

decodi ng operation on the second signal. 98. The
wap@ansros of claim97, wherein said first si gpel/Us2008/064889

conveys information using position nodul ation.99. The

apparatus of claim98, wherein said processor is

further configured to: recei w8 an additional first

signal on an additional set of time and frequency

DS OUTRESppaddlth S GaifiPIE vaLEid b0 BloctisbBls it bnfikilted to:

addition to said first signal to generate said channe

est i meeceivagn paditiond] fisstistingt @panpdddpiearabsationtima avfh &igaedncy

Fsg&ggggg operation. 100. The apparatus of claim 99,

WRer'srn*Sai d addi tional first signal is generated

usi ngus wid {delitenial fifsagighar imatdbidion it® sdis Eiest bigngled geadred said

said first signal. 101. The apparatus of claim 98, )

aranel; gstiggicds pa ©f sad step T peifernupg 8 shgnnglipstignatign operation.

perform said decoding of said first signal using a

first channel estimate, wherein said generated channe

¢&0.1 nBheapmrausetdaich T ahesdin e8d hdditienal T2 sighhleis generated using

apparatus of claim 101, wherein sai.d second channe

e difeen &apdory thans Berddo gsnsrafad I3 firy Aiehsane. channel

to which said first channel estimate corresponds. 103.

The apparatus of claim98, wherein said processor is

1Qi.t héhe apmfdtguefadaitnds, wderen gaid procedsnois! fadiger cofifigured to:

¢ mhlnat| L t it sald first,
an emha Coptiat L1551, 6 800 ARSIV S8, LR i,

WhéreinThed ghRAHEL dHanff] c§ti@htaisldocold EhRnBl Saindte.
processor is further configured to: use a priori

know edge of a transform corresponding to said antenna

i L.on_whi ¢ s, H4sed in generat i id.firs
ST 988U SE S, SRS DR St
Bhoadd estimate of the same channel to which said first channel estimate corresponds.

103.  The apparatus of claim 98, wherein said processor is further configured to:
use a priori knowledge of an antenna combination set to used transmit

said first signal as part of said decoding of said first signal.

104.  The apparatus of claim 103, wherein said processor is further configured to:
use a priori knowledge of a transform corresponding to said antenna
combination which was used in generating said first signal, as part of said step of

decoding said first signal.



